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hemistry is sometimes defined as the study

of matter and its changes, which, in a certain

sense, means the study of everything material
since all physical objects and materials, including
ourselves, are made of chemicals. More precisely,
chemistry is the study of matter and its changes at the
level of atoms, molecules, and ions, composed of their
next-lower-level components, protons, neutrons, and
electrons. In this sense, chemistry is both reduction-
ist and antireductionist; it seeks to reduce things to
the atomic and molecular level but no more. This
way of thinking about matter allows chemists to rea-
son both “bottom up” —that is, starting from atoms
and molecules—and “top-down” —that is, figure
out things about atoms and molecules starting from
what a larger system is like. To do this well, chemists
translate the insights of physics into models of atoms
and molecules that are useful for solving chemical
problems, of which there are many in the biosciences,
geosciences, and numerous branches of engineer-
ing. Because it links so many sciences together in this
way, chemistry is called the central science.! Chemis-
try is also sometimes called an impure science, since
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chemists do not only seek to understand matter but
also to manipulate it for useful ends.? In this, it has
been remarkably successful. Because of its impact
on agriculture, industry, medicine, and many other
aspects of human culture, chemistry is also the work-
horse science of what has sometimes been called the
chemical age.®

Given chemistry’s outsized impact, it would be
reasonable to expect chemistry to loom large
in discussions about science and Christianity.
Nevertheless, with the exception of conversations
involving origin of life and evolutionary biochem-
istry, the chemical sciences have played only a
peripheral role. That such a societally influential and
theologically relevant discipline has received so little
attention is a topic worthy of careful consideration.

Stephen Contakes, PhD (University of Illinois at Urbana-
Champaign) is an associate professor of chemistry at
Westmont College in Santa Barbara, CA, where he teaches
inorganic, analytical, physical, and liberal arts chemistry,
prepares and characterizes molecular assemblies, and has
edited the biochemistry volume in Quarto’s 30-Second series.
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What might the vast gap between chemistry’s impor-
tance to society and Christian thinking indicate?
Does it reflect sober judgment or inadequate views
of science, Christianity, and the relationship between
the two? Has the science-Christianity dialogue been
well served by focusing on fundamental physics,
biology, and neuroscience to the exclusion of chem-
istry? Or, putting things more positively, might
anything be gained by bringing more chemistry into
the conversation?

This essay is a call to explore how the chemical sci-
ences might contribute to the science-Christianity
conversation. Specifically, it solicits papers for a
theme issue addressing the chemical enterprise and
Christianity. To encourage an appropriately broad
set of perspectives, the chemical sciences envisioned
in this call for papers encompasses biochemistry,
chemical engineering, chemistry, geochemistry,
materials science, molecular pharmacology, polymer
science, engineering, and other disciplines which
employ atomic-molecular views of matter to compre-
hend and transform the material world. Similarly,
since the relationship between chemistry and faith
does not occur only at the level of conscious thought,
the Christian faith envisioned in this call for papers
includes background assumptions and clearly
stated tenets of faith; it is intellectual, affective, and
effective; and it is present-focused and resurrection-
looking. So, contributions may address how any
aspect of the chemical enterprise relates to Christian
thought, practices, affections, spirituality, or any
other aspect of Christianity, broadly defined.

As a help to potential respondents, the remainder of
this essay will seek to sketch a selection of opportu-
nities and challenges raised by chemistry.* Some of
these are related to chemistry’s understanding of
matter and technologically promising avenues of
chemical research such as solar energy conversion,
green chemistry and engineering, gene editing, or
efforts to develop new materials, therapies, diag-
nostic tools, and other products. Equally important,
though, are issues associated with what chemists do
and humankind’s use of chemicals, things such as
risk, responsibility, and chemistry’s role in shaping
both society and Earth’s environment.

To get the conversation started I will point out a
few reasons why Christians should care about the
chemical sciences. Here I will try to explain what
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chemistry is, what chemists do, and how Christians
have thought about the chemical sciences in the
past, as well as to outline some of the theologi-
cal and moral terrain that Christians might have to
navigate. The idea is to raise questions and suggest
perspectives that respondents might develop or chal-
lenge. Periodically, I will also note thorny issues or
contributions that might be helpful. Other types of
contributions would also be welcome.

God Values the Matter That Chemistry
Studies

There is a need for theologies of chemistry that are
robust enough to address the opportunities and chal-
lenges associated with chemicals.’ In the interim,
I suggest that the theological context of chemis-
try involves what matter is, what humans are, and
what humans are called to do. Of these, Christianity
teaches that God made, values, and has a purpose
for matter. The preeminent example of this is the
Incarnation, although throughout the scriptures
matter is presented as a sovereign creation of the tri-
une God, subject to God’s care, a theater for God's
encounter with humankind, a locus of right worship
and malformed worship (including in our bodies),
good (rather than something we are called to escape
from), and something for which God intends fruit-
fulness. In the Genesis creation account alone, God
is portrayed as ordering an originally formless and
void creation, which, at times, responds by bringing
forth new structures in the form of things such as
plants and various creatures. This suggests a creation
under God’s care and control, developing its God-
endowed potentialities and experiencing fruitfulness
as it responds to the call of its maker, bringing forth a
good, well-functioning creation.®

Christianity also values how we live out our embod-
ied existence in a material world. Again, in the
Genesis account, God’s final creative act is presented
as involving special intimacy (the breath of God) to
give God’s own “image” and “likeness” (imago Dei).
Although a number of implications of this imago Dei
have been proposed, the passage’s immediate context
suggests that humans are created co-creators’”— that
is, they are to reflect and represent a creative God
who lovingly works with creation to order it, in part
by bringing out matter’s potentialities in ways that
help make creation fruitful and function properly.?
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Christians Are Called to Use Matter for
God’s Glory

The created co-creator concept would seem to vali-
date the legitimacy of chemistry; chemists reflect
something of God as they work with creation’s
potentialities to order matter in new ways.’ The so-
called culture,’ stewardship,"! and labor mandates'
of the Genesis creation and Fall accounts (along with
other passages) further develop what humans are
generally called to do, how they are called to do it,
and why. Humans are called to reflect God’s care for
creation as they fill up and lovingly govern the earth.
Nevertheless, theirs is a delegated government.
Humans are not to rule over creation recklessly or
exploitatively as free agents. Rather, they are stew-
ards called to govern in ways that recognize creation
as God’s and for God’s glory.

The primeval history of Genesis 1-11 indicates
that both our government of creation and the
potentialities we are called to develop involve tech-
nology-infused culture building—with agriculture,
animal husbandry, city building, metallurgy, and
music mentioned directly.”® Nevertheless, this does
not mean that technology is presented as wholly
salutary or unproblematic. It is alternatively asso-
ciated with sin (for example, Adam and Eve’s fig
leaves, Noah’s wine) and God’s gracious provision
for humankind (God’s coat of animal skins, Noah's
ark). That arts such as metallurgy are presented as
derived from the ungodly Cainite line problematizes
the possibility of achieving shalom through technol-
ogy alone. This point is forcefully brought home in
the development of novel brickmaking materials as
an occasion for the rebellious building of the tower of
Babel.'* Outside of the primeval history, the biblical
narrative repeats this pattern of matter as a potential
locus of idolatry, worship, and God’s provision for
humanity through accounts such as the de-bittering
of the water at Marah,'® and the making of the golden
calf, the tabernacle, and the bronze serpent until
God’s ultimate verdict is reached. In the Incarnation,
Christ embodies, works with, and transforms matter
in ways that demonstrate God’s intention for human
stewardship of the material world.

Thus, a distinctly Christian approach to chemistry
will recognize the church’s role in demonstrating the
self-emptying and reconciling love of Christ to all
creation as embodied materially in Christ’s earthly
ministry, death, and bodily resurrection and pro-
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claimed by believers both verbally and through such
activities as water baptism, the breaking of bread,
and material acts of love. Within this context, dis-
tinctly Christian approaches to chemistry involve
pursuing Christlike relationships of reconciliation,
flourishing, and shalom throughout creation.’® To
do this well, it can be helpful to understand how cre-
ation works at the atomic and molecular level. This is
a powerful reason for Christians to pursue the study
and practice of chemistry.

In this respect, Christians should care about chem-
istry for the insights it brings into the nature of the
material cosmos. Through modern chemical theories
and a host of spectroscopic, crystallographic, micro-
scopic, and wet chemical methods, chemists have
gained a remarkably detailed understanding of what
matter is like at the molecular level. This is true about
molecules individually and about how molecules
work in concert with one another as part of larger
systems. These larger systems do not involve only
things such as rocks, minerals, liquids, and gases, or
even a chemical reaction taking place in a single flask.
Chemistry works in concert with disciplines such as
astronomy, engineering, and the geological, biologi-
cal, and materials sciences to explain how everything
from individual bacterial cells to entire planets work.
Therefore, chemistry can provide insight into God’s
wisdom and power in creation at multiple levels."”

Further, chemistry remains a vibrant field of work,
pregnant with possibilities for us to grow in our
understanding of atoms, molecules, and how they
work together.’® With chemistry’s success has come
a growing awareness that only a small portion of the
possible structures and reactions available to mole-
cules has been explored. There is also a need to apply
chemical theories and tools to ever-larger and more-
complex living, environmental, supramolecular,
nanoscale, and bulk materials and other systems, as
well as to problems in molecular biology, biotechnol-
ogy, and medicine, including rational drug design.

Chemistry Discloses God’s Wisdom
and Power in Creation

Chemistry does not seek to answer theological ques-
tions. Nevertheless, chemistry’s insights into the
atomic- and molecular-level workings of nature
contribute to natural revelation, that is, what can
be known about God through nature. In addition,
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chemistry’s picture of atoms and molecules, working
in accordance with the principles of electromagne-
tism, quantum mechanics, and thermodynamics,
is part of the cultural toolkit contemporary people
use to think theologically. Chemistry influences
how Christians think about God creating and act-
ing through creation, how we encounter God in
creation, what humans are, and how to live in accor-
dance with what Christians are called to do. In this
respect, chemistry helps inform conversations about
issues such as origins, divine action, miracles, natu-
ral evil, free will, and similar topics, even when
it is not a conscious lens through which these con-
cerns are viewed. Equally, if not more importantly,
chemistry helps shape how we think about things
such as Jesus’s Incarnation, death, and resurrection;
the mission, calling, and worship of the church; our
own hoped for bodily resurrection; and the life of the
world to come.

The question of exactly how chemical knowledge
currently affects Christian thinking has not been
rigorously explored. Nevertheless, there are several
clear indications of science’s influence in this area.
Unlike ancient and medieval believers, Christians
today find the idea that matter is made of atoms
theologically uncontroversial® and use various her-
meneutical moves to interpret scriptural passages
that employ classical matter concepts. Examples
include passages that speak of the world being
formed of water, and of resurrection in terms of
“earthly” and “heavenly” bodies. It is also clear that
contemporary physics has had some influence on
Protestant views of baptism and other bodily aspects
of Christian living and worship.

Nevertheless, the best-documented cases of natural
philosophy influencing the articulation of Christian
doctrine do not involve modern chemistry but the
role of Aristotelian, stoic, and other classical ideas
about matter in late-Medieval Europe. During this
period, classical matter theories were used to explain
seemingly miraculous events, distinguish between
legitimate miracles and diabolical activity, and
explain the then-recently ratified doctrine of tran-
substantiation.? Particularly notable was Thomas
Aquinas’s effort to use Aristotelian matter theory to
reconcile the Roman Catholic doctrine of Eucharistic
real presence. For Aquinas, the Eucharistic bread
and wine could transform into the body and blood
of Christ while remaining materially indistinct
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from ordinary bread and wine because the change
occurred at the level of Aristotelian substance, dis-
tinguishing what something is, from what it appears
to be”? The medieval and early modern periods
also witnessed the development of what have been
called prophetic or visionary alchemical traditions in
which alchemical transformations came to be viewed
as parallel to Christian truths.?® Eventually, early-
modern alchemists such as Jan Baptist van Helmont*
would seek divine illumination through the prac-
tice of chemistry, a quest echoed weakly in Robert
Boyle’s understanding of chemistry as priestly ser-
vice in the temple of nature.”

The most prominent influence of chemistry on
recent Christian thinking involves natural theology
arguments intended to address materialist con-
ceptions of reality.” The use of chemistry in this
fashion can be traced to one of modern chemistry’s
principal founders, Robert Boyle.” Boyle not only
looked to chemistry as a source of natural revelation,
but he and contemporaries such as John Ray also
advanced the idea that nature demonstrates God’s
existence and power.® Partly through the influ-
ence of annual lectures, financed by Boyle himself,
Christian thinkers began to construct increasingly
powerful and sophisticated arguments advocating
for this “physico-theology.” At first, these mainly
employed examples from physics and biology,
although since the nineteenth century, they began to
include examples from chemistry, biochemistry, and
geochemistry, too.?” Then as now, they were nomi-
nally aimed at convincing unbelievers, but they also
served to encourage the faithful .*

The flexibility of Boyle’s natural theology program
meant that it could be used to support a variety of
orthodox and heterodox theological views, includ-
ing deism among those who were willing to reject
or reinterpret revealed theology. Interestingly,
Darwin’s problematizing of the biological design-
based natural theology arguments that had become
common by the early nineteenth century, contributed
somewhat to a resurgence in chemistry-based design
arguments. These often focused on various aspects of
biogeochemistry (often with a special focus on water)
and are somewhat akin to modern arguments that
point to anthropic coincidences, although at least
one also relied on methodological parallels between
theology and science.” From the nineteenth century
until today, they have been used to support a variety
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of theistic antievolutionary, theistic evolutionary,
and naturalistic positions.®

The late-twentieth century also saw the rise of various
“creation science” and intelligent design movement
arguments that broke from the tradition of offering
well-attested science as evidence for God’s wisdom.
The most notable of these involved the efforts of
the young earth creationist biochemist Duane Gish
and the intelligent design movement biochemist
Michael Behe, who argued that chemistry challenged
accepted evolutionary and origin-of-life science.®
Among these, Gish's use of chemistry was somewhat
limited by his tendency to “gallop” through a range
of arguments, most of which had little to do with
chemistry.* Behe® (and to a lesser extent, other intel-
ligent design movement biochemists such as Michael
Denton®), however, offered elaborate arguments
purporting to demonstrate that structural biochemis-
try contra-indicated naturalistic evolutionary accounts
of life’s development. So far their proposals have yet
to find acceptance among the scientific community,
even after extensive criticism and debate.

