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(Part 1: Presentation given at the national ACS meeting in Anaheim, CA, March 29, 2004)
Most of us tell our beginning students that learning chemistry is like learning a new language.
However, the student soon learns that in many ways this language is quite unique.

Some of the differences can be summarized:

1. Conceptual Content: Most of the words can only be understood in terms of the
underlying concept that may not be in the learner’s experience.

2. Structural Content: Many words of chemical substances express structural features.
(For example, the chemist who talks about “hexane” or “2-hexene” can immediately
visualize a 6-carbon chain with or without a double bond starting at the 2" carbon.

3. Forms of Expression: And finally, the chemist has devised at least three ways of
expressing the chemical language:

a. In words and sentences: “Hydrogen combines with oxygen to yield water.”
b. Symbolically: “2 H, + O, =» 2 H,0”

c. With pictures as atom spheres or with electron clouds:

- w.

Students are faced with understanding the new language on three levels:

1. The language of chemistry
2. The language of science
3. The language of their world-view of the physical world about them.

Thus both familiar and new words are linked to new concepts and structures that require special
kinds of visualization. I am reminded of Lavoisier’s observation about the new chemical he
introduced:

»  “The impossibility of separating the nomenclature of the science from the science itself,
is owing to this, that every branch of physical science must consist of three things: the
series of facts which are the objects of science; the ideas which represent these facts; and
the words by which these ideas are expressed.”

A.L. Lavoisier, Elements of Chemistry in a New-Systematic Order, 1790, Robert
Kerr Translation.
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We might place Lavoisier’s view in a concept diagram.

Figure 1a: Concept Diagram of Lavoisier’s Language of Science
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The three terms used by Lavoisier now appear in more modern concept diagrams as the
Macroscopic-, Symbolic- and Microscopic (or atomic) way of viewing the real world. But for
many students there between their real world is disconnected.. (Figure 1¢) In short many students
have difficulty in translating the language of the chemical world into their own world view.
Perhaps what is needed is a bilingual dictionary that could help them to decipher the meanings of
this new world of chemistry.

Now suppose we are trying to understand a completely new language that for all practical
purposes has vanished leaving no trace in our conscious memory. Westerners found the key to
deciphering hieroglyphics when they uncovered the Rosetta Stone (Fig. 2) that provided 3 lines
of parallel meanings in hieroglyphics, demotic script and Greek.
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Figure 2: The Rosetta Stone

As teachers, we like to think the modern periodic table of the elements is the chemistry students’
Rosetta stone. However, for many students this stone remains un-deciphered. Despite our

entreaties, our students often appear as novice archeologists touring a forbidding planet in some
science fiction story (Figure 3).

Figure 3. Cover of February, 1957 issue of Astounding Science Fiction, and figure from H.
B. Piper’s story, “Omnilingual” (p. 17)

Here is how the Periodic Table might appear to them (Figure 4):
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Figure 4: Chinese Periodic Table (from the Web — of unknown origin)
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Even if you don’t read Chinese, some interesting relationships are found in this periodic table. (I
do not know why helium was left out.) See Figure  for pictures of the four radicals used to
identify the substances as elements.
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Several groups of elements have a common picture (radical or character) associated with them:

1. Eleven elements (hydrogen, the noble gases [helium missing], fluorine and chlorine,
nitrogen and oxygen) - all could be characterized as existing as gases in their natural state
— share a common character: the “gas” radical.

2. There are 7 non-metals (B, P, S, Se, Te, I, As) that contain the “stone” radical.
3. Bromine and mercury contain the “liquid” character.

4. Overwhelming majority of the remaining elements at the left side of the table are metals
and share the character found in the element, gold.

The shape of the periodic table allows one to identify the location of elements. In modern times the direct translation
of the Chinese elements to chemical formulas and then to formula weight can be accomplished with my Chinese
Periodic table calculator. (See: http://people.emich.edu/bramsayl ) Any chemist who knows the position of the
elements in the table may easily accomplish the translation of the Chinese characters of the elements to Western
symbols. The writing and stoichiometric analysis of aluminum sulfate is illustrated below.
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Figure 5a. A Chinese Periodic Table Calculator (View before formula entry.)
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Figure Sbh. A Chinese Periodic Table Calculator (View after formula entry.)
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Figure 5c. A Chinese Periodic Table Calculator (View after formula analysis.)
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The translation of the Chinese Periodic Table to the “Western” Periodic Table is relatively easy.
That is to say, the student would learn in the writing of chemical formulas and equations that the
periodic table — whatever language — is the “chemist’s computer keyboard.”

