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Introduction and Context

　Chemistry has the potential to con-
tribute solutions to many of the serious 
and pressing problems that the world 
faces in the 21 st century. The challenges 
include those associated with a growing, 
rapidly urbanizing global population that 
makes ever-increasing demands for 
food, water, shelter, energy and materi-
als for everyday living and that depletes 
the planet’s natural resources and pol-
lutes its environment with the by-prod-
ucts, waste products and discarded 
products from industrial production and 
rising global consumption. Fur ther-
more, while improvements in medicine 
and public health over the last 1-2 centu-
ries have resulted in dramatic increases 
in life expectancy, the development of 
multi-drug resistance in microorgan-
isms and emergence of new and rare
（orphan）diseases and periodic threats 
of pandemics are now regarded as a 
global crisis that could endanger health-
care systems globally and the practice of 
modern medicine.
　To help meet these challenges with 
the greatest effect, chemistry needs to 
undergo major changes along three di-
mensions, involving there-conceptual-
ization of its mission, the way that the 
field is taught, practiced and communi-
cated, and the manner in which the pro-
fessional bodies in the field organize 
themselves and promote the field.
　The world has begun to recognize the 
magnitude of these problems and to try 
to galvanize efforts to address them―
although these advances have not al-
ways been easy, rapid or without set-

backs. It took almost two decades from 
the adoption of the Kyoto Protocol on 
climate change in 1997 to the adoption 
of the Paris Agreement 1） on climate 
change in 2015 and its entry into force 
the following year　;　and a quarter of a 
century from the United Nations（UN）
Conference on Environment and Devel-
opment（the ‘Earth Summit’ in Rio de 
Janeiro）in 1992 to the agreement on the 
UN Sustainable Development Goals
（SDGs） 2） in 2015. Global solutions are 
being sought to the growing problem of 
antibiotic resistance in microorganisms, 
but even the best way to frame the de-
bate remains contested. 3）

　Chemistry’s capacity for innovation 
and ability to serve as the basis of a wide 
range of technologies mean that it can 
make a pivotal contribution to tackling 
climate change, meeting the SDGs and 
developing new approaches to combat-
ing diseases. 4, 5）

　Compounding these crises in the 
world at large, chemistry itself is experi-
encing deep-seated challenges. There is 
widespread lack of due appreciation of 
the field, which the public and the media 
often associate with pollution and toxici-
ty　;　while other, younger sciences are of-
ten depicted as more glamorous, excit-
ing and for ward-looking, leading to 
breakthroughs that capture worldwide 
attention. 6, 7）

One-World Chemistry

　How can chemistry respond in an op-
timal way to meet the current and on-
coming challenges? We have proposed a 
re-orientation of the field which begins 

with the recognition that human and an-
imal health and the biological and physi-
cal environments of the planet are all in-
timately connected―and then goes on 
to ask what the chemical sciences 
should look like if they are to give priori-
ty to this fact. Pondering the answer to 
this question led to the concept of ‘one-
world chemistry’―to the belief that 
chemistry must extend its scope from 
‘being a science’ and re-orientate its mis-
sion to ‘being a science for the benefit of 
society’. 8） To achieve this, chemistry 
needs to go beyond simply looking for 
more ‘useful applications’. It must try not 
only to meet the major challenges that 
the world faces in the 21 st century, but in 
all areas it must strive to anticipate the 
possible adverse consequences, the pos-
sible harm that can be done, by chemis-
try applications and try to avoid this 
happening.
‘One-world chemistry’ embodies the 
concept that　:
・  Chemistry must go beyond ‘being a 

science’ and embrace ‘being a science 
for the benefit of society’.

・  Chemistry must play a leading role in 
developing responses to the challenge 
of sustainable development.

・  Systems thinking is essential in the 
teaching, learning and practice of 
chemistry. This must recognize that 
human and animal health and the bio-
logical and physical environments of 
the planet are all intimately connected 
systems and that the solutions that 
chemistry develops to contemporary 
challenges must be informed by an 
awareness of the interactions between 
these systems.
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・  Cross-disciplinary approaches are vi-
tal, both to the evolution of chemistry 
as a science and to developing practi-
cal and sustainable solutions to 21 st 
century challenges.
・  Chemistry must be an ethical science.