Papers addressing chemistry-based natural theol-
ogy arguments could contribute productively to a
theme issue devoted to chemistry and faith in sev-
eral ways. New chemistry-based natural theology
proposals would be welcome, as would critical anal-
yses of existing proposals: for example, those in the
recent intelligent design movement and old earth
creationist literature;¥” Alister McGrath’s argument
that origin-of-life chemistry aligns with Augustinian
ideas of creation as containing potential for devel-
opment (logical seeds);®® and arguments that the
properties of atoms and molecules are echoes of the
Trinity in nature.*® Two approaches, in particular,
have received surprisingly little attention. The first
involves alignment between the chemistry’s pic-
ture of probabilistically moving® atoms, molecules,
and ions reacting and self-assembling to give larger
structures and biblical themes of creation involving
the ordering of chaos.*! This theme (sans its proba-
bilistic aspect) was prominent among the followers
of Paracelsus, who even interpreted Genesis in terms
of God acting as a synthetic chemist to order matter
in creation.”? The second approach involves natural
theologies based on the existence of beauty in nature,
which could align with contemporary chemists” pro-
pensity to talk about beautiful molecules, elegant
syntheses, and otherwise to use aesthetic language.
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Some of the necessary groundwork for a chemical
natural theology of beauty has been done by Timothy
Weatherstone,® although little has been done to fol-
low up on his proposal, even by way of critical
analysis. Finally, there is also a need for reviews of
the relevant background literature at a level suitable
for a general science and faith audience. Tutorial
reviews* that present the state of the origin of life,
evolutionary biochemistry, geochemistry, supramo-
lecular chemistry, and similar fields relevant to these
natural theologies might be particularly valuable,
as would reviews which summarize historical and
social science analyses of chemistry-based natural
theologies.

Chemistry Is an Opportunity to Live

and Love Christianly

It is difficult to overestimate chemistry’s impact on
human welfare. Chemical technologies contribute to
human health and welfare in so many ways* that a
recent Bloomberg Businessweek editorial declared “we
are well past the Stone Age, the Bronze Age, and
the Iron Age, and into the Everything Age, because
almost every entry on the periodic table is being put
to some kind of use in today’s economy.”* According
to the American Chemistry Council (a chemical man-
ufacturers’ association), over 96% of manufactured
products are “directly touched by the business of
chemistry.”* Without Fritz Haber and Carl Bosch’s
development of industrial nitrogen fixation, it would
be impossible to feed everyone alive today.* The US
chemical industry alone* employs approximately
529,000 workers, and almost half of US chemists and
materials scientists (49%) are involved in either man-
ufacturing (33%), testing (11%), or administrative
services such as waste management (4%), a total over
three times larger than the number involved in basic
research (14%).*® Worldwide, the chemical indus-
try consumes approximately 6.6% of the world’s
energy®! while its direct products and precursors—
that is, chemicals, minerals, and petroleum — together
account for 21.4% of world trade.>

Historically, the largest uses of chemicals have been
associated with agriculture (sulfuric acid, nitrogen,
ammonia, nitrates, urea, and phosphoric acid), steel
manufacture (through the oxygen used in smelt-
ing), polymers, detergents, dyestuffs, construction
(cements), and chemicals used to make other chem-
icals (hydrogen, chlor-alkali products, etc.).® In
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addition, chemical know-how is important for the
production of pharmaceuticals, structural materi-
als such as cement and concrete, protective coatings
such as paint, cosmetic chemicals and disinfectants,
pesticides and herbicides, fuels such as coal and
petroleum, plastics,* and many other things, includ-
ing virtually every part of the electronic devices
which characterize contemporary life. Chemistry
also contributes to human and environmental wel-
fare by means of the application of electrochemical
sensors, instruments, and wet chemical analysis to
medicine, agriculture, industry, public health, and
safety. Chemical scientists have revolutionized how
we monitor human and animal health, track pol-
lutants, ensure the safety and efficacy of numerous
products, solve crimes, and detect medical and envi-
ronmental problems wherever they occur.

That such an influential enterprise presents numer-
ous opportunities for Christian service has long
been recognized, despite Tertullian’s early objection
to synthetic dyes and recurring fears that (al)chem-
ists were inappropriately altering nature.® Alchemy
was a recognized pursuit in Byzantine and Latin
Christendom, the latter especially after the recovery
of Greco-Roman learning in the high Middle Ages.
Many monks pursued alchemy,* and it proved a fit
object of discussion for such luminaries as Albert
the Great,” Robert Grosseteste,”® and Roger Bacon.”
Bacon even advocated alchemy as a promising
source of wealth and human longevity both of which
he considered important for the welfare of Christian
Europe.®® Later, the protestant reformer Martin
Luther, who saw ordinary work as a Christian call-
ing,*! expressed appreciation for alchemy in part “for
the profits it brings in melting metals, in decocting,
preparing, extracting, and distilling herbs, roots.”®
For the early industrial chemist Johan Glauber, chem-
istry was a way to fulfil the golden rule, specifically
by seeking others” welfare and prosperity.® Recently,
the Roman Catholic Pontiff listed the chemical indus-
try among the technological advances produced by
“God-Given human creativity” about which “it is
right to rejoice” and “be excited by the immense pos-
sibilities which they continue to open up.”*

Today, chemists have a wealth of opportunities
to follow Glauber as virtually every aspect of the
chemical enterprise can be used to promote human
welfare in some fashion. Nevertheless, as this issue
has received little attention in the recent literature,®
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there is a pressing need for articles that explore how
Christians might promote human welfare through
chemistry, both in terms of providing general frame-
works and an analysis of particular opportunities.

Early Christian medicinal chemists such as Paracelsus
and Jan Baptiste van Helmont viewed their work as
a holy calling; Paracelsus even considered Christlike
love the “bedrock of medicine.”® So, articles that
explore chemists’ efforts to promote human health
through new pharmaceuticals and other therapies
(including the recently developed mRNA vaccines),
clinical analyses, and investigations into biochemical
pathways of disease, would be welcomed, as would
contributions addressing the role of chemistry in
advancing public health through the monitoring of
air, water, food, and consumer products.” Here there
is precedent in Michael Faraday’s efforts to improve
water quality in the Thames, which seem congruent
with his theology. For Faraday, since humanity was
important in God’s plan, science should be used for
human betterment.®® A more complicated example
involves the chemist-physician Harvey Washington
Wiley’s efforts to curtail the use of toxic additives in
the food and drug industry, although the fruits of his
efforts are more controversial and the relationship
between his mature religious beliefs and chemical
work is less well explored.®”

Chemistry is an important science for environmental
stewardship. In addition to the traditional environ-
mental monitoring and modelling work, chemists are
addressing the need for a more sustainable and envi-
ronmentally friendly chemical industry” through
research and development work in green chemistry,
renewable energy, carbon capture and storage, and
similar fields. The 2015 Papal Encyclical Laudato Si"”!
addresses specific problems associated with chemi-
cal pollution and the use of fossil fuels, while the
Greek Orthodox Church called on both researchers
and governments to develop technologies aimed at
alleviating environmental and agricultural prob-
lems.” There has also been considerable theological
reflection on geoengineering (which includes car-
bon capture and storage) as an effort to deliberately
alter climate (as opposed to incidentally affecting
climate through pollution).” There has been much
platitudinizing about green chemistry as an oppor-
tunity for Christians in chemistry to live out their
faith, along with a few substantive articles arguing
that the twelve principles of green chemistry and
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engineering” are broadly congruent with Judeo-
Christian productivity stewardship approaches to
the environment.” Otherwise little effort has been
made to explore how Christians might care for
creation through green chemistry, despite long-
standing Christian approaches to creation care” and
development.”

Chemists also have opportunities to promote soci-
etal justice, either indirectly through caring for
the environment or directly by seeking to advance
human economic wellbeing.”® There is a need for
contributions that examine some of the recently
identified opportunities” in the context of Christian
teachings.® There is also a need to address the dis-
proportionate harms that low-income communities
and people of color experience® through fossil fuel
burning,® chemical manufacture,® pesticide expo-
sure,® and personal care product endocrine system
disruptor exposure.®* As the value of technological
know-how® and Christian engagement in address-
ing chemistry-related issues of social justice are both
well documented,® there is a particular need for
contributions that suggest concrete ways in which
Christians might leverage chemistry’s ability to help
address these issues.

Christians should also care about how chemical
technologies advance or impede justice globally.
Chemistry provides enormous opportunities for
Christians in the sciences to improve human flour-
ishing on a global scale. Through the development
of chemical fertilizers, essential medicines, refined
fuels, hygienic plastic objects, inexpensive fabrics,
colorful dyes, and other medical, dental, energy, and
commercial technologies, chemistry has done much
to bring wealth and wellness to communities world-
wide. Christians in chemistry can contribute to these
efforts as well as address some of the ways chem-
istry’s benefits and harms have been distributed
unequally and unfairly. These include how chemi-
cal products have not always been made available to
the communities that most need them?® and how the
harms of chemistry sometimes fall unevenly on the
poor.®

Even when there is an effort to meet the needs of
developing or marginalized communities, injustices
can occur when the actual needs and contexts of the
recipients are not thoroughly considered. In the 1986
Bhopal disaster, several thousand poor squatters
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were killed by the unimpeded release of toxic methyl
isocyanate gas from a pesticide precursor plant that
was built by Union Carbide to support Indian agri-
culture. Although both the cause and impacts of the
disaster have been disputed, a failure to consider
how North American plant design and operations
principles might apply in an Indian context appears
a contributing factor.”” A more mundane but insidi-
ous example involves the increased toxin exposure
that results when chemical technologies are trans-
ferred to developing nations without adequately
addressing issues of pollution control and environ-
mental monitoring.”

It is also likely that there are disparities in chemical
research and development funding similar to the
10/90 gap, whereby only 10% of disease research
funding is directed toward the diseases that most
affect 90% of the world.”> To my knowledge, none
of these issues has been addressed in the science
and faith literature. Perhaps the recent application
of Roman Catholic social teachings to the 10/90 gap
might provide a model for respondents to consider.”

Chemistry contributes to corrective justice through
forensic chemists’ everyday analysis of crime lab
samples and analytical methods, such as DNA
sequencing methods that allow for the high-fidelity
identification and exoneration of suspects. Through
these, chemists help keep people safe, and they
advance or impede the conceptions of retributive
and restorative justice embodied in legal systems.
This work is extremely morally demanding, with
bachelor degree-level forensic chemists placed in
an “adversarial, crime-fighting culture” in which
they “are tempted, many times in their career,” to
data fudging and fabrication.”* Contributors might
address how the church can support those engaged
in forensic work. However, given the role played
by reckless analytical practices and lax oversight in
the Patricia Stallings and Annie Dookhan scandals,”
contributors could also consider how Christians
might promote more rigorous, truth-oriented, and
humane standards in the forensic chemistry field.

Christians can also contribute to cultures which
promote justice and equity within the chemical
enterprise itself. This is particularly true with respect
to longstanding issues associated with chemistry’s
self-image as the “marines of the sciences,” which
has been used to justify “weed-out” introductory
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chemistry courses and academic research cultures
that are so grueling, exclusive, exploitative, and
otherwise psychologically and personally costly as to
drive people from the profession.”

Any assessment of chemistry’s potential to promote
shalom should account for the reality of human fal-
libility and sin. The twentieth century presents clear
cases of chemists and the chemical industry acting
to advance parochial self-interest as even the best-
intentioned efforts can go awry through chemists’
inability to foresee unintended consequences or con-
trol how their work is used. Between excitement over
the potential utility of new discoveries and the need
for funding,”” there can be a tendency to make over-
inflated claims. For instance, after nanotechnology
was touted as a way to alleviate poverty and injus-
tice, more sober analysts pointed out that it would
be more readily available to the wealthy than to the
medically, economically, and militarily vulnerable.”

Chemistry Is an Opportunity to
Develop Appropriate Theologies of Risk

The realization of the intellectual and practical bene-
fits of chemistry requires the stewardship of massive
human, financial, and other resources as well as the
management of risks. To do this well requires a great
deal of discernment among the individual chem-
ists, research teams, corporations, and governmental
agencies involved in the discovery, development,
manufacture, transport, storage, use, regulation, and
monitoring of chemical technologies. So while con-
tributors might address publication ethics and other
professional norms,” it is perhaps even more vital
to address the social responsibility of chemists and
the consequences of public policy involving the risks
of chemistry.'™ Although these present opportuni-
ties for Christian prophetic witness, many otherwise
insightful writers have either avoided chemical use
entirely, misrepresented the chemistry involved, or
offered the sort of ill-informed blanket condemna-
tion that is likely to alienate those who would most
benefit from their message.'” Consequently there is
a need for both original chemically and theologically
informed analyses of the social and ethical dimen-
sions of chemistry and critical analyses that correct
or strengthen existing analyses. A recent survey
of the climate impacts of human energy use might
serve as a useful model in this regard.!®
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The effective stewardship of chemistry requires the
management of risks. That chemistry involves risk
is powerfully illustrated by the chemical disasters
of the twentieth century, which featured several
instances in which a miracle chemical was later
found to be an environmental disaster. Of these DDT
is the best known. Originally lauded for its role in
the eradication of disease, it was used carelessly for
nearly 20 years and banned only after Rachel Carson
highlighted its deleterious environmental impacts.'®
Chlorofluorocarbon refrigerants experienced a simi-
lar fate: until they were found to be responsible for
the Antarctic ozone hole, they were hailed as safe
replacements for earlier toxic refrigerants.

There is also a need for theologies of risk that
address the range of concerns and cases articulated
in the recent ethics of chemistry'® and chemical risk-
management fields.'® One way forward might be
to develop Gregerson’s argument that Jesus’s two
parables of the talents and grain of wheat support an
ethics of risk-taking.'® However, the simple applica-
tion of this principle to chemical technology would
seem to be at odds with the broader ethic implied
by passages such as the Levitical law of the gor-
ing 0x,'” the book of Proverbs” commending of risk
avoidance,'® Jesus’s enjoinder toward spiritual qual-
ity assurance in calling us to “watch and pray” lest
we “fall into temptation.”'” So, Gregerson’s account
might be supplemented with theological assess-
ments of risk similar to those made in the context of
debates over biotechnology.'® More-ambitious con-
tributors might also seek to address issues associated
with the disproportionate distribution of chemical
risks onto the poor and vulnerable,'" or theologically
evaluate the perspectives that underlie chemical
risk management regimes.''? Possible starting points
include Mullins’s and Sani’s efforts to Christianize
secular risk management principles as congruent
with Christian understandings of how God acts in
creation'® and the efforts of Susan Bratton' and
the Presbyterian Church USA (PCUSA)' to address
deficiencies in Christian approaches to agricultural
and marine chemicals. However, much more chemi-
cally informed work is needed to help Christians
adequately navigate between the benefits and riski-
ness''® of chemical use even in these limited spheres.

