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mend to the ladies among this audience to continue the us?
of bright and pleasing colors without any fear of their being
fugitive merely on account of their brilliancy. Rhodamine, the
new pink, surpassing in its beauty even the delicate leaves of
the rose, is not only a brilliant, but also a fast color, and it
does by no means stand alone amongst modern artificial dye-
stuffs in combining these two most valuable properties.

And now, ladies and gentlemen, I will not trespass upon
your time any longer. My sketch of the recent progress in
the chemistry of artificial dye-stuffs has of necessity been short
and incomplete; but if I have succeeded in convincing you
that this domain of organic chemistry has not been lying dor-
mant of late and that all its progress has been the result of
laborious and difficult, but in its final results, brilliant and
successful scientific work, I shall consider myself amply re-
warded.

HOW CHETISTRY IS BEST TAUGHT.'
Bv CHARLES F. MABERY.

HE subject, ‘‘How Chemistry Is Best Taught,”’ which
has been proposed to us for discussion, has a serious
interest for all persons who are engaged in teaching chemistry,
and it is of especial importance to those of us who have in
charge the preparation of young nien for professional employ-
ment. In view of the promineunce of scientific subjects and
methods in the present systemis of education, it is encumbent
upon the adherents of these miethods to demonstrate by their
results that they are not in error in assuming that science
should have an equivalent place with other departments of
knowledge. In the higher institutions this question has re-
ceived a definite answer; in the secondary schools evidently
much has yet to be accomplished in the direction of general

education as well as in the preparation for higher study.
That the importance of a knowledge of elementary chemistry
is apparent to all who are capable of appreciating its usefulness
is evident in the recent extension of instruction in the secondary

1 Read before the World's Congress of Chemists. August 26, 1893,
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schools. In the larger portion of our ligh schools, liowever.
physical science still occupies a subordinate place. or it is taught
merely from text books with little if any laboratory training.
Probably the chief hindrance to any radical change is a lack of
appreciation on the part of tlie public. If pareuts could be
brought to see that their sons and dauglhters would receive a
better education if physical science properly taught formed an
essential feature of the liigh school course tlie change would
not be loug delayed. That the training of many teacliers is
scarcely more comprehensive than they are called upon to
impart is of less importance, since at present those who are
educated in the higher institutions have better opportumnities
and those who are deficient can improve their knowledge in
special courses for teachers. Doubtless the many popular
movenients of the preseut day will exert a beneficial influence
in extending an acquaintance with the application of scientific
principles. Such unique and instructive object lessons as that
which has been designed under the direction of Professor Ellen
H. Richards for the Rumford kitchen in thie Columbian Exposi-
tion can not fail to attract public attemtion. It requires no
particular training in observation to recoguize the difference in
food value between a plate of Boston baked beans aud an equiv-
alent weight of potatoes; but wlien an appetite whetted to the
sharpest edge in an endeavor to see all the exhibits in the
Liberal Arts Building in one visit. and the unavailing efforts to
extract a crumnb of comfort from the places so improperly named,
is brought iu contact with thie wholesoime dishes prepared in the
Rumford kitchen and tlieir satisfying influence, the numbers
representing the food values will be in a favorable connection
to awaken a desire for further information. The same princi-
ple is applied in a different manner in the exlibits from tle
agricultural stations which explain tlie composition of dairy
producfs, of animal foods, and the metliods of chemical investi-
gations. Such exhibits have a particular interest for persous
engaged in agricultural pursuits, since they are a part of the
well-directed efforts of the stations in disseminating knowledge.
Probably in no department of education has there been a more
substantial growth during the last twenty years than on the part
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of intelligent farmers in applying the practical information com-
ing to them from the results of investigations carried on at the
experiment stations. These illustrations may seem somewhat
removed from the main question before us, but I am convinced
that the efficiency of higher instruction in chemistry will be
greatly improved when students coming to us from the sec-
ondary schools shall have had the advantage of practical train-
ing in elementary physical science, and I believe this will be
the sooner accomplished through a recognition of its benefits in
the affairs of every day life.

