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CHAPTER I
‘INTRODUCTION

The hlst@rla %renda in the ﬁav&lopmant @f e&emiatry 1n
the colleges and univeraitias ar the Hmitad Statea &ra ax@eeﬁ-
1ngly 1ntarest1ng and valuahl@ as a memms ar interpretating \
conditions which meuireat themsalwea teﬂ&y. # eamplet@ undar;
standing of the eanﬁitiana whieh eziat at tns praa&nt time 1n
college chemistry teaching is praemiaally impaw%ibl@ withaut
a knowledge of the forces which @frect@d ﬁevalopm@nta 1n aub«
Jeet matter, aim, m&thad of teaehimg, and uraining of taanh&rs
as they grew to the point at whieh they are now faunﬁ »

The laat seventy~five years hﬁV@ seen great and rapid
developments along seientifie lines. Tﬂis davalapmant has
come 80 quickly the lust fifty yaars’that soeiaty hes not as
yet had time to sdjust itself ta chan@ea eanditiena. coylar
Meriwether expresses this thought very well in his writings.

He says~1

Man wss emencipated. rram his own past. ‘since then

he hes turned to science, Getting control of himself, he
sought control of nature, He haa done forever with rakin&
and gloating in the chermel houses behind; he has set his

* Tike most introductions this heés been written after
the study hes been made,

1 . ral
Coyler M@riwether, Qur Colonial Curriculum. Centrsl
Publishing Co., Weshington, D, C., L1907, p. BBC.




&

‘face to the morning light sahead. In doing 80, he haa seen
mora in one @antury than his fathers sew in twenty.

gha m&tura or tbe atudy. Tha main objective of this

atuﬂy hes been to trace the grcwth end development of chemigiry
as a subj@et 1n the aollegas anﬂ universities of the United
gtatas,g In this survey &n attempt ia méde to present & clsar
picture of tha growth ar the ahamistry curriculum from a dis—"

@rganized masa of material and information of colonisl times

to the highly diversifiad gourses or study offered at the pres-
ent. Another desirable objective of this study hes been the t
of bringing to ii@ht the v&ricﬁs roieas which have played &n

3 * importent role in molding the chemistry curriculs as they have
ﬁ developed. |

Previmus studiee. Buch materiel hes been written on

this subject but none has been found which treats of the

topie from the polnt of view which this study takes. 4 greast
number of articles heve been published, snd meny books have
been written which deal with the history of chemicel educetion,
Then too, there have been meny valusble books written on the
general history of educetion in the United 3tates. Govern-
ment elreulars of informetion have elso been published which
present pertinent feets regarding chemieal education in this
country.

The soope of the study. This study trests of the nature,
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aims, methods of instruetion, subject matter, end extent of
chemicel @dugﬁt;ng,@a it 1s found during the verious periods
- of 1ts development in this country. It also ettempts to pre-

- sent the deta idisuch & feshion that the relationships exist-
ing between various factors mey be recognized. The broad scope
of the subjeet has caused & limitation of the survey in eértain
pheges, Consequently no atiempt has been mede to completely
exhaust the‘auhjeot‘ia all its detajils,

As 8 reﬁult of this, only the very importent end influ-
&nti&l men who had 8 pert in the history of this subject have
been considered to any great extent, Biography material has
been entirely omitted in this study. The phoses which are
covered include the content, eim, method of imstruction, and
extent of the chemistry currieulum &s it developed in this

¥ethod of procedure. Pertinent historicsl influences
and their reletionship to each other were chosen from vaérious
types of informational msterial. By contrasting different
types of repraesentative dste with other meeningful informetion
and by the use of numerous quotations, an attempt was msude to
portrey the nesture and content of the chemlstry curricule of

the verious periods of its development in the Americen colleges

and universities,

Presentation of deta. The plan of this study hus been
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to present & chrouological history of chemistry &s'a separate
gubject in the eolleges end universities of the United States
from its b@giaiinaa to the present time, The data have been
pr@aanﬁqﬁiiﬁ,ﬁ%@h,avgaéhian 80 @as to fulfill this objective.
Eﬂgiﬁ@;agkylﬁh‘Qhem;aﬁryyin its beginnings in colonisl times,
€@¢ﬁ§93n,t@ the gggsant,wthsV@hrmnelpgicﬁl oidar héa been
u?il;gaﬂ. _A\graq% porﬁion of the data 1nc1uded in this study
arv;érwaentad ln“the form of statiatieai tables. The text of
this study is aividea into four natural divisions. The second
chapter treat#xof the beginnings of chemical educetion in
galogialA%}maa; the third chapter traces the development of
ehamiatry‘ﬁg:to the time when it gained & foothold &s & sep-
arste @“biﬁ@t in the eolleges anpd univa&sities; the fourth
ehapter(attémyta to show the development of the 1ah0ratorﬁ
method of chemical imstruction; the fifth chapter brings the
atuﬁy up to the preaént time by picturing the advances in

chemicsl education since 1870,



CHAPTER II

THE %?GI%%I%@% OF CHEMICAL EDUCATION IN COLONIAL TIMES
TG ABOUT 1780
If the parioduaf time inoluding the aavelcpment of

the United ﬁt&taﬁffxam the first settlements to the present
were set to the scale of ome dey, it might be seid that
prectieally 211 the great advancements in the science of
chemistry and the development of this subject in educstionsl
institutions have teken place during the lest four or five
hours. This rapid development has been & natursl outgrowth
of rescting forces which had their origin back in esrly per-
iods. In order to obtein & true picture of the scene i't;h:xmug):l
whieh @h@migtry pessed s 1t developed from an unorgenized
group of faots end superstitions to the nighly organized and
predictive sclence of todsy, it is necessary to examine end
look into the conditions regarding science which prevsiled
during the earliest days of this country. Therefore, this
will‘be théipyrpasa of this ehéptar glong with that of show-
ing the beginnings of chemical e&uamtiﬁn in the United 3tates.

ﬁéienﬁ& in colonisl times. Our sncestors brought over
the Atlantie with them & belief in the explemstiona given by
ancients of any netural phenomena that'amma before thelr eyves.
The world of physiocel things was surrounded by mysticism and
superstitions, Their attitude was thut of unquestioning relience
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upoR the explanations of things wbé&k them in terms of buse-
leas theories whioch eclutohed at the sctions wf‘ﬁhé slmighty
u&@r‘thwir*h&gﬁsm - Coyler Meriﬁeth@r expresses the attitude of
these piopeers quite well when he says:®

The forests eround them rang with the ecry of bird
énd besst, but when they wanted to solve sny puzzle that
they noted in enimel life they leaped beeck years to Pliny,
"the greatest gull of antiguity." The best educated
smong them stered in the grestest emazement at everything
upususl and eclutched at beaseless theories that few naked
saveges sround them would heve scercely tolerated. .The
miniaters scted s soothsayers and expounded the hidden
meaning of monstrous births end even played zhowmen to
exhibit these gastly messages From the Almighty. The

- doetors were ealmost a5 orude snd primitive as medicine
man in Central Africa. They looked up to Faracelsus and
wrought c¢ures on the prineiple of like by like., 4 toad
hes werts, therefore, the applioation of them ls good for
pmmll pox, If you suffer from jaundiee, why color the
milk you drinmk with saffron snd you wili be free from
your trouble.

This attitude mey also be exemplified by tha tesching
efwéhwriaa ﬁar£an,‘éb;;h&m Piwra@n.KGr&vanéaﬁﬁa, and Rohault.®
ﬁharlém Mbrtaﬁﬁ@ama\uV$r rrmm Emgl&na ﬁigﬁly r&ayﬁmmndaﬂ to
‘taﬁah aci@awa at ﬁaivﬁré ﬁniv&rﬁity, the center of education
and 1@arnimg in the new world et that time, Ne explsined that
birds went to the moon in the @rbméaa of migretion.® Pierson,

& Harvard greduste in 1668, afterwards the praaiﬁént of Yale

~ L Gaylef Meriwether, Qur Colonial Curriculum. Central
Publishing Oo., Washingtom, D. U, 1607, Pp. 187-8H.

 1btd., pp. 168-94.
® Ibid., p. 189,
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callege, took many notes which he efterwards used as e teacher
at Yele. The following tekea from one of these notes serves
well to illustTete the relationship of science and religlon

at thet time.%

| First, the world is neither from eternity nor able
Yo be of itself, but is & round body the most capacious
of all figures seat forth perfect. Second, sngels are &
spirit, not mede of one of the elements, but of rere
medium, endowed with resson and will, and ministers of
God, baving elways existed from the beginning, of lesst
meteriality but of many forms.

The afore-mentioned men all had the same g&aef&l con-
ception in which metaphysics end religion rule. This mey
seen gueer until one fully reslizes the extent of selentifie
knowledge present st thet time.

The foundations of modern chemistry. It is @ general
feet that 1t is not until the ﬂigﬁteaﬁtg eentury that the
decline of &1&hemy and the birth of chemistry taak'plaee;ﬁ
There sre seversl reasons why 3@;ane@ wes thought of as it
wag in thé early days, the most prominent one being tﬁat 80
little was known about it. 'The greet possibilities of
chemisiry were not demonstreted to the ﬁarld until the

eighteenth century when the experimental reseerches of Black

4
- Ivid., p. les,

5 samuel Relph Powers, "4 History of the Teaching of
Chemistry in the jecondary Schools of the United states
Previous to 1880," Research Fublications of the University of
Mionesota, Current Problems Ro. 15, university of ﬁinneso%&,

Winneapolis, 1920, p. 2,




(1728-1799), Cavendish (1731-1810), Priestly (1733-1804),
and Lavolsier (1743-94) ceme forward to pluy an importeant
role 1n esteblishing this new sclemee.® It is provadly true
that ﬂhan;‘iﬁ:L?ﬁ§@ anﬁbh“ﬁla@k‘grmﬁﬂataﬁtrma the University
of Edinburgh with the degree of M. D., his thesis on yegnesis
Albe, guieklime, and other alksline 3ubstences wes the Tirst

scourate yuantitetive exemination of & chemical action which
Ve pm&aﬁas.? ,
‘wha xas@aréhea of Gavendish, priwa%ly snd xavaiaia& |
on water und the geses of the &imosphere ure, in reslity, the
baesis upon whieh the aaiaaé@ of chemistyy is bu&lt.a It is
not surpri%ingw then, that the earliest chemical contribution
from the United ﬁﬁétﬁa was "An Anslysis of the gha lybeate
Waters of Bristol im Pennsylvenis,” in 1768, by Dr. John ds.