The “risk discourses” that are put in place to manage
risk should also be considered.!” Some of the issues
involved can be nicely illustrated by considering the

163



Gall for Papers

Chemistry to the Glory of God?

dual-use dilemmas that can arise over technologies
such as protein engineering,'® directed evolution
studies,'® combinatorial chemistry,’® microreac-
tors,'”! drug discovery Al'? and published chemical
syntheses'” that can be repurposed for illicit ends.
At issue is whether to help a potential recipient by
providing them with a beneficial technology or to
prevent a foreseeable harm by withholding it. In most
cases, the decision involves questions of security and
is typically made by individual researchers, busi-
nesses, and governments (who help decide whether
to develop technologies) or corporations and govern-
ments (who control access and export). Typically,
the decision makers are wealthier more-powerful
entities whose interests differ somewhat from the
poorer less-powerful prospective recipients. Ethical
issues can arise in the decision itself, how the deci-
sion-making process is constructed (Should chemists
have a say? What about the prospective recipient?),
and in the actions of the decision makers themselves
(Do they honestly communicate likely risks and ben-
efits? Disclose conflicts of interest? Consider other
stakeholders’ perspectives?). The importance of a
carefully constructed risk discourse was recently
illustrated by recent bans on plastic straws, resulting
in a decision that was environmentally responsible
but disregarded the needs of disabled people.!*
There are also questions about how the wealthy and
powerful might justly withhold from the poor. Can
they do so for their own security? If they do so, do
they have an obligation to provide for the poor in
other ways, such as through safer technologies?

Christians Are Called to Be Salt and
Light'?> in a Chemical World

Christians should also care about chemistry because
the church is called to equip its members to live out
the gospel in a world that is profoundly shaped by
chemistry. While some Christians may be engaged
directly in chemical work,'? all use synthetic chem-
icals in one way or another, even if only indirectly
through goods such as concrete cityscapes, asphalt
roadways, clean water, food, and other products
made with chemicals. The environmental and social
impacts of these are simultaneously the responsi-
bility of everyone and no one in particular. This
situation is sometimes referred to as organized irre-
sponsibility,'” but ideally the different actors all
have some responsibility to see to it that chemicals
are used responsibly. For example, governments
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regulate who has access to chemicals; R&D scien-
tists investigate safety and provide instructions as
to proper use; manufacturers perform quality con-
trol checks to make sure chemical products function
properly and do not contain harmful impurities; the
products are marketed honestly to appropriate users;
end-users use the chemicals responsibly; appropriate
health and environmental monitoring is undertaken;
and harms are detected and remedied as soon as
they occur.

In practice, these steps can be costly, sometimes pro-
hibitively, so tradeoffs are made; breakdowns can
occur due to malfeasance or ignorance, and it can be
difficult to know where and how Christians might
be called to act differently or exert a prophetic voice.
Further, ethical issues that have nothing to do with
professional norms can be even harder to recognize.
It is one thing to conscientiously object to military
research that violates international treaties, another
for a cosmetic chemist to know what to do when the
demand for their work is manufactured by making
400 million Chinese women feel self-conscious about
their body hair.'*

Even when a potential problem is identified, chem-
ists need wise guidance. During controversies over
Dow’s role in supplying napalm to US forces in
Vietnam, Dow President Ted Doan complained
about a book on Christian ethics that he had con-
sulted, noting its focus on “personal responsibility”
to the exclusion of “corporate responsibility.”** In
this regard, there is a need for ethical resources suit-
able for use by Christians in chemistry, whether in
the form of general approaches, analyses of various
chemical codes of conduct,’® or case studies simi-
lar to those given in the recent Ethics of Chemistry
volume.'

Although it is hoped that contributors will explore
a range of chemical enterprises, a possible starting
point might be chemists’ involvement in military
work. Christian just war and pacifist traditions might
serve as ready-made analytical frameworks. The
moral arguments involved might be more accessible
since chemists involved in military work are some-
times called upon to explain the moral rationale for
their work publicly. The issues involved are likely to
be usefully complex. Chemical products can be used
for offensive, defensive, and medical purposes,'®
and chemists engage in military work for a variety
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of reasons. Some do it opportunistically or out of
nationalism. Others see military work as a way to
seek the security of the place God placed them, either
as a way to help deter potential aggressors or miti-
gate war’s adverse impacts.’*® Some conscientiously
refuse to do any military work™ —or they seek out
projects that promote peace and security. Examples
include the ion mobility mass spectrometry systems
that monitor for chemical and biological threats in
airports, and methods for spectroscopically “finger-
printing” conflict minerals that make it harder for
violent groups to profit from their extraction.'®

The cases which have been examined so far seem
to illustrate several features of moral dialogue in
chemistry. The first is the need for cultural and self-
awareness and to guard against moral slippage.
Although poison gas research engenders consid-
erable moral horror today, many World War I era
chemists enthusiastically pursued it."** Nominally,
they employed a mix of just war and realist argu-
ments that map nicely onto those used by political
and military leaders' —in this case, supported by a
mix of nationalism and Pollyannaish reasoning about
the effects of the gas. Known cases of possible moral
slippage by degrees include Louis Fieser’s work on
napalm®® and the “devil’s chemists” of the holocaust.
Few deliberately set out to run the holocaust’s only
privately run concentration camp or knowingly sell
the Zyklon B for murderous purposes; most seem
to have more or less unwittingly become involved
and only later became willingly complicit.”®® Apart
from the complicated case of the confessing church
member and disinfectant specialist Kurt Gerstein,'4
the role Christianity played in chemists’ sustained
and deliberate involvement in these crimes has yet
to be studied,! although “Christian” nationalism
is known to have played a role in other Third Reich
atrocities.!#

Contributors might explore how chemists could
use their professional influence to promote human
flourishing. Examples include the Quaker crystal-
lographer Kathleen Lonsdale’s personal efforts to
promote peace through relationship building, or the
much more public and professionally costly activism
of the secular humanist quantum chemistry pioneer
Linus Pauling. The Methodist quantum chemist
Charles Coulson promoted flourishing in multiple
arenas. He succored refugees and sought after peace,
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equitable global development, church unity, and the
end of poverty, unemployment, and racism.'*

The relationship between chemistry and idolatry is
a particularly thorny one. Chemists’ many contri-
butions to medicine, commerce, culture, and many
other aspects of everyday life should be rightly cele-
brated.* However, as with all powerful technologies,
there is always a danger of technological messian-
ism. Sometimes the messianism is explicit. Margaret
Sanger, anticipating chemists’ successful develop-
ment of oral contraceptives, proclaimed “science, the
only possible savior of humankind, must put it in the
power of woman to decide for herself whether she
will or will not become a mother.”'* Other times, it
is implied, as with the quasi-religious depictions of
chemists and chemical plants in Abraham Cressy
Morrison’s Man in a Chemical World.** More often
it involves shaping practices and affections. As a
number of commentators have noted, chemical fertil-
izers, antibiotics, and contraceptives have alleviated
people’s sense of dependence on God and made
it easier for them to live as if God did not exist.'¥”
However, here chemistry does not replace the God of
Christianity but a “god in the gaps of our technologi-
cal powers.”"¥® More serious, then, are things such
as Du Pont’s “better living through chemistry” ad
campaign, which did not offer chemistry as a mes-
siah directly so much as to help encourage a culture
of consumerism.'¥

Although chemists, among other humans, are subject
to hubris and other vices common to humanity, the
connection between idolatry and what chemists do is
far from simple. Chemists, chemicals, and chemical
institutions should not be stereotyped as particularly
idolatrous or vice-filled, for such caricatures will
seem foreign to most practicing chemists, and haz-
ard not showing due regard for the image of God in
every human. The need to be careful in this regard
is illustrated by the Nobel prize winner Fritz Haber.
In 1909, Haber solved one of the defining scientific
challenges of his time by developing an effective
ammonia production process. Without his work, it
would be impossible to feed the world. Yet, less than
a decade after his discovery, Haber would become
known as the “father” of modern chemical warfare.
By all accounts his was an amazing life, in some
respects worthy of being called a “morality tale for
those who hope to see technology used to improve
civilization, not destroy it.”’* Yet as his godson the

165



Gall for Papers

Chemistry to the Glory of God?

historian Fritz Stern reminds us, the story of Haber
has often been told flatly and uncharitably, without
due regard for Haber, the legendry scientific men-
tor, diplomat, friend of the pacifist Einstein, resister
against Nazi demands to fire his Jewish subordi-
nates, and, like many scientists, someone eager to
use his talents to help meet the needs of his time.'>!

It is similarly difficult to draw a straight line between
particular advances in chemistry and right wor-
ship or idolatry. Polymers and plastics may have
contributed to cultures of consumerism, waste, and
wastefulness in which “throwaway living” is cel-
ebrated.’ However, they also contribute much to
human health, wealth, and cleanliness. Polymers are
also fundamentally expressions of scientific knowl-
edge and know-how, and consequently, of both the
wisdom of God and the God-imaging creativity of
humanity. So, the real issue is not chemistry but the
human heart. Issues of idolatry are not about chemis-
try per se but about how we think, live, and organize
society, the church, and our individual lives.™ As
Carl Djerassi noted, synthetic oral contraceptives’
role in transforming culture was “partly causative,
though mostly facultative, by the simple fact that at
precisely the right time in Western social history, a
convenient oral contraceptive became available that
completely divorced contraception from sex.”’™ In
other words, it is not only about chemistry’s benefits
and harms but also about whether we are shaping
and using chemistry in ways that reflect robustly
Christian “notions of the good, or the right, or the
fitting.”’*® In this regard, there is a need for contri-
butions that address the theological outlooks we
express through movements such as green chemis-
try, the risk discourses surrounding chemistry, and
technologies such as plastics, adhesives, pesticides,
food additives, fuels, solar energy technologies, and
CRISPR/Cas9.1%

Chemistry Enriches Our Understanding
of Science and How It Relates to
Religion

Chemistry’s multifaceted approach to the study of
matter not only reveals the richness of creation, but it
also helps illuminate the richness of the human quest
for understanding through science. Chemists engage
in a variety of activities. In terms of basic research
alone, some chemists use analytical instruments such
as spectrometers and chromatographs to probe the
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composition of matter, while others use experiments
or computational models to figure out how atoms
and molecules behave or work together as part of
larger systems. Nevertheless, overall, relatively few
chemists seek to probe the fundamental structure of
matter like some physicists do. Rather, to the extent
chemists seek to explain how matter works, they do
so at the level of atoms and molecules. Further, even
then, chemists do not always use the most sophisti-
cated scientific tools and models that are available.
Some chemists make measurements with exacting
accuracy and precision or employ highly sophisti-
cated models in their efforts to understand chemical
structure. However, even when reasonably reliable
computational models are available, many chemists
find simple models of chemical structure and re-
activity more useful as everyday reasoning tools.’”
The general rule is that chemists seek to use whatever
tool or model is most helpful in a given situation.

So, chemistry is at once exacting and flexible, objec-
tive and personal, a search for truth and a search
for utility. It recognizes that humanity’s search for
understanding, whether in science or theology,
engages a multifaceted reality that is no less true
when described at different levels of detail or by
using analogies or approximations. In this respect, it
pushes back against simplistic notions of science as
either a monolithic search for truth or a disinterested
enterprise. Nevertheless, it does not do so in ways
that would permit ideologues to legitimately chal-
lenge chemistry’s established conclusions.™® Rather,
it does so in ways that suggest it may be fruitful to
explore parallels between chemical reasoning and
various forms of theological thinking, including
areas such as practical theology that are not normally
considered dialogue partners for the sciences.'®

The long tradition of Christian thinking about matter
may be fruitfully explored.’® The ancient, medieval,
and early modern church all engaged Aristotelian,
Platonic, Epicurean, and Stoic philosophies of mat-
ter'® as well as theory-driven experimental work
in the form of craft and alchemical-chemical tradi-
tions.’®> Examples of the use of classical element
theory in the New Testament include the description
of bodies in 1 Corinthians 15:35-58 as “earthly” and
“heavenly” and possibly the mention of the world
being formed out of the classical element water in
2 Peter 3:5. The story of atomic ideas (atomism) is
particularly notable.'®® Classical and early medieval
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thinkers were wary of atomism since it was asso-
ciated with the major ateleological system of the
ancient world, Epicureanism,'® and since atomists
were unable to explain why anything orderly hap-
pened in nature (until the twentieth century, atomic
theory could not explain how and why atoms asso-
ciated in the way they did). Thus, although some of
the church fathers employed atomic ideas to explain
things such as God’s creation of the cosmos or how
the resurrection might have taken place, atom-
ism was not seriously considered until the modern
period. Until the work of Robert Boyle, Antoine
Lavoisier, John Dalton, and many others from the
seventeenth century onwards, various Stoic and
Aristotelian ideas seemed more promising, both
theologically and as a guide for chemical experi-
mentation. Nevertheless, the church’s commitment
to these ideas was kept tenuous by the ecclesiasti-
cal denial of Aristotelian dogmatism amidst political
and philosophical strife at the University of Paris
(which also encouraged Christians to consider that
the void of atomism might exist'®®) and alchemists’
failure to produce either gold or immortality. This
made it considerably easier for the French priest
Pierre Gassendi to recast atoms as created by God
as part of his efforts to rehabilitate Epicureanism.'¢
Ultimately, however, the tradition of quantitative
experimentation initiated by Boyle undergirded the
Quaker schoolmaster John Dalton’s proposal of the
first chemically significant atomic theory.'” So, the
story of atomic theory might be taken as an example
of science and faith interacting in constructive ways,
even though it has sometimes been inaccurately por-
trayed as an example of conflict by advocates of the
warfare model.'®®

Chemistry Is Also an Opportunity for

the Church to Learn from Chemists

The book of Hebrews presents us with a cloud of
witnesses of those who have gone before and then
later enjoins us to remember our teachers, consider
their way of life, and imitate their faith.'"® To that
end, contributions outlining the lives of Christians in
chemistry could also be worthwhile. Those from the
modern period onward that have been documented
include Paracelsus,'® Oswald Croll,’”! Jan Baptist van
Helmont,'” Johan Glauber,'”® Robert Boyle,'* John
Dalton,'” Benjamin Silliman Sr., Michael Faraday,'”
Josiah Parsons Cooke,'”” John Draper,'”® Hermann
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Kolbe,'”” George Washington Carver,'"™ Charles
Stine,’® José Maria Albareda,’® Edward Francis
Caldin,’®® Percy Lavon Julian,® Michael Polanyi,'*
Kathleen Lonsdale,'® Charles Coulson,’® Arthur
Peacocke,®® Rustem Roy, Colin Russell,’® Alister
McGrath,'® John Goodenough,’! James Tour,'*
Fritz Schaeffer,’ Edgar Andrews, Duane Gish,'*
Michael Behe,'> Fazale Rana,’®® Marcos Eberlin,*”
Robert Fay,'”® Gary Patterson, Daniel Romo, Troy
Van Voorhis," David Vosburg,® Sy Garte,® Jorge
Mario Bergoglio,® and others of whom I am only
dimly aware.

