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necessity for attention to the small details
as an element of success. He says :

‘“ The foregoing account of the small
changes which have been made in the Cross-
ley telescope and its accessories may appear
to be unnecessarily detailed, yet these small

changes have greatly increased the practical -

efficiency of the instrument, and therefore,
small as they are, they are important. Par-
ticularly with an instrument of this charac-
ter, the difference between poor and good
results lies in the observance of just such
small details as I have described.”

C. D. PERRINE.
LICK OBSERVATORY,
UNIVERSITY OF CALIFORNIA,
September 23, 1900.

ADDRESS OF THE PRESIDENT OF THE CHEM-
ICAL SECTION OF THE BRITISH
ASSOCIATION.

THE MODERN SYSTEM OF TEACHING PRACTICAL
INORGANIC CHEMISTRY AND ITS DEVELOP-
MENT.

IN choosing for the subject of my Ad-
dress to-day the development of the teach-
ing of practical inorganic chemistry I do so,
not only on account of the great importance
of the subject, but also because it does not
appear that this matter has been brought
before this Section, in the President’s Ad-
dress at all events, during the last few
years.

In dealing generally with the subject of
the teaching of chemistry as a branch of sci-
ence it may be wellin the first place to con-
sider the value of such teaching as a means
of general education, and to turn our atten-

tion for a few minutes to the development

of the teaching of science in schools.

There can be no doubt that there has
been great progress in the teaching of sci-
ence in schools during the last forty years,
and this is very evident from the perusal
of the essay, entitled ‘ Edueation : Intellec-
tual, Moral, and Physical,” which Herbert
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Spencer wrote in 1859. After giving his rea-
sons for considering the study of science of
primary importance in education, Herbert
Spencer continues: ¢ While what we call
civilization could never have arisen had it
not been for science, science forms scarcely
an appreciable element in our so-called
civilized training.”

From this it is apparent that science was
not taught to any appreciable extent in
schools at that date, though doubtless in
some few schools occasional lectures were
given on such scientific subjects as physi-
ology, anatomy, astronomy and mechanics.

Herbert Spencer’s pamphlet appears to
have had only a very gradual effect towards
the introduction of science into schemes of
education. For many years chemical in-
struction was only given in schools at the
schoolroom desk, or at the best from the
lecture table, and many of the most modern
of schools had no laboratories.

The first school to give any practical in-
struction in chemistry was apparently the
City of London School, at which, in the
year 1847, Mr. Hall was appointed teacher

.of chemistry, and there he continued to

teach until 1869.* Besides the lecture thea-
ter and a room for storing apparatus, Mr.
Hall’s department contained a long room,
or rather passage, leading into the lecture
theater, and closed at each end with glass
doors. In thisroom, which was fitted up asa
laboratory,and used principally as a prepa-
ration room for the lectures, Mr. Hall per-
formed experiments with the few boys who
assisted him with higlectures. Asaccommo-
dation was at that time strictly limited, he
used to suggest simple experiments and

*Mr. A. T. Pollard, M.A., Head Master of the
City of London School, has kindly instituted a search
among the bound copies of the boys’ terminal re-
ports, and informs me that in the School form of
Terminal Report a heading for Chemistry was intro-
duced in the year 1847, the year of Mr. Hall’s ap-
pointment.
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encourage the boys to carry them out at
home, and afterwards he himself would
examine the substances they had made.

From this small beginning the teaching
of chemistry in the City of London School
rapidly developed, and this school now pos-
sesses laboratories which compare favorably
with those of any school in the country.

The Manchester Grammar School appears
to have been one of the first to teach prac-
tical chemistry. In connection with this
school a small laboratory was builtin 1868 :
this was replaced by a larger one in 1872,
and the present large laboratories, under
the charge of Mr. Francis Jones were
opened in 1880.

Dr. Marshall Watts, who was the first
science master in this school, taught prac-
tical chemistry along with the theoretical
work from the commencement in 1868.

As laboratories were gradually multiplied
it might bé supposed that boys were given
the opportunity to carry out experiments
which had a close connection with their
lecture-room courses.
of laboratory work which became all but
universal was the preparation of a few gases,
followed by the practice of qualitative anal-
ysis. The course adopted seems to have
been largely built up on the best books of
practical chemistry in use in the colleges at
that time; but it was also, no doubt, largely
influenced by the requirements of the syl-
labus of the Science and Art Department,
which contained a scheme for teaching
practical chemistry.* Kven down to quite
recent times it was in many schools still not
considered essential tha} boys should have
practical instruction in connection with
lectures in chemistry.

A Report issued in 1897 by a special

*I find, on inguiry, that examinations in the Ad-
vanced Stage and Honors of Practical Chemistry were
first held by the Science and Art Department in 1878,
the practical examination being extended to the Ele-
mentary Stage in 1882.
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Committee appointed by the Techunical Edu-
cation Board of the London County Coun-
cil adduces evidence of this from twenty-
five secondary schools in London, in which
there were 3,960 boys learning chemistry.
Of these 1,698 boys, or 34 per cent., did no
practical work whatever ; 955 boys, or 24
per cent., did practical work, consisting of
a certain amount of preparation of gases,
together with qualitative analysis; but of
these latter 743, or 77 per cent., had not
reached the study of the metals in their
theoretical work, so that their testing work
can have been of little educational value.
It was also found that in the case of 655,
or 68 per cent. of the total number of boys
taking practical work, the first introduction
to practical chemistry was through quali-
tative analysis.