Normsndie.? This wes f@ﬁn£ 1n the peges of the Transsctions

of the imericen Philosophical Joclety de«ted September 10,
1768. 1In order to gain an insight into the nature of chemicsl

snulysis &t that time, 1% might be well to exemine some of ths
remavks made by the author r@g&rﬁing‘hia work with water.

® Lec. cit.
7 1bid., p. 3.
B Log. git.

g Ty 3 ‘ T o
Bdgar ¥, Smith, Chemistry in America. ©D. Appleton
end 0., New York, l9l4, Ds < i




He @mymzig

‘ + o » 8lthough 1t must bs confessed that a chymical
analysis is, in some messure, an uncertain test of the
medicel virtues of any compound; and that the quelities

OF 1%s constituent parts, when sepursted, mey not only
differ from, but ere sometimes opposite to, those of the
mizture; yet, when we want the testimony of sxperience,

r*:ha&imiggl enplysis is the best mesns of investigzating

he truth,

, In the #nﬂlywiﬁ of the weter he proceeds %o describe his
¢xperiences: |

Experiment I. 4 esmell portion of white oak bark, infused
in the waters, induced sn immediete chenge from tranaps re
ency to & dark purple colour, which 1t retained twenty-
four hours, without depositing sny sediment.

Il. uoww of the seéme water, after being mede hot, or ex-
posed for & few hours to the open alr, in & grest messure
Lost 1ts irony taste, ond recelved no otheyr eolour then
B common tincture from the while ofk bark.

11X« One drop of strong oll of vitriol, in two ocunces of
the water, produced no sensible elterstion; snd the water
after stending some time ocontinues tYransparent, without
&wgﬁﬁitim@‘&ﬁy okerish or other sediment %o the sides or
bottom. :

Iv, 0l tart, pr, delig. dropt in some of the aseme water
induced 8 obenge in the colour, rendering 1t somewhet
yellow; sndé in time preciplitsted to the bottom of the cup
& fine gold eoloursd oker. '

V. ugixteen sunces evoirdupols, esrefully evaporsted to &
dryness in 2 Chine bowl ia B. ¥. left one gruin of yvello-
ish brown powder of the tuste of tert. tartariz.

Y¥i. Iinen, maiﬁﬁwmﬂd with the scum flosting on the top of
the apring, ia‘ﬁia@aé with & strong iron mold,

VII. This water in welght 1s etscetly the same as that of
rein water.,

10 1p14., pp. 2-3.
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If onms wonders why the early colleges did not ineclude
more extensive work in the seclences, he must reslize that ss
lete as the eighteenth sentury chemistry wes struggling in
the manner lescribed sbove to be orgenized as & science on &
quentitetive busis. -It might be seld, thenm, thet before this
time the =olence of.chemistry hardly existed &s such end was
too infantile to be imeluded im the eurriculum of the very
sarly eolleges. Therefore, in an attempt to establish the
time when chemistry wes first introduced into the volleges
and universities of this country, it would, of goursze, be
f%%&l@xﬁ@ look to a peried of time earlier thanm the science
itselfl, 4 |

- It is believed that the facters whieh comtributed to
the development of sclenee tesching iu gemeral, alao con-
tributed to the imtroduction snd development of the teaching
of chemisiry, %Yhereforse, time will be taken &l this point
to exsmine the various forees which were important in molding
the development of the sociences and their consequent intro-
duetion into the curriculum of the colleges and universities

of this couniry.

The gonfliet of science with religion and the classics.

The exact p@xiéd of time in which sclience started to develop
is, of ecourse, not definitely known., It is probably true,

however, thet science had started to develop back in the days
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of ngar~ﬁ&aaﬁ«ll, During the henelssemuce, sclence wes opposed
beceause 1V tended to conflict with religion. A4lso, the revival
of the clessics was &t the time in its grestest glory sudéd was
near to the ﬁ@@wt@~§£;ﬁﬁe sduocated persons of the time. 4is
& result, the classics beoceme strongly imterwoven in the ed-
weational ocurriculum of the time and consequently becsme one

of the atrémgaaﬁv@pp@ﬁﬁnﬁs of selence and its introduction

into the @@ll&ﬁ@&.lg In the early part of the seventeenth
century, Dalton's studies led to the theory of stoms on which
is bessed the fundsmental prineiples of ahami&try. Cther in-
vestigetions followed and it should be noted thet these were
for & long time cerried on puteide the walls of the colleges
end universities. 48 & metter of fact, the aéi@na&& did4 not
enter the curriculum of these institutions for a long period
of time. The sdvocetes of the clsssics worked to keep the

sciences out of educetion end met with no great oppositicen
until the elose of tha,ﬁ&vaaﬁaanth century, when the growin
of reason apnd the remeval of the rmligi@uw monopoly, the
selentific movement, which had been so long in coming, began

to advence in repid atri@ew.lz

11 prenk plerrvepont Graves, 4 History of Edueationlig
Modern PTimeg., The Yacmillen Co,, New JOTK, LUL3; P+ GEU.

% Los. ott.
13 rpid., p. sel.
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at about the time the sclentific movement was in its
beglonings, the coloniel colleges were in the process of |
development,. The stending of the sciewces in thelr ourriculs
@mﬁswﬂwyww@ﬁ&mmy‘ha«an%&mip@%aavby considering the nature of
the institutions. These colleges were patternsd efter the
ftodel of the DBritish Universities, asud thewrefore, it is found
t$bat the tecchings were in @ large pert mede up of the classics,
with logie, geumetry, end physia$f14 this is found to be true
_beceuss the primery objeet in the inmstitution of these colleges
was the education of the ministers of the Gospel., %The greet
effoxrt of the instructors was to train young men to write and
%o spesk. Oublects of theology, ethiecs, and m@tﬁyhyaias were
much oultivated.*® wWith the sim being of this nature, it is
evident thet the introduction and development of the sclences
in their teaohings would, by necessity, be & very slow proeess.
The early colleges were by no mesns completely lacking in
sympathy for the sclences, for maany of these achools egnt&iﬁeﬂ
'mmn who were vitally 1mtar@st@& in a@iénea and aﬁtr@mémy &8 a

rﬁauik.ar tha @iaaaﬁar&a&fﬁuzim@ apd preceding this time .0

14 giiwood F. Qubberley, Public Bducation in the
United 3States. Houghton Wirflin Co., New YOTK, 1904, p. 4.

18 fleorge P, Pisher, Yife of
Ccherles “oribner snd 0., meW YOIK,

lﬁ o @it:
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The nsture of the early solleges. 4s wes mentioned
pr&vié&wly,,bh&‘a&r&i@$t aham1aa1 gontribution from this coun-
try was doted 1768, and the experimentsl resesrches of Rlack,
Cavendish, Priestly, and Levelsier did not come until the
eighteenth century, &anwéqu%a&iy, it would be useless for
cne t@ l§sk,£wi$ ﬁ@ri@ﬂv@f time 2arliier tkan the eighteenth
ecentury for evidences of extensive science teaching in the

curriculs of the cclleges, Graves @ays:w

*In the colleges

of the Unlted Jtatea the coursez show some evidenece of aéiéaae

%@&@Eihg ia the sighteenth century snd & 1litile even in the

s#%&mt&aﬁth.“ Astronomy end "the pature of plants" ere found

in the list of atudiasva&vertiéa& af Herverd in 16842, and by

1690 rnaturel philoscphy® was offered by the ssme institutlon.
In hie writinge Cubberley shows the content of the

Harverd College course in 1880 by quoting the following from

the Harvard Jollege pﬁymrs:l@

The first yesr the rreshmen reeite the clasalck
suthors lesarn't at school, viz., Tully, Vergil, Isocretes,
Homer, with the Greck testement and Oreek eveteclsm,
Dugard*'s or Farnsby's rhetoric snd the latter part of
the yvesr Hebrew grommeér and Psalter, Buemus's gnd Burger-
adiclius'e Loglck.

The segond year the sophomores recite Burgersdicius's
logiek end a mepusoript called the New Loglek extracted

17 sreves, op. oi%., p. 346,

18 gi1iwood P. Cubberley, Resdings in Public Rducstion

in the United States. Houghton RITT1In 00,, Neéw York, L1o0o&,
PP .%“W »
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from Lsgrande and Mr. (7] Copeslund. Wolleblus on Jeturdsy ,
and in the latter part of the yeer Herebord's Veletemata,
continuing still part of the year recitutions ia the [ore-
mentioned Greek and Hebrew books and dispute om logical
quastions twloe a week.

- The %third year the Junior Jophisters recite Hare-
bord's Meletemats, Mr. Morton's Physicks, Dr. ¥ore's
Balclk, a sistem Of geographby, vnd e sistem of metu-
physicks. Wwollebius divinity on 3aturday, and & dispute
twice © waek oa pinysiesl and metephysicel snd ethicel
questions.

. The fourth yeer the senlor sophisters recite Alsted's
geometry, Gassendus's astiroamomy, goe over the arts, viz.,
grommér, logliexk and maturel philosophy, imes Wedulls, and
dispute once 2 week on philsophical aud sstronsmicul
questions.