Even though the relationship between science and
Christianity in actual human lives is always some-
what messy, it may be enlightening to consider how
chemists might express their beliefs through the
sort of problems they choose to work on or the way
they talk about their work.?®® One chemist whose life
seems inadequately explored in this regard is the
steroid chemist Percy Lavon Julian, who was widely
respected as a humanist for the practical benefits of
his work. Yet Julian did not talk directly about his
faith in public or scientific arenas, even though its
importance was evident to those of his colleagues
who talked about and remembered him. It might
similarly be instructive to evaluate these chemists’
efforts to relate their faith and work with respect to
contemporary views about how the church should
engage with culture,® the meaning and value of
work,? and whether and how the church should
engage politically charged issues*® One incom-
pletely explored example in which differences about
these issues seems to be in play is the Dow napalm
controversy, which involved a clash between the
Clergy and Laity against Vietnam organization and
devout Episcopalian and Presbyterian managers on
Dow’s board over the latter’s supplying of napalm
to the American military.?”” Historical context should
also be considered.®® For example, although the
Franciscan friar Roger Bacon’s advocacy of lethal
alchemical warfare might be regarded as cringe-
worthy today, it made sense in the context of the
apocalyptic speculations circulating in thirteenth-
century Latin Christendom.>”

Atheist and agnostic chemists provide opportuni-
ties for chemists to help the church understand and
respond to materialist pictures of reality. Although
the most prominent examples of scientism are usu-
ally associated with biology, neuroscience, and
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physics, there is also a notable tradition of skepticism
and agnosticism in chemistry. The crystallogra-
pher John Desmond Bernal,?'? textbook writer Peter
Atkins,®!!  spectroscopist Harold Kroto,?? theo-
retical chemist Roald Hoffmann??® and historian
of chemistry William Jensen?* have all explained
their thinking in enough detail to be thoughtfully
engaged. Other historical examples include Marcelin
Berthelot,?®> Svante Arrhenius,?® and Wilhelm
Ostwald.?” Arrhenius and Ostwald are also interest-
ing on account of their association with the Monist
League and, in Ostwald’s case, the German church
withdrawal movement. Joseph Priestley, Humphrey
Davy, and Edward Frankland had more-complicated
relationships with orthodox Christian belief that
may be worth pondering.?®® In this regard, it might
be valuable for Christians in the chemical sciences to
expand on some of the existing analyses of scientific
materialism in chemistry in ways that graciously and
thoughtfully engage the arguments of these and sim-
ilar thinkers. "

Final Reflections

As a partially reductionist culture-shaping central
science, chemistry offers to enrich our understand-
ing of how science and faith interact. From the
standpoint of chemistry, the science-Christianity
relationship cannot and should not be conceived
in exclusively cognitive terms.?® Chemistry is too
important a locus for what one astute observer has
called “the meeting of science and religion in real
life.”?! How churches and individuals think about
chemistry and use chemicals can reflect either defec-
tive or sound thinking about God, creation, and the
gospel.?? It is hoped that contributions to this call for
papers will, in however small a measure, contribute
to sound thinking. v
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43-64.

°For more on the idea of creation’s goodness as involving
proper functioning, see Robert C. Bishop, “Recovering the
Doctrine of Creation: A Theological View of Science,” Bio-
Logos Foundation, January 31, 2011, https://biologos.org
/ articles/recovering-the-doctrine-of-creation-a-theological
-view-of-science.

’Some resources that develop this point, albeit more in
light of the biological and social sciences than chemistry,
include Philip J. Hefner, The Human Factor: Evolution, Cul-
ture, and Religion (Minneapolis, MN: Fortress Press, 1993);
and _, Technology and Human Becoming (Minneapolis,
MN: Fortress Press, 2003). Subsequent to Hefner’s work
the created co-creator concept has also been applied to
work in the arts, business, and other fields. For thoughts
on its application to chemistry, see Willem B. Drees,
“Playing God? Yes.” Religion in the Light of Technol-
ogy,” Zygon® 37, no. 3 (2002): 643-54, https://doi.org
/10.1111/1467-9744.00442.

8Note that I am not claiming that humans should be under-
stood as “created co-Creators” in the sense of independent
free agents. Rather, I am claiming they are “creative crea-
tures” with God-given creativity which they are called to
exercise under God. For more on this point, see James C.
Peterson, Changing Human Nature: Ecology, Ethics, Genes,
and God (Grand Rapids, MI: Eerdmans, 2010), 46; and Wil-
lem B. Drees, Religion and Science in Context: A Guide to the
Debates (New York: Routledge, 2010): 122-24. For the theo-
logical implications of different views of human calling on
a technological issue, see Forrest Clingerman, “Geoengi-
neering, Theology, and the Meaning of Being Human,”
Zygon® 49, no. 1 (2014): 6-21, https://doi.org/10.1111/
zygo.12072.

°For an example of a chemist who understands their work
in this way, see David Vosburg, “What Does Christ
Have to Do with Chemistry?,” The Faraday Institute
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for Science and Religion, February 27, 2014. http://
scienceandbelief.org/2014/02/27 /what-does-christ-have
-to-do-with-chemistry /

YFor a brief treatment of the culture mandate as a call to
bring out creation’s potentialities, see Naomi Noguchi
Reese, “Culture Mandate,” in Dictionary of Christianity and
Science, ed. Paul Copan et al. (Grand Rapids, MI: Zonder-
van, 2017), 149. Useful popular treatments of the culture
mandate include Andy Crouch, Culture Making: Recover-
ing Our Creative Calling (Downers Grove, IL: InterVarsity
Press, 2008); and _, Playing God: Redeeming the Gift of
Power (Downers Grove, IL: Intervarsity Press, 2013).

For an exploration of the stewardship mandate, see San-
dra L. Richter, Stewards of Eden: What Scripture Says about
the Environment and Why It Matters (Downers Grove, IL:
InterVarsity Press, 2020), especially pp. 5-14.

12Genesis 1:28; 2:15; cf. Psalm 8.

BGenesis 1:28; 4:17-22 (cf. 3:17-23, 4:11-12; 5:29).

“For a readable account of these bricks as a materials sci-
ence achievement, see Stephen L. Sass, The Substance of
Civilization: Materials and Human History from the Stone Age
to the Age of Silicon (New York: Arcade, 1998), 125-27.

BFor an interesting chemistry-laden discussion of the de-
bittering of the waters of Marah, see Roald Hoffmann and
Shira Leibowitz Schmidt, Old Wine, New Flasks: Reflections
on Science and Jewish Tradition (New York: W. H. Freeman,
1997), 123-57.

“For examples of Christians in science who view their
work as promoting shalom, see Elaine Howard Ecklund,
Why Science and Faith Need Each Other: Eight Shared Val-
ues That Move Us Beyond Fear (Grand Rapids, MI: Brazos,
2020), 133-44.

7For a magisterial treatment on science as a source of
wisdom, see Tom McLeish, Faith and Wisdom in Science
(Oxford, UK: Oxford University Press, 2015). For more on
chemistry as a source of wisdom, see Contakes, “Wisdom
in and for Chemistry.” For an exploration of one area of
chemistry, see Gary Patterson, “Theology and Thermody-
namics: In Praise of Entropy,” Perspectives on Science and
Christian Faith 64, no. 4 (2012): 242-49, https:/ /www.asa3
.org/ASA /PSCF/2012/PSCF12-12Patterson.pdf.

BFor a slightly dated but still very useful summary of
the challenges and research needs facing chemistry, see
National Research Council, Beyond the Molecular Frontier:
Challenges for Chemistry and Chemical Engineering (Wash-
ington, DC: National Academies Press, 2003).

YAtoms differ markedly from the indivisible classical
particles envisioned by Epicurus, Leucippus, and Dem-
ocritus. A failure to understand this basic distinction has
led to significant misunderstandings about early Chris-
tian objections to atomism. In fact, their objections were
right to the point. Because the Epicureans lacked a coher-
ent theory of chemical structure and bonding, their atomic
ideas did not actually explain why matter forms the struc-
tures that it does.

YFor an interesting article from a Lutheran perspective,
see George Murphy, “The Impact of Science on Christian
Worship,” Seminary Ridge Review 1, no. 2 (1999): 63-74. For
Roman Catholicism, see Rev. Michael J. Ahern, S.]., “Litur-
gical Chemistry,” Bulletin of the American Association of Jesuit
Scientists, Eastern Section 11, no. 4 (1934): 218-21, https://
jesuitonlinelibrary.bc.edu/?a=d&d=aajses19340501
-01.2.14&e=------- en-20--1--txt-txIN------- . For private
examples of chemistry informing a worshipful attitude
toward scripture and nature, see Therese Southgate, “A
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Chemist’s Prayer,” Journal of Chemical Education 23, no.
10 (1946): 507, https:/ /doi.org/10.1021/ed023p507; Roy
Berkenbosch, “Good Chemistry in a Fallen World: A Ser-
vice Planned and Led by Chemists,” Reformed Worship 83
(March 2007), https:/ / www.reformedworship.org/ article
/march-2007 / good-chemistry-fallen-world; Kaylee Hill,
“Synthesis,” God & Nature (Summer 2018), https://
godandnature.asa3.org/hill-poem-synthesis.html;
Stacy A. Trasancos, “ Atoms, Elements, and the Grandeur of
God,” U.S. Catholic, November 1, 2016, https:/ /uscatholic
.org/articles/201611/atoms-elements-and-the-grandeur
-of-god/; and Allison Dick, “A Prayer for Chemists,”
InterVarsity Emerging Scholars Network Blog, November 9,
2020, https://blog.emergingscholars.org/2020/11/a-prayer
-for-chemists/. In addition, chemistry textbooks written
for a Christian homeschool audience often incorporate
chemistry-based devotional elements.

ZFor examples, see Caroline Walker Bynum, Christian
Materiality: An Essay on Religion in Late Medieval Europe
(Cambridge, MA: MIT Press, 2011), 217-65; and William
R. Newman, “Alchemy and the Art-Nature Debate,” in
Promethean Ambitions: Alchemy and the Quest to Perfect
Nature (Chicago, IL: University of Chicago Press, 2004),
34-114. For the continuation of these trends in the early
modern period, see John Henry, “Theology and the Mean-
ing of Matter in the Early Modern Period: A Response to
Peter Harrison,” in Matter and Meaning: Is Matter Sacred or
Profane?, ed. Michael Fuller (Newcastle upon Tyne, UK:
Cambridge Scholars, 2010), 57-66.

20n scholastic efforts to reconcile late medieval mat-
ter theory with the then-recently ratified doctrine of
transubstantiation, see Marilyn McCord Adams, Some
Later Medieval Theories of the Eucharist: Thomas Aquinas,
Gilles of Rome, Duns Scotus, and William Ockham (Oxford,
UK: Oxford University Press, 2010). For aspects of the
debate in modern Roman Catholicism, see Stephen M.
Barr, “Does Quantum Physics Render Transubstantia-
tion Meaningless?,” First Things (May 25, 2010), https://
www.firstthings.com/blogs/firstthoughts/2010/05
/does-quantum-physics-render-transubstantiation
-meaningless; Richard G. Cipolla, “Selvaggi Revisited:
Transubstantiation and Contemporary Science,” Theo-
logical Studies 35, no. 4 (1974): 667-91, https://doi.org
/10.1177%2F004056397403500403;  Joseph T. Clark,
“Physics, Philosophy, Transubstantiation, Theology,”
Theological Studies 12, no. 1 (1951): 24-51, https:/ /doi.org
/10.1177%2F004056395101200102; and Cyril Vollert, “The
Eucharist: Controversy on Transubstantiation,” Theologi-
cal Studies 22, no. 3 (1961): 391-425, https:/ /doi.org/10.11
77 %2F004056396102200302.

BChiara Crisciani, “Opus and Sermo: The Relationship
between Alchemy and Prophecy (12th-14th Centuries),”
Early Science and Medicine 13, no. 1 (2008): 4-24, http://
dx.doi.org/10.1163/157338207X242447; Tara Nummedal,
“Alchemy and Religion in Christian Europe,” Ambix 60,
no. 4 (2013): 311-12, and references therein, https://doi
.org/10.1179/0002698013Z.00000000036; and Lawrence
Principe, The Secrets of Alchemy (Chicago, IL: University of
Chicago Press, 2013), 190-206.

#Following 2 Peter 3:5, van Helmont’s famous tree experi-
ment was an attempt to uncover how things could be
formed of water.