But has the translation and understanding been as simple in the other direction? This question
was prompted a few years ago when I was taking a beginning course in conversational Chinese.
Toward the end of the course, we were exposed to the “writing” of a few words in Chinese. I was
curious as to how the Chinese pictograph for “Chemistry” came about.
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Figure 6: The word for “Chemistry” written in Simplified- and Traditional Chinese
Characters
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This word for chemistry comes from the use of two characters which mean, “the study of
change”. This seemed to have a curious derivation when we think of the origin of the word
chemistry in the West may have come from the Arabic word for “alchemy”. However, these two
characters are not found in the Chinese characters for the two types of alchemy known in China
for many centuries.

Figure 7: Chinese Characters for Two Types of Alchemy: top row = Gold-making, bottom
row = Elixir Preparation

The three major alchemical traditions known in ancient China were: aurifaction, aurifiction, and
macrobiotics. The first dealt with the efforts to make gold from “baser” metals. Aurifiction was
the conscious attempt to imitate gold. The focus of macrobiotics, developed in China, was in the
preparation of elixirs that when taken would allow the practitioner to become immortal. You will
note in the first and middle character in the top row in Figure 8§ the use of the Chinese character
for gold.. You will find the metal character (4th character in Figure 9) was one of the five
elements that may have provided some theoretical basis for Chinese alchemical practice and
knowledge of materials.
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Figure 8: The Five Chinese Elements (Phases): Fire, Water, Wood, Metal, Earth
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It is not my purpose to discuss the early development of Chinese science except to say it seems
to have had little impact upon the subsequent introduction of modern chemistry into China. The
5 “elements” did not have the same meaning to the Chinese as in the West.

“The modern concept of a chemical element as a ‘substance that cannot be resolved by
chemical means into simpler substances’ did not exist in traditional Chinese. The notion of
irreducible, elemental substances actually runs against the mainstream of Chinese thought
about the material world, which tended to regard all substances as merely stages in the
transformations of gi, differing only in purity and congelation.”

As pointed out by Joseph Needham, modern Western science was alien to the traditional Chinese.

“The mechanical view of the world simply did not develop in Chinese thought, and the
organicist view in which every phenomenon was connected with every other according to
hierarchical order was universal among Chinese thinkers.”

The practical working with chemicals was not widespread in China except for those who were
working with metal refining. In fact Western chemistry was essentially unknown in China until
introduced by rather unconventional means in the late 19" century, although Jesuit missionaries
introduced some Western science into China in the 17" and early 18" century.

Western technology was introduced in the middle of that century as part of China’s “self-
strengthening” polices to protect the Qing dynasty from internal and external attacks. Although
the Chinese were primarily interested in importing Western technology and expertise to improve
their military preparedness, the influx from the West included many protestant missionaries who
had different objectives in mind. Most of the missionaries concentrated on translating religious
tracts into Chinese — but a few had a broader view of what was necessary for the education of the
Chinese. This took the form of translating many scientific works, especially textbooks, into
Chinese. This was particularly troublesome for several reasons:

1. Since none of the early translators has a background in science, and chemistry in
particular, they were not in position to fully understand the conceptual basis of the work
they translated.

2. The Chinese to whom the translations were addressed had no background in any kind of
experimental type of science — and for that matter — little practical “hands-on” experience
that made it virtually impossible for them to relate to descriptions of chemical properties
and changes.

3. And finally, it was difficult to pierce the barrier between the ideographic and the
alphabetic civilizations. As one of the chemists in China noted,

“We do not usually appreciate the extent to which western science has grown hand in
hand with the language medium.”
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We might remind ourselves of the pictogram origins of many of the more abstract pictographs
that evolved from them. For example let us look at the ancient origins of the 5 elements (taken
from some examples provided by Needham).