Cub%arl&y’h@ﬂtiﬂum@ to say: "4 statement, signed by Fresldent
sadsworth of ﬁarvarﬁ; eud deted warch 15, 1725, shows the seme

course of imstruction in use, umchenged.®

The beginnings of chemlsiry lmstruction 1n nstursl

philosophy sourses., In some ¢olleges ohemistry wes introduced
es 8 pert of the course im nstursl philosophy or naturel nis-
tory aud for this resson it is well %o look into the geueral
nuture of tﬁﬁa& gourses &8 they were teught in the serly adu~
cetionel institutions. During the eighieenth century Ysle,
Princoton, Kings, Dertmouth, Union and Fennsylvanla Colleges
offered work in netursl philosophy or nstural hi&t@rx}@

These eourses ususlly inecluded physies, chemistry, geology,

usztronomy, botany, snd zoology. Chemlatlry when tasught at all

19 Graves, loe. 6it.
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was an unlmporteat Lrench of physics waleh seems to have béen
‘& subcrdinste branch of metbemailes. DBecsuse of the leck of
selentific knowledge et that time physies consisted of pruc-
tieally nmthiﬂg more th&ﬂ lectures on mechanloes, hydrostatics,
pneume tied, and optics, with possidly a few dlscussions on
heet, sound aad al@@trimity.gm This was taught by leetures
with o few d@mnn&tr&tiums by the tescher. fhﬁg& demonstrations
were, in most ¢sses, given over ito entertalnument amﬂyﬁpaeﬁaaw
ular effects., The eppuratus whieh 8& & general rule was
gearce und aezi@uﬁly lacking in effielency and was used not
to excibly &bﬁ@i&ﬁﬁiflﬂ griﬂaipl@ ag muah'&s‘it was used to
create a plecsing displey of unususl phenomena, Nysticlsm
end superstitlon surrounded chemlsiry at this time because
1t was thought of in terms of alchemy, It wes @les ususlly
gonceded to be an ary r&thér*tﬁﬁnﬁﬁ saiana&. Hatarel phile
os0phy wos u&u&ll? taught without tha~ﬁid>a§ & text book be-
euuse of the absence of availwb&é &ﬁd maaqm&t@ books. Irob-
suly su excepblion o thia‘i& Gh&wl@é %&rtan'a eollege text
book which alght serve wail o bfiﬁg out th@rgaﬁaral asniant 
of the early usturel philosophy cmura@s.gl in this book he
used poetry to lmpress ﬁh@ explanations. He tried to @xplein

why the Indlan monaoon chenged its direetion. These currents

20 Totd., p. 247

21 yeriwether, op. oit., p. 190.
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of alr streaming in & northverd directlion sirllke sgalnst high
mounisins or lorpe clouds ﬂnﬁ are thrown buck and therefore
during th@‘r@at of the yesr the winds blow in the opposite

direction. e amrxiﬁa thia @Xplamatium further b3 putting 1t
into v@mw.ww

i s el br&im&, sﬁrﬁamd elau&a th@ monsosons are MNorih RBes
From tm& atlantick vapore South and west,v

He axwlains thet earthquakes come Lrom %ha @n@ﬁing up
of wind below fermenting, bursting out, causing "tramblingﬁ”
amd *strokes.” He puts this alsoc in #ara&:

"In ﬂubt@rranawua ceverns winds do froliek
“hen mother sarth iz troudbled with the colicek,®

The following is the table of contents of jorton's

8%

book, taken from a manuscript copy @fﬁlﬁ&?.;

Chapter Index totius hujus libri
Prefece to the bBOOK

1 0f Physicks in Genersl
2 0f the general Fart of Fhysieks
Z2 0Of the Affections of Watursll Body in generall
4 0f the dpsocisll part of physicks
5 Of Heavens in gpeciell
& Of Terrestrial body, of the elements in Jenersll
7 ©Of the Elements in ﬁpaeial end first of fire
8

of Air
g Qf Water
10 Of earth

11 0f mixed body in ganarall and its affections

12 Of the species of mixed bodies and Tiery meteors
13 ©Of comets

14 Of sery meteors

16 Of watesry meteors

16 Of appesaring meteors

22 Log, oit.
23 Ivid., pp. 191-92.
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17 0f perfectly mixed bodies and fivst of atone
18 Of metalls aud mineralls

1% Of animate hodiss in genor:ll end speciall
20 Of the growing feculty

21 Of procrection

B2 Of sensitive living bodies

2% 0f seeing B

84 Of hearing

8% Of smelling teste and touch

88 Of interior senses

87 Cf sensatlve sppetite

28 0Of locomotion V

29 Of secondary affections, swske and esleep
30 ¢or the species of animel brute snd men

31 Of the world . '

&8 wée mentioned previously, Abraham Plerson, & Harverd
gr&ﬂwata~iﬁllﬁﬁﬁj‘mrt@rwar&@ the first prﬁwiﬁ@@t of Yale col-
lege, wis very industrious in teking notes. iLlong toward the
riddle of the little book in which his notes were pound iz a

part which he called Compendium Philosophise Faturelis. This
is composed of 8 serles of 180 propositioans, snd virtually
dafinitions of s%ah terms as affinity, motion, porosity, air,
witer, savor, ﬁépx; eulor, &9@31@&, and senses. Thuzs the
nature of the course mey be gathered by natiﬁg the materiel
included. , R o

The science authorities for Yele from her beglnning
down to the ead of the coloniel period inelude FPierson,
Roheult, Grevesande, and Enfield. These men hsd practically
ldentical cnnoaptibna of selenve. Tt wés a sclence drenched
in metephysics and religlous cloude; 1t was & acience in

24
which metephysics snd religion rule. mhe first physical

#4 1vid., p. 193.
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theses &t Forvard bring out the sfsme 1dem regsriing scoience,2P

Porza ¢t scelidone .
The form is accidental.

Quicquid movetur ab aslioc movetur.
wﬁ&ﬁavwr ig moved 12 moved by something else.

ﬂibyl &&it 1in b@ipaum.
Hothing sets upon itself.

In uno amrpara non auat pluree snimee.
In one body eve not many souls.

Fhentesie producit reales effectus,
An sppegrance mekes real effects.

Selence apparstus in the early eolleges. The naturel

philosophy or natural higtory courses were teught under the
handienp of inedequate apparstus. 'gﬁﬂl7aa,'ﬁmrwmré College

haa.tha longest list of apparatus fd&”tﬁﬁ'anudy of &Qipnea,

the following is & 11@t‘ef the apperetus: >0

Mrechenieks
1. & strong belisnce and stool for m@aaurimg the forece
, of felling bodies,

2., The double cone &nd bress rules,

%, A sett of bodies Tor exreriments of the falling and
roiling af‘hoaiwa' 8lso & smsll bsllauce for
experiment of the center of gravity, with a

‘ support for Ballsnoe,

4, A FBellenes with 1ts weighta, false scales and pedastal,

5, An instrument for estimating oblique powsrs in the
axis ip Peritrochio,

8., Apparstus for explaining the three kinds of Lavars,

with 8 sett of compound levers,

7. Apperatus for explaining the pulleys,

® 1u1d., p. 196-97.
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Appazetus for the welge,

4 compound Enginpe, ' ’

Apparstus for experiments of centrifuzel force, to=
gether with apparstus for experiments of light
and elecirloidy with solid glass eylinders,

A 1&r%a‘eama&va mirror,

A smell ednver mirror,

4 ooneeve eylindrical mirror,

Sn instrument for showlng thot the lines of the
sngles of Incldence and rofraction bear a eon-
stont proportlon o esch other,

Apparatus for experiments of light and colora,

A portable comers obsoure,

A eyliader a8l pieture,

- smell telescope with o concave aye-~glics,

4 slngle concave, & doubls epneeve, &nd & miniscus
glasg, slso multiplying zluss,

Dydrpatuticks

L.

2.

S

4.
a'
7,

8.

Pn&umﬁﬁ}cks

A large stool Bellence with a counterpoise 10 one
zeale, & pilllar for supporting 14, & lsrge gless
Jarr, & Ballance for ¥ighing levity, with all
the particulers expressed in ¥yd. Tlate 1,

4 sett of Troy welghts 64 oz., with Penny welghts
and Graina, A box wlth loek and Winges for acsles,

Appérutus for the gramd Hydrostzticel experiment,

throe loge'd syphon, with two syphons,

4 gluss with hydrostatical Imsges,

4n hydrostatioel Ballence,

4 modsl of a sucking pump in gleas,

Rydroztutiles ™1, 2, Tig. 2,

An sreometer,

i
Et’

4o

S,

6.
74
8.
Yo

Two setts of Taubes for Torricellien experiments,

4 frame for supporting them,

apparatug for Moas. Auzout's experiment,

4 laorge double mir pump with its apperatus,

A Mube in 2 screw for exporiment ageinst suection,

Appuretus for lifting of weights by the spring of
air, contaiped in & bladder,

4 bottle for weigbing the air, with & bent pipe for
exhuusting the bottle,

cepillery Tubes and Cless plains for the sscent of
af fluids,

A peir of brass plelns,
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10.  Appeératus for the Hemispheres,
bde & syrlunge for the aompx&mﬁiuu of the alr,
L&. A portable Barometer, . «
ade 4 Thermometer,
lbe - 31x vials in eeps,
1b. 48 ditto without oaps,
LBy A small bowl ﬂaamt&in,
i7. & bivieg Bell,

ﬁiﬁéélg
L. 12 Lbs. of Quicksilver,

B. 1l& Gless Tubes of different Bores,

3. & losdstone,

4., @mii& Fhosphones ,

5. 12 Doz. of Grapsde Drops,

6. & Doz, of the Lecryme vitrol,

7. QCement and lLsdles,

8. An hend viee,

$. Two spere double screws,
0. & dupliesate of the Guupowder (less unitixed,
1l. Tube for Ree. Pneu, P. 8, fig. 2,

The amount 0f ehenmistry tsught in the early colleges
may be inferred by an examinetion of the preceding discussions.
Note should be taken of the fset that the nature and extent
of chemistry tesching present at this time continued untll
the middle of the eighteemth eentury when the first professor-
ghips of chemistry wevre erested. Before the middle of the
eighteenth century there wers no sepsrstfe opurses in chemlsatry,
80 naturally thet which wes teught waes ineluded in the rmtural
philosophy or natural history courses.

It wes thus thet the esrly foundetions for the tesch~
ing of chemistry were luid in the colleges of the United itates.
It ies highly gretifying to know thet the sclence of the period
with which this chapter is concerned hus a@vaiopa& to the ex~

tent which it hes rerched at the present time. At the close




of this ehapter, the periofd iz renched
development of chemistry #w & separate
and mmi#ér#iti&m of the United 3tates,
gald %o h&va had ita hagxnninga ﬁuring

@ig&tmamtﬁ eentury.

