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Abstract
The success of chemists in the fight against COVID-19 provides us with a unique opportunity for strengthening the position 
of chemistry in society and suppressing chemophobia which has badly affected the image and development of chemistry over 
several decades. By highlighting the unique merits of chemistry in controlling infections and healing diseases, we propose 
developing a communication strategy “Chemists as children of the Sun”. The time is ripe for chemists to take control of 
the story of chemistry. We believe that chemists must help the public to see chemistry in a whole new light. Only a positive 
perception of chemistry and the chemical profession will secure a sufficient supply of new talents, ideas, and also financial 
resources for the development of this unique and irreplaceable science for humanity.

Graphic abstract
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Introduction

It seems that the COVID-19 pandemic, similarly to chemo-
phobia, has a more radical effect on the story of chemistry 
than any other phenomena. Some chemists describe the pan-
demic as a new-defining moment [1], while others consider 
its first year as one of the worst in their lifetime [2], or as one 
student puts it: “It feels like my life and career have been put 

on pause, and I’m just treading water while waiting for the 
world to hit play again.” [3].

In her book Wounded Heroes [4] Boston Professor Marina 
Berzins McCoy emphasizes the importance of human vul-
nerability. For her, to be vulnerable is central to the human 
experience, recalling Aristotle when suggesting that vulner-
ability is needed for friendship. Based on the account of her 
studies of ancient Greece, Berzins McCoy reminds us that 
being a witness of suffering usually means that one is more 
responsive to vulnerability in oneself and others.

The fact that the world of chemistry is not free of emotions 
may seem surprising to the outside world. After all, chemists 
themselves are not used to talking about their feelings. Yet, 
it is precisely these emotions that can help us find a closer 
understanding between chemists and the public who have been 
badly affected by over 60 years of chemophobia. We can start 
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by sharing the collective feeling of pain that many chemists 
feel in connection with the COVID-19 epidemic.

Situation analysis

Human society is now recovering from the anti-chemistry 
amnesia it experienced for decades. People willingly accept 
the results of the work of chemists. The powerful chemical 
triad—disinfectants, drugs, and protective materials—have 
become indispensable in the fight against COVID-19. At the 
same time, hope is being placed on the immunization of soci-
ety through vaccines, another result of the work of chemists. 
Does this spell the end of chemophobia?

The scenery may have changed, but the problems remain 
the same, although they seem less obvious. The public image 
of chemistry remains an important issue for the global com-
munity of chemists. There continues to be a perceived inability 
of chemistry to trigger the interest of the general public and 
there is a need to find a “remedy to this unfortunate situation” 
[5]. A raising of the prestige and relevance of chemistry has 
been identified as an essential motivational factor for study-
ing chemistry, as students find chemistry boring, and when 
they are shown a set of pictures relevant to chemistry (e.g., 
a car, lipstick, medication), they did not “see the chemistry 
there” [6]. And a study The Chemical Industry in The Public 
Eye: Between Devil’s Work and Solutions, commissioned dur-
ing the COVID-19 pandemic by the German chemical trade 
associations, highlights the importance of “factually presented 
success stories that exemplify the benefits of the chemical-
pharmaceutical industry” [7].

We may live in a time when “far too many people” continue 
to keep “making money misleading customers by labeling their 
products as chemical-free” [8]; however, today’s biggest prob-
lem caused by chemophobia is the lack of qualified chemists. 
It clearly demonstrates how irrational claims made in the past 
may cast long shadows. As an illustration, Mr. Goran Pers-
son, Swedish Prime Minister in the years 1996–2006, claimed 
that his “political goal was to make Sweden completely free 
from chemicals” [9]. Obviously, he did not succeed in his 
effort, though his ill-considered statement fuelled the nega-
tive attitudes toward chemistry leading to a shortage of quali-
fied chemists, creating an obstacle to the scientific research 
underpinning technological innovation. This situation is not 
helped by the fact that chemical education is under threat from 
the lack of qualified teachers [10], the negative effects of the 
epidemic [11, 12], and possible self-imposed restrictions on 
laboratory teaching [13].