But some years before this Report was
issued a movement had begun which was
destined to have far-reaching effect. A
Report ‘on the best means for promoting
scientific education in schools’* having
been presented to the Dundee Meeting of
this Association in 1867, and published in
1868, a Committee of the British Associa-
tion was appointed in 1887; ¢ for the purpose
of inquiring and reporting upon the present
methods of teaching chemistry.” The well-
known Report which this Committee pre-
sented to the Newcastle meeting in 1889
insisted that it was worth while to teach
chemistry in schools, not so much for the
usefulness of the information imparted
as for the special mental discipline it af-
forded if the scientific method of investiga-
ting nature were employed. It was argued
that ¢ learners should be putin the attitude
of discoverers, and led to make observations,
experiments, and inferences for themselves.’
And since there can be little progress
without measurement, it was pointed out
that the experimental work would neces-
sarily be largely of a quantitative char-
acter.
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Professor- H. E. Armstrong, in a paper
read at a conference at the Health Exhibi-
tion five years before this, had foreshadowed
much that was in this Report. He also drew
up a detailed scheme for ‘a course of ele-
mentary instruction in physical science,’
which was included in the Report of the Com-
mittee, and it cannot be doubted that this
scheme and the labors of the Committee
have bhad a very marked influence on the
development of the teaching of practical
chemistry in schools.
has been great will 'be admitted when it
is understood that schemes based on the
recommendation of the Committee are now

_included in the codes for both Elementary
Day Schools and Evening Continuation
Schools. The recent syllabuses for elemen-
tary and advanced courses issued by the In-
corporated Association of Headmasters and
by the Oxford and Cambridge local board
and others are evidently directly inspired
by the ideas set forth by the Comm ittee.

The department of Science and Art has
also adopted some of the suggestions of the
Committee, and a revised syllabus was is-
sued by the Department in 1895, in which
qualitative analysis is replaced by quanti-
tative experiments of a simple form, and
by other exercises so framed ¢ as to prevent
answers being given by students who have
obtained their information from books or
oral instruction.” This was a very consid-
erable advance, but it must be admitted
that there is nothing in the syllabus which
encourages, or even suggests, placing the
learners in the attitude of discoverers, and
this, in the opinion of the Committee of
this Association, is vital if the teaching is
to have educational value.

Many criticisms have been passed upon
the 1889 Report. It has been said that life

is much too short to allow of each individ-
ual advancing from the known to the un-
known, according to scientific methods, and
that even were this not so too severe a tax
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is made upon the powers of boys and girls.
In answer to the second point it will be
conceded that while it is doubtless futile to
try to teach chemistry to young children,
on the other hand experience has abun-
dantly shown that the average schoolboy of
fourteen or fifteen can, with much success,
investigate such problems as were studied
in the researches of Black and Scheele, of
Priestley and Cavendish and Lavoisier, and
it is quite remarkable with what interest
such young students carry out this class of
work.

It may be well to quote the words which
Sir Michael Foster used in this connection
in his admirable presidential address to this
Association in 1899. He said : ¢ The learner
may be led to old truths, even the oldest,
in more ways than one. He may be brought
abruptly to a truth in its finished form,
coming straight to it like a thief climbing
over a wall; and the hurry and press of
modern life tempt many to adopt this
quicker way. Or he may be more slowly
guided along the path by which the truth
was reached by him who first laid hold of
it. It is by this latter way of learning the
truth, and by this alone, that the learner
may hope to catch something at least of the
spirit of the scientific inquirer.”

I believe that in the determination of a
suitable school course in experimental sci-
ence this principle of historical develop-
ment is a very valuable guide, although it
is not laid down in the 1889 Report of the
British Association.

The application of this principle will lead
to the study of the solvent action of water,
of crystallization, and of the separation of
mixtures, of solids before the investigation
of the composition of water, and also be-
fore the investigation of the phenomena of
combustion. It will lead to the investiga-
tion of hydrochloric acid before chlorine,
and especially to the postponement of
atomic and molecular theories, chemical
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equations, and the laws of chemical com-
bination, until the student has really suf-
ficient knowledge to understand how these
theories came to be necessary.

There can be no doubt that this new sys-
tem of teaching chemistry in schools has
been most successful. Teachers are de-
lighted with the results which have already
been obtained, and those whom I have had
the opportunity of consulting, directly and
indirectly, cannot speak too highly of their
satisfaction at the disappearance of the old
system of qualitative analysis, and the in-
stitution of the new order of things. Es-
pecially I may mention in this connection
the excellent work which is being carried
on under the supervision of Dr. Bevan
Lean at the Friends’ School in Ackworth,
where the boys have attained results which
are far in advance of anything which would
have been thought possible a few years
since.

It is, of course, obvious that if a school-
boy is made to take the attitude of a dis-
coverer his progress may appear to be slow.
But does this matter? Most boys will not
become professional chemists ; but if while
at school a boy learns how to learn, and
how to ¢ make knowledge ’* by working out
for himself a few problems, a habit of mind
will be formed which will enable him in
future years to look in a scientific spirit at
any new problems which may face him.
‘When school days are past the details of
the preparation of hydrogen may have been
forgotten ; but it was really understood at
the time that it could not be decided at
once whether the gas was derived from
the acid or from the metal, or from the
water, or in part from the one and in part
from the other, an attitude of scepticism
and of suspended judgment will have been
formed, which will continue to guard from
error.