»See Edward Davis, “A Priest Serving in Nature’s Tem-
ple: Robert Boyle’s Career Blended Faith, Doubt, and
the Use of Science to Heal Disease and Fight Atheism,”
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Christian History (November 2002): 28-31, https:/ /www
.christianitytoday.com/history/issues/issue-76/ priest
-serving-in-natures-temple.html; and Robert Boyle, “Some
Considerations Touching the Usefulness of Experimental
Natural Philosophy,” in The Works of the Honourable Robert
Boyle, 6 vols., ed. Thomas Birch (Hildesheim, Germany:
Georg Olms, 1966), 2.31. For an account of Boyle’s notion
of the priest-scientist, see Harold Fisch, “The Scientist as
Priest: A Note on Robert Boyle’s Natural Theology,” Isis
44, no. 3 (1953): 252-65, https:/ /doi.org/10.1086/348227;
and Peter Harrison, “Sentiments of Devotion and Experi-
mental Philosophy in Seventeenth-Century England,”
Journal of Medieval and Early Modern Studies 44, no. 1 (2014):
113-33, https:/ /doi.org/10.1215/10829636-2389515.

%For more on these arguments, see John Hedley Brooke,
“Chemistry,” in The History of Science and Religion in the
Western Tradition: An Encyclopedia, ed. Gary B. Ferngren,
Edward J. Larson, and Daniel W. Amundsen (New York:
Garland, 2000), 378-83; David M. Knight, “Chemical Sci-
ences and Natural Theology,” in The Oxford Handbook of
Natural Theology, ed. Russell Re Manning (Oxford, UK:
Oxford University Press, 2013), 434-48.

ZKnown among chemists as the discoverer of Boyle’s law.

BNotably, Boyle did not believe nature offered knock-
down arguments for God’s existence. For an accessible
introduction to Boyle, see William Eaton, “Boyle, Rob-
ert (1627-1691),” The Internet Encyclopedia of Philosophy,
https:/ /iep.utm.edu/robert-boyle/. For a book-length
study, see Michael Hunter, Boyle: Between God and Science
(New Haven, CT: Yale University Press, 2010). For a study
of the relationship between Boyle’s theology and its role
in the development of chemistry through de-spiritualized
views of matter, see Eugene M. Klaaren, Religious Origins
of Modern Science: Belief in Creation in Seventeenth-Century
Thought (Grand Rapids, MI: Eerdmans, 1977).

¥Some that address chemistry are William Prout, Chemis-
try, Meteorology, and the Function of Digestion, Considered
with Reference to Natural Theology (London, UK: W. Picker-
ing, 1834); George Fownes, Chemistry, As Exemplifying the
Wisdom and Beneficence of God (New York: Wiley and Put-
nam, 1844); Josiah Parsons Cooke, Religion and Chemistry;
or, Proofs of God’s Plan in the Atmosphere and its Elements
(New York: Scribner, 1864) —this was revised in 1880 as
Religion and Chemistry; a Re-Statement of an Old Argument,
with a third edition following in 1891; John Phin, Chemical
History of the Six Days of Creation (New York: Handicraft
Publication Co, 1872); Josiah Parsons Cooke, The Creden-
tials of Science, the Warrant of Faith, 2nd edition (New York:
Appleton, 1893); Simon Conway Morris, Life’s Solution:
Inevitable Humans in a Lonely Universe (Cambridge, UK:
Cambridge University Press, 2003); Ruth M. Lynden-Bell
et al.,, eds., Water and Life: The Unique Properties of H,O
(Boca Raton, FL: CRC Press, 2010); Alister E. McGrath,
A Fine-Tuned Universe: The Quest for God in Science and The-
ology (Louisville, KY: Westminster John Knox Press, 2009);
and Fazale Rana, Fit for a Purpose: Does the Anthropic Prin-
ciple Include Biochemistry? (Covina, CA: Reasons to Believe
Press, 2021). For an interesting fine-tuning argument that
focuses on fine-tuning through quantum mechanics as nec-
essary for a life-supporting chemistry, see also Stephen M.
Barr, “ Anthropic Coincidences and the Multiverse Idea,”
https://washtheocon.org/wp-content/uploads/2013/12
/Universe-Designed-for-Life.pdf.

3Then as now, this was sometimes made more or less
explicit. Among modern examples, for a theologically
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Stephen M. Contakes

sophisticated and historically aware program that merges
homiletic, apologetic, and contemplative approaches by a
polymer physicist, is McLeish, Faith and Wisdom in Science;
and , “The Re-Discovery of Contemplation through
Science,” Zygon® 56, no. 3 (2021): 758-76, https://doi
.org/10.1111/zygo.12719. Homiletic popular-level exam-
ples of varying credibility include George Wilson and
Jessie A. Wilson, Religio Chemici Essays (London: Macmil-
lan and Co., 1862); M. R. DeHaan, The Chemistry of the Blood
and Other Stirring Messages (Grand Rapids, MI: Zonder-
van, 1943); A. Cressy Morrison, Man Does Not Stand Alone
(New York: Fleming H. Revell Company, 1944) [This
work was later republished as Seven Reasons Why a Scien-
tist Believes in God (Westwood, NJ: Revell, 1962)]; Charles
M. A. Stine, A Chemist and His Bible, 3rd edition (Philadel-
phia, PA: Sunday School Times, 1947); Sylvia Slaughter,
Messages from Matter: Finding God’s Word in the Fundamen-
tals of Chemistry (Bloomington, IN: Westbow Press, 2015);
and George B. Hill, Discovering Jesus in a Chemistry Lab
(Self-published through LULU, 2017). For a respectable
work of popular apologetics that touches on chemistry,
see Henry F. Schaefer, Science and Christianity: Conflict or
Coherence? (Athens, GA: University of Georgia, 2010). In
addition to these, many chemistry textbooks written for
Christian homeschooling audiences present an implicit
natural theology. For an early example, see ]J. Carrington
Sellars, Chemistianity (Birkenhead: Self-Published, 1873),
https:/ / elements.vanderkrogt.net/chemistianity.php.

%Cooke, Religion & Chemistry; and _, Credentials of Sci-
ence. For my analysis, see Stephen M. Contakes and
Christopher Willard Kyle, “Josiah Parsons Cooke ]Jr.:
Epistemology in the Service of Science, Pedagogy, and
Natural Theology,” Hyle— International Journal for the
Philosophy of Chemistry 17, no. 1 (2011): 1-23, PhilArchive
copy vl: https://philarchive.org/archive/ CONJPCv1.
For another chemistry-inspired example, see Daniel
Luzon Morris, Possibilities Unlimited: A Scientist’s Approach
to Christianity (New York: Harper, 1952).

A section on chemistry was included in Barrow and
Tipler’s classic work on the anthropic principle: John D.
Barrow and Frank J. Tipler, The Anthropic Cosmological Prin-
ciple (Oxford, UK: Oxford University Press, 1986), 510-75,
although it had earlier been offered as an example of the
anthropic principle in Cooke, Religion and Chemistry; and
in Lawrence Joseph Henderson, The Fitness of the Environ-
ment; an Inquiry into the Biological Significance of the Properties
of Matter (New York: The Macmillan Company, 1913). For
a theistic evolutionary approach based on Augustine’s
seed principle, see Alister E. McGrath, A Fine-Tuned Uni-
verse: The Quest for God in Science and Theology (Louisville,
KY: Westminster John Knox Press, 2009). For a chemistry-
based natural theology based on beauty in chemistry, see
Timothy Weatherstone, Reconstructing Wonder: Chemistry
Informing a Natural Theology (Frankfurt am Main, Ger-
many: Peter Lang, 2017). For a recent old earth perspective,
see Rana, Fit for a Purpose. For intelligent design move-
ment perspectives, see Marcos Eberlin, Foresight: How the
Chemistry of Life Reveals Planning and Purpose (Seattle, WA:
Discovery Institute Press, 2019); also Ryan Huxley and
Casey Luskin, “Evidence of the Design of the Universe
through the Anthropic Principle,” Intelligent Design and
Evolution Awareness Center, http://www.ideacenter.org
/contentmgr/showdetails.php/id/837. For examples of
past and present natural theology approaches based on
the unique properties of water, see the essays in Lynden-
Bell et al., Water & Life.
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3In the UK, the chemist A. E. Wilders-Smith and materials

scientist Edgar Andrews performed similar roles.

*While a comprehensive review of creationist (and other

antievolutionist) uses of chemistry is beyond the scope
of this article, for examples see Richard B. Bliss, In Search
of the ... Origin of Life: Evolution, Creation (San Diego, CA:
Creation-Life Publishers, 1979); Duane Gish, “Thermo-
dynamics and the Origin of Life (Part II),” Acts & Facts 7,
no. 4 (1978), https: /vww.icr.org/article/ thermodynamics
-origin-life-part-ii/; and Duane T. Gish, Speculations and
Experiments Related to Theories on the Origin of Life: A Cri-
tigue (San Diego, CA: Institute for Creation Research,
1972).

%Michael J. Behe, Darwin’s Black Box: The Biochemical Chal-

lenge to Evolution (New York: Free Press, 1996); _ , The
Edge of Evolution: The Search for the Limits of Darwinism
(New York: Free Press, 2008); and _, Darwin Devolves:
The New Science about DNA That Challenges Evolution (New
York: HarperOne, 2020).

%Michael Denton, Evolution: A Theory in Crisis (Bethesda,

MD: Adler & Adler, 1986).

“Fazale Rana and Hugh Ross, Origins of Life: Biblical and

Evolutionary Models Face Off (Colorado Springs, CO: Nav-
Press, 2004); Fazale Rana, The Cell’s Design: How Chemistry
Reveals the Creator’s Artistry (Grand Rapids, MI: Baker
Books, 2008); Eberlin, Foresight; and Rana, Fit for a Purpose
and Change Laura Tan and Rob Stadler, The Stairway of
Life: An Origin-of-Life Reality Check (Self-Published, 2020).

3McGrath, A Fine-Tuned Universe.
¥W. Ross Hastings, Echoes of Coinherence: Trinitarian The-

ology and Science Together (Eugene, OR: Cascade Books,
2017), 128-35; and José M. Romero-Bar¢, “God’s Mark on
Nature. A Trinitarian Approach,” Metanexus Institute.
Science and Religion: Global Perspectives Conference, June
4-8, 2005, Philadelphia, PA, https://www.newdualism
.org/papers/].Romero-Baro/gods-mark.htm.

“Random in the sense of probabilistic.
“For my own nonrigorous efforts to suggest such corre-

spondence, see Contakes, “Wisdom in and for Chemistry.”

“For examples of God as a chemist in creation, see Allen

G. Debus, The Chemical Philosophy: Paracelsian Science and
Medicine in the Sixteenth and Seventeenth Centuries (New
York: Science History Publications, 1977); and Michael
Thomson Walton, Genesis and the Chemical Philosophy: True
Christian Science in the Sixteenth and Seventeenth Centuries
(Brooklyn, NY: AMS Press, 2011).

BWeatherstone, Reconstructing Wonder. For another impor-

tant analysis, see Peter K. Walhout, “The Beautiful and
the Sublime in Natural Science,” Zygon® 44, no. 4 (2009):
757-76, https://doi.org/10.1111/j.1467-9744.2009.01032.x.
The theologian Ross Hastings also mentions chemistry
in connection with theologies of beauty, albeit in connec-
tion with his experience as an organometallic chemist. See
Hastings, Echoes of Coinherence, 182-84, 220.

#“Tutorial reviews are introductory reviews specifically

intended for use as educational tools. For more on tutorial
reviews, see the tutorial review guidelines for Chemical
Society Reviews at https:/ /www.rsc.org/journals-books
-databases/about-journals/chem-soc-rev/. A suitable review
may exist for origin of life chemistry: H. James Cleaves,
The Origins of Life: A Review of Scientific Inquiry (West
Conshohocken, PA: John Templeton Foundation, 2020),
https:/ /www.templeton.org/wp-content/uploads /2021
/07/]JTE_Origins_of_Life_Final.pdf.

Although it is not written from a Christian or even a social

justice perspective, various ways in which chemistry
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impacts human wellbeing are described in John Emsley, A
Healthy, Wealthy, Sustainable World (Cambridge, UK: RSC
Publishing, 2010). For an interesting, if dated, account of
chemistry’s societal benefits written by a sometime Chris-
tian apologist, see A. Cressy Morrison, Man in a Chemical
World: The Service of Chemical Industry (New York: C. Scrib-
ner’s Sons, 1937).

“*Peter Coy, “Why the Periodic Table of Elements Is
More Important than Ever,” Bloomberg Businessweek,
August 28, 2019, https://www.bloomberg.com/news
/features/2019-08-28/the-modern-triumph-of-the
-periodic-table-of-elements. This article is part of a spe-
cial issue on The Elements that describes many economic
uses of the elements, https://www.bloomberg.com
/features/2019-periodic-table-elements-issue/ .

¥ American Chemistry Council, 2021 Guide to the Business of
Chemistry, https://www.americanchemistry.com/chemistry
-in-america/ data-industry-statistics.

“For more on the Haber-Bosch process, see Vaclav Smil,
Enriching the Earth: Fritz Haber, Carl Bosch, and the Trans-
formation of World Food Production (Cambridge, MA: MIT
Press, 2001); Dietrich Stoltzenberg, Fritz Haber: Chemist,
Nobel Laureate, German, Jew (Philadelphia, PA: Chemi-
cal Heritage Press, 2004); Daniel Charles, Master Mind:
The Rise and Fall of Fritz Haber, the Nobel Laureate Who
Launched the Age of Chemical Warfare (New York: Ecco,
2005); and Henry Harris, “To Serve Mankind in Peace
and the Fatherland in War. The Case of Fritz Haber,”
German History 10, no. 1 (1992): 24-38, https://doi
.org/10.1093/gh/10.1.24. For Christian perspectives, see
Daniel Charles, “The Idol of Progress,” Sojourners Maga-
zine (2006): 24-27, and Darren Brouwer, “Better Living
through Chemistry? Why Chemists Need to Be Human-
ists,” Comment [Online], June 23, 2016, https://comment
.org/better-living-through-chemistry /.

#That is, not counting petroleum, pharmaceuticals, and the
biotech industry.

%The proportion of chemical engineers engaged in research
and development is perhaps even lower (10% according
to the US Bureau of Labor Statistics). See Bureau of Labor
Statistics, U.S. Department of Labor, Occupational Outlook
Handbook, Chemical Engineers, https:/ /www.bls.gov/ooh
/architecture-and-engineering/chemical-engineers.htm
(visited March 28, 2022). Note that these numbers do not
include those for petroleum engineers, chemical techni-
cians, or for chemists involved in nonchemistry jobs, such
as management and technical sales.

®IElizabeth Sendich, “Energy Products Are Key Inputs to
Global Chemicals Industry,” US Energy Information
Administration, June 21, 2019, https://www.eia.gov
/todayinenergy/detail.php?id=39952#.