Contrasting the story of chemistry

In our previous communications [14–16], we have 
addressed the most sensitive or up-to-date needs of chem-
istry communication. Today, with the expected post-
pandemic negative impact of COVID-19 on research and 
chemistry education, persisting public chemophobia, and 
the experience of vaccine communication, it is clear that 
there is much more to be done.

We need to tell the contrasting story of chemistry. Facts 
about chemistry once told can be more eloquent than the 
negative picture of our science painted by the adversaries 
of chemistry. As pointed out by Kovács et al. [17], there is 
an inverse relationship between chemophobia and chemi-
cal knowledge, because fears about chemicals decrease the 
more one knows about chemistry.

We are proposing a new communication strategy, 
“Chemists as children of the Sun”, where we suggest draw-
ing public attention to the neglected fact of chemists’ con-
tributions to public health. By emphasizing the merits of 
chemists—in fact, their indispensability—in the treatment 
of diseases, we want to cultivate the image of chemistry as 
a healing science. In addition, we want to use this strategy 
to exercise better control over the general reputation of 
chemistry and gradually improve it.

The challenge of communication

In the defense of chemistry, we often emphasize the ben-
efits of chemistry to “health, happiness, and future way 
of life” [18], for “solving today’s challenges” [19], or we 
resort even to historical comparisons “Faraday changed 
society more than Marx did” [20]. However, we need to 
be more articulate in these efforts. The public must be told 
what specifically chemists have done for humanity, so that 
they can think reasonably about chemistry. Only then will 
we shake off the negative hashtags (e.g., #impurescience) 
and set chemistry free from stereotypes [14, 21].

In the shadow of COVID-19, the communication needs 
of chemistry have changed. They are related to the chal-
lenges posed by the COVID-19 pandemic and to their 
financial side, e.g., disruption of scientific research and 
its impacts [22], “COVID-ization of research funding” 
and the future of chemistry education [23]. If we chem-
ists want our field to be sustained and survive in competi-
tion for funding, new talents, and other tangible values 
of institutionalized knowledge, the ability to communi-
cate effectively is of the utmost importance. Once recom-
mended being carved into the walls of chemical laborato-
ries [24], Humphry Davy’s words cease to apply (Fig. 1). 
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We chemists can no longer follow his advice [25] to look 
“rather to the opinion of ages, than to that of a day”, and 
seek “to be remembered and named rather in the epochas 
of historians, than in the columns of newspaper writers or 
journalists”.

Let us remember though that it was Davy (1778–1829) 
who was able to present chemistry with the greatest power of 
communication appeal attracting new audiences for chemis-
try. This man was dubbed a “mercurial chemist”, reflecting 
his fluid and changeable personality [26], and was “deter-
mined to mould himself upon the age to make the age mould 
itself upon him” [27].

Most chemists do not pursue communication merely as a 
source of fulfilling their inner needs; it is rather connected 
with their sense of duty or awareness of necessity. What 
they find sometimes superfluous about communication as 
an activity is futility or emptiness. However, only effective 
communication can bring change.

For inspiration, they should turn to the world of med-
icine and its ability to shape a distinctive medical ethos, 
engage with the public, and legitimate its own power in soci-
ety. More than 500 years of dialogue with chemistry have 
made a significant contribution to the success of medicine. 
During that time, chemistry broke with its humble role as 

an auxiliary adjunct science to medicine and attained the 
position of a well-respected science in its own right and an 
autonomous academic discipline [28].

Mother of COVID vaccines

For a chemist, it is a delight to find one’s own aspirations in 
another person and realize that they share the same values. 
The announcement on 2 December 2020, of the first COVID 
vaccine being fully tested to be approved for emergency use, 
made the chemist Katalin Karikó, according to the media, 
“mother of Covid vaccines” [29]. The success, described 
as a triumph of speed and ingenuity [30], was echoed by 
unprecedented media attention. Playing a vital role in the 
development of mRNA therapeutics [31], the Hungarian 
born chemist appeared, e.g., on the front page of the Aus-
trian weekly profil and the German weekly newspaper Die 
Zeit, and her life was covered in the British newspaper The 
Guardian and elsewhere.