Figure 9. Pictogram origins of the 5 Elements: metal, wood, water, fire, earth
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The metal pictogram, for example, was perhaps a drawing of a mine shaft with a cover or a hill
above, the dots indicating lumps of ore. The wood, water and fire characters suggest pictograms
of a tree, running water and flames. Earth’s pictogram may be a drawing of the phallic-shaped
altar of the god of the soil.

e

To overcome these barriers, the missionaries had to “invent” much of the new language of
chemistry as well as change the Chinese scientific view of world about them. One of the
missionaries, Alexander Wylie, was faced with the task of describing this new world. Since what
was known to some about the chemical world was that these substances could undergo changes
in properties, Wylie combined the Chinese characters for “change” and “study” to describe
chemistry as “the study of change”. (See figure 7 above.)

The first task was to decide on what characters should be used for the 60 some elements known
at that time. The use of the English symbols was briefly considered, but rejected for nationalistic
reasons. Transliteration, while not completely rejected, was not very practical since the “written”
Chinese pictographs do not provide any guidance, as Western languages do, as to the
pronunciation of the “word”. By the end of the 19" century several guidelines of chemical
nomenclature had been agreed upon; though by the early 20" century the use of both Western
symbols and Chinese characters were used. The Chinese characters of well-known substances
would be used as much as possible. Some eleven “element” substances were known by the
middle of the 19™ century. The names of most of these were retained but often shortened in the
spoken language.

Carbon | | Copper | | Gold
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Iron Phosphorus Tin
Lead Silver Zinc

Mercury Sulfur

To identify the substance as an element, the first character of the element name would include a
“radical” that would reflect the element’s physical state in which it was normally found (See
figure 10):

e The metal radical for metals
e The stone radical for solid non-metals.
e The water radical for elements occurring as liquids.

e The gas radical for elements occurring as gases.

William Aldolf (Ph.D., Univ. Pennsylvania, 1915) who taught chemistry at Yanching University
in China in the early 20" century described the early nomenclature in an article in the Journal of
Chemistry Education in 1927.

Figure 10. Some Chinese Characters of the Elements used in China in the early 20"
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The writing of chemical formulas and equations using these characters became (at least to me)
problematic. Here is a vertical rendering (Figure 11) of the reaction (written in the older dualistic
style) of calcium carbonate with sulfuric acid (sulfur trioxide). (The plus [+] sign was replaced
by an inverted “T” in Chinese.)

Ca0-CO3 + SO3 = CaO-SO3 + CO,

Figure 11. Vertical Rendering of a chemical reaction in Chinese
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Later subscripts were introduced. Here is an example of the formula of FeSO-SO; (in dualistic
notation):

Figure 12

[The system] may be extended by putting the primary substance
first and then the secondary substance, for example [iron([l)
sulphate] ¥ 2% i ﬁ'i[FeD.EGL in dualistic or FeSO, in modern

notation]. *

How much longer this mode of writing chemical formulas has not been explored. By the early
part of the 20" century, Western symbols were used. William Adolph included in his 1927 article
an excerpt form a translation of a chemistry laboratory manual (Chapin, Second Year Chemistry).
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Figure 13
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Adolph provided many examples of the benefits of the use of Chinese characters in chemical
nomenclature. For organic compounds he felt that the “characters were suggestive of the
molecular constitution. Look, for example, at the names of methane, butane and ethene whose
names tell us the number of carbon atoms and the degree of unsaturation. (Figure 14)
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Figure 14
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It should be pointed out that the introduction and naming of the chemical elements in the latter
part of the 19" century was accomplished without the availability of a periodic table of the
elements. The concept of periodicity (and a presumably a picture of the table) first appeared in a
short-lived journal, Yaquan Zazhi (Yaquan Journal) in early 1901. This first chemistry journal
was only published for two years (1900-1901) and consisted largely of translations from
Japanese chemistry articles. (Is the Chinese Periodic Table shown in figure 2 from this journal?)

“Early Chemical Education in China: The University of Pennsylvania
Connection.”

Part 2: This research has continued and an update was presented at the national ACS meeting in
Philadelphia on August 25, 2004.