%2From the observatory of economic complexity data based
on Alexander James Gaspar Simoes and Cesar A. Hidalgo,
“The Economic Complexity Observatory: An Analytical
Tool for Understanding the Dynamics of Economic Devel-
opment,” Paper fromaworkshop atthe Twenty-Fifth AAAI
Conference on Artificial Intelligence: Scalable Integration
of Analytics and Visualization, San Francisco, California,
August 7, 2011, https://www.researchgate.net/profile
/ Cesar-Hidalgo-2/publication/221605462_The_Economic
_Complexity_Observatory_An_Analytical Tool_for_Understanding
_the_Dynamics_of_Economic_Development/links
/54£472430cf24eb8794e8a6d / The-Economic-Complexity
-Observatory-An-Analytical-Tool-for-Understanding
-the-Dynamics-of-Economic-Development.pdf.
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SFor more on the chemical industry, see James Albert Kent,
ed., Handbook of Industrial Chemistry and Biotechnology, 12th
edition (New York: Springer, 2012); Mark Anthony Benve-
nuto, Industrial Chemistry: For Advanced Students (Boston,
MA: De Gruyter, 2015); and Alan Heaton, The Chemical
Industry, 2nd edition (London, UK: Blackie Academic &
Professional, 1994). Readable accounts that are not accu-
rate in every detail but which might be more accessible to
nonchemist respondents include Ben Selinger and Russell
Barrow, Chemistry in the Marketplace, 6th edition (Clayton
South, VIC, Australia: CSIRO Publishing, 2017); and Don-
ald L. Burdick and William L. Leffler, Petrochemicals in
Nontechnical Language, 4th edition (Tulsa, OK: PennWell
Corp, 2012).

%The impact of plastics has yet to be systematically explored
in science and religion discourse. For some of the issues,
see Jeffrey L. Meikle, American Plastic: A Cultural History
(New Brunswick, NJ: Rutgers University Press, 1995);
Susan Freinkel, Plastic: A Toxic Love Story (Boston, MA:
Houghton Mifflin Harcourt, 2011); and Wiebe E. Bijker, Of
Bicycles, Bakelites, and Bulbs: Toward a Theory of Sociotechni-
cal Change (Cambridge, MA: MIT Press, 1995). For a survey
of some of the issues from someone with “catholic scien-
tific interests” along with ways forward, see Christopher
J. Rhodes, “Solving the Plastic Problem: From Cradle to
Grave, to Reincarnation,” Science Progress 102, no. 3 (2019):
218-48, https:/ /doi.org/10.1177/0036850419867204.

%Joachim Schummer, “’Are You Playing God?’: Synthetic
Biology and the Chemical Ambition to Create Artifi-
cial Life,” HYLE — International Journal for the Philosophy
of Chemistry 22, no. 1 (2016): 149-72, http:/ /www.hyle
.org/journal/issues/22-1/schummer.htm. See also Peter
Dabrock, “Playing God? Synthetic Biology as a Theo-
logical and Ethical Challenge,” Systems and Synthetic
Biology 3 (1-4) (2009): 47-54, https://doi.org/10.1007
%2Fs11693-009-9028-5; Ted Peters, Playing God?: Genetic
Determinism and Human Freedom, 2nd edition (London,
UK: Routledge, 2014); and Alexander Massmann and
Keith R. Fox, Modifying Our Genes: Theology, Science and
“Playing God” (La Vergne, UK: Hymns Ancient & Mod-
ern, 2014). A summary of the influence of theology on
these discussions is given in Henk van den Belt, “Playing
God in Frankenstein’s Footsteps: Synthetic Biology and
the Meaning of Life,” Nanoethics 3, no. 3 (2009): 257-68,
https:/ /doi.org/10.1007 %2Fs11569-009-0079-6.

*Wilfred Theisen, “The Attraction of Alchemy for Monks
and Friars in the 13th-14th Centuries,” The American
Benedictine Review 46, no. 3 (1995): 239-53, https:/ /www
.scribd.com/document/364620582/ THEISEN-Wilfrid
-The-attraction-of-alchemy-for-monks-and-friars-in-the
-13th-14th-centuries-pdf. For a cleric-alchemist who
thought of his work in terms of the created co-creator con-
cept, see Wilfred Theisen, “John Dastin: The Alchemist as
Co-Creator,” Ambix 38, no. 2 (1991): 73-78, https://doi
.org/10.1179/amb.1991.38.2.73.

“For details of Albert’s thought, see Albertus Magnus, Book
of Minerals, trans. Dorothy Wyckoff (Oxford, UK: Claren-
don Press, 1967); and Albert The Great, On the Causes of
the Properties of the Elements [Liber de Causis Proprieta-
tium Elementorum], Mediaeval Philosophical Texts in
Translation, trans. Irven Michael Resnick (Milwaukee,
WI: Marquette University Press, 2010). Important second-
ary sources include Adam Takahashi, “Nature, Formative
Power and Intellect in the Natural Philosophy of Albert
the Great,” Early Science and Medicine 13, no. 5 (2008),
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Stephen M. Contakes

https:/ /www jstor.org/stable/20617751; the essays in
Francis Joseph Kovach and Robert W. Shahan, Albert the
Great: Commemorative Essays (Norman, OK: University of
Oklahoma Press, 1980); and Irven Michael Resnick, ed.,
A Companion to Albert the Great: Theology, Philosophy, and
the Sciences (Leiden, The Netherlands: Brill, 2013). Also
Albert The Great’s eight-volume discussion of Aristotle’s
physics; On the Causes and the Procession of the Universe
from the Prime Cause and account of creation (De IV coae-
quaevis) are important for understanding his approach to
matter but unfortunately not available in English transla-
tion. They may be accessed via the Alberti Magni e-corpus
at http:/ /albertusmagnus.uwaterloo.ca/.

*For Grosseteste’s view of matter, see Nicola Polloni, “Early
Robert Grosseteste on Matter,” Notes and Record: The Royal
Society Journal of the History of Science 75, no. 3 (2021):
397-414, https:/ /doi.org/10.1098 / rsnr.2020.0017; Giles E.
M. Gasper et al., “The Use of the Stars: Alchemy, Plants,
and Medicine,” in The Scientific Works of Robert Grosseteste.
Vol. 1, Knowing and Speaking: Robert Grosseteste’s ‘De artibus
liberalibus’ [on the Liberal Arts] and ‘De generatione sono-
rum’ [on the Generation of Sounds], ed. Giles E. M. Gasper
etal. (Oxford, UK: Oxford University Press, 2019), 166-95.

*For Bacon’s advocacy of alchemy and similar pursuits,
see Roger Bacon, The Opus Majus of R. Bacon, trans.
John Henry Bridges (London, UK: Williams & Norgate,
1900). For a summary of Bacon’s thought in context, see
Amanda Power, Roger Bacon and the Defence of Christen-
dom (Cambridge, UK: Cambridge University Press, 2013),
96; Athanasios Rinotas, “The Interplay among Alchemy,
Theology and Philosophy in the Late Middle Ages: The
Cases of Roger Bacon and John of Rupescissa,” Vegu-
eta. Anuario de la Facultad de Geografia e Historia 17 (2017):
161-73, https://www.academia.edu/34085595/; Zachary
Matus, “Reconsidering Roger Bacon’s Apocalypticism
in Light of His Alchemical and Scientific Thought,” The
Harvard Theological Review 105, no. 2 (2012): 189-222,
https:/ /www jstor.org/stable/41474572; and _, “Res-
urrected Bodies and Roger Bacon’s Elixir,” Ambix 60, no. 4
(2013): 323-40, https://doi.org/10.1179/0002698013Z
.00000000037.

%Bacon’s argument can be seen in the dedicatory preface
to Bacon, The Opus Majus of R. Bacon, trans. Bridges. For
other examples of prophecy-influenced alchemical pro-
grams, see Leah DeVun, Prophecy, Alchemy, and the End of
Time: John of Rupescissa in the Late Middle Ages (New York:
Columbia University Press, 2009); and Walter W. Wood-
ward, Prospero’s America: John Winthrop Jr., Alchemy, and
the Creation of New England Culture, 1606-1676 (Chapel
Hill, NC: University of North Carolina Press, 2010).

®"Martin Luther and Scott H. Hendrix, Treatise on Good
Works (Minneapolis, MN: Fortress Press, 2012). See also
Ian Hart, “The Teaching of Luther and Calvin about Ordi-
nary Work: 1. Martin Luther (1483-1546),” The Evangelical
Quarterly 67, no. 1 (1995): 35-52, https://vdocuments.
net/the-teaching-of-luther-and-calvin-about-ordinary-
work-1-martin-luther-2013-7. html?page=1. Luther and
many of his contemporaries also linked alchemical and
Christian thought, as explained in Nummedal, “ Alchemy
& Religion in Christian Europe.”

82Luther also recognized resonances between alchemical
and Christian imagery—for example, how chemical
transformations could act as allegories of death and
resurrection, an idea that survives in the form of terms
such as crucible. On Luther’s thought, see Martin Luther,
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Table Talk, trans. William Hazlitt (London: G. Bell, 1902),
326. See also Hart, “The Teaching of Luther and Calvin
about Ordinary Work: 1. Martin Luther (1483-1546).”
In addition, Luther appreciated alchemy for the way
alchemical transformations could be seen as allegories
of Christian truths. For more on this and related themes,
see Nummedal, “Alchemy & Religion in Christian
Europe” and references therein. For more on alchemical
signification, see Crisciani, “Opus and Sermo.”

%For an accessible account of Glauber’s thinking, see Wal-
ton, Genesis and the Chemical Philosophy, 97-100.

#Pope Francis, Laudato Si’: On Care for Our Common Home
(Vatican City, Italy: Libreria Editrice Vaticana, 2015), 102.

%Contributions that do address this issue include Foster
and Slade, “Studying Chemistry as a Christian”; Walhout,
“How Does Chemistry Impact Human Society?”; Leegwa-
ter, “Loving the Kingdom”; Contakes, “Wisdom in and for
Chemistry”; and Darren Brouwer, “Better Living through
Chemistry? Why Chemists Need to Be Humanists,”
Comment (2016), published electronically June 23, 2016,
https:/ /comment.org/better-living-through-chemistry/ .

%Bruce T. Moran, Paracelsus: An Alchemical Life (London,
UK: Reaktion Books, 2019); and Walton, “Genesis and the
Chemical Philosophy.”

The latter might be especially timely, given the increased
recognition of the importance of water analysis in the
wake of the Flint water crisis. Michael Torrice, “How Lead
Ended Up in Flint's Tap Water,” Chemical & Engineering
News 94, no. 7 (2015), https:/ /cen.acs.org/articles/94/i7
/Lead-Ended-Flints-Tap-Water.html. A popular account
is Anna Clark, The Poisoned City: Flint’s Water and the
American Urban Tragedy (New York: Picador, 2019).

%For connections between Faraday’s faith and applied sci-
ence, see G. N. Cantor, Michael Faraday: Sandemanian and
Scientist: A Study of Science and Religion in the Nineteenth
Century (London, UK: Macmillan, 1993): 193-95.

“Wiley had a Stone-Campbell restorationist and abolition-
ist upbringing. Some starting points for an exploration of
Wiley’s thought and work include Philip J. Hilts, Protecting
America’s Health: The FDA, Business, and One Hundred Years
of Regulation (New York: Alfred A. Knopf, 2003); Deborah
Blum, The Poison Squad: One Chemist’s Single-Minded Cru-
sade for Food Safety at the Turn of the Twentieth Century
(London, UK: Penguin Press, 2018); Harvey Washington
Wiley, An Autobiography (Emmaus, PA: Rodale Books,
1957); and for a critical appraisal of the value of Wiley’s
efforts, see Jonathan Rees, The Chemistry of Fear: Harvey
Wiley’s Fight for Pure Food (Baltimore, MD: Johns Hopkins
University Press, 2021).

For an assessment of the needs, see National Research
Council (U.S.) Committee on Grand Challenges for Sus-
tainability in the Chemical Industry, Sustainability in the
Chemical Industry— Grand Challenges and Research Needs:
A Workshop Report (Washington, DC: The National Acad-
emies Press, 2006). For an interesting survey of the state
of the chemical industry’s sustainability efforts through
2012, see Eric Johnson, Sustainability in the Chemical Indus-
try (Dordrecht, The Netherlands: Springer, 2012).

"'Francis, Laudato Si’.

"?The Greek Orthodox Archdiocese of America, For the Life
of the World: Toward a Social Ethos of the Orthodox Church,
https:/ /www.goarch.org/social-ethos?fbclid=IwAR2RS
PrgYRhPfAgT9p2iIQkd9wqtOY]74Gtinpmyq9xY dxshwq
roU1FJFiY, §71 and §76.
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Chemistry to the Glory of God?

"For an introduction, see the essays in Forrest Clingerman
and Kevin J. O’Brien, eds., Theological and Ethical Perspec-
tives on Climate Engineering: Calming the Storm. Religious
Ethics and Environmental Challenges (Lanham, MD: Lexing-
ton Books, 2016); Christopher J. Preston, ed., Engineering
the Climate: The Ethics of Solar Radiation Management (New
York: Lexington Books, 2012); Clingerman, “Geoengi-
neering, Theology, and the Meaning of Being Human”;
Forrest Clingerman and Gary Gardner, eds., Playing
God? Multi-faith Responses to the Prospect of Climate Engi-
neering (Highland Park, NJ: GreenFaith, 2018); Celia
Deane-Drummond, Sigurd Bergmann and Bronislaw
Szerszynski, eds., Technofutures, Nature and the Sacred:
Transdisciplinary Perspectives (Surrey, UK: Ashgate Pub-
lishing, 2015); and Meric A. Srokosz, “Geoengineering
or Planet Hacking?,” Perspectives on Science and Chris-
tian Faith 66, no. 4 (2014): 213-20, https://www.asa3
.org/ASA /PSCF/2014/PSCF12-14Srokosz.pdf.

"The American Chemical Society maintains many excellent
resources on green chemistry at https://www.acs.org
/content/acs/en/ greenchemistry.html. In addition, see
the classic text, Paul T. Anastas and John Charles Warner,
Green Chemistry: Theory and Practice (Oxford, UK: Oxford
University Press, 1998); and M. Lancaster, Green Chem-
istry: An Introductory Text, 2nd edition (Cambridge, UK:
Royal Society of Chemistry, 2010).