I think we shall all agree that the best argument to be urged
in favor of a prominent place for chemistry in any grade of
instruction is the value of experimental niethods for the devel-
opment of mental power. This feature should naturally appear
with especial prominence in courses leading to the degree of
bachelor of arts; and if the schools of science are to be main-
tained on a higher plane than the trade. schools or shops, the
courses of study must be conducted with reference to the attain-
ment of mental discipline and scliolarship. In the courses in
chemistry I am unable to see why this should interfere with the
acquisition of practical knowledge.

The guiding star to successful teaching in chemistry is the
personality and enthusiasm of the instructor. With the great
increase in attendance in mauy institutions the earlier relations
between student and instructor, which were frequently mingled
with deep personal feeling somewhat akiu to veneration on the
part of the student, are well nigh impossible. Nevertheless, an
enthusiastic teacher with tact and good judgment has little
difficulty in maintaining a profound interest even in large
classes. In successful teaching we all know how much depends
upon the attitude of the instructor toward his students. Cour-
teous relations with a clear understanding that teacher and
students are mutually interested in the acquisition of knowledge
readily secures the confidence and esteem of a body of students
and the instruction need seldom be interrupted by questions of
conduct. A faithful teacher does not limit his attention to the
brighter minds; students slow in conmiprehension but earnest in
application secure a store of information which will be used
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later to the best advantage. It was a wise teacher who said:
“I am faithful in my duty to dull students; in my old age I
may need favors of tlie nien of wealth.™

In assimilating their methods from Kuropean laboratories, the
cheniists of the United States, untrammeled by traditions and
unrestrained by the influence of any particular schiool, have
been in favorable conditious to appreciate the labors of the
great masters of other countries. Uunfortunately it may be, in
tlie wonderful development of our natural resources, the tempta-
tion to enjoy uiaterial beuefits may have retarded the growth of
original investigation; vet looking toward the future tle erec-
tion of so many large laboratories can not fail under judicious
control to contribute to the advancenient of kunowledge. A
marked individuality in our methods is apparent even in a
casual inspection of American laboratories. Variatiou in details
is a natural consequence of differences in the temperament of
different peoples; and teachers educated abroad have perceived
the necessity of adapting the methods in whicll they were
trained to the peculiar conditions.

It is with sonie hesitation that I approach that aspect of
our subject which relates to the details of mniethods, since
the best success in teaching is so dependent on the person-
ality of the instructor that it would seem presunmiptuous to
suggest a rigid scheme for all. There are certain priuciples
at the foundation of successful teaching, however, whicl may
properly be presented for consideration. I have already alluded
to an unsatisfactory condition inn the methods employed in the
secondary schools. In some of the high schools. as we all
know, there are teachers who are thoroughly imbued with tle
spirit of scieutific study,—would there were more of them. Yet
conipetent teachers are often limiited in their efforts by a heavy
burden of other work, or by a need of the 1ecessary appliances.
There can be no question that the high school courses would be
benefited if every pupil received systematic training in elemen-
tary physical science, and I believe it is consistent with due
attention to other subjects, and that it can be accomplished
without any unreasonable pecuniary burden. As an expedi-
tious and effective method for teaclhing chewmistry in the high
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school, I would have the teacher meet the class before the lec-
ture table, and demonstrate, experiment, and explain, simply
as a convenient mode of teaching classes as one pupil should
be taught. The experiments should be repeated by the student
in the laboratory under the immediate oversight of tlie teacher,
with the note book close at hand. A text book is necessary to
give information which the teacher has not time to include; but
no text book can supply the need of personal teaching. Occa-
sionally teachers with limited knowledge are led to adopt
methods of questionable utility by the arrangement of certain
text books. Somie years since a teacher in one of the high
schools in the east, in which little attention was given to labora-
tory work for students, remarked that his pupils must have a
thorough knowledge of valence and structure symbols. The
topical arrangement of the subject may be left to the discretion
of the teacher and the quantity to the length of time available;
but it should never be forgotten that the educational value of
such instruction depends upon the development of skill in
manipulation, of correct habits of observation and in recording
notes, and of the true spirit of scientific thought. -Whatever of
practical information may be included will enhaunce the utility
of the instruction.