William Henry Adolph, who taught chemistry in China in the early part of the 20™ century,
received his Ph.D. in Chemistry from the University of Pennsylvania in 1915, represented the
new wave of scientifically trained professionals that came on the scene later. I will have more to
say about him later.
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Most of the problems of formulating a chemistry nomenclature had been overcome by the
earlier group of missionaries before Adolph. This resulted in the publication of a list of technical
terms in the first decade of the 20™ century. The list, prepared by the Educational Association of
China, appeared in two editions published in 1904 and an expanded version in 1910. The main
list — in the 1910 edition (Figure 15) — included about 10,000 entries in 484 pages. Only about
250 terms seemed related to chemistry. A 64 page appendix, however, listed some 1600
chemical substances, mostly inorganic chemicals (Figure 17). The 72 elements were listed in
1910 included the Noble gases helium, argon and xenon. The 61 elements listed in the 1904
edition did not include several of the rare earths and Noble gases.

Figure 15
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This was not your typical technical dictionary, however, as you can see from some excerpts in
Figure 16)
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Figure 16

: Excerpt from Technical Terms
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Under the entry for carbon and some of it compounds, for example, there are several points of

interest;

1. The “western” chemical formulas are used along with the English name. (There is some

inconsistency as to whether to use superscripts or subscripts.)

2. To the right are given the Chinese names. Where alternative names have been used — the

preferred name is placed first.

3. Sometimes the Chinese chemical name would include a subscript. (The use of Chinese

chemical formulas like this was short-lived, however.)

Below is shown the first page from the List of Chemical Substances (Figure 17).
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Figure 17: Excerpt from the Appendix in 7Technical Terms
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What you can see from the entries below is the diversity in what might be considered a technical

term.

Figure 18: Excerpt from Technical Terms
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The interesting thing about the list of elements settled upon by the end of the 19™ century, is that
it was developed in the absence of the use of the periodic table of elements (Figure 20) which
was not known in China until 1901 — which only appeared in 1901 in Yaquan zazhi, the first
chemical journal published in China. The editor, Du Yaquan, was largely self-taught and
represented the new generation of scientifically-trained Chinese who contributed to
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Figure 19: Another Excerpt from Technical Terms
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Figure 20: The First Chinese Periodic Table

Yaquan zazhi 52 3 3 5&: the first chemical journal in China

The periodic table you see here may look a bit strange — by rotating some 90° , it may look a bit
more familiar: with the families as columns, the periods as rows.

The periodic table was taken from a Japanese source based on the periodic table prepared by
James Walker at the turn of the century. (His name is shown on the upper right hand corner of
the page.)
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Figure 21: Title page of the 1901 edition of James Walker’s Introduction to Physical
Chemistry
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Figure 22: Walker’s Periodic Table of 1901
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Walker’s periodic table arrangement attempted to find a place for the rare earth elements. But
this table still does not quite fit the Chinese version since it includes the Noble gases. Apparently
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then the Chinese version was based on Walker’s periodic table published in the first edition of
his textbook of 1899 — which does not include any mention of the place of the Noble gases.

Figure 23: Walker’s Periodic Table of 1899
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It is interesting that Walker does not have a place for hydrogen. Note also in the Chinese periodic
table that 4 elements [Li, Na, Be, and Mg] in rows (columns) 1 and 2 of the “even series” of
Walker’s table have been moved down to rows (columns) 1 and 2 of the “odd series”.

Thus by the early 20" century, the basic structure of modern chemistry had established a
foothold in China. The long-term survival of chemistry was achieved with the establishment of a
number of missionary universities which provided an increasingly more specialized education of
Chinese students — especially in the sciences.

I’d like to return and conclude with a few words about William Adolph. He caught my attention
when I ran across two articles that appeared in the Journal of Chemical Education in 1927. The

Page 19 9/8/04



second paper was based on a presentation he gave before the Division of Chemical Education at
the national ACS meeting in Detroit on September 7, 1927.