George D. Bennett, “A Comparison of Green Chemistry
to the Environmental Ethics of the Abrahamic Religions,”
Perspectives on Science and Christian Faith 60, no. 1 (2008):
16-25, https://www.asa3.org/ASA/PSCF/2008/PSCF3
-08Bennett.pdf; George D. Bennett, “Green Chemistry as
an Expression of Environmental Ethics,” in Green Chem-
istry for Environmental Sustainability, ed. Sanjay Kumar
Sharma and Ackmez Mudhoo (New York: CRC Press,
2010): 105-25.

"Some of the issues were helpfully outlined by Ian Barbour
half a century ago: Ian G. Barbour, Technology, Environ-
ment, and Human Values (New York: Praeger, 1980); and
_, Ethics in an Age of Technology (San Francisco, CA:
HarperSanFrancisco, 1993).

"For a well-referenced summary of the main issues from
a pro-development perspective, see Edd S. Noell and
Stephen L. S. Smith, “Economics, Theology, and a Case for
Economic Growth: An Assessment of Recent Critiques,”
Christian Scholar’s Review 50, no. 1 (2020): 5-23, https://
christianscholars.com/economics-theology-and-a-case
-for-economic-growth-an-assessment-of-recent-critiques/ .
Additional considerations from Christiansinvolved inland
management and energy development may be found in
Ian Hore-Lacy, Responsible Dominion: A Christian Approach
to Sustainable Development (Vancouver, BC: Regent College
Publishing, 2006); and Richard W. Gijsbers, “Christian
Voices in the Environment Debate,” Christian Perspec-
tives on Science and Technology (ISCAST Online Journal),
no. 11 (2016), https:/ /iscast.org/uncategorized/christian
-voices-in-the-environment-debate/. For a survey of
different visions that influence how people address
environmental issues, see Jennifer Clapp and Peter
Dauvergne, Paths to a Green World: The Political Economy of
the Global Environment, 2nd edition (Cambridge, MA: The
MIT Press, 2011), 227-49.

8In most cases, caring for the environment and economic
wellbeing are interconnected. This can be seen in Francis,
Laudato Si’.
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"For examples, see Grace A. Lasker and Edward J. Brush,
“Integrating Social and Environmental Justice into the
Chemistry Classroom: A Chemist’s Toolbox,” Green Chem-
istry Letters and Reviews 12, no. 2 (2019): 168-177, https:/ /
doi.org/10.1080/17518253.2019.1609602; Grace A. Lasker
et al., “Social and Environmental Justice in the Chemistry
Classroom,” Journal of Chemical Education 94, no. 8 (2017):
983-87,  https://doi.org/10.1021/acs.jchemed.6b00968;
Aren E. Gerdon, “Connecting Chemistry to Social Jus-
tice in a Seminar Course for Chemistry Majors,” Journal
of Chemical Education 97, no. 12 (2020): 4316-20, https://
doi.org/10.1021/acs.jchemed.0c01043; and Fiona Case,
“Chemists on a Mission,” Chemistry World (February
20, 2014), https://www.chemistryworld.com/features
/chemists-on-a-mission/7105.article.

%For an extremely short overview of biblical teachings on
justice from an Anabaptist perspective, see Christopher D.
Marshall, The Little Book of Biblical Justice: A Fresh Approach
to the Bible’s Teachings on Justice (Intercourse, PA: Good
Books, 2005). For a popular-level Presbyterian one, see
Timothy Keller, Generous Justice: How God’s Grace Makes
Us Just (New York: Dutton, 2010). Others include Walter
Brueggemann, The Prophetic Imagination (Minneapolis,
MN: Fortress Press, 2018); and Cynthia L. Westfall and
Bryan R. Dyer, eds., The Bible and Social Justice: Old Testa-
ment and New Testament Foundations for the Church’s Urgent
Call (Hamilton, ON: McMaster Divinity College Press,
2015). For issues of economic justice that can be applied
to chemistry, see Stephen Mott and Ronald ]. Sider, “Eco-
nomic Justice: A Biblical Paradigm,” Transformation 17, no.
2 (2000): 50-63, https:/ /www. jstor.org/stable/43070241;
and Richard A. Horsley, Covenant Economics: A Biblical
Vision of Justice for All (Louisville, KY: Westminster John
Knox Press, 2009).

81For a historical overview, see Francois Jarrige, Contamina-
tion of the Earth: A History of Pollutions in the Industrial Age
(Cambridge, MA: MIT Press, 2021), 280-86.

82Christopher W. Tessum et al., “Inequity in Consumption
of Goods and Services Adds to Racial & Ethnic Dispari-
ties in Air Pollution Exposure,” Proceedings of the National
Academy of Sciences 116, no. 13 (2019): 6001-6, https://
www.pnas.org/doi/full/10.1073/ pnas.1818859116.

8Jill Johnston and Lara Cushing, “Chemical Exposures,
Health, and Environmental Justice in Communities
Living on the Fenceline of Industry,” Current Environ-
mental Health Reports 7, no. 1 (2020): 48-57, https://doi
.org/10.1007 /s40572-020-00263-8.

%Nathan Donley et al.,, “Pesticides and Environmental
Injustice in the USA: Root Causes, Current Regulatory
Reinforcement and a Path Forward,” BMC Public Health 22,
no. 1 (2022): article number 708, https:/ /doi.org/10.1186
/512889-022-13057-4.

%Erika Raley, Lesliam Quirés-Alcala, and Elizabeth C.
Matsui, “Chemical Exposures via Personal Care Prod-
ucts and the Disproportionate Asthma Burden among the
U.S. Black Population,” The Journal of Allergy and Clinical
Immunology: In Practice 9, no. 9 (2021): 3290-92, https:/ /
doi.org/10.1016/j.jaip.2021.04.063.

8Gwen Ottinger and Benjamin R. Cohen, eds., Technoscience
and Environmental Justice: Expert Cultures in a Grassroots
Movement (Cambridge, MA: MIT Press, 2011).

%For an example, see Steve Lerner, Diamond: A Struggle
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0American Chemical Society, “Chemical Professional’s
Code of Conduct,” 2007, https://www.acs.org/content
/dam/acsorg/careers/profdev/ethics/chemical-
professionals-code-of-conduct-2012.pdf; American Chemical
Society, “Global Chemists” Code of Ethics,” 2016, https://
www.acs.org/content/dam/acsorg/ global/international
/scifreedom/ global-chemists-code-of-ethics-fi-2016.pdf;
and American Institute of Chemists, “Code of Ethics,”
1983, https:/ /www.theaic.org/about_ethics.html.

B1Schummer and Bersen, eds., Ethics of Chemistry.

320ne starting place is Michael Freemantle, “Chemistry
& War: How Chemistry Underpinned the Great War,”
Chemistry International 38, no. 1 (2016): 8-12, https://
www.degruyter.com/document/doi/10.1515/¢i-2016
-0106/html?lang=en#:~:text=Various %20types % 200f %20
chemical % 20warfare,such%20as %20bromine %200r %20
iodine. For more extensive treatments, see Michael Free-
mantle, Gas! Gas! Quick Boys! How Chemistry Changed the
First World War (Stroud, UK: Spellmount, 2013); and
The Chemists’ War: 1914-1918 (Cambridge, UK: Royal Soci-
ety of Chemistry, 2015).

3For a summary of how such views featured in early chem-
ical weapons research, see Hugh R. Slotten, “Humane
Chemistry or Scientific Barbarism? American Responses
to World War I Poison Gas, 1915-1930,” The Journal of
American History 77, no. 2 (1990): 476-98, https:/ /doi.org
/10.2307/2079180. Some starting points for the vast lit-
erature on the morality of weapons research are Joachim
Schummer, “Ethics of Chemical Weapons Research: Poison
Gas in World War One,” HYLE — International Journal for
Philosophy of Chemistry 24 (2018): 5-28, http:/ /www.hyle
.org/journal/issues/24-1/schummer.pdf; Jeffrey Kovac,
“The Ethics of Chemical Research (1),” Bulletin for the His-
tory of Chemistry 41, no. 1/2 (2016): 56-63; and Stephen M.
Contakes and Taylor Jashinsky, “Ethical Responsibilities
in Military-Related Work: The Case of Napalm,” HYLE —
International Journal for the Philosophy of Chemistry 22, no. 1
(2016): 31-53, https://www.hyle.org/journal/issues/22-1
/contakes.htm.

B4For an example, see Kylie Miller and Stephen M. Contakes,
“Crystallographer, Quaker, Pacifist, & Trailblazing Woman
of Science: Kathleen Lonsdale’s Christian Life ‘Lived
Experimentally,”” God and Nature (Summer 2014), https:/ /
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5For a review of issues and opportunities, see C. J. Rhodes,
“Endangered Elements, Critical Raw Materials and Con-
flict Minerals,” Science Progress 102, no. 4 (2019): 304-50,
https:/ /doi.org/10.1177/0036850419884873. For a recent
example of chemists addressing this issue, see Celia Henry
Arnaud, “Fingerprinting Conflict Minerals,” Chemical and
Engineering News 90, no. 18 (2012), published electroni-
cally April 30, 2012, https:/ /cen.acs.org/articles/90/i18
/Fingerprinting-Conflict-Minerals.html; Frank Melcher et
al., “Fingerprinting of Conflict Minerals: Columbite-Tan-
talite (‘Coltan”) Ores,” SGA News 23 (2008): 1, 7-14, http://
www.e-sga.org/fileadmin/sga/newsletter /news23
/SGANews23.pdf; and Alireza K. Somarin, “Geochemical
Fingerprinting of Conflict Minerals Using Handheld XRF:
An Example for Coltan, Cassiterite, and Wolframite Ores
from Democratic Republic of the Congo, Africa,” Minerals
9, no. 9 (2019): 564, https://doi.org/10.3390/ min9090564.

B36Some Christians did publicly object to early poison gas
work. For an example, see Anonymous, “Christian Con-
science and Poison Gas,” The Literary Digest (1921): 38.

’Haber seems to have employed a mix of just war and
“Supreme Emergency” similar to those that Second World
War leaders offered to justify civilian bombing. For those
see Michael Walzer, Just and Unjust Wars: A Moral Argu-
ment with Historical Illustrations, 4th edition (New York:
Basic Books, 2006). Among the numerous books detail-
ing chemists’ involvement in chemical warfare, some
good places to start are Freemantle, The Chemists’ War;
_, Gas! Gas! Quick Boys!; and L. F. Haber, The Poison-
ous Cloud: Chemical Warfare in the First World War (Oxford,
UK: Oxford University Press, 1986). For an account that
explores the racially charged and medically and envi-
ronmentally insensitive context in which mustard gas
was used in the United States, see Susan Lynn Smith,
Toxic Exposures: Mustard Gas and the Health Consequences
of World War 1I in the United States (New Brunswick, NJ:
Rutgers University Press, 2017). For an interesting study
of US chemists” moral understanding of First World War
chemical research, see Gilbert F. Whittemore, “World War
I, Poison Gas Research, and the Ideals of American Chem-
ists,” Social Studies of Science 5, no. 2 (1975): 135-63, and
Slotten, “Humane Chemistry or Scientific Barbarism?”
For a more formal ethical analysis, see Schummer, “Ethics
of Chemical Weapons Research.”

38Contakes and Jashinsky, “Ethical Responsibilities in Mil-
itary-Related Work.”

3%0n chemists operating the holocaust’s only privately run
concentration camp, see Josiah Ellis DuBois, The Devil’s
Chemists: 24 Conspirators of the International Farben Cartel
Who Manufacture Wars (Boston, MA: Beacon Press, 1952);
John Cornwell, Hitler’s Scientists: Science, War, and the
Devil’s Pact (New York: Viking, 2003); and Diarmuid Jef-
freys, Hell’s Cartel: IG Farben and the Making of Hitler’s War
Machine (New York: Metropolitan Books, 2008). On chem-
ists” involvement in providing warning malodorant-free
Zyklon B for use in the gas chambers, see Peter Hayes,
From Cooperation to Complicity: Degussa in the Third Reich
(Cambridge, UK: Cambridge University Press, 2005).

“0Pjerre Joffroy, A Spy for God: The Ordeal of Kurt Gerstein
(New York: Grosset & Dunlap, 1972); Saul Friedlander,
Kurt Gerstein: The Ambiguity of Good (New York: Knopf,

178

1972); and Valerie Hébert, “Disguised Resistance? The
Story of Kurt Gerstein,” Holocaust and Genocide Studies 20,
no. 1 (2006): 1-33, https:/ /doi.org/10.1093 /hgs/dcj001.

“DuBois, The Devil’s Chemists, 40. For a case of a pharmacist
who claimed to have maintained a “Christian world-
view,” see Patricia Posner, The Pharmacist of Auschwitz:
The Untold Story of Victor Capesius (United Kingdom: Crux
Publishing, 2017), 128.

20n the role of theology in the justification of atrocities
by Christians in the military, see David A. Harrisville, The
Virtuous Wehrmacht: Crafting the Myth of the German Soldier
on the Eastern Front, 1941-1944 (Ithaca, NY: Cornell Uni-
versity Press, 2021), 90-125. On the theological and social
factors which contributed, see Robert P. Ericksen, Theolo-
gians under Hitler: Gerhard Kittel, Paul Althaus, and Emanuel
Hirsch (New Haven, CT: Yale University Press, 1985); and
Doris L. Bergen, Twisted Cross: The German Christian Move-
ment in the Third Reich (Chapel Hill, NC: University of
North Carolina Press, 1996).

“For accessible treatments of Coulson’s social thought, see
David Hawkin and Eileen Hawkin, The Word of Science:
Religious and Social Thought of C. A. Coulson (London, UK:
Epworth Press, 1989); Arie Leegwater, “Charles Alfred
Coulson: Mixing Methodism and Quantum Chemistry,”
in Eminent Lives in Twentieth-Century Science and Religion,
2nd edition, ed. Nicolaas A. Rupke (Frankfurt am Main,
DEU: Peter Lang AG, 2009), 73-103; C. A. Coulson, Sci-
ence, Technology, and the Christian (New York: Abingdon
Press, 1960); and _, Science and Christian Belief (Chapel
Hill, NC: University of North Carolina Press, 1955).