In the higher institutions the first course is general and de-
scriptive cliemistry, of which every person who expects to
engage in any scientific pursuit should have a thorough knowl-
edge; and, as has been suggested, this subject should have a
suitable place in college courses. Concerning details of the
most efficient methods in teaching general chemistry, no doubt
an extended course of experiniental lectures closely connected
with laboratory practice affords the best training. ‘The ground
can be fairly covered in seventy or eighty lectures with four to
six hours a week of laboratory work so arranged that the lec-
tures of each week shall include the experiments for the labora-
tory. Weekly recitations on the subjects of the lectures and
laboratory work enable the instructor to control the progress of
his students. When students first enter the laboratory it is
essential that they be impressed with the necessity of accuracy
in the details of experimental work. ‘This important lesson
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niay easily be taught by mieaus of experiments capable of
affording quantitative results. By some instructors such experi-
ments are occasionally introduced throughout tlie course with
the same object in view. There should be sufficient iustruc-
tion in tle laboratory for careful oversight of thie experimental
work and tlie note book of each studeut. Moreover. I am cou-
vinced that it is unwise in any grade of undergraduate study
in chemistry to allow students in laboratories without constant
supervision. Wlen left to thewmselves they are apt to loiter, to
contract careless liabits, and to waste material.

Then a laboratory is held respousible for accidents, even
thougl tliey occur thirough inexcusable carelessuess of students.
Every instructor in charge of a laboratory will no doubt recall
lieedless moments on the part of students. Some years ago,
just as I entered my qualitative laboratory one day when the
assistaut was out of tlie room. I observed a student inflate liis
lungs twice from a bottle containing a freshly charged solution
of hydrogen sulphide. He innmediately fell into the arus of
a companion, aund it was some time before lie recovered.
Probably anotlher inhalation would have proved fatal. This
fellow was a sopliomore. having taken omne year in geueral
and descriptive chemistry.  He was fairly bright and had
been using this reageut during several months. But some
question arose as to tlie odor of the unadulterated gas. and
forgetting the precepts of his freshiman year, lie attempted by a
direct experiment to ascertain the trnth.

What lias been said concerning tlhie personality of the in-
structor applies perhiaps in a more restricted sense to the stu-
dent. While metliodical habits are to be strenuously insisted
upou. tlie metliods may be sufficiently flexible to allow the
student to reach liis conclusions in liis own particular way ; the
particular form of the lecture and laboratory notes. for example,
can be left to the preference of the student provided thiey are
well written and complete.