The news of Karikó’s success may remind some chemists 
of Gorky’s play Children of the Sun (1905). Here, the main 
character, the chemist Protassoff, explains: “But we … are 
the children of the sun, of the radiant source of life, we shall 

Fig. 1  The first edition of Con-
solations in Travel (1830) by 
Humphry Davy, an immensely 
popular mixture of poetry, 
thoughts on science and phi-
losophy, where Davy character-
izes an ideal chemist
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conquer the dark fear of death … It is the sun glowing in our 
veins, which gives birth to proud and fiery ideas, illuminat-
ing the darkness of our ignorance, it is an ocean of energy, 
beauty and joy that intoxicates the soul” (Fig. 2). Using his 
solar metaphor, Maxim Gorky (1868−1936) summed up 
the essence of chemists’ efforts. Comparing chemists to the 
Sun he celebrated, perhaps unconsciously, Naturalis historia 
(The Natural History), once a standard reference book of 
all natural scientists. In this work, Gaius Plinius Secundus 
(AD 23/24–79), known better as Pliny the Elder, famously 
describes the Sun: “taking into account all that he effects, we 
must believe him to be the soul, or … the mind, of the whole 
world … he furnishes the world with light and removes dark-
ness, he obscures and he illumines the rest of the stars, … he 
dissipates the gloom of heaven and even calms the storm-
clouds of the mind of man, … he is glorious and preeminent, 
all-seeing and even all-hearing” (Fig. 3).

It is no surprise that Karikó is considered an ideal exam-
ple of a chemist: hard-working, determined to pursue a goal, 
and aware of the importance of her mission. At the same 
time, she is able to communicate with journalists without 
any problems.

Science communication has changed dramatically over 
the past year and a half as the public has closely followed 
what scientists can do under pressure [23]. However, the 
scientists who were thrust into the spotlight were not fully 
prepared. While some of them excel in communication with 
the media, others lack these skills, or as the British maga-
zine The Economist points out, “scientists are accustomed to 
talking about ranges and living with uncertainty” and have 
“differing views.” And as this British weekly dryly summed 
it up: “The public might find that harder” [32].

Chemists as children of the sun

We may be unaware of it, but doing chemistry is about 
owning the future. The decisions we make in our labora-
tories—in this realm, where our “intuition and tacit knowl-
edge is sovereign” [21]—have weight and the actions we 
perform have consequences. We clothe, house, feed, and 
cure humankind and as a consequence make the world a 
better place to live [16]. And it is the promise of chem-
istry to solve the problems of humanity and namely its 
ability to deliver that legitimises its existence. However, 
over the past 60 years, unable to reassert itself against the 
dominant discourse, chemistry is undergoing a profound 
transformation.

Paradoxically, on one hand, chemistry is becoming 
increasingly important for the sustainable development of 
humanity, but on the other hand, it often lacks confidence 
and is not able to convince people of its attractiveness. 
Chemists thus have a number of interesting and in a way 
exciting tasks ahead of them (e.g., related to the threats 
of new diseases and pandemics, but also to environmental 
damage, aging and increasing populations, and urbaniza-
tion [33]), but they face a lack of new talents. This is the 
consequence of chemophobia which we [14–16, 34] define 
as a long-lasting and persistent irrational fear of chemistry 
and chemical substances and a strenuous effort to avoid 
them, causing people to become hypersensitive or even 
intolerant in this respect.

The dynamics imposed on chemistry by chemophobia 
threaten its healthy development. It took the shape which 
persists to this day during the first 20 years of its modern 

Fig. 2  Extract with a proposi-
tion on the importance of chem-
istry from the first edition of 
Maxim Gorky’s play Children 
of the Sun (Saint Petersburg, 
1905), shortened translation 
in text

Fig. 3  Extract with Pliny’s 
compliment to the Sun from his 
Naturalis historia (first printed 
edition by Conradus Sweyn-
heym, and Arnoldus Pannartz in 
Rome 1470), shortened transla-
tion in text
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form (we consider the phenomenon of chemophobia to be 
much older [14]). The following examples illustrate this 
dynamic and, taken as a whole, they paint a disturbing 
picture of the world of chemistry falling apart:

• In 1960, the newly constructed American Chemical Soci-
ety headquarters were unveiled as a “tangible symbol 
of conviction and self-respect”, reflecting “the belief of 
chemists in the public worth of chemistry”, while “radia-
tion of self-respect” was viewed as “a primary step in 
deserving the esteem of others” [35].