* Cf. Professor J. G. Maogregor in Nature, Septem-
ber, 1899.
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In the new system of teaching chemistry
in schools much attention must necessarily
be given to weights-and measurements ; in-
deed, the work must be largely of a quanti-
tative kind, and it is in this connection that
an important note of warning has been
sounded by several teachers.* They con-
sider, very rightly, that it is important to
point out clearly to the scholar that science
does not consist of measurement, but that
measurement is only a tool in the hand of
the inquirer, and that when once sufficient
gkill has been developed in its use it should
be employed only with a distinet object.
Measurements should, in fact, be made only
in reference to some actual problem which
appears to be really worth solving, not in
the accumulation of aimless details.

And, of course, all research carried ouf
must be genuine and not sham, and all as-
sumption of the ‘obvious’ must be most
carefully guarded against. But the young
scholar must, at the same time, not forget
that although the scientific method is nec-
essary to enable him to arrive at a result,
in real life it is the answer to the problem
which is of the most importance. f

Although, then, there has been so much
discussion, during the last ten years, on the
subject of teaching chemistry in schools,
and such steady progress has been made
towards devising a really satisfactory sys-
tem of teaching the subject to young boys
and girls, it is certainly very remarkable
that practically nothing has been said or
written bearing on the training which a
student who wishes to become a chemist is
to undertake at the close of his school-days
at the college or university in which his
education is continued.

One of the most remarkable points, to my
mind, in connection with the teaching of

* Cf. H. Picton in The School World, November,
1899 ; Bevan Lean, ¢bid., February, 1890.

t @f. Mrs. Bryant, Special Reports on Educational
Subjects, Vol. 1L, p. 113.
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chemistry is the fact that although the sci-
ence has been advancing year by year with
such unexampled rapidity, the course of
training which the student goes through
during his first two years at most colleges
is still practically the same as it was thirty
or forty years ago. Then, as now, after
preparing a few of the principal gases, the
student devotes the bulk of his first year to
qualitative analysis in the dry and wet way,
and his second year to quantitative analy-
sis, and, although the methods employed in
teaching the latter may possibly have under-
gone some slight modification, there is cer-
tainly no great difference between the rou-
tine of simple salt and mixture followed by
quantitative analysis practiced at the pres-
ent day and that which was in vogue in the
days of our fathers and grandfathers.
Since, then, the present system has held
the field forso long, not only in this country
but also on the Continent, it is worth while
considering whether it affords the best
training which a student who wishes to
become a chemist can undergo in the
short time during which he can attend at
a college or university. In considering
this matter I was led in the first place to
carefully examine old books and other rec-
ords, with the object of finding out how the
present system originated, and I think that
valuable and interesting information bear-
ing on the subject may be obtained from a
very brief sketch of the rise and develop-
ment of the present system of teaching
chemistry, and especially in so far as it
bears on the inclusion of qualitative analy-
sis. Unfortunately, it is not so easy to
gain a good historical acquaintance with
the matter as I first imagined would be the
case, and this is due in a large measure to
the fact that so few of the laboratories which
took an active part in the development of
the present system of chemical training
have left any record of the methods which
they employed. In this connection I may,
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perhaps, be allowed to suggest that it would
be a valuable help to the future historian
if all prominent teachers of chemistry
would leave behind them a brief record of
the system of teaching adopted in their lab-
oratories, showing the changes which they
had instituted, the object of these changes
and the results which followed their adop-
tion.

There is no doubt that the progress of
practical chemistry went largely hand in
hand with the progress of theoretical chem-
istry, for as the latter gradually developed;
so the necessity for the determination of
the composition, first of the best known,
and then of the rarer minerals and other
substances, became more and more marked.

The analytical examination of substances
in the dry way was employed in very early
times in connection with metallurgical op-
erations, and especially in the determina-
tion of the presence of valuable constitu-
ents in samples of minerals. Cupellation
was used by the Greeks in the separation of
gold and silver from their ores and in the
purification of these metals. Geber knew
that the addition of niter to the ore facili-
tated the separation of gold and silver, and
subsequently Glauber (1604-1668) called
attention to the fact that many commoner
metals could easily be separated from their
ores with the aid of niter.

But it was not till the eighteenth century
that any marked progress was made in
analysis in the dry way, and the progress
which then became rapid was undoubtedly
due to the discovery of the blowpipe, and
to the introduction of its use into analytical
operations. The blowpipe is mentioned for
the first time in 1660, in the transactions of
the Accademia del Cimento of Florence, but
the first to recommend its use in’chemical
operations was Johann Andreas Cramer in
1739. The progress of blowpipe analysis
was largely due to Gahn (1745-1818), who
spent much time in perfecting its use in the
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examination of minerals, and it was he who
first used platinum wire and cobalt solution
in connection with blowpipe analysis. The
methods employed by Gahn were further
developed by his friend Berzelius (1779-
1848), who gave much attention to the
matter, and who with great skill and pa-
tience gradually worked out a complete
scheme of blowpipe analysis, and published
it in a pawmphlet, entitled ¢ Ueber die An.
wendung des Lothrohrs,” which appeared
in 1820. After the publication of this work
blowpipe analysis rapidly came into general
use in England, France and Germany, and
the scheme devised by Berzelius is essen-
tially that employed at the present day.