For otlier students than those wlio desire special training in
clieniistry or in allied subjects an extended course in general
and descriptive chiemistry provides ample knowledge of this
subject. Amnalytical cliemistry is next in the sequernce of studies
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and for evident reasons qualitative analysis is first undertaken.
On account of its great disciplinary value, I regard this subject
as one of the most important in the whole course of chemical
training. It enables the instructor constantly to test the faith-
fulness and proficiency of the student. and beside the mental
discipline, the student acquires a compreliensive knowledge of
methods of separation and identification, which is the founda-
tion of quantitative analysis. Elementary theoretical chemistry
or chemical philosophy may be conveniently and profitably
taught at the same time with qualitative analysis, especially
since a familiarity with stoichiometry and chemical reactions is
essential in a good understanding of quantitative methods.
Thus far in teaching chemistry probably the methods are not
materially different in the college and the technical school.
Indeed, in the more advanced subjects, the principal difference
is 111 the attention which should be given to the acquisition of
practical knowledge in the technical courses. The methods of
quantitative analysis are well adapted for the development of
skill and dexterity in accurate manipulation, and to the chemist
they are indispensable. As a preparation for professional em-
ployment the training in methods should be sufficiently compre-
hensive and thorough to enable the student to appreciate the
conditions of any analytical problem; and further, I deem it of
much importance that students have practice under guidance in all
typical standard methods. It is not sufficient that men shall have
been carefully trained in niethods which impart skill and accuracy;
it seems more desirable, for example. that men who enter the iror
and steel industry shall be thoroughly familiar with the standard
methods of iron analysis than to rely upon skill and general
knowledge to acquire the special features in actual practice.
The first lessons to be learned in the quantitative laboratorv are
accuracy and confidence; the importance of a close economy of
time and effort must be appreciated, and an intelligent student
will soon perceive the numerous ways for conducting analytical
operations rapidly without haste. When a chemist assumes the
duties of a position, every motion has a pecuniary value, and re-
sults are demanded in the smallest limit of time. This requirement
is sometimes urged in favor of undergraduate training in rapid
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methods. While some practice in this direction would without
doubt be serviceable, in three terms at miost which caun be
devoted to quantitative analysis the time is fully occupied in
gaining a familiarity with methods, and in passing from one
analysis to another tlie corditions are 1ot favorable for commer-
cial rapidity. As in actual practice, it is only possible to attain
to the highest degree of accuracy and celerity when the atten-
tion of the analyst is limited to a moderate number of determi-
nations which are coutinually repeated. FExperience shows
that well-trained students are not slow in acquiring commercial
dexterity even to reporting thie percentage of carbon within five
niinutes after a ladle of steel is poured into the mould, or a
coniplete analysis of blast furnace slag within thirty minutes.
If attempts were made to give such practice to students, there
would still be much to learn in the different conditions in the
laboratory of the manufacturing plant.

A brauch of our subject, which lias doubtless occasioned some
of us much perplexity in our endeavors to give it a suitable
place in an undergraduate course, is organic chemistry. Our
difficulty is partly dne to the feeling on the part of certain
students when they lhave gained a good acquaintance with
quantitative analysis, with the consciousness that they can
secure some pecuniary return from their attainments, that they
liave learned all of chemistry that can be of service to tliem.
Usually such studeuts niay be made sensible of their error,
although. unfortunately, the importance of a broader view is
not always appreciated until a knowledge of this subject is
needed in professional occupation. That organic chiemistry is
a difficult subject studeuts are not long in perceiving. It is
not sufficient in a course of lectures that the principles and
methods are understood: tliey must be learned. The impor-
tanice of a broad aud thorough training in theoretical and
descriptive orgauic chemistry as a part of a chemical education
is beyond question. As a part of the preparation for techno-
logical and applied chemistry, organic chemistry can miost con-
veniently be placed in the third year; yet witliout some intro-
duction I lave found this subject too difficult for third year
students. The plan which I have adopted with satisfactory
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results includes recitations in the first term1 of the third year
from an elementary text book with the following lectures ex-
tending throughout the second term: and the first termi of the
fourth year. So far as possible, laboratory practice should
accompany the lectures, although from the pressure of other
work the greater portion of the experiniental work niay be
pushed forward into the fourth year. In connection with the
lectures students should be required to extend their kuowledge
by reading, and recitations are necessary to epsure faithful
application. 'With this arrangement the principal laboratory
work of the fourth year includes organic chemistry and chemi-
cal technology, assaying, gas analysis, and such other special
stibjects as may seem expedient can be provided for here. A
course of lectures in metallurgy is of advantage to studeuts in
chemistry, and they may be attended during this year. Some
additional instruction in theoretical chemistry can be given
with profit,

For the utilization of chemical $kill the field of manufacturing
or applied chemistry is full of promise, although in this country
it has largely to be developed. Suitable preparation for indus-
trial occupation demands thorough training in the directious
already suggested, and beside a good knowledge of technical
processes with the aid of laboratory work so far as it is feasible
to experiment with these processes on a laboratory scale. Con-
cerning the best methods for teaching this subject, no doubt
courses of lectures supplemented by reading are to be preferred,
especially if part of the lectures can be given by persons en-
gaged in professional pursuits. Several recent compilations in
a convenient form for the use of students are a valuable aid.