* “Synthesizing a Chemical Terminology in China”, Journal of Chemical Education, 4 (10),
pp. 1233-1240 (1927);

»  “Some Aspects of Chemical Education in China”, Journal of Chemical Education, 4 (12),
pp. 1488-1492 (1927)

I do not have as yet a complete run-down on the chronology of his life. His papers are available
in the Archives of the United Board for Christian Higher Education in Asia at the Yale
University Library. I have not as yet had time to examine his reports..

* 1890, Shantung Christian University (Chee-loo University), Tsinan, China
* University of Pennsylvania

1912, A.B.

1915, PhD.

“The Quantitative Methods for Fluorine” under the direction of Edgar Fahs Smith.
* 1920-21, Instructor at University of Illinois
* 1915-1926, Shantung Christian University
» 1927-28, Assoc. Prof., University of Nebraska
* 1929 -48, Professor of Nutrition, Yenching University.

* Acting President, 1946-48

* 1948-58, Yale University.

I am assuming that he started out as a Missionary in China teaching, it would seem at Shantung
Christian University (Chee-1oo), and soon realized that he needed more scientific training. He
returned to America and completed his AB and PhD degrees at the University of Pennsylvania.
He worked under Edgar Fahs Smith. [ Smith, you may recall was responsible for the founding of
the ACS Division of the History of Chemistry.]

After another 5 years in China, he returned for a brief stay at the University of Illinois to learn
more about methods of laboratory instruction. At that time he worked with Professor S.W. Parr
on “coal” since he was much interested in industrial chemistry. In a letter to Adolph, Edgar Fahs
Smith wrote, “I have no doubt that that great country, someday in the near future, will be
demanding men of your training in the development of the mineral resources.”

Adolph then returned to Shantung University where he encountered some ferment from the
Chinese Students. He wrote to Smith from Shantung about the educational changes taking place
in China. There was perhaps an over enthusiastic interest in the study of science, and the pursuit
of democratic freedom..

To Smith (printed newsletter):

“The New Thought Movement with its radical tinge and a Bolshevist flavor is waking all
of us from out Far Eastern lethargy. Student independence have already reached
excesses. All China has gone mad, educationally speaking, over science... Such an
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opportunity of interpreting the west to the east comes only once, I think, in a nation’s
history.”

Smith’s reply reflected perhaps a turn to a more conservative and spiritual view of the value of
science.

“I hope, however, that the Bolshevistic ideas will not take possession of the Chinese.
Your account of how a group of students determined to expel a Dean in one of the
colleges is disturbing. You could not do better than to acquaint them with the
Constitution of the United States, or Mr. Washington’s Farewell Address.”

“I find studying these documents ... that I become more and more conservative. They
are a steadying influence, and if young China is going to become company, somebody
needs to put on gentle brakes.”

“Yes they will probably run wild over science, but while science does wonderful things, it
doesn’t do all things. We should get these people to study the spiritual side of things. It
seems odd for me here in America to say that, because I think we need a great deal of the
same thing.”

During a one-year visit to the University of Nebraska, he presented a paper at the Detroit ACS
meeting in which he discussed the problems of chemical education in China. Adolph thought the
main problem was that most students seemed to want to memorize everything — the textbook and
lecture material instead of thinking about the subject.

“The deep-rooted character of the original disorder is partly explained by the fact that the
common word ‘to study’ in China literally translated means to repeat the book.”

Adolph thought that the essence of chemistry could be to stress the inductive way of learning
that could be achieved via laboratory work.

Adolph’s research interests shifted from quantitative analysis to the study of nutrition. He later
taught at Yenching [now Peking] University and served for a few years as President until the
Communists took control of the Universities in the 1940s.

Here are a few photographs of William Adolph and his students at Yenching University in the
1930s. Note the public chemistry demonstration put on by the Chemistry Club.
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Figure 24a: Faculty in the 1930s.
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Figure 24b: Student Chemistry Laboratory in the 1930s:

Figure 24¢: Student Chemistry Demonstration
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Follow-up Research Questions

1. Check Adolph’s letters, diary, and chemistry textbook (published in China in the 1930s)
at Yale University library.

2. Locate later Chinese chemical nomenclature (1920s) publications.

3. More information about Japanese chemistry publications from the late 19" and early 20™
century. And first Japanese Periodic Table?

4. What is an appropriate publication outlet?
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