Indeed, the only notable additions to the
method of analysis in the dry way since the
time of Berzelius are the development of
flame reactions, which Bunsen worked out
with such characteristic skill and ingenuity,
and the introduction of the spectroscope. -

The necessity for some process other than
that of analysis in the dry way seems, in
the first instance, to have arisen in quite
early times in connection with the exami-
nation of drugs, not only on account of the
necessity for discovering their constituents,
but also as a means of determining whether
they were adulterated. In such casesanaly-
sis in the dry way was obviously unsuitable,
and experience soon showed that the only
way to arrive at the desired result was to
treat the substance under examination with
aqueous solutions of definite substances, the
first reagent apparently being a decoction
of gallnuts, which is described by Pliny as
being employed in detecting adulteration
with green vitriol. \

The progress made in connection with
wet analysis was, however, exceedingly
slow, largely owing to the lack of reagents
but as these were gradually discovered wet
analysis rapidly developed, especially in the
hands of Tachenius, Scheele, Boyle, Hoff-
man, Margraf and Bergmann. Boyle (1626-

SCIENCE.

637

1691) especially had an extensive knowl

edge of reagents and their application; and,
indeed, it was Boyle who first introduced
the word ‘ analysis’ for those operations by
which substances may be recognized in the
presence of one another. Boyle knew how
to test for silver with hydrochloric acid, for
calcium salts with sulphuric acid, and for
copper by the blue solution produced by
ammonia,

Margraf (1709-1782) introduced prus-
siate of potash for the detection of iron, and
Bergmann (1735-1784) not only introduced
new reagents and new methods for decom-
posing minerals and refractory substances,
such as fusion with potash, digestion with
nitric acid or hydrochloric acid, but he also
was the first to suggest the application of
tests in a systematic way, and, indeed, the
method of analysis which he developed is
on much the same lines as that in use at
the present day. He paid special attention
to the qualitative analysis of minerals, and
gave careful instructions for the analysis
of gold, platinum, silver, lead, copper, zinc
and other ores. The work of Scheele
(1742-1786) had indirectly a great influ-
ence on qualitative analysis, as, although
he did not give a general systematic method
of procedure in the analysis of substances
of unknown composition, yet the methods
which he employed in the examination of
new substances were so original and exact
as to remain models of how qualitative
analysis shall be conducted.

Great strides in analytical chemistry in
the wet way were made through the work
of Berzelius, who, by the discovery of new
methods, such as the decomposition of sili-
cates by hydrofluoric acid and the introduc-
tion of new tests, greatly advanced the art.
He paid special attention to perfecting the
methods of analysis of mineral waters, and
these researches as well as his work on
ores, and particularly his investigation of
platinum ores, stamp Berzelius as one of




638

the great pioneers in qualitative and quan-
titative analytical chemistry.

By the labors of the great experimenters
whom I have mentioned qualitative analy-
gis gradually acquired the familiar appear-
ance of to-day, and many books were writ-
ten with the object of arranging the mass
of information which had accumulated, and
of thus rendering it available for the stu-
dent in his efforts to investigate the com-
position of new minerals and other sub-
stances. Among these books may be men-
tioned the ¢Handbuch der analytischen
Chemie,” by H. Rose, and especially the
well-known analytical text-books of Fres-
enius, which have had an extraordinarily
wide circulation and passed through many
editions.

The work of the great pioneers in analyt-
ical chemistry was work done often under
circumstances of great difficulty, as before
the end of the seventeenth century there
were no public institutions of any sort in
which a practical knowledge of chemistry
could be acquired. Lectures were, of course,
given from very early times, but it was not
until the time of Guillaume Francois Rou-
elle (1703-1770), at the beginning of the
eighteenth century, that lectures began to
be illustrated by experiments. Rouelles
who was very active as a teacher, num-
bered among his pupils many men of emi-
nence, such as Lavoisier and Proust, and it
was largely owing to his influence that

- France took such a lead in practical teach-
ing. In Germany progress was much
slower, and in our country the introduc-
tion of lectures illustrated by experiments
seems to0 have been mainly due to Davy.

‘When it is considered how slowly experi-
mental work came to be recognized as a
means of illustration and education, even
in connection with lectures, it is not sur-
prising that in early times practical teaching
in laboratories should have been thought
quite unnecessary.
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The few laboratories which existed in the
sixteenth century were built mainly for the
practice of alchemy by the reigning princes
of the time, and, indeed, up to the begin-
ning of the nineteenth century, the private
laboratories of the great masters were the
only schools in which a favored few might
study, but which were not open to the pub-
lic. Thus we find that Berzelius received
in his laboratory a limited number of stu-
dents who worked mostly at research : these
were not usually young men, and his school
cannot thus be considered as a teaching in-
stitution in the ordinary sense of the word.

The earliest laboratory open for general
instruction in Great Britain was that of
Thomas Thomson, who after graduating in
Edinburgh in 1799, began lecturing in that
city in 1800, and opened a laboratory for
the practical instruction of his pupils.
Thomson was appointed lecturer in Chem-
istry in Glasgow University in 1807, and
Regius Professor in 1818, and in Glasgow
he also opened a general laboratory.

The first really great advance in labora-
tory teaching is due to Liebig, who, after
working for some years in Paris under Gay-
Lussac, was appointed in 1824 to be Pro-
fessor of Chemistry in Giessen. Liebig was
strongly impressed with the necessity for
public ingtitutions where any student could
study chemistry, and to him fell the honor
of founding the world-famed Giessen Lab-
oratory, the first public institution in Ger-
many which brought practical chemistry
within the reach of all students.