• A year later, a warning “silent is not the way for a chemist 
to be” [36] followed the publication of “Rachel Carson’s 
best-seller Silent Spring.” “A chemist in the classroom” 
was asked to break the silence, because “many others 
whom our students hear will not be silent”, more specifi-
cally “those with an axe to grind”, whose “merging of 
information into speculation and on to a misconception 
is hard to detect.”

• Less than 10 years later “against the backdrop of a grow-
ing hostility on the part of the man in the street toward 
scientific advances” [20], the year 1970 seemed “either 
going to be a landmark in the process of self-renewal [of 
chemistry]”, or “the time when a decaying art held its 
last rites” with chemistry possibly becoming “like trigo-
nometry—valuable, but not pursued in its own right.” 
The “steadily decline” observed in students’ interest in 
studying chemistry has been linked to the public’s overall 
indifference to chemistry.

• A report published in 1971 [37] observed “self-doubt 
within the chemical industries about their own research 
and development programs”, as well as “disillusionment 
about science in the society and especially among today’s 
students”.

• Six years later, it was observed that “in the minds of the 
general public, the chemist does not merit the impor-
tance, the status, and income of the physician, the lawyer, 
the dentist, because the general public has no way of 
knowing that the chemist merits them” [18].

• In the 1980s, the situation stabilized and the image 
problems became constant [38]. Chemists were “getting 
increasingly upset about their public image” as they per-
ceived it “to be either rather poor or, at least, not nearly 
so good as it truly deserves to be.” Moreover, they found 
it “inferior to that apparently enjoyed by physics and 
biology.” Its inadequate reputation was also believed to 
negatively impact the state’s support for chemistry, and 
weakening citizens’ ability to make informed judgments 
on science-related public issues.

• And finally, in 1989, wide-spread belief was reported in 
“the pending demise of the chemical sciences owing to 
the decreasing interest in these fields by young people 
today” [39].

The fate of chemistry was never simple. The story of 
chemistry, however successful in solving the problems of 
mankind, is in fact the history of the struggle for the recogni-
tion of chemistry by society [15, 28, 40]. Chemists are aware 
that public acceptance secures better conditions for research, 
a larger budget, and an influx of young talent, hence a pre-
requisite for fulfilling chemistry’s mission for the benefit of 
humanity.

There is often a lack of specific concise and clear facts 
that chemists could use in their daily communication with 
various publics, e.g., when they need to shape a distinctive 
chemical consciousness, want to change the general nar-
rative about chemistry, or simply encourage an interest in 
our science. The application of our new strategy “Chemists 
as children of the Sun”, inspired by the success of Katalin 
Karikó, could be an effective solution.

Being of robust character, this metaphor may open new 
paths of chemistry communication, strengthening the posi-
tion of chemistry and suppressing chemophobia. The essence 
of this metaphor is to emphasize the role of chemistry and 
chemists in controlling disease and healing humanity.

To meet the demands of this strategy, we have compiled 
an overview of chemists whose names are associated with 
the discovery of drugs and vaccines. By renewing the inter-
est in these illustrious chemists, we move beyond the tradi-
tional horizon of chemistry communication, reconnect with 
our professional past, and bond the broken fibers of our col-
lective memory.

We recommend keeping this strategy universal and open 
to suitable examples from both the past and the present of 
chemistry, with the prospect of expansion to the future, 
because the very fear of disease is universal and affects 
everyone.

There are a number of ways to use the overview. It can 
serve as an argument in the debate about the importance of 
chemistry. Or serve as an inspiration to better know the lives 
of these chemists and the motivation behind their success. It 
can also be used to talk about diseases and treatment options 
with the help of chemists. However, this overview can also 
serve as a basis for communication on social networks or 
anywhere else where it is necessary to tell the truth about 
chemistry.