“While most popular biology and physics books (and
Physics Today) highlight new scientific developments, a
large proportion of popular chemistry books (and many
articles in Chemistry World and Chemical & Engineering
News) celebrate chemistry’s impacts. Among the more
provocatively titled are Sharon Bertsch McGrayne, Pro-
metheans in the Lab: Chemistry and the Making of the Modern
World (New York: McGraw-Hill, 2001); K. C. Nicolaou
and T. Montagnon, Molecules That Changed the World: A
Brief History of the Art and Science of Synthesis and Its Impact
on Society (Weinheim, Germany: Wiley-VCH, 2008); and
John Emsley, Better Looking, Better Living, Better Loving:
How Chemistry Can Help You Achieve Life’s Goals (Wein-
heim, Germany: Wiley-VCH, 2007).

“Margaret Sanger, The Pivot of Civilization (London, UK:
Humanities Press, 2022); Sanger was quoting the “Great
Agnostic” Robert Ingersoll’s anti-religion address, “What
Is Religion?,” which may be found in The Works of Robert
G. Ingersoll (New York: The Dresden Publishing Com-
pany, 1902).

“oMorrison, Man in a Chemical World. It is not clear to what
extent Morrison was responsible for the illustrations,
given his later authorship of works of Christian apologet-
ics. For more details, see Andrew Ede, “Abraham Cressy
Morrison in the Agora: Bringing Chemistry to the Public,”
HYLE — International Journal for Philosophy of Chemistry 12,
no. 2 (2006): 193-214. For Morrison’s apologetics work, see
Morrison, Man Does Not Stand Alone (Seven Reasons Why a
Scientist Believes in God).

14Peter Burke, The New Cambridge Modern History. Vol. XIII,
Companion Volume (Cambridge, UK: Cambridge Univer-
sity Press, 1994); and Drees, “Playing God? Yes.,” 652.

“8Drees, “Playing God? Yes.,” 645.

“0n the role of Dow, Du Pont, Bakelite, and other compa-
nies in promoting consumerism, see Hillary S. Kativa, “It’s
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a Mad, Mad World: Dow and the Age of Consumption,”
Distillations (2015), published electronically September 22,
2015, https:/ /www.sciencehistory.org/distillations/its
-a-mad-mad-world-dow-and-the-age-of-consumption.
A sober analysis of the ad campaigns reveals that they
were not necessarily driven by chemistry but involved
wider business aims. See Andrew M. Shanken, “Better
Living: Toward a Cultural History of a Business Slogan,”
Enterprise & Society 7, no. 3 (2006): 485-519, https://doi
.org/10.1093/es/khl001. The relationship between con-
sumerism and idolatry forms a theme in Francis, Laudato
Si’, and is developed in suggestive ways in Richard Lints,
Identity and Idolatry (Downers Grove, IL: InterVarsity
Press, 2015): 158-72.

150This quote from Frank von Hippel is taken from the dust
jacket to Daniel Charles, Between Genius and Genocide: The
Tragedy of Fritz Haber, Father of Chemical Warfare (London,
UK: Jonathan Cape, 2005). For Christian evaluations of
Fritz Haber, see Daniel Charles, “The Idol of Progress,”
Sojourners Magazine (2006): 24-27, https: /s0jo.net/ magazine
/august-2006/idol-progress; Vern Thiessen, Einstein's
Gift (Toronto, ON: Playwrights Canada Press, 2003); and
Brouwer, “Better Living through Chemistry.”

31Fritz Stern, “Fritz Haber: Flawed Greatness of Person and
Country,” Angewandte Chemie International Edition 51, no. 1
(2012): 50-56, https:/ /doi.org/10.1002/anie.201107900.

52*Throwaway Living,” Life (August1,1955):43-44, https: //
books.google.com/books?id=xIYEAAAAMBA]J&pg=PA
#v=onepage&q&f=false.

15For a discussion of how materialist conceptions of reality
can fuel ecological exploitation, see Alister McGrath, The
Reenchantment of Nature: The Denial of Religion and the Eco-
logical Crisis (New York: Image, 2013).

14Carl Djerassi, This Man’s Pill: Reflections on the 50th Birth-
day of the Pill (Oxford, UK: Oxford University Press, 2003),
293.

1%Michael C. Banner, The Ethics of Everyday Life: Moral Theol-
ogy, Social Anthropology, and the Imagination of the Human
(Oxford, UK: Oxford University Press, 2014), 9. An anal-
ysis of technology similar to Banner’s is Brian Brock,
Christian Ethics in a Technological Age (Grand Rapids, MI:
Eerdmans, 2010).

156For calls to focus on practices in science and religion
dialogue, see Matthew Walhout, “Looking to Charles
Taylor and Joseph Rouse for Best Practices in Science and
Religion,” Zygon® 45, no. 3 (2010): 558-74, https://doi
.org/10.1111/j.1467-9744.2010.01113.x; and James K. A.
Smith, “Our Chalcedonian Moment: Christological Imagi-
nation for Scientific Challenges,” chapter 10 in Christ and
the Created Order: Perspectives from Theology, Philosophy, and
Science, vol. 2, ed. Andrew B. Torrance and Thomas H.
McCall (Grand Rapids, MI: Zondervan, 2018), 179-93.
Note that it may be possible to read more than one theo-
logical narrative into a given technology. For an analysis
of Christian responses to carbon capture and solar radia-
tion management as falling between concerns over hubris
and optimism over humanity’s ability to control nature,
see Forrest Clingerman, “Between Babel and Pelagius:
Religion, Theology and Geoengineering,” in The Ethics
of Solar Radiation Management, ed. Christopher J. Preston
(New York: Lexington Books, 2012), 201-19. For a third
metaphor, see the discussion of geoengineering as an
opportunity to pastor Earth in Matthew Kearnes, “Mirac-
ulous Engineering and the Climate Emergency: Climate
Modification as Divine Economy,” in Technofutures,
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Nature and the Sacred: Transdisciplinary Perspectives, ed.
Celia Deane-Drummond, Sigurd Bergmann, and Broni-
slaw Szerszynski (Surrey, UK: Ashgate Publishing, 2015),
219-37. In terms of the green chemistry movement, respon-
dents might consider whether it reinforces those secular
“mastery of nature”-approaches to the environment which
arose in the early modern period as explained in James
C. Ungureanu, “Retrieving an Ancient Sacramental Ecol-
ogy, Part 3: ‘On the Dignity of Man” and the New World,”
Credo (June 11, 2021), https://credomag.com/2021/06
/retrieving-an-ancient-sacramental-ecology-part-3-on-the
-dignity-of-man-and-the-new-world/. In terms of risk
discourses a helpful start has been made by Tom McLeish.
See McLeish, Faith and Wisdom in Science, 248-59; and
“The Science-and-Religion Delusion,” in Christ and the
Created Order: Perspectives from Theology, Philosophy, and
Science, vol. 1, ed. Andrew B. Torrance and Thomas H.
McCall (Grand Rapids, MI: Zondervan, 2018), 305-25.

7For example, chemists generally employ fuzzy concepts
such as oxidation states and hard and soft acid-base the-
ory and employ simple bonding models such as Lewis
structures, valence bonds, and linear combinations of
“hydrogenlike” atomic orbitals to describe molecular
structure. Even the concept of a chemical bond itself is
flexible. For more examples of this tendency in chemistry,
see Michael Weisberg, Paul Needham, and Robin Hen-
dry, “Philosophy of Chemistry,” The Stanford Encyclopedia
of Philosophy (Spring 2019 Edition), ed. Edward N. Zalta,
https:/ /plato.stanford.edu/archives/spr2019/entries
/chemistry/. For the conceptual difficulties involved in
developing chemically useful quantum mechanical mod-
els for chemical systems, see Gavroglou Kostas and Ana
Simoes, Neither Physics nor Chemistry: A History of Quan-
tum Chemistry (Cambridge, MA: MIT Press, 2012). For a
philosophical analysis that addresses the main issues but,
in my judgment, goes a bit too far in denying realism in
chemistry, see Bensaude-Vincent and Simon, Chemistry:
The Impure Science, 201-14.

158This is not to say that this absolutely precludes ideologi-
cal challenges. For an example of an ideological challenge
to chemistry and its applications to science-faith dialogue,
see Stephen M. Contakes and Garrett Johnson, “Sugges-
tions for Thinking and Talking about Science and Religion
from the Soviet Resonance Controversy, a Chemical
Counterpoint to Lysenkoism,” Perspectives on Science and
Christian Faith 65, no. 4 (2013): 219-32, https:/ /www.asa3
.org/ ASA /PSCF /2013 /PSCF12-13Contakes.pdf.

¥The classical discussion of methodological parallels
between theological and scientific reasoning is Nancey C.
Murphy, Theology in the Age of Scientific Reasoning (Ithaca,
NY: Cornell University Press, 1993).

0Among these, the writings of John Hedley Brooke,
David Knight, Lawrence Principe, and William R. New-
mann are perhaps the most useful starting points. These
include Brooke, “Chemistry”; , “Chemistry with and
without God,” in Science without God? Rethinking the His-
tory of Scientific Naturalism, ed. Peter Harrison and Jon
H. Roberts (Oxford, UK: Oxford University Press, 2019),
110-29; _, Science and Religion: Some Historical Perspec-
tives (Cambridge, UK: Cambridge University Press, 1991);
_, “Science and Theology in the Enlightenment,” in
Religion and Science: History, Method, Dialogue, ed. W. M.
Richardson and W. J. Wildman (London, UK: Routledge,
1996); and G. N. Cantor, “Improving on Nature?,” in
Reconstructing Nature: The Engagement of Science and Reli-
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gion (Oxford, UK: Oxford University Press, 2000): 314-46;
Knight, “Chemical Sciences and Natural Theology”;
“Chemistry,” in Encyclopedia of Science and Religion, ed.
Jay Wentzel van Huyssteen (New York: Macmillan Ref-
erence, 2003), 103-6; _, Ideas in Chemistry: A History of
the Science (New Brunswick, NJ: Rutgers University Press,
1992); Peter Harrison, “Theology and the Meaning of Mat-
ter in the Early Modern Period,” in Matter and Meaning:
Is Matter Sacred or Profane?, ed. Michael Fuller (Newcastle
upon Tyne, UK: Cambridge Scholars, 2010), 40-56; John
Henry, “Theology and the Meaning of Matter”; Principe,
The Secrets of Alchemy; ____ and Robert Boyle, The Aspir-
ing Adept: Robert Boyle and His Alchemical Quest: Including
Boyle’s “Lost” Dialogue on the Transmutation of Metals
(Princeton, NJ: Princeton University Press, 1998); and Wil-
liam R. Newman, Promethean Ambitions: Alchemy and the
Quest to Perfect Nature (Chicago, IL: University of Chicago
Press, 2004).

'For a broad overview of Early Christian thinking about
nature and its relevance for contemporary applications,
see Paul M. Blowers, Drama of the Divine Economy: Creator
and Creation in Early Christian Theology and Piety (Oxford,
UK: Oxford University Press, 2013).

1%2Here it should be noted that there is no sharp dividing
line in time at which chemistry became differentiated from
alchemy. For more on this point, see Principe, The Secrets
of Alchemy; William R. Newman, Afoms and Alchemy (Chi-
cago, IL: University of Chicago Press, 2010); and William
R. Newman and Lawrence M. Principe, Alchemy Tried in
the Fire: Starkey, Boyle, and the Fate of Helmontian Chymistry
(Chicago IL: University of Chicago Press, 2010).

18]t would detract from the purposes of this essay to pres-
ent the vast literature on the history of atomism. An
accessible, if slightly dated, starting point is Bernard Pull-
man, The Atom in the History of Human Thought (Oxford,
UK: Oxford University Press, 1998).

#Modern chemical atoms differ markedly from the indi-
visible classical atoms of Epicurus, Leucippus, and
Democritus; unlike classical atoms, they can explain the
structure and properties of matter at the molecular level.
A failure to understand this has led to significant misun-
derstandings about early Christian objections to atomism.
In fact, to the extent the church fathers addressed atomism
(which was not often) they rightly objected that atomic
thinkers (namely, Epicureans) lacked the sort of coher-
ent theory of chemical structure and bonding needed to
actually explain chemistry. Similar objections also under-
girded many nineteenth-century chemists’ reluctance to
fully accept Dalton’s ideas as true. The classic statement of
ateleological Epicurean atomism is Titus Lucretius Carus,
On the Nature of Things, trans. Martin Ferguson Smith
(Indianapolis, IN: Hackett Publishing, 2001). For the early
Christian reception of atomism, see John W. Haas Jr.,
“ Atoms and Atheism: The Changing Ways That Christians
Have Viewed the Nature of Matter,” American Scientific
Affiliation, June 2007, http:/ /www.asa3.org/ ASA /topics
/Physical %20Science/atomism.html; and Karissa D. Carl-
son, “The Other “‘Atom’ in Christianity and Science,” God
and Nature (Fall 2014) and the references therein, https://
godandnature.asa3.org/ essay-the-other-atom-in-christianity
-and-science-by-karissa-d-carlson.html. On the connec-
tion between teleology and atomism, see David Sedley,
Creationism and Its Critics in Antiquity (Berkeley, CA:
University of California Press, 2008). For early Chris-
tian engagement with ateleological thinking, see Arthur
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Stanley Pease, “Caeli Enarrant,” The Harvard Theological
Review 34, no. 3 (1941): 163-200, https:/ /www jstor.org
/stable/1508031.

1650n the rehabilitation of the vacuum and its consequences
for the development of atomism, see Edward Grant, Much
Ado about Nothing: Theories of Space and Vacuum from the
Middle Ages to the Scientific Revolution (Cambridge, UK:
Cambridge University Press, 1981); and Andrew Pyle,
Atomism and Its Critics: From Democritus to Newton (Bristol,
UK: Thoemmes Press, 1997).

166Gassendi’s program was part of a larger revival of interest
in classical learning (humanism) and mechanistic explana-
tions (the mechanical philosophy). For more on Gassendi,
see Lynn Sumida Joy, Gassendi the Atomist: Advocate of
History in an Age of Science (Cambridge, UK: Cambridge
University Press, 1987). On the Christian appropriation of
Epicureanism more generally, see Ada Palmer, “Human-
ist Dissemination of Epicureanism,” in The Oxford
Handbook of Epicurus and Epicureanism, ed. Phillip Mitsis
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