Giessen rapidly became the center of
chemical interest in Germany, and students

. flocked to the laboratory in such numbers

as to necessitate the development of a sys-
tematic course of practical chemistry, and
in this way a scheme of teaching was de-
vised which, as we shall see later, has
served as the foundation for the system of
practical chemistry in use at the present
day.
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‘When the success of this laboratory had
been clearly established many other towns
discovered the necessity for similar institu-
tions, and in a comparatively short time
every university in Gtermany possessed a
chemical laboratory. The teaching of prac-
tical chemistry in other countries was, how-
ever, of very slow growth; in France, for
example, Wurtz in 1869 drew attention to
the fact that there was at that time only
one laboratory which could compare with
the German laboratories, namely, that of
the Ecole Normale Supérieure.

In this country the provision of suitable
laboratories for the study of chemistry
seems to date from the year 1845, when the
College of Chemistry was founded in Lon-
don, an institution which under A. W.
Hofmann’s guidance rapidly rose to such a
prominent position.

In 1851 Frankland was appointed to the
chair of chemistry in the new college
founded in Manchester by the trustees of
John Owens, and here he equipped a lab-
oraﬁory for the teaching of practical chem-
istry. TUnder Sir Henry Roscoe this labor-
atory soon became too small for the grow-
ing number of chemical students, a defect
which was removed when the new build-
ings of the college were opened in 1873. In
1849 Alexander Williamson was appointed
Professor of Practical Chemistry at Uni-
versity College, London, where he intro-
duced the practical methods of Liebig.

Following these examples, the older uni-
versities gradually came to see the necessity
for providing accommodation for the prac-
tical teaching of chemistry, with the result
that well-equipped laboratories have been
erected in all the centers of learning in this
country.

Since Liebig, by the establishment of the
Giessen Iaboratory, must be looked upon
as the pioneer in the development of prac-
tical laboratory teaching, it will be inter-
esting to endeavor to obtain some idea of
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the methods which he used in the training
of the students who attended his laboratory
in Giessen. From small beginnings he
gradually introduced a systematic course of
practical chemistry, and a careful compari-
son shows that this was similar in many
ways to that in use at the present day.
The student at Giessen, after preparing the
more important gases, was carefully trained
in qualitative and quantitative analysis ;
he was then required to make a large num-
ber of preparations, after which he engaged
in original research.

Although there is, as far as I have been
able to ascertain, no printed record of the
nature of the quantitative work and the
preparations. which Liebig required from
his students, the course of qualitative anal-
ysis is easily followed, owing to the ex-
istence of a most interesting book published
for the use of the (iessen students.

In 1846, at Liebig’s request, Henry Will,
Ph.D., Extraordinary Professor of Chem-
istry in the University of Giessen, wrote a
small book, for use at Giessen, called ‘Gies-
sen Outlines of Analysis,” which shows
clearly the kind of instruction given in that
laboratory at the time in so far as quali-
tative analysis is concerned. This book,
which contains a preface by Liebig, is par-
ticularly interesting on account of the fact
that it is evidently the first Introduction to
Analysis intended for the training of ele-
mentary students which was ever published.
In the preface Liebig writes: ¢ The want
of an introduction to chemical analysis
adapted for the use of a laboratory has
given rise to the présent work, which con-
tains an accurate description of the course
I have followed in my laboratory with great
advantage for twenty-five years. It has
been prepared at my request by Professor
Will, who has been my assistant during a
great part of this period.”’

This book undoubtedly had a consider-
able circulation, and was used in most of
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the laboratories which were in existence at
that time, and thus we find, for example,
that the English translation which Liebig
‘hopes and believes will be acceptable to
the English public’ was the book used by
Hofmann for his students at the College of
Chemistry. In this book the metals are
first divided into groups much in the same
way as is done now; each group is then
separately dealt with, the principal char-
acteristics of the metals of the group are
noted, and their reactions studied. Those
tests which are useful in the detection of
each metal are particularly emphasized, and
the reasons given for selecting certain of
them as of special value for the purposes of
separating one metal from another.

Throughout this section of the book there
are frequent discussions as to the possible
methods of the separation, not only of the
metals of one group, but of those belonging
to different groups; and the whole subject
is treated in a manner which shows clearly
that Liebig’s great object was to make the
student think for himself. After studying
in a similar manner the behavior of the
principal acids with reagents, the student
is introduced to a course of qualitative anal-
ysis comprising, 1, preliminary examina-
tion of solids; 2, qualitative analysis of the
substance in solution.

Both sections are evidently written with
the object, not only of constructing a system
of qualitative analysis, but more particu-
larly of clearly leading the student to argue
out for himself the methods of separation
which he will ultimately adopt. The book
concludes with a few tables which differ
considerably in design from those in use at
the present day, and which are so meager
that the student could not possibly have
used them mechanically.

The system introduced in this book, no
doubt owing to the excellent results ob-
tained by its use, was rapidly recognized as
the standard method of teaching analysis
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in most of the institutions existing at that
time. Soon the course began to be further
developed, book after book was published
on the subject, and gradually the teaching
of qualitative analysis assumed the shape
and form with which we are all so well
acquainted. But the present-day book on
qualitative analysis differs widely from
¢Giessen Outlines’ in this respect, that
whereas in the latter the tables introduced
are mere indications of the methods of
separation to be employed, and are of such
a nature that the student who did not think
for himself must have been constantly in
difficulties, in the book of the present day

"these tables have been worked out to the

minutest detail. Every contingency is pro-
vided for; nothing is left to the originality
of the student ; and that which, no doubt,
was once an excellent course has now be-
come so hopelessly mechanical as to make

"it doubtful whether it retains anything of

its former educational value.