21
in which is found the
subjeot in the colleges

thia period mey be
the middle of the



© CHAPTER IIX

Oﬁ&ﬁlﬁTﬁY GAINS A FGGTBGL@ IN THE EARLY COLLEGES A3 A
: SEPARATE SUBJECT, 1750-1880
as rasearahea during the last h&lr of the aighteanth

@entury wrmught ravalutianary ideas e@naerning m&ny established
principlaa ar ahamiatry, tha great pamaibilltiam of this sclence
b@g&n to be mbvious ﬁ@ tha world, During the last half of tha
eightaenth aantury & grmup of men in‘Eurapa ﬁmg m&kin@ dis~
aovériag whiah’entirely sltered the science of eh&mistry;
&n & group inelu&ad such men as ﬂargm&nn, 3heele, Black,

Gavenaiah Frimatly, and L&veiaier.

The nature of the chemigal sclence during the middle

of the eighteenth gentury. In order to underetend why these

- discoveries were so important in the development of the entire
field, 1t must be rém&mh&rad/&hat*up to this time chemists hed
believed fire, air, and water, to be simple substances which
could not be divided or broken up into any other kind of
matter. Nearly & century before this period, Newton had
pointed out thet when substences are mixed tagathar some kinds
attracet each other very atrangly,@pﬁ Join tog&th&r, meking one
compound substence. To i1llustrete this he aai&,l "I you put

copper in nitric seid the copper will dissolve and diseppesr;

1 Araballa B, Fisher (Buckley), A Short History of
Netural 3oience. D. Appléton and Co., Few ?brk;*xgng

PP ﬁm'ﬁg ¥
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but if iron is added the copper will reappear weceuse iron
attracts the nitric mocld more strongly than the copper does."

~ Chemiste had until this time neglected this observation
of Newton's, Bergmenn worked on this and by & number of ex~
periments mede out & table of those substences which seemed
to have the greatest affinity for each other. This he called
& table of "elective ai’ﬂmiti&s.” From this time on much has
been written on the #ubjm'a of chemiocml affinity. At & little
later period the text books sre found to have whole chapters
given over %o this topie. This is found to be true in Henry's
oh&mwﬁry,g in which & chapter is given over to subjects such
48 fam:sim. ‘wwmbm, crystallizetion, chemical affinity, the
phenomens of chemiocal sction, the proportions in mi’ ¢h bodles
combine, atomic theory, elective affinity, ocasuses which modify
the sction of chemical affinity, the establishment of the
forees of affinity, eomplex sffinity, and axpammnt;al 1llus~
trations of dhemiocal arfmiwu ‘

It is %o Ba noted as charecteristliec of this period that

chemistry becesme fully aweke to her own proper twk. This was
to investigate the composition of substances end to find out

the things from which they could be pmp&wé.3 An important

& m‘li’am Henry, Blements of Experimental Chemistry.
pLar ‘ , ’ a ol
Vol. 1, Robert Desilver, PRiladelphid@, 1823, pp. 56-78.
3 prnst Von Meyer, 4 History of Chemistry
omiLll ‘ N

Times to the Present Day. ke on 6nd (0., New York, 1906,
R} ;
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contribution of this peried was the abolishing of certain
prejudices, end the use of asclentifie prineiples in explaine
ing chemieal progesses. It wes during this time that & com~

%hiﬁ wag 8 tim« ar raarganizatiam
of ehamiaal &a@triaa‘ It wag truly = rer@rm.*
Tﬁa aia “phlégﬁaton théary“ ﬁ&pp@rtaﬂ by Joseph Pri@stly

fﬁuuﬁ 8 rmr@arnl nppoannt 1n L&vaisier as he 1ud the way for

the new ?rancn ﬁ&haﬁl of ﬂhemistry. ‘This aountry esrly be-
came tha ewnhar rer srguments batwmen the a&v&eatas of tha
“phlagisten %hemry" and the anti-phlagiston peagle. It ia
1nt$rmsting t@ naﬁe thet 1t wes during thia time thet ahem»
1$try w&a struggling tn gain aamittaaaa 1nto the @allagaa.

Friaakly 8 arrxval har& in aweriaa in 1?94 was en important
event in tha hisvery ar ohamiu&l aéueahiﬂn‘ He d@elined
@l@@tiam t@ tha ahair @t @h&mistwy in the Philadalphia Med~
leal ¢ ﬁahmel.ﬁ #uav wh&t would bmve h&ppenaa to the progress
of ahemieal eaﬁeatian in;%hn ﬁnitaﬁ %t&tms if Priestly hed
aceepted 1s not knawn. Ha probebly waulﬂ have taught the
tottering thmory of phlogiatom and thus hindered the advence

of the new eham&atry of Laveimisr.

% 1bid., pp. 165-67.

5 Lyman C. Newell, "Ohemiaal Education in Americe
from the Rerliest bays to 1BZ0." ourm&g of ghemicsl Edu-
cation, 9:682, April, 1lR32.
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~In writing of the period previous to the Revolutionary
yer, Meriwether says:®
, It was en ege of discussion, not of investigation;
it was en age of words, not of resesrch into nmature. Men
harressed their soulé to know whet the mesters meant, they

d1d not gather their forces and concentrate their afrarts
%o learn the results of science, ’

gortant @hmmieal dlseoveries duriag the laa% of the

&1§hteenth @amhurys Thﬁ praeeding ﬁisausaiona serve wall in

gieturing the eanditiona of chemistry during the period with
whieh this ehaptar is eoncarnad. This pariod includes th@ |
time fram the middle of the aianteaath to the middle of" the
nin@ﬁ&anth cefttury. »a a means of snnwing the ral&tionahip
batwaan ths grnwth of ths ‘science amd ita treatment aa a sub-
J@mt in the eallegaa af thia eountry as well as for futura
@r&ranae, 1t 13 wsll ta maka 8 brief aummﬁry ar th& 1mpartant
uhamieml aiﬁeaveri@a 1nr1uantial in the developmant of the

sclence during thia timn. Thia summary 1is aa&piled from
7

buekley s giatorz of gatural oience.
In 1766, Blaak extracted "fixed air* from limeatone

and ax&min@ﬂ it, 1In l?&l, Bergmann diaauasaa chemical afrin~
1ty and tests and proves thet "fixed" air is &n acid. In

1766, Cavendish discovers hydrogen. In 1772, Rutherford

6 Goyl&r Meriwether, Qur Colonisl Curriculum. Uentral
publishing Oo., Wasnington, D. C., 1907, p. e,

P
4 Buckley, op. cit., pp, 446-4050.
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desceribes n&%rwgan.y In 1774, Priestly discovers oxygen. In
1796, dcheele discovers oxygen. In 1978, lavoisier overthrows
the theory of phlogiston. 1In 1779, he shows the ecomposition
of carboniec eeld, In 1784, Gavendish explodes oxygen ah&
hy@rwgan, f@mmim@ water. In 1787, Lav&isxar«f@aﬁ&s\a new
Chewi ¢al a&m&aml&tu&a./ In 1789, lavoisier's Elements of
tham&aﬁrf is pﬁb&iamwﬁ. Xn 1%&@ ﬁi@m@lwau and @&rlial« work

‘with'thm daaam§@a1%¢nn @r water, in &@80, pavy works on elec-
%ralyaia end discovers &@&1um and p@@asﬂium. In 1807, Darby
treats on hydrochlorie eeid, Ia 1808, Dalton proposes his

law of multiple proportions ﬁﬂﬁ atamia theory. In 1BO8, Cay-

Lussss work on ammbih@$1@n in multiple volumes. In 1818,

%@rz@llﬁmﬁ»ﬁ&a@uﬁaaﬁ the use of the blow-pipe. In 1832,
@0 detect chemical

Hersghel works on use of %ha'ageetmaﬁwﬂﬁﬁw

¢lements. Xn5&$%®~fhiwb&@ua&akymas‘wrgmnia-aahataaaaa. In
l@ﬁﬁ, &1@@1@ ﬁ&m@@wews ehloroform amd chlmralm. mnriﬁaa Far-
aday w&wﬁﬂ on elmatrmlyﬂim end ehwmieal nstura of alaetrla
eurrent. In 13&@, wohler makes orgsnic elements artificelly.

In 1861, muﬁ&la in the mtmmapher@ of the sun and stars dls-
govered Dby sp@mtrum analysia. Thus, is indicsted thet ahamistry
as & sclence wes not merely progressing; it was movihg by leaps

and bounds,

The neture of the esrly golleges. During the time that

the selences were going through this revolution, the colleges

justified their offerings on the basis of discipline and in-
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ﬁ&l@@@ﬁuﬁi‘@wltura. This, of course, meent drill end mentsl

dizeipline based on & study of the classics, By 1840 nearly

all the morthern colleges had s fixed and similiar currieulum.®
In discussing these esrly colleges Meriwether says:®

(RS ‘Fhelr Letin, their Greek, their Hebrew, thelr lin-
y‘guisﬁia study generally, hed given them & verbal razor for
© #plitting the helrs of dlgecussion. Logie, metaphysioes,

and theology had whetted their ardor still more keenly &nd
“hed furnished them with greet prineiples, which became
bulwarks of safety to fell back upon, The little history
‘they hed supplied them with another form of srgument, the
- most convinelng to the sversge humen mind, that of axempla.
i ' Phe ghreds and patches of selence that they gotv hardened
them in their respect for autherity. The formal rules snd
processes of methemsties that they memorized set them in
aryat&is @t unah&ngaabla faith,

Thus they stood, with trained memory, fortirie&
with gr@@t axioms, equipped with flexible and edaptive
languege, panoplied with herd dry logle, But all this
arsenal, vmaked with the lore of the ancient world, needed
the hand of activity, the power to do. The gymnasium
laeked the athlete, snd disputetion met this want. All

- this outfit waes mere lumber and rubbish unless it could
be trenaformed into the energy of adcomplishment. It was
only & geme, it is true, over a fentestle difference, but
just as friendly triels or strength develop for future
combats of 1maarhmaee 80 these mimic battles teught how
to w1m~

ghemistry justifies its edmittance into the colleges

on verious grounds. By considering the conditlon of the

seieuéaa{aiang with that of tho colleges during the sforesaid

time, one must come to the conclusion thet courses in chemistry

8 gllwood P. Oubberly, Public Eduaation in the United
States. Houghton Mifflin 0o., HEW VOTK, 18G4 ;

R

Meriwether, op. eit., p. 285.
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1

~secured & place in the eurriculum of these colleges in compe~
tition with the other traditional subjects at & time when the
support for sll subjects was given in terms of formal discips-
line. uﬁuﬁhwwlay says that up to neer the time of the out break
of the Revolutionary Wer there had been Eut one real motive for