The most telling examples of the contribution of chemists 
to the treatment of diseases, and thus to the quality of life of 
humanity, include the following:

• Dutch physician and chemist Herman Boerhaave (1668–
1738) was one of the first to deal with diagnostics based 
on chemical analysis of urine, which enabled effective 
treatments for numerous diseases to be found, e.g., dia-
betes, and thus to help many human beings [41, 42].

• The name of English chemist Sir Humphry Davy (1778–
1829) is firmly linked with the beginnings of anesthesia, 
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which enables conducting operations without pain [43, 
44]. Today’s modern inhalation anesthetics are mainly 
the work of British chemist Charles Walter Suckling 
(1920−2013) [45].

• By isolating morphine from opium in 1804, German 
chemist and pharmacist Friedrich Sertürner (1783–1841) 
enabled its accurate and safe dosing in pain relief [46].

• German chemist Justus von Liebig (1803–1873) is the 
founder of physiological chemistry. It allows us to under-
stand the chemical aspects of the body’s activities and to 
find ways to effectively treat numerous diseases [47].

• French chemist Louis Pasteur (1822–1895) was—among 
his many other fundamental discoveries—the first to cre-
ate effective vaccines against many serious diseases (e.g., 
anthrax, rabies). Thus, he is still saving hundreds of mil-
lions of lives today [48].

• German organic chemist Adolf von Bayer (1835–1917, 
1905 recipient of the Nobel Prize in Chemistry) synthe-
sized barbituric acid, the parent compound of the barbi-
turates [49, 50]. They are a numerous family of hypnotics 
that help many people overcome sleeping disorders, as 
well as drugs used in the treatment of epileptic seizures.

• Although he was not a chemist by education, German 
Nobel laureate Paul Ehrlich (1854–1915) was an excel-
lent chemist who contributed to a number of medical 
fields. His most famous achievement was the synthesis 
of salvarsan, the first really effective compound in con-
trolling human syphilis (incurable until his discovery) 
[51–53]. This compound virtually saved and healed myri-
ads of people.

• In 1897, German chemist Felix Hofmann (1868–1946) 
synthesized acetylsalicylic acid, one of the most success-
ful drugs of all time [54]. For more than a century, the 
compound has been widely used to reduce pain, fever, 
or inflammation, and as a preventive treatment for heart 
attacks and strokes. Hundreds of tons of it are produced 
each year.

• French chemist Ernest Fourneau (1872–1949) helped 
establish the fundamental laws of chemotherapy that 
have saved so many human lives [55]. In the 1930s, he 
started the systematic development of antihistamines, 
which culminated in 1950 when French organic chemist 
Paul Charpentier introduced the first neuroleptic chlor-
promazine, the compound that brings relief to millions.

• Polish American chemist Leo Sternbach (1908–2005) 
is credited for the synthesis of benzodiazepines in 
1955 [56]. This class of psychoactive drugs, which are 
designed for the treatment of anxiety, fear, and other dis-
turbances of the mind, is globally one of the most pre-
scribed medications.

• American chemist Gertrude B. Elion (1918–1999) was 
a co-discoverer of many excellent drugs for diseases 
affecting humanity, such as 6-mercaptopurine for leu-

kemia, acyclovir as an antiviral agent, or azidothymi-
dine for HIV/AIDS [57]. Millions of people owe their 
restored health and quality of life to her. In 1988, she 
was awarded the Nobel Prize in Physiology or Medi-
cine, but as she had said “The Nobel Prize is fine, but 
the drugs I have developed are rewards in themselves.” 
[58].

• American chemist Carl Djerassi (1923–2015) authored 
the first oral contraceptive compound in 1951 and 
changed the lives of millions of women when he gave 
them control over their pregnancies [59, 60].

• Czech chemist Antonín Holý (1936–2012) synthesized 
many successful antivirals and thus helped millions of 
people with serious diseases such as HIV/AIDS or hepa-
titis [61, 62].

• Japanese chemist Akira Endo (born 1933) initiated 
research into the relationship between fungi and cho-
lesterol biosynthesis, which led to the development of 
statin drugs [63]. These are lipid-lowering medications, 
reducing illness, and mortality from cardiovascular dis-
ease, and are some of the best-selling pharmaceuticals in 
history.