The range in laboratory work is of necessity somewhat lim-
ited. It must consist principally in the preparation of chemical
products from crude materials, in the study of mordants and
dyes, and in testing the efficiency of certain features of indus-
trial processes on a laboratory scale. The preparation of theses
or written accounts of various processes should also form a
prominent feature of a course in technological chemistry. In-
stitutions fortunately situated near manufacturing establish-
ments afford valuable opportunities to students who are enabled
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to study industrial methods in actual operation. Such iustruc-
tion supplemented by laboratory practice constitutes the best
possible education in applied cliemistry that an institution can
provide.

Any discussion of the details of a chemical education must be
incomplete without some reference to related subjects, either
such as are closely allied to chemistry, or those which are
essential in the proper mental development of every well edu-
cated persoun. Evidently this portion of our subject may be
considered from more thaun one point of view. In a course of
four years in the school of scietice tliere shiould be thorough
training in mathematics so far as Calculus, and it can be no
disadvantage to make a certain portion of this subject required
or optional. Fvery chemist who aspires to a position beyoud
that of an analyst will be called upou to plan aud oversee the
construction of appliances and buildings; in fact, ingenuity and
niechatnical skill may occasionally be as serviceable as chemical
kunowledge. There are. therefore. good reasons for the acquire-
nient by everv student of a good understanding of mechanical
drawing and of elementary wmechanics, and this may have led to
the foundation in several institutions of a course in chemical
engineering. No doubt this course is in demand by persons
who desire proficiency in the engineering features, but students
who expect to engage in applied chemistry can liardly afford to
omit any portion of the undergraduate training in chemistry.
Nothing need be said as to the importance to all chemists of
thorough discipline in descriptive pliysics with laboratory prac-
tice. A familiarity with the principles of heat and electricity
with the manipulation of electrical currents are among the more
important requisites. The rapid growth of electro-metallurgy
indicates large possibilities for tlie application of electrical
energy in this form. and it can evidently be best undertaken
by the chemist who possesses a good knowledge of electricity.
The literary training in scientific courses is usually limited to
the English branches aud the modern languages. Without a
certain acquaintance with thie latter the chemist would be
seriously restricted in the sources of lis information: and.
moreover, to scientific students it would seem that the French
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and German languages should be taught as much at least for
mental discipline and culture as for their practical usefulness.
Of the importance of thorough discipline in the English lan-
guage and literature, history, logic and political economy, it is
not necessary to speak. Determinative mineralogy may be
provided for in the second or third year. Courses in agricul-
tural or pharmaceutical chemistry, or in other special fields,
should differ in the details of the third and fourth years from
the course outlined above.

In college and university courses theoretical chemistry and
chemical literature receives more attention, and in general less
attention is given to practical applications. I do not accept the
idea sometimes éxpressed that original investigation should not
be attempted outside of the university. We are all too well
aware of the difficulties in the way of carrying on special study
in connection with the responsibility of undergraduate courses;
and yet I am sure we appreciate the influence of such work in
the atmosphere of the laboratory, as well as upon the instructor
himself. Then there are always in the laboratory bright stu-
dents who are able to undertake with profit the study of special
problems. As a part of the preparation for teaching I look
upon a certain acquaintance with the methods of original re-
search as an essential attainment. I do not intend to assert
that without it there can be no good teachers; but it certainly
strengthens the equipment of a teacher who aspires to a high
position.