Systems thinking

　Taking account of the inter-relation-
ships between human and animal health 
and the biological and physical environ-
ments of the planet requires thinking 
beyond solving immediate, separate 
problems. It necessitates being aware of 
whole systems（e.g. chemical, biological, 
environmental systems）and appreciat-
ing both how the internal dynamics of 
each system work and how the systems 
interact with and affect one another. In 
other words, one-world chemistry re-
quires chemists to engage in systems 
thinking.
　Consider, for example, the life cycle of 
a chemical product:
・  Chemical reactions, whether they are 

small-scale laboratory or large-scale 
manufacturing processes, generate 
waste materials that need to be man-
aged―including containment, dispos-
al and recycling―in a safe and sus-
tainable manner.
・  The raw materials used, whether they 

are natural resources or other manu-
factured intermediates, must be 
sourced efficiently, cleanly, safely and 
sustainably.
・  The products of manufacture may find 

very diverse uses, including house-
hold, medical, industrial and agricul-
tural applications in which they come 
into contact with people, animals and 
the environment―and they must 
therefore be tested to ensure their bi-
ological and environmental safety.
・  After use, the products or their conse-

quent waste must be disposed of or 
recycled efficiently, cleanly, safely and 
sustainably.
・  At every stage, the ‘chemistry system’ 

in which the product is manufactured, 
used and disposed of is interacting 
with the ‘human system’. Actions in-
volving chemistry don’t just ‘happen’　:　
they occur because of decisions that 
people take, individually or collective-
ly. These decisions may result from 
diverse human motivations, including 
curiosity and aspirations for success, 
wealth, power or pleasure　;　and they 
are influenced by legal constraints, by 
societal pressures and by movements 

for the advance of collective local and 
global goals.

・  The ‘chemistry system’ therefore in-
terlinks with a host of other overlap-
ping systems including the biosphere, 
the environment, human and animal 
health, economics, politics, psycholo-
gy and the law.

・  A useful starting point is the adoption 
of ‘green chemistry’ principles. 9）

Cross-disciplinarity

　A key requirement of the necessary 
redesign in chemistry―including the 
nature of the connections and engage-
ments that chemistry makes to a host of 
other disciplines―is that both the teach-
ing and practice of chemistry are in-
formed by systems thinking and conse-
quently embrace approaches that cut 
across disciplines. These cross-disci-
plinary approaches may be, as appropri-
ate, multi-, inter-or transdisciplinary.
　Chemistry’s evolution as a well-de-
fined and separate academic discipline 
has served the field well in the past. 
This has provided a secure base for re-
search that has added to fundamental 
knowledge and contributed to techno-
logical applications in chemical, biotech-
nology and materials industries. From 
this base, chemistry has interfaced with 
a host of other scientific disciplines, con-
tributing to theoretical, conceptual and 
practical advances in diverse biological 
and physical fields. But the nature of 
science―where, how and by whom it is 
performed and funded　;　how disciplines 
interact and how complex problems are 
tackled　;　how knowledge is created, 
stored, shared and valued―is changing 
fundamentally in the globalized world of 
the 21 st century. The traditional sep-
arateness of the chemistry discipline 
does not appear to be aligned with these 
changes and fundamental revision is 
now required in how chemistry is situat-
ed and how it engages beyond its own 
boundaries.
　Traditionally, chemists have been 
trained largely, if not entirely in their 

own discipline and have then been 
drawn into engagement with scientists 
from other disciplines. However, there 
are disadvantages to this compartmen-
talization of sciences:
・  Within a complex and mature disci-

pline like chemistry, both the inspira-
tion for research（whether ‘blue skies’ 
or ‘applied’）and the capacity to tackle 
problems often originates from 
knowledge or challenges coming from 
outside　;　and is increasingly depen-
dent on the use of sophisticated tech-
niques-such as advanced computing　;　
analytical instrumentation, bioanalyti-
cal and biotechnology processes, 
methods of obser vation, measure-
ment and manipulation-that often 
originate in another field.

・  Each stand-alone discipline has ac-
quired a set of distinctive processes 
and methodologies. There are advan-
tages in learning from an early stage 
how other branches of science think, 
what kinds of processes, techniques 
and measures they employ, how they 
think about constructing and testing 
hypotheses, what standards they ap-
ply to concepts such as purity and 
proof and what are considered to be 
the important fundamental and ap-
plied challenges in the field.