10

mainteining sehool--the religious. gonseguently, in light

of this fect, chemistry, while attempting to geln edmittence

to the colleges, had to jJustirfy its introduction into the our-

riculum end its value @& & subject @n,vaxiaus grounds, ?h@

% knawléégm velue of & @@M%@@'@@&~&laa an'iw@artant’eﬁjaetive

for the different courses. fThis resulted in the early text-

books in ab&miﬁtry‘baaqmiag enoyclopedias of information. 48

a metter of faet, when chemistry wes first given & place in the

curriculum es & separate aubjéét. tha'gxaat@aﬁlamount of chem~

1081l informetion known was inoluded in ome small text,+>

%ﬂr%g;ﬁ@&i@%%~wung@1a. Probably too much credit cannot

be given to the early medical sshools for their fostering of
the early ocourses in ehemistry. It wes through the mediocal

schools that chemistry got 1ts foothold in the colleges of

this country. The beglanings of chemicel education were, in

10 cubverley, op. eit., p. 88,

’ 1) Guy Montrose, editor, "A Program for ‘edching 4clence. ™

Thirty-Tirst Yearbook of the Natlional Saaiagg'rmr the study of

Hduchtion, Pertl, puoilc Jchool Fublishing Company, Bloomlngion
o9 g, PP 24~ BB, . b .
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of the subject of this period 1s %o study esch of these centers
of influence individually,

an‘?ark.' In spita of the f&et that chemistry 1natrue~
%1@& hagmn 1n tha mnaiaal schools an& that Philedelphis was the
fira% t0 argmmiaa & mméteal school, the rirst prataaﬁoranip of
ahw&iﬁtry jasens to have bean introﬂuced iu mew York in 1767.
?hawa 13 @viﬁwne@ ar some little 1natruatian in madicina in
ﬁ@w Y@rk %&f@ra this time, but the first attemgt to organize
8 madiaml sahmel waa iu 1767 wheu Lr. James Smith was &ppointed

prafwssnr of ehemia%ry amﬁ materia mmﬁica.lg The next year

the aahmwl was pl&am& under the direction of the (ollege of
the Fruvia&nea ai ﬁaw York. This was brmkan up by the Revolu~
tion end was nat ramrganiz&d until 1798, This reorgenized
inetitution wes o&llaﬁ Columbia woll&ga*la

In his r&viaw of the history of cslnmbia, 9rﬁaidant
3$rnmrﬁ deeglared that during the first century of the college,
the iﬁstrﬁetiam in ehamiatr# and physios was elementsry, and
that‘"matural history™ wes ﬁaugh% ha rdly more th&n‘in n&mé.1?

But 1t is prabﬁbly true thet from the beginning and through

15 ;bida, P 76.

8 Los, cit,

17 ‘
‘ gg&t®£§ of Columbia Usiversity, The Meomillan Co.,
. Agents. The Golumblé University Press, New York, 1904, p. 208,
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the first century of Golumbia's existence, more sttention was
devoted to the natursl scjences then was customery in the ‘Eng_
lish and Americen Colleges during this mrmd.w

The first chemlstry teachers in Columbis doubtless
teught the chemistry of stehl's phlogistie motions, because
it was not untll 1774 that Priestly mede his discovery of
oxygen. This country wes not slow in taking the new chemistiy
from Burope and tesching it. Dr, Semuel Mitchell early made
clear the fact theat he was sdopting the anti-phlogistic chem~
istry of the Frenmeh. It might be sald thet he teught this
new chemistry sooner then sny other professor in the United

States. 18

This early chemistry wes teught wholly by means of

lectures and demonstrations., Even though the demonsirations
were speciascular end explosive, they were still en advance
upon the mere didectic lmstruction of i;mrli\ar times. There
wes no leboretory work by the individusl students, but 1t
seems theti a chemical laboretory fm‘ the preparstion of dem-
onstretions existed from the first, From the beginning of.
Columbia to about 1850 the chemiatry instruction was cerried

on in much the same ma&nner by &n unbroken line of pmctiwl

chemists. 20

12 roc. oit.
19
20

Ibid‘, Ppo &gg“’ggn
Ibid., p. 29.
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‘Pennsylvenia, The first medical sehool in the colonies
was esteblished in Philadelphis in 1768. This wes sixteen

years after the founding of the (ollege of Philsdelphia. How-
ever, there was no ¢hair of chemistry till 1769. Before the
sehool was opened the requirements were that chemistry should

be taught, but there wes no epperutus and no teacher qualified

to give instrdction. Dr., Benjemin Rush wes sppointed the first
professor. He wenit abroad and brought home & set of chemilcal
&pp&wﬂﬁum.%l

A% this particuler time, chemistry conslisted of little
more then & knowledge of some moids, slkalies, selts snd earths,
of which the most importent ingredients were unknown. The com-
position of sueh simple substences as alr end water was not
understood, Oxygen, hydrogen, &nd nitrogen were yet to be
aiscovered.=? |

The College of Philadelphie medical school, like the
Oollege of the Providence of Wew York, was brokem up by the
Bevolution., Iittle is known concerning the nature of the
course in chemistry whmh Rush taught because for some tlime
1ittle is recorded besides the nemes of those who held the
respective positions,.

Ten years efter this, the university of ¥hilsdelphia

21 williems, op. eit., P+ 77.

28 y.0. oit.
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ceme into being. Now there were two insteed of ome, the
University of Philadelphis and the Qollege of Philadelphia,
esch heving i%s professor of chemistry. Dr. Jemes Hutchinson
was pruf@ﬁu@w of aﬁam&mtry in the University of pPhiladelphia
whim& p@si%&@nvha mataiaaﬁ when the aoklaga of rhilaaalphia
was m@m@aa imma the ﬁn&vwrw1®y~4%~

%h& ax&et valua of @nﬁmistry to maﬁiaina was not fully
raemgaimﬁﬂ at thi& time. This mey be brought out by examining
érieﬁk@r'writteg by Benjemin Rush in 1768. 1In this he says: P
“ﬁamwthing‘@ust be said in favor of the sdvanteges of chemistry
to mnﬂiaiﬁa,'ﬁiﬂ 1ts usefulness to medical philosophy, &8s the
peopla of our country in general ere straa@aré to the nature
and oﬁjsat$ of the science.” Rush iaid an important. foundetiocn-
stone of mkamie&l education in &mﬁri@s. He wrote & book,
«@zllﬁbua of & Qourse of &aetu&&x o Dhggiatry, in 1776. This
1a the first, ‘mok of this kind written by en ime rican teacher .

and puhlishud 1a this aa&ntry.‘ For maay years thie was the

only svailable americen text-book inm chemistry.2o

Upon the death of ﬂutohiﬁman, Priestly wes elected to

28 1vid., pp. 77-78.

Thamﬂa Harrison Mon%gamary, A History of the Univer-

aity of «@mmm lvenis from its Foundations ¥O A. 7. 17705
George \ 1sdeiphia, 1900, pe 487.

2% yewell, op. eit., p. 68l




34
the position, professorship of chemistry &t the University of
Pennsylvania, but refused. Dr, James Woodhouse was later

elected, It has been said of his fivet year:Z2®

V He went %o work with zeel and deliversd e course of
lectures with great applesuse, As almost the whole of his
time wes devoted to the study of chemistry, he constantly
&dded to the number, spd varity, snd brillisuey of his
experiments. His enthusiesm wes unbounded snd his style
sentimentelly impressive. ‘ ‘ ‘

g Chemists' Pooket
,gawgﬁmian in 1?%#; PThis book wss composed of over one~-hundred

varied @mp@w&man%axwita p&@tuﬁaa of apparatus, It compeyes

Jemes woodhouse published The You

very favorably with the laboratory mesnusls of todey, It is
likely that this is the first Book of its kimd written by an
American and published in this country.2? '
@@ééhauaa!a tesching consisted, besides reocitations,
of lectures snd experiments before the elass. Thompson in
spesking of this period seys,>C “Chemistry at this time did
not g@aaaaﬁta‘siﬁglﬁ~aﬁwlyaia which éamiﬁ be considered as
even approaching Wtoa\aemgm?‘ It is probehle that all ex-
periments were explained in torms of the »phlogiston theory,”
founded by 9tshl in 1702, ¥illiems®® says thet woodhouse was

26 willtams, op. eit., p. 7.
27 Newell, 2p. git., p. 685,
28 williems, log. eit.

Bv Ibid., p..?ﬁ¢
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the lest american professor to explain his experiments by
phlogiston. &haré semms tO be some dissgreement on this 5ub~

jeot for Smith says;°0 |
.+ 4.1t is interesting to note thet the thought of

%ﬁé,Bxﬁﬁ@n;ﬁ@aa@l,meQMeﬁ this country very early snd there
-were here those who defended 1%,

. Chief smong these was Jumes Woodhouse, who had
founded the Chemicsl 3ociaty of Philadelphie in 1792. This
wos the rirst chemical society im the world. A4s fer as can
be lesrned, Woodhouse was it%s first president. This society
1ived sbout seventeen yeérs. Its members favored Tavoisier's
dootrine of ecombustion.