Earlier in this paper I endeavored to give an outline of what
seems to be the principal objects to' be kept in view in teaching
chemistry as an educational subject. Students continue in
chemistry with the intention of securing professional employ-
ment either in teaching or in applied chemistry. How often
are we met with the question as to what is the prospect of em-
ployment after graduation; whether the inducements are more
promising in teaching or in practical fields. Concerning teach-
ing as a profession the reply is easy. A person with an apti-
tude for teaching and with broad training has littie difficulty in
securing a position commensurate with his attainments, espe-
cially at present with the wonderful extension of our educational
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institutions. But the number of positious is limited aud tlere
are few vacancies. If they were abundant not all persons even
with the best possible preparation would succeed in teaching
chemistry. In applied chiemistry the conditions are uot the
sanme. Wit our enormous stores of matural products vyet
undeveloped, vigorous enterprise inn business operatious, and
great industrial wealtll, there can not fail to be rapid develop-
nients in the fields of manufacturing chemistry. Within the
ten years just elapsed we have witnessed great changes: manu-
facturers wlio ten vears ago conducted tlhieir operations alimost
without the aid of cliemical skill now employ several cliemists.
Eight years ago I visited a large plant for the manufacture of
sulpliuric acid which contained neither a Glover nor a Gay
Lussac tower. Further improvements wlich are necessary for
the production at homie of the cliemical products that are now
imported in large quantities require broad qualifications with
extended experience; if our graduates are not sufficiently well
trained, chiemists will be secured elsewliere.

If there are portions of the educational field in chemistry
which appeal to us with greater force thau others, perhaps the
elementary teaching in the secondary schools and ttie advanced
study in preparation for teaching or for positions requiring
independent skill and originality in methods are worthy of
attention. The recent growth of knowledge within special fields
has introduced unew features into wethods of iustruction. In
addition to courses which are adapted for all studeunts, those
who intend to undertake investigations in any particular direc-
tion should have training under the guidance of a specialist in
that field. Tliere are miany economic problems of the utmiost
importance awaiting solution, which require not only the appli-
cation of all accumulated kuowledge, but the discovery of new
niethods. The maintenance of a healthful water supply and
the economic disposal of sewage are serious problems for the
present generation, and the engineer must be aided by tle best
skill of the chemist and of the bacteriologist.

Every laborer is directly interested iu tlie promotion of inves-
tigations on an economic and healthful food supply. To the
great army of workmen who are struggling to support families
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on incomes of three or four hundred dollars a year it is a matter
of serious importance to secure the best nutrition at the smallest
cost. Yet it is rarely, if ever, that a judicious selection of food
materials receives attention. It is usually a question of indi-
vidual taste so far as the means at hand will permit, with a
complete ignorance of any principles of economy or health. In
these directions and others of no less importance there are great
opportunities in the domain of sanitary chemistry to render
inestimable benefits to humanity.

What has been said of sanitary chemistry applies with equal
force to medical chemistry, to agricultural chemistry, and to
other special fields. But I feel sure that the details of the
methods of instruction, as well as a consideration of methods
based on other recent discoveries, such as the use of models in
teaching structural chemistry, can best form a part of the gen-
eral discussion by teachers who are especially occupied in
those particular fields. Perhaps, also, the great border land
between chemistry and physics, or chemical physics, should
receive attention from those whose investigations are extending
our conceptions of the fundamental principles of chemistry.

If I have presented this subject more especially from the
standpoint of the preparation for professional occupation, it is
because this seems to be the principal demand for instruction
in chemistry beyond the elementary branches. But if the value
of training in chemistry as a factor in liberal education has not
been set forth with due prominence, it should receive just con-
sideration in the discussion which follows. I have not attempted
in this paper to include methods or conditions outside of our
own institutions. Yet we can not fail to derive great benefit in
extending our knowledge of the methods in other institutions
through the eminent professors with whom it is our good for-
tune to meet,
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