The question which T now wish to con-
sider more particularly is whether the sys-
tem of training chemists which is at present
adopted, with little variation, in our ecol-
leges and universities is a really satisfac-
tory one, and whether it supplies the stu-
dent with the kind of knowledge which
will be of the most value to him in his
future career.

Those who study chemistry may be
roughly divided as to their future careers
into two groups—those who become teach-
ers and those who become technical chem-
ists. Now, whether the student takes up
either the one or the other career, I think
that it is clear that the objects to be aimed
at in training him are to give him a sound
knowledge of his subject, and especially to
so arrange . his studies as to bring out in
every possible way his capacity for original
thought.

A teacher who has no originality will
hardly be successful, even though he may
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possess a very wide knowledge of what has
already been done in the past. He will
have little enthusiasm for his subject, and
will continue to teach on the lines laid
down by the text-books of the day, without
himself materially improving the existing
methods, and, above all, he will be‘unable,
and will have no desire, to add to our store
of knowledge by original investigation.

It is in the power of almost every teacher
to do some research work, and it seems
probable that the reason why more is not
done by teachers is because the importance
of research work was not sufficiently in-
gisted on, and their original faculty was not
sufficiently trained, at the schools and col-
leges where they received their education.

And these remarks apply with equal force
to the student who subsequently becomes a
technical chemist.

In the chemical works of to-day sound
knowledge is essential, but originality is an
even more important matter. A technical
chemist without originality can scarcely
rise to a responsible posibioﬁ in a large
works, whereas a chemist who is capable of
constantly improving the process in oper-
ation, and of adding new methods to those
in use, becomes so valuable that he can
command his own terms.

Now, this being so, I think it is extraor-
dinary that so many of the students who
go through the prescribed course of train-
ing—say for the Bachelor of Science degree
—not only show no originality themselves,
but seem also to have no desire at the con-
clusion of their studies to engage in orig-
inal investigation under the supervision of
the teacher. That this is so is certainly
my experience as a teacher examiner, and
I feel sure that many other teachers will
endorse this view of the case.

If we inquire into the reason for this
deficiency in originality we shall, I think,
be forced to conclude that it is in a large
measure due to the conditions of study and
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the nature of the courses through which
the student is obliged to pass.

A well-devised system of quantitative
analysis is undoubtedly valuable in teaching
the student accurate manipulation, but it
has always seemed to me that the long
course of qualitative analysis which is usu-
ally .considered necessary, and which gen-
erally precedes the quantitative work, is
not the most satisfactory training for a
student.

There can be no doubt that to many stu-
dents qualitative analysis is little more than
a mechanical exercise: the tables of sepa-
ration are learnt by heart, and every sub-
stance is treated in precisely the same
manner: such a course is surely not calcu-
lated to develop any original faculty which
the student may possess. Then, again,
when the student passes on to quantitative
analysis, he receives elaborate instructions
as to the little details he must observe in
order to get an accurate result; and even
after he has become familiar with the sim-
pler determinations he rarely attempts, and
indeed has no time to attempt, anything of
the nature of an original investigation in
qualitative or quantitative analysis. It in-
deed sometimes happens that a student at
the end of his second year has never pre-
pared a pure substance, and is often utterly
ignorant of the methods employed in the
separation of substances by crystallization ;
he has never conducted a distillation, and
has no idea how to investigate the nature
and amounts of substances formed in chem-
ical reactions; practically all his time has
been taken up with analysis. That this is
not the way to teach chemistry was cer-
tainly the opinion of Liebig, and in support
of this I quote a paragraph bearing on the
subject which occurs in a very interesting
book on ¢Justus von Liebig: his Life and
Work,’ written by W. A. Shenstone (pp.
175, 176).

“In his practical teaching Liebig laid
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great stress on the producing of chemical
preparations; on the students preparing,
that is to say, pure substances in good
quantity from crude materials. The im-
portance of this was, even in Liebig’s time,
often overlooked ; and it was, he tells us,
more common to find a man who could
make a good analysis than to find one who
could produce a pure prepa,ra,tlon in the
most judicious way.

“There is no better way of making one’s
self acquainted with the properties of a
substance than by first producing it from
the raw material, then converting it into its
compounds, and so becoming acquainted
with them. By the study of ordinary anal-
ysis one does not learn how to use the im-
portant methods of crystallization, fractional
distillation, nor acquire any considerable
experience in the proper use of solvents.
In short, one does not, as Liebig said, be-
come a chemist.”

One reason why the present system of
training chemists has persisted so long is
no doubt because it is a very convenient
system : it is easily taught, does not require
expensive apparatus, and, above all, it lends
itself admirably for the purpose of competl-
tive examination.

The system of examination which has
been developed during the last twenty years
has done much harm, and is a source of
great difficulty to any conscientious teacher
who is possessed of originality, and is de-
sirous, particularly in special cases, of leav-
ing the beaten track.

In our colleges and universities most of
the students work for some definite exami-
nation—frequently for the Bachelor of Sci-
ence degree—either at their own University
or at the University of London.

For such degrees a perfectly definite
course is prescribed and must be followed,
because the questions which the candidate
will have to answer at his examination are
based on a syllabus which is either pub-
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lished or is known by precedent to be re-
quired. The course which the teacher is
obliged to teach is thus placed beyond his
individual power of alteration, except in
minor details, and originality in the teacher
is thereby discouraged: he knows that all
students must face the same examination,
and he must urge the backward man
through exactly the same course as his
more talented neighbor.