“?hiladélphia was the center of ahﬁmiaal atudy in Amerioca
and woodhouse baaame;tha teagher of teachers, Upon the death
of Woodhouse, Dr. Uoxe was appointed in his pluee. Te was &

very hwﬁl&iamt«@am@nstrat@r, 4 report of the feculty in 1841
31 | .

reads:

The chemicsl appsratus is, by the admisaion of all
who hsve inspected 1%, unequsled in extent, variety and
aplendor, Individuals who heve visited the schools of
ﬁarmaﬁg,rwraaaa and Great Britain agree in the statement
thet they have nowhere met with & laboratory so amply
furnished with all that is caloulated to illustrate the
selence of shemistry, as that of Dr, Here. '

‘A deseription of Herse's laboratory is very interesting.
3mith33 quotes 1t in the following menner:

%0 gagar ¥, Smith, Chemistry in smerica. U. Appleton
snd Goi, New Yoxrk, l9lé, p. ls. ,

3 yi11iens, op. oife, Pe 79-

32 yager ¥. Smith, The Life of Rovert Here. J. B.
Lippineott uc,, Philadelphlsd, 917, pp. 178=7%5.
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' - The heerth, behind the table, is thirty-six feet
deep. . On the left, whieh is to the south, is & scullery
supplied with river woter by & communiocation with the pipes
progeeding from the public water works, end furnished with
& sink and a boiler. Over the acullery is & small room

of ebout twelve feet square, used as & study. In front of
the scullery and study are glass ceses for sppersatus. On
the right of the heerth two other similer cases, one above
the other, may be observed. Behind the lower one of these
is the forge room, ebout twelve feet square; and north of
the forge room, are two fire proof rooms communicating with
each other, sleven feet square esch; the one for a lathe,
the other for & carpenter's bench, and & viece bemch. The
two leat mentioned rooms, ere surmounted by groined srches,
in order to render them secure ageinst fire; and the whole
suit of rooms whieh I heve deseribed, together with the
beerth, are supporied by seven arches of mesonry about
twelve feet each in span., Over the forge room is & store
reom, akd over the lethe and bench rooms, ig one room of
about twenty by twelve feet. In this room there is =

fine luthe, and tools,

‘ The space partizlly visible ¢o the right, is div-
ided by & floor into two apertments, lighted by four
windows. The lower one is employed to hold gelvanie
apparstus, the upper one for ghelves, and tables, for
apparatus, end agents, not in dalily uwse. 1o frout of
the floor Jjust &lluded to, is a gellery for visitors,

The eanopy over the hearth is nesrly covered with
shelves for apperatus, which will bear exposure to sir
and dust, especielly gless. In the center of the hearth
is 8 steek of brick work for a blsst furnsce, the blast
being produced by meens of & very large bellows sltuated
under one of the arches supporting the bearth. The bel-
lows ere wrought by meens of the lever represented in the
engraving, snd a rod descending from 1t through & circu~
lay opening in the mesonry.

$here are two other stacks of brick work on the
hesrth against the wall., In ose there ls a ocoel grate
which heete a flet msand beth, in the other there is s
gimilar grate for heating two eiroular sand baths, or an
alembie. 7Tn this astack there is likewise a powerful eir
furncce. Inh both of the stscke last mentioned, there are

eveporating ovens.

The laboretory is hented not only by one or both
of the grates slresdy mentioned, but also by stoves in the
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urches beresth the heerth, one of thete is included in &
chember of brick work, The chember receives & supply of
Fresh air through & flue terminsting in sn aperture in the
external wall of the building, and the air after being
heated passes lnto the laboratory at fifteen apertures,
distributed over a space of thirty feet, Twelve of these
epertures &re in froni of the teble, being four inches
squere, covered by punched sheet iron. In the hearth
there is one large aperture of about twelve by eighteen,
covered by & cest iron plate full of holes, the rest are
under the table, Hy these means the hot air is, at its
entrence, s0 much diluted with the sir of the room, that
6y unususlly equable tempersture is produced, there being
rerely more than two degrees of Fahrenheit difference be~
twesn the temperature in the upper end in the lower part
of the lecture room. There are sume smeller windows to
the south, besides those represented in the engraving.
¢ne of these is in the upper story, from which the rays
enter &t the squsre aperture in the ceiling over the
table on the right, Besides these, are the windows rep-
resented in the engraving back of the hearth, sud four
others in the apartments to the north of the gellery.

411 the windows have ghuiters, so construcied &g to be
closed and opened with faellity. Those which belomg to
the prineipsl windows are hung with weights, so that they
ascend as soon as lodsened, end when the light is sgein
to be sdmitted, sre easily pulled down by sords and fasten-
ed. In addition to the escommodetion alreedy mentioned,
there is & lurge irreguler room under the floor of the
‘lecture room op the esstern side. ¥This is used es a
plecs to stow & nwsber of cumbrous esd unsightly articles
which are, nevertheless, of & nature o be very useful at
times, Also for such purposes, end for containing fuel,
there is & spaclous cellar undér the lecture room and
laboratory.

Tt is interesting to note that Hare taughi thet secid

properties never appeer in the sbsence of water, &ad that
this £luid or ite elements are most entitled to be considered
as the escidifying prineiple; but thet probably it does not

exist in acids es water, but is decomposed when added toO them,

the particles of hydrogen snd oxymen by their different
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polarities taking opposite sides of those composing the b&ae;Ea
after Benjemin Sillimen found he was to tesoh chemistry
in Yele he went to the University of ?@anaylv&ﬁia to atudy‘
chemistry under Woodhouse. 5illiman wes one of the most ine
fluentiel men in sheping and develcping the chemistry curricu-
lum during his life. 1In speaking of hisa app@rtuniﬁiéa for

profesaional improvement &t the University of reansylvenis,
S1illimen sayazsﬁ _

- The lectures on chemistry by Dr. Jemes Woodhouse
formed & part of the course of medieel instruction in the
Medlecel 3chool of Philsdelphis. These were given in &
small bullding in 3douth Pourth street, opposite to the
State-House Yard, above, over the laboretory, was the
Anatomicel Hall, WNeither of these esteblishments was
equal to the dignity end importance of the Wedical
School, and the sccommodations in both were limited; the
leeture-rooms were not capacious enough for more theén one
hundred or one hundred and twenty pupils, and there wes
& great defleleney of extrs room for the work, which wes
limited t0 & few elosets. The chemloal lectures were
importent to me, who hed ss yet seen few chemicel exper-
iments. Those performed by Dr. Woodhouse were veluable,
because every fact, with its proof, was an acquisition
to me. The spparatus was humble, but it snsvered to ex-
hibit some of the most importent feets in the science;
and our instructor delighted, slthough he did not excel,
in the performence of experiments. VFe had no proper
assistant, snd the work was imperfeectly dome; vut still
it was & treasure %o me. sur Professor had not the gift
of & lucid mind, not of high reassoaing powsrs, nor of =
fluent dietion; still, we could understend him, end soon
begsn to iuterpret phenomens for myself and to anticipate
the explenations. . . ' : A :

"

. « s His lectures were guite free {rom any moral

53 1p1d., p. 78.

34 , | eilliman. Vol. L
George P. Fisher, Life of &an%amin S$illimen, Vol.
seribner and Co., New York, 1888, pps 100-I035
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bearing, nor, aa far s I remember, did he ever meke use
of any of the facts revealed by chemistry, to illustrate
the scharseter of the Qrestor as seen in his works. . .

I should edd respecting his lectures that they were brief.
He generally occupied & fourth or & third of the hour in
recspitulating the subjeet of the preceding lecture, and
thus he advenced et the rete of about forty or forty-five
minutes in & day,

. At the commencement of my first course with him, in
1802, he hed just returned from London, where he had been
with bavy end other eminent men. Fe brought with him a
galvenic battery of (ruickshand's construction,-~the first
that I hed sver seen,-~but as it contained only fifty pairs
of pletes, it produced little effeet. Dr. Woodhouss attempt-
ed to exhibit the exciting effects of Davy's nitrous oxide,
but failed for want of sufficient quentity of ges, and the
tubes were too narrow for eomforteble respiration. He did
not advert to these facis, but was inclined to treat the
supposed discovery es sn illuslon. I had afterwards, at
New Baven, an opportunity %o prove that there wes no mis~
take, and that Davy had not overrated the exhilarsting
effects of the ges when respired conveniently and in pro-
per quantities,--three or four qusrts to & person of
medium sige, inhaled through s wide tube. in emusing
oscurrence heppened one day in the lsboratory. Hydrogen
gas was the subject, and its relation %o life, 7Tt was
stated thet en animal confined in it would die; emd &
living hen wes, for the experiment, immersed Iin the hydre-
gen ges, with which a bell-gléss wes filled. The hen gasp-
ed, kinked, and lay still., "Phere, gentlemen," sald the
Professor, "you see she is dead;" but no sooner had the
words pussed his lips, then the hen with a struggle over~
turned the bell-glass, and with & loud seream flew &croas
the room, flapping the hesds of the studetns with her wings,
while they were convulsed with lsughter. The sesme thing
might have oceurred to any one who hed inceutiously omitted
to stete thet this gae is not poiscnous, like ecerbonie
seld, but kills, like water, by suffocestion.

FProm the foregoing the nature of the instruetipn of the
period may be gathered. In spesking of the pature of the in-
struction end of chemistry in genﬁral,~ﬁillimmn continues:

« » » The chemistry of that periad~“that of my
attendance on the lectures of Dr., ¥oodhouse, more than

helf a century ago-~had not stiained the precésion which
it now hes. The motern doctrine of definite proportions




or equivalent proportions wes then eonly bogimnines. to be
understood; the eombining proportions gr bgaiaiﬁﬁwg
%mmm{gimnm centealmal numbers, end thus the mem-
ory wes burdened, end with little satisfaction. The mod-

~ern enslysis of organie bodies was then hardly begun. co
Gelvenism had indeed awakened Burope, and progress had bee

- made towerds thome interesting dévelopments which heve f£ille
ed the world with estonishment; but their era was seversl
ymm%&%m« e w8y not, therefore, impute to & professor
of thet period the deficiencies which belonged to that

.e8tage of thig solence.. o

mag?@gﬁd;w quotations serve to desoribe the nature of the
eh@mi@trgiq@ér&%vayt the University of Pennsylvanis es well afé\
théfn of shwiymg ‘the type ﬁr‘tmmmg o which the first mr::feémr
of ahémimw at fal@ was subjected, | o
| v?gr;inia. "I‘hwe’ sgems to be acm difference of opinion
as to méjmmm 7.@1& mmm mdmm?a pmi‘agaammg 8t willism and

Mary. hillm@éz’gmw that the firvst professor of &mmstw oute
side the i&é&iaal sehool ‘appea;atb" have 'bmn Ht. Rﬂv. ramma
Medison. He goes ob to sey that chemistry seems to heve been
his mlyim‘mﬁ% and M‘tér‘ tzhirt.y ‘yéarg ‘tm wcprd& show ths
next Wacmw‘w be Dr. mmé mman, ﬁréfﬁamar of netursl phil-
osophy amﬁ.‘ chemistry. An wpé#iné péim of view is that of Lyman
c. Newell®® who states that Ww though records st Williem end
very College ure lncomplete they indicete thet ehmiatry wes
teught there &ia garly as 3.‘7'?4 by Bishop Jemes Wedlson who wes

professor of natural pnilowphy. The chemiastry wus & part of

58 Williams, Ops m», Pa Bl

36 wewell, op. eit., pp. 679-80.
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this course in netural philosophy. Newell gives as evidence
of this, certein notes taken by Madison's students which show
that 1e@turﬁa on chemistry were @ pazt of the course in natural
phil@a@@hy.~‘s
%h@ furthaw ﬁavelapmsnxa of @hamiatry at william and
maxy ara mf a@ rurthar significence to this study.