These examples, of course, can be arbitrarily supple-
mented according to locality, time, or other requirements, 
e.g., chemists from a certain period, graduates of a particular 
university or doctoral advisor, chemists by nationality.

Conclusions

Human society may recover from its anti-chemistry amne-
sia, but the problems for chemistry remain the same. Being 
overshadowed by chemophobia, the science still suffers from 
its deadly dynamics. The fight against chemophobia and 
pro-active communication of chemistry must therefore be a 
matter of importance for every chemist: students, industrial 
chemists, laboratory workers, teachers, and researchers. The 
easiest way to bring our science closer to the public is to 
incorporate emotions and examples from everyday life (as 
discussed in our previous publication [14]). Representing the 
fundamental contribution of chemistry in the fight against 
disease, the communication strategy “Chemists as children 
of the Sun” as proposed here allows us to target one of the 
most general human emotions—concern for health, self-
integrity, and life. The history of chemistry provides ample 
illustrations of chemists whose discoveries have benefited 
millions of human beings and helped long after the deaths of 
their discoverers. Being very universal and easy to use, the 
proposed communication strategy represents a very effective 
and useful tool for improving the position of chemistry and 
suppressing chemophobia.
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 50. López-Muñoz F, Ucha-Udabe R, Alamo C (2005) Neuropsychiatr 

Dis Treat 1:329
 51. Riethmiller S (2005) Chemotherapy (Basel, Switz) 51:234
 52. Serés E, Bosch F (2010) J Chemother 22:433
 53. Nesměrák K, Kudláček K, Štícha M, Kozlik P, Babica J (2019) 

Monatsh Chem 150:1611
 54. Desborough MJR, Keeling DM (2017) Br J Haematol 177:674
 55. Fourneau JP (1987) Rev Hist Pharm (Paris) 34:335
 56. Wick JY (2013) Consult Pharm 28:538
 57. Koenig R (2006) Oncologist 11:961
 58. Raju TNK (2000) Lancet 355:1022
 59. Djerassi C (2007) BMJ 334 Suppl 1:s15
 60. Djerassi C (2006) Am J Obstet Gynecol 194:290
 61. De Clercq E (2007) Antivir Res 75:1
 62. Watts G (2012) Lancet 380:970
 63. Stossel TP (2008) Cell 134:903

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1021/cen-09813-feature2
https://doi.org/10.1021/cen-09813-feature2
https://doi.org/10.1021/cen-09908-reactions
https://doi.org/10.1021/cen-09908-reactions
https://doi.org/10.1007/s10956-021-09912-5
https://doi.org/10.1021/cen-v055n036.p003
https://doi.org/10.1021/cen-v055n036.p003
https://doi.org/10.1021/cen-v048n033.p045
https://doi.org/10.1021/cen-v048n033.p045
https://doi.org/10.1021/cen-09903-feature2
https://doi.org/10.1021/cen-09903-feature2
https://www.focus.de/politik/ausland/katalin-kariko-im-teddybaer-schmuggelte-sie-ihr-startkapital-ungarin-ist-mutter-der-corona-impfstoffe_id_12754185.html
https://www.focus.de/politik/ausland/katalin-kariko-im-teddybaer-schmuggelte-sie-ihr-startkapital-ungarin-ist-mutter-der-corona-impfstoffe_id_12754185.html
https://www.focus.de/politik/ausland/katalin-kariko-im-teddybaer-schmuggelte-sie-ihr-startkapital-ungarin-ist-mutter-der-corona-impfstoffe_id_12754185.html
https://doi.org/10.1021/cen-v038n017.p007
https://doi.org/10.1021/cen-v038n017.p007
https://doi.org/10.1021/cen-v060n030.p005
https://doi.org/10.1021/cen-v060n030.p005
https://doi.org/10.1021/cen-v067n048.p056
https://doi.org/10.1021/cen-v067n048.p056

	Chemophobia cured by chemists: chemists as children of the Sun
	Abstract
	Graphic abstract

	Introduction
	Situation analysis
	Contrasting the story of chemistry
	The challenge of communication
	Mother of COVID vaccines
	Chemists as children of the sun
	Conclusions
	Acknowledgements 
	References