In almost all examinations salts or mix-
tures of salts are given for qualitative anal-
ysis. ¢ Determine the constituents of the
simple salt A and of the mixture B’ is a
favorite examination formula; and as some
practical work of this sort is sure to be set,
the teacher knows that he must contrive to
get one and all of his students into a condi-
tion to enable them to answer such ques-
tions.

If, then, one considers the great amount
of work which is required from the present-
day student, it is not surprising that every
aid to rapid preparation for examination
should be accepted - with delight by the
teacher ; and thus it comes about that tables
are elaborated in every detail, not only for
qualitative analysis in inorganic chemistry,
but, what is far worse, for the detection of
some arbitrary selection of organic sub-
stances which may be set in the syllabus
for the examination. I question whether
any really competent teacher will be found
to recommend this system as one of educa-
tional value or calculated to bring out and
train the faculty of original thought in
students.

If, then, the present system is so unsatis-
factory, it will naturally be asked, how are
students to be trained, and how are they to
be examined so as to find out the extent of
the knowledge of their subject which they
have acquired ?

In dealing with the first part of the ques-
tion—that is, the training best suited to
chemists—I can, of course, only give my
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own views on the subject—views which, no
doubt, may differ much from those of many
of the teachers present at this meeting.
The objects to be attained are, in my opin-
ion, to give the student a sufficient knowl-
edge of the broad facts of chemistry, and at
the same time so to arrange his practical
work in particular as to always have in
view the training of his faculty of original
thought.

I think it will be conceded that any stu-
dent, if he is to make his mark in chem-
istry by original work, must ultimately
specialize in some branch of the subject.
It may be possible for some great minds to
do valuable original work in more than one
branch of chemistry, but these are the ex-
ceptions ; and as time goes on, and the mass
of facts accumulates, this will become more
and more impossible. Now a student at
the commencement of his career rarely
knows which branch of the subject will
fascinate him most, and I think, therefore,
that it is necessary, in the first place, to do
all that is possible to give him a thorough
grounding in all branches of the subject.
In my opinion the student is taken over too
much ground in the lecture courses of \the
present day : in inorganic chemistry, for ex-
ample, the study of the rare metals and
their reactions might be dispensed with, as
well as many of the more difficult chapters
of physical chemistry, and in organic chem-
istry such complicated problems as the con-
stitutions of uric acid and the members of
the camphor and terpene series, etc., might
well be left out. As matters stand now,
instruction must be given on these subjects
simply because questions bearing on them
will probably be asked at the examination.

And here perhaps I might make a con-
fession, in which I do not ask my fellow-
teachers to join me. My name is often at-
tached to chemistry papers which I should
be sorry to have to answer ; and it seems to
me the standard of examination papers, and
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especially of Honors examination papers, is
far too high. Should we demand a pitch
of knowledge which our own experience
tells us can not be maintained for long ?

In dealing with the question of teaching
practical chemistry it may be hoped, in the
first place, that in the near future a sound
training will be given in elementary science
in most schools, very much on the lines
which I mentioned in the first part of this
address. The student will then be in a fit
state to undergo a thoroughly satisfactory
course of training in inorganic chemistry
during his first two yearsat college. With-
out wishing in any way to map out a
definite course, I may be allowed to suggest

that instead of much of the usual qualita-

tive and quantitative analysis, practical
exercises similar to the following will be
found to be of much greater educational
value. :

(1) The careful experimental demonstra-
tion of the fundamental laws of chemistry
and physical chemistry.

(2) The preparation of a series of com-
pounds of the more important metals, either
from their more common ores or from the
metals themselves. With the aid of the
compounds thus prepared the reactions of
the metals might be studied and the simi-
larities and differences between the differ-
ent metals then carefully noted.

(3) A course in which the student should
investigate in certain selected cases: (@) the
conditions under which .action takes place ;
(b) the nature of the products formed; (¢)
the yield obtained. If he were then to pro-
ceed to prepare each product in a state of
purity, he would be doing a series of exer-
cises of the highest educational value.

(4) The determination of the combining
weights of some of the more important
metals. This is in most cases compara-
tively simple, as the determination of the
combining weights of selected metals can be
very accurately carried out by measuring
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the hydrogen evolved when an acid acts
upon them. :

Many other exercises of a similar nature
will readily suggest themselves, and in ar-
ranging the course every effort should be
made to induce the student to consult orig-
inal papers and to avoid as far as possible
any tendency to mere mechanical work.

The exact nature of such a course must,
however, necessarily be left very much in
the hands of the teacher, and the details
will no doubt require much consideration ;
but I feel sure that a course of practical in-
organic chemistry, could be constructed
which, while teaching all the important
facts which it is necessary for the student
to know, will, at the same time, constantly
tend to develop his faculty of original
thought.

Supposing such a course were adopted
(and the experiment is well worth trying),
there still remains the problem of how the
student who has had this kind of training
is to be examined.