Massachusetts. Thus far chemistry has been introduced

&@s 8 separate subjeet in the colleges through the medieal sehools.
Likewise, & medical school which inoluded in 1ts tesching staff

& professor of chemistry anﬁ~matar1a medica was opened in 1783

in Cambridge. Asron Dexter was the [irst to hold this position.
His record seems to be of importance in thet through his influence
Major Willism Erving in 1791 bequeathed one thousand pounds 1o
endow & cheir in Hervard celled the Erving Frofessorship of
Chemistry end Materis Medica, This was the first of its kind

in Amaric&.gv In 1809, Dr. J@hn‘Garham was appointed to fill

the Erving prof@saerahip of ehamistry anﬁ materis mediea. His
work axartmd a great 1mrluenee on the chemistry eaurse or study
when it was struggling for r@mogniﬁiun as a aepurate’anbjmat in

the educationsl institutions,-o

Dr. John Webster was appointed professor of chemistry

in both the medical school and the colleyge in 1827. The nature

37 Ipia., p. 689.
38 1pid., p. 690,
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of the course in chemistry in those deys may be inferred from
8¢

.+ - . He gave the cless two or three chemiocasl lectures,
:gﬁgﬁw%ﬁ: grgggz; to g au&dgn end by his show experiment

Lo eadled. ine voleano-~a lérge heap of sugar and potassium
chlorate piled on e ambrgf amgatam?& irtm he had
~lighted 1t with & drop of sulphuric acid, he seved him-

self by dodging out of %the room and in & very few seconds

- all the members of the cless found themselves obliged to
Jump out of the window.

the desoription of one of his lecture courses in the college.

The fact that chemistry was taught in this menner &fter
nearly ﬁhwemr@urws‘ar;a century in \ﬁha colleges shows that
1t wes not grestly 55’6"5&@@@9%@@&%%&&& thet ip truth the:
teaching of chemistry in Harverd college had beeome extinoct,
Webster's successor, Joslah P. Cooke, wrought mény revelution-
ary changes and he halg&é place echemistry on & par with the
classicel studies,”’ This particular phese will be taken up
in Chapter IV. -

Hew M. Dr. John Mecleen wes appointed first pro-
fessor of éhaﬁmtry and mfur&l history at the College of New
Jersey-- 00w Primeet@né-?in 1?95. The rewms evellable ine
dicate tnﬁ he not emly taught the chemistry of lavolsier but
defended 1t vigarwaly;él He was & pnyamian end also praoc-

ticed medicine. _B@f@m his sppointment to the feculty of this

%9 Rufus Phillips williams, "The Flunting of Chemistry
in Ameriecs.” SHchool Seience, 2:140, May, 1902.

40 L@éo ait.

41 Newell, op. eit., p. 680,
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amllﬁgé,ﬁ@fw&a inviﬁe@q;a give several lectures on chemistry.
He made such an Impression thet he wes elected to temch. A%
first he wes allowed Yo continue to prectice medicine, but inm
1797 1% wés ordered that chemistry and natural history be taught

renches of nétural philosophy. From this time on Maclean
gave his whole time to the ¢ollege,*®

New Hempshire. Lectures were given in chemistry in the

depertment of medieinme of Dartmouth in 1798. Lymen upaslding
assembled the chemical spparstus snd delivered the first course
of lectures in chemistry et Dartmouth. There was no established

cheir of chemistry until 1820, TIn 1827 Benjamin Hele was &p-

pa&nta&’praf@sﬁ@r of chemistry end mineraslogy, but lost it
some time later over religious metters.  One can get &n in-
sight into the aaﬁﬁitiana of science in this school &t this
time by reading his vsledictory letter to the trustees on the
loss of his professorship, In 1% he maya:*a

It is & remsrksble fset thet there is not one mem-
ber of your boerd whose pursuits in life lead him to any
soqueintance with physicsl studies, and I presume the
importance absolute and reletive of such studies is view-
ed by you as 1t stood in American colleges from thirty to
fifty yeers sgo when you were undergradustes. And your
ecollege feels the effect of this deficiency. It has not
teken & solentifio periodieasl, so far as I know, for helf
a century. The few thet have erept into your library you
owe to the charity of & pamphlet soclety which, through

42 williems, op. cit., p. 145,
43 1p14,, p. 146,
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the influence of the late Professor Dana, among its other
periodicals took one yusrterly Journal af osclence, and at
its decesse bequeathed its collection to your 1ibrary.
?%ge:a;tiiigﬁghéagg @: irt of thghprugréas of science finds

~its way within your lls, save the Jourpal of Professor
5illimsn, teken by the two raapactwﬁi@“ﬁg%Tétiaa among the

~students. . . & few years ago, no provision was made for
chemical lectures to college closses, and members of the

 higher clesses were in the habit of meking & contruct
gnnually with my lectures,

o Baféra Hele's time, seniors were allowed to attend lec-
tures on chemistry and ematomy on payment of four dollars per
yeary, ané'jﬁwi@ra two dollars, later juniors and seniors
attended fourteen or fitte&m weeks of daily lectures which Hale
delivered %o the "medics,” He 8lso had five or six weeks of
ﬁaily\rwait&ﬁiana with the junior cless, and gsve to the under-

gradustes a gourse of thirty lectures per year.*t

| Omnﬁcétiaut. The introduction af chemistry in Yale wus
much later than it was in the foregolng colleges becouse it
ceme in Yalarnat gs an adjunct to medieine, TFor this reason
{t 414 not gain & stronghold in Yale until the nineteenth
century.

pecause the ilntroduction of chemistry in Yale presents
en excellent typieal picture of the development of this sub-
ject, a deteiled study will be made of this institution. The
situations snd developments %0 be presented are typical of

other institutions at thet time, of course, to 2 limited extent.

44 ypiq,, p. 147,
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- ﬁﬁﬁgamgg %ﬁmlimam)‘9>gra&aava of Yele, was the first
pmf&‘“m? ¥ mﬁmﬂw iz this oollsge. ' He was appointed in
1808 end continued to exeeute the dutles of this position
stiltnen pe

Imi“@iﬁﬁhﬁl'ﬁffhiﬁ work as & student at Yale,
8l very 8004 pleture of the eonditions of science
teaching ih Yals st that time. He mays:4d®

- In the first century of Yale College, & single room was
eppropriated to eppuratus in physios, Tt was in the old
college, second loft, northesat corner, now No, 586, It wes
papsred on the walls; the floor was sanded, and the window-
shutters were alweys kept closed except when visitors or
students were introduesd, There was an air of mystery a-
bout the room, and we entered it with awe, incressing to
o admiretion after we had seen something of the apparatus
énd the experiments. There was an sir-pump, an electrical
- machine of the oylinmder form, & whirling table, a tele~
scope of medium size, and some of smasller dimensions; a
coguadrant; a set of models for illustraeting the mechinical
powers, & condensing fountain with jets d'esu, & theodolite,
end & megie lantern-~the wonder of ¥reshmen. ‘These were
the prineipal instruments; they were of considerable wvalue:
-they served to impart valusble informetion, end to en-
large the students®' knowledge of the msterisl world. we
should not now upndervalue the mental oculture, and certa nly
the diseipline, of the first century in Yale College. . .

Muring ny novitiate, chemlsiry was scercely ever
nemed, I well remember when I recelived my eerliest im-
pressions in relation to chemistry. Frofessor Josieh
Kelga--1784 to 180l--~delivered lectures on naturel phil-~
osophy from the pulplt of the vollege Chepel, He was a
gentleman of great intelligence, end hed reed Chaptel,
Lavoisler, and other chemisal writers of the French school,
Prom these, and perhaps other sources, he occaslionslly in-
troduced chemiocel facts e&nd principles in common with those
of netural philosophy., I heard from him (Aet. 1D and 16)
that water contains & greet emount of heat which does not
make the weter any hotter to the toueh or to the thermo-
meter; that this heat ocomes out of the water when 1t

45 pigher, op. eit., pp. 88-90.
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freemes, aud still the freeuing weter is not warmed by the
escaplng heat, except when the water hes been cooled below
the freesing-polnt before freezing; then, when it sctuslly
freezes, the temperature rises to 38%; and thet all this
heat must be resbsorbed by the lce when it melts, and then
becomes lateny, as if it were extinguished, but is again
to escape when the ice melts snew. This appeared to me
very surprising; end still more astonishing did it sppear
- that bolling weter cennot be made esny hotter by urging
the fire. My ouriovsity being awskened, I opened an ency-
elopedie, and there read that balloons were inflated by
an inflemmeble gas obtained from water; and I looked with
intense interest et the figures representing the apparatus,
by means of which stesm, made to peses through an ignited
%n—gaieml y céme out inflemmable gas &t the other end of

This wes Sillimen's beckground for chemistry when he
graduated from Yele. He had settled on the legal profession
for & life work, President Dwight sew the grest scientific
possibilities in him end persusded m to give up law and
accept the newly oreated chair of rmmam snd naturel his-
tory. In order to prepére himself for his position, Silli-
men went to :@le@elp&am in 1803 to study under woodhouss. ‘
The nsture af nis experiences there as been stated prwiously
in connection with the discussion of Mwmiw in chemistry
in Pennsylvanis. The th yesar he pegen le cturing to the
students in Yale College. In spesking of his firast lecture
he Bayswm |

In a public room, hired for college purposes, in
Mr. Puttle's building on Chapel Street, nearly opposite
to the South Jollege, I met the Senior class, apd read to
them en introductory leeture on the history and progress,
nature ond objects, of chemistry. o . I continued to

46 Ibid., p. 121,
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leoture, and I belleve in the same room, until the 3enior
cless retired im July, preparutory to tﬁeir Commencement
in September. , . the 4th of april, 1804, T commenced
a course of dutly as a leoturer and professor, in which I
was sustained during fifty~one years. . . ’

4 member of the class of 1804 who heard 5illimen’s

first mefmmmpwtuma the nature of his teaching methods end
the neture of the sclence whieh he taught, The member of this
class of 1804 writes:47

« v+ « I d0 not recollect whether or not I went to
his firet lecture prepared to take notes of it. But I
think I remember the introductory sentence of 1%, defini
the science thet wes to be the subject of his course;--
"Chemistry is the sclence thet trests of the changee that
are effected in meterisl btodies or substsnoes by light,
heat, snd mixture.™ .