・  Working effectively across disciplines 
does not come automatically―it re-
quires the development not only of 
knowledge of other fields but also of 
skills（including communication, 
thinking outside the box, being able to 
synthesise information of diverse 
kinds, working in teams）that should 
be inculcated from an early stage of 
science education.

　Chemistr y has increasingly been 
drawn into cross-disciplinary engage-
ments, the nature of which can take a 
number of different forms as illustrated 
below. 10）（Note　:　while they can be cate-
gorised separately in principle as below, 
there are often overlaps in practice with 
elements of the dif ferent forms being 
used in combination or tandem.）
・  Multidisciplinary―bringing togeth-

Transition of modes of working: disciplinary, multidisciplinary, interdisciplinary 
and transdisciplinary 
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er knowledge and problem-solving 
approaches from a host of fields that 
can each contribute, ‘side-by-side’, to 
dif ferent stages or aspects of prob-
lem-solving　;　and interdisciplinary―
developing exper tise in working 
across the boundaries between chem-
istry and other disciplines and trans-
ferring methods from one discipline 
to another.
・  Transdisciplinary―beyond interdis-

ciplinary, creating a new discipline 
holistically　:　recognizing that valuable 
knowledge can be found in the spaces 
between defined disciplines, address-
ing the complexity of problems and 
the diversity of perceptions of them. It 
has been argued 11） that the shift from 
disciplinary to transdisciplinary re-
search corresponds to a transition 
from compartmentalised, corrective, 
problem solving approaches to sys-
temic, preventive ones.
　Approaches that are cross-disci-
plinary in nature need to be fostered for 
chemistry to most effectively contribute. 
It is also notable that the adoption of 
cross-disciplinary approaches can make 
the field of chemistry much more attrac-
tive to potential students. 12）

Ethical science

　One-world chemistry is concerned 
with benefitting all people and avoiding 
harm to people, animals and the envi-
ronment. It must therefore be practiced 
as an ethical science. A starting point 
can be the equivalent of the physicians’ 
principle of ‘do no harm’, but one-world 
chemistry goes further―in effect, advo-
cating ‘try to do good as the principle 
objective of practicing and applying the 
science’. Ethical behaviour and research 
integrity have been emerging as major 
areas of concern, including in the chem-
ical sciences. But their promotion and 
practice in chemistry is often poorly visi-
ble and needs stronger enforcement. In 
2015 a group of chemists（including one 
of the authors, HH）convened by the 
Organization for the Prohibition of 
Chemical Weapons developed a consen-
sus in the form of The Hague Ethical 
Guidelines 13） based on ‘norms of the 
practice of chemistry’. The main ele-
ments of the guidelines align closely 
with the principles of one-world chemis-
try. Subsequently, the American Chemi-
cal Society has drafted of a global code 
of ethics for chemists, 14） based on The 
Hague Ethical Guidelines, as a step to-

wards filling this void　;　while EuCheMS 
has established a working party 15） on 
‘Ethics in Chemistry’.

The role of chemistry organizations

　Chemistry organizations, at both na-
tional and international levels, have a 
long tradition of helping to develop and 
promote the interests of the subject and 
its practitioners. In a rapidly changing 
world, they need to contribute to the 
substantive adjustments and re-align-
ments required, including the need to 
refresh chemistry’s sense of its own 
mission and purpose　;　reduce internal 
fragmentation and barriers to working 
across disciplinar y boundaries　;　em-
brace systems thinking within the edu-
cation, research and practice of chemis-
tr y　;　ensure the promotion of ethical 
approaches and research integrity in ac-
ademia and industry　;　strengthen the 
promotion, championing and steering of 
the chemical sciences　;　and strengthen 
diversity and inclusion. In this endeav-
our, it is important that all chemistry 
practitioners―especially educators, re-
searchers, the chemical industry and 
chemistry organizations―join forces in 
contributing to the evolutionary chang-
es required. To be able to do this with 
objectivity and credibility, some chemis-
try organizations may need reforms that 
will amplify their remit and reset their 
priorities. 16）

Conclusion

　To secure its own future and the sus-
tainable development of the planet, 
chemistry must reposition itself. The 
concept of one-world chemistry offers a 
framework within which chemistry can 
re-orient itself as a sustainability science 
that is taught and practiced ethically for 
the benefit of society, incorporating sys-
tems thinking, cross-disciplinar y ap-
proaches and green chemistry princi-
ples. Chemistry organizations, including 
national chemistry societies, can play a 
major role in fostering this evolutionary 
change.
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