‘With regard to his theoretical work there
would be no difficulty, as the examination
could be conducted on much the same lines
as at the present time. In the case of the
practical examination I have long felt that
the only satisfactory method of arriving at
the value of a student’s practical knowledge
is by the inspection of the work which he
has done during the whole of his course of
study, and not by depending on the results
of one or two days’ set examination. I
think that most examiners will agree with
me that the present system of examination
in practical chemistry is highly unsatisfac-
tory. This is perhaps not so apparent in
the case of the qualitative analysis of the
usual simple salt or mixture ; but when the
student has to do a quantitative exercise,
or when a problem is set, the results sent in
are frequently no indication of the value of
the student’s practical work. Leaving out
of the question the possibility of the stu-
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dent being in indifferent health during the
short period of the practical examination,
it not infrequently happens that he, in his
excitement, has the misfortune to upset a
beaker when his quantitative determina-
tion is nearly finished, and as a result he
loses far more marks than he should do for
so simple an accident.

Again, in attacking a problem he has
usuvally only time to try one method of so-
lution, and if this does not yield satisfac-
tory results he again loses marks; whereas
in the ordinary course of his practical work,
if he were to find that the first method was
faulty he would try other methods until he
ultimately arrived at the desired result.

It is difficult to see why such an unsatis-
factory system as this might not be replaced
by one of inspection, which I think could
easily be so arranged as to work well.

A student taking, say, a three years’
course for the degree of Bachelor of Science
might be required to keep very careful
notes of all the practical work which he
does during this course, and in order to
avoid fraud his notebook could from time
to time be initialed by the professor or
demonstrator in charge of the laboratory,
An inspection of these notebooks could then
be made at suitable times by the examiners
for the degree, by which means a very good
idea would be obtained of the scope of the
work which the student had been engaged
in, and if thought necessary a few questions
could easily be asked in regard to the work
so presented. Should the examiners wish
to further test the candidate by giving him
an examination, I submit that it would be
much better to set him some exercise of the
nature of a simple original investigation,
and to allow him two or three weeks to
carry this out, than to depend on the hur-
ried work of two or three days.

The object which I had in view in writ-
ing this address was to call attention to the
fact that our present system of training in
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chemistry does not appear to develop in the
student the power of conducting original
research, and at the same time to endeavor
to suggest some means by which a more
satisfactory state of things might be brought
about. I have not been able, within the
limits of this address, to consider the con-
ditions of study during the third year of the
student’s career at college, or to discuss
the increasing necessity for extending that
course and insisting on the student carry-
ing out an adequate original investigation
before granting him a degree, but I hope on
some future occasion to have the opportu-
nity of returning to this very important part
of the subject. If any of the suggestions
I have made should prove to be of practical
value and should lead to the production of
more original research by our students, I
shall feel that a useful purpose has been
served by bringing this matter before this
Section. In concluding I wish to thank
Professor H. B. Dixon, Professor F. 8. Kip-
ping, and others, for many valuable sugges-
tions, and my thanks are especially due to
Dr. Bevan Lean for much information
which he gave me in connection with that
part of this address which deals with the
teaching of chemistry in schools.
'W. H. PERKIN.

SCIENTIFIC BOOKS.

La face de la terre. By EDOUARD SUEsS.
Translated from the German Das Antlitz der
Erde, by EMMANUEL DE MARGERIE and
others, Vol, II. Paris, Armand Colin &
Cie., 1900. Pp. 878.

The first volume of this important transla-
tion has already been noticed in the pages of
ScieNcE (Vol. VII., p. 808). The second vol-
ume contains the third part of the work dealing
with ¢ The Seas.” After a brief review of the
opinion of geographers concerning the question
of changes of level of the sea in relation to the
land, Suess adopts a terminology intended to
avoid any implication of the movement of the
land in relation to the sea in observed dis-
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placement of shore-lines. These ‘shifts of
relative level,” as Robert Chambers termed
them, are then qualified as negative when the
sea-level appears to fall and positive when it
appears to rise, in accordance with the termi-
nology employed in reading tide-gauges. For
the expression ‘elevation of the continent,’
we may substitute then ‘negative displace-
ment of the shore-line,” and for ‘submergence
of the continent,’ positive displacement.

The geological structure of the lands about
the Atlantic is treated with much care in order
to bring out the history of displacements of
shore-line in this part of the world. A similar
discussion is devoted to the contours of the
Pacific Ocean. In summarizing the characters
of these two great ocean basins, Suess finds
that ¢ with the exception of the Cordillera of
the Antilles and of the mountainous trunk of
Gibraltar which circumscribes the two Mediter-
raneans, no part of the contours of the Atlantic
Ocean is determined by a folded chain. The
internal border with groups of folds, the coasts
cut by rias indicating a sinking of chains, the
inclined fractures of horsts and the step-faults—
such are the varied elements which determine
the plan of the shores of the Atlantic Ocean.’’

As for the Pacific Ocean, ‘‘with the ex-
ception of a segment of the coast of Central
America in Guatemala where the Cordillera
making the turn of the Antilles is depressed,
all parts of the border of the Pacific Ocean,
of which the geology is known, are formed by
chains of mountains folded towards the ocean
in such a way that their external plications
serve to outline the continent itself or consti-
tute a belt of peninsulas and aligned islands.”’
He then considers the ancient Paleozoic seas
with the view of sifting the evidence which
their sediments and faunas present in relation
to the question of ‘submergence and emer-
gence of lands’ and ‘movements of the
hydrosphere.” Our author finds insuperable
difficulties in the commonly accepted explana-
tion, and in this and following sections of the
work develops the idea of swayings of the
ocean waters alternately towards the equator
and the poles to account for the numerous
instances of advance and retreat of the sea
afforded by the Paleozoic and Mesozoic for-