¥y impression now is, thet he did not resd his lec-
tures; so that his lnstructions were not etymologioally
lectures or readings, but free, fluent talks, prepared for
evidently with cere, sud delivered inm & style, s szome
would sa&y, rether ornate for 8 gtrietly sclentifie dis~
goures, Severe aund sensitive critios might go so fer as
to say thst there wes in his style of lecturing a slight
affectetion of the exquisite; while others would sey "ney,
but & very neturel elegance.”

In his demonstrative experiments he was always suc-
cessful, and in all his menipuletions there wes uniformly
& grace sad nicety that was plessant to those of us whose
ideslity had begun to be developed.

His elocution was dlstinet, sometimes rether too
rapid for those of us who were slow of spprehension, but
it seemed to go so rast because he fedred there wouldn't
be time enough for it all to get out--there was so much of
{t--before the elock would strike and shut the laggards in.

It was, I think, in 1829, that, at the request of
the first association for a courae of popular lectures in

47 1pid., pp. 130-31,
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postor, I czlled upon ¥r. Sillimen to sclieit from him e
course of lectures in thet eity. 4s to his menner in that
gourse, I}seul@ see in 1t but 1ittle chsnge. It seemed al-
most identical with what it wes when I first heard him.
@i& ’ﬁtylﬁ of rhetoric ves ferheps rather nore severe, but
his experiments were equslly graceful, sad, of old, equelly
aend olveys successful, Whet, under certsin combinations
énd mixtures, he suid would come to pass, always 4id come
to pees. He wes &s 8 lecturer e true prophet, showing full
knowledge of his subject, and beccuse of thet knowledge
eble to prediet the phenomens thet would result from steted
conditions. ; , _

of his k@eturaa} 8illimen says of hima&lf:ég

Inﬂ%%@@ﬁiﬁﬁ

A8 fer as I could judge, the impression on my
pupils of the institution end on the public wes favorable.
The experimentis were prepered with grest core, end &
failure wes & very rare occurrence. although manuscripts
fully written out lsy before me, I soon begen to spedtk
without reeding, end found my own feeling freer snd easler,
and the sudienes more interested. 1 always, nowever, pre-
pared the matter of the lecture thoroughly, snd therefore
svolded embarrassment in the delivery. Even with my im-
mature end limited scyuirements I wes encoursged tO pro-
ceed by recollecting other remurks which I hesrd from ur.
Priestley. pPeing ocomplimented upon his numerous discov-
eries, he replied %o this effect:--"1 subjected whatever
eepe to hend 1o the action of fire or verious chemicel
egents, and the result wss often fortunate in presenting
some new dlscovery. In teschipg, I heve elwsys found
thet the best way to learn is to teseh, then you will be
sure to study you subjeet well, end T could elweys keep
shead of my pupils. Thus while I was tescher, I was still
more & leasrner,”

ﬁ better insight may be geined es to the nature of the
early chemistry instruction by pxenmining perts of a letter

from Professor Day to Benjamin 3illimsnp 1n 1804. In part iv
4%

roads:

48 1p34., pp. 127-29.
49 1p14., pp. l17-18.
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+ o« I am mach oblized to ysu £2v your plan of
lectures, so far es you have alresdy mrrenged them. As
Tor myself, iustead of having written my fifth lecture, T
‘have not written my first, and probebly shaell not this
lomg time. My present course of fnstruesion sexiplea 81l
‘the attention whieh my heslth will sllow me to pey to the
;@'@}%lﬁ@‘@&cq - My principel ohject at prescent 1s to collect and
arrenge the moat important meterials in a course of phil-
osophy.. I 80 econtrive the tuslness &s to communiecte the
subptence of these, in my recitations, to the “enior olusm R
&nd at the same time preserve them for future use., 7T take
o several brenches nesrly in the order in whioh they are
arrenged in Bafleld's Philosophy. I eonsult the various
authors on the subjest, select whei is particularly inter-
esting from eaoh, and 1f my own nbodle suggests anything
besldes, I put all upon piper and throw it into & Torm some-
whet like the skelston of & lecture. This I cerry to reo-
dtation, and, with such enlaTgemente o3 ooour on the
ocosslion, retail it %Yo the class. In addition to these
recitetions; I propose frequently problems in philosophy
whieh require a methemstiosl solution. The answers which
are handed in by the mombers of the elass, T examine end
correct. This, little es it myy seem, is all that I am
dolng at present. 4a to what I intend to U0 herealter, I
ecen say very little. I intend to do what I can; but my
health is such that I form no very distent and extensive
projeeta. The course which I have begun I shall probably
continue through next term. The summer will be pertly or
wholly oceoupied with experiments. after Commencement, 1t
iz poseible I may begin %o read lectures in the chapel. . .

E&t@m $1liiman wau?f offieially eppointed to the chair
of uhmmwy, the wrpam%@a of Yale College erescted & bullde
ing whigh was wnea the lLyoceum. It wes purposed to heve @&
laboratory in one 'm@m w this building. A detsiled descrip-
tion of this laboratory is given in Chepter IV. Ia 1804 the
new laboratory received the class thet was to greduate in

September, 1805. 1In speaking of this, 5illimen says:>C

50 1p1d., pp. 126-27.




&0

' +« « « The very limited apperatus wos somewhat ex-
tanded and embellished by seversl chemical instruments
~whieh I found in & closet in the old philosophical chember,
end which, as I understood, had been brought out from
- London, in the time of President 3tiles, by the late Pres~
-1dent Zbenezer ¥itch. . . There were seversl very beautiful
gas~Tlasks, with signoid tubes ground into them. ‘There
was elso a looth's machine for impregnating weter with
earbonie aeld gas, and a collection of glass tubes., I
used slso some of the glsss bells Trom the philosophical
apparatus; snd, &s my audience were noviees, probably the
appearance of the apparatus wes respectable., I recollected,
6lso, a remark which I heerd Yr, Priestley meke, namely,
thet with Florence flasks (clesued by sand and ashes) sod
plenty of gless tubes, viels, bottles, and corks, & teper-
ing iron rod to be heated and used s & corkborer, and &
few live cosls with which to bend the tubes, a good variety
of mppsretus might be fitted up. Jome gunbarrels also, he
said, would be of much service; end I hed ovrought from
Philadelphis sn 0ld blecksmith's furnace, whiech served for
the heating of the iron tubes., . .

At that time there were very few chemicel instru-
ments of gless to be obtained in this country. 1 hed
pleked up & few gless retorts in Philadelphia, snd I made
applicsation to Mr. Mather, a menufecturer of gless in
fast Hartford, & few years leter, to make some for me. On
stating my wish, he said he had never seen & retort, but
i1f I would send him one &8s a pattern, he did not doubt he
e¢ould meke them, I hed a retort the neck or tube of which
was broken off near the ball,-~but &8s no portion weas miss-
ing, end the two parts exaotly fitted esch other, I sent
this retort snd its neck in & box, never dresming thet
there ocould be any blunder. In due time, however, my
dozen of green glass retorts, of Fast Hartford manufactiure,
arrived, cerefully boxed and all sound, except thet theéy
were all crecked off in the neck exsctly where the pattem
was fractured; and broken neck and bsll lay in state like
decapiteted kings in their coffins. This more thaen Chinese
imitation affords & curious illustration of the state of
the menufascoture of chemicel glass at that time in this
country, or rether in Connectiout; the same blunder would
probably not have been made in Philsdelphlie or Boston,

Because he wss expanding his laboratory to such & great

extent, 5illiman wes asked by one of the membors of the cor-

poretion if there wes not danger thaut with these physical
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attractions in the chemistry courses latin snd Greek would be
glighted by the students. He rmpliad,ﬁl "sir, let the literary
gentlemen push and sustein their departments. It is my duty
to give full effect to the sclences committed to my cere.n

- In speeking of 8illimen, Wwillisms waya:ﬁa

Eminently & teacher &nd & popularizer rather than

a disaovarﬁr, he was almost the Ffather in this country of
the three sclences in which he gave instruction. For
many years the study of chemistry was the most popular one
in the college, The first third of the yesr wss devoted
ti mhamistry, the second to minerslogy, the lsat to ge-
ology."

8illimen teught in Yale until he resigned in 1853.

The genersl nature of chemical educstion previous 1o

&:

;ggg. The pr&@aéing portions of this chapter heve indicated
thet while most institutions during this time inoluded chem-
istry in their @ufriuulum, only leatuf&a were offered snd the
institutions &llowed some experiments p@ff@rm@d by the in-
structors only, The ahamistr& courses were mesger in content
and the msthods were 3upﬁrfuaial and rudimentary. 7The aaurae;
conegisted meinly of & series of 1ee§ura8,w1th accompenying
demonstrations. These lectures were'usﬁally written up be-
forehand and used over snd over yeer after year. I&boratory

study by students was slmost wholly unknown. Fertly responsible

Bl 1pid., p. 267.
B2 williams, op. eit., p. 145.
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for these conditions wes & sourgity of appsratus, a lsck of
t@aeh@mbleytaxﬁ-bomkm,’amﬁ 8 lack of competent teachers. The
appmrﬁtus‘that~ﬁm3‘uawﬂ tmr'lwaturauaammﬁmtranian purposes was
erude and was in the main made for spectscular effects yather
then to demonstrete scientific prineiples.. Prior to 1820 there

war&'mpp?@iimataly twaatwaive taxt~baak& of american publica-

tiaﬁﬁﬁzw

 During the letter part of the eighteenth century the
practicel end utilitarian seems to ke ve dominated the chemistry
instruction, The ideas of classification and philosophy end
little @xﬁarimggtaticn were &ssoeclated, Thé,first helf of the
ginets@nﬁh éeﬁt&ry 1s characterized by the confliect of chemistry
with‘thgyaléssiea for & plece in the gﬁﬁ%i&ﬁlum.&& Probably
too much emphasis cannot be made of the fact that during the
period with which this chapter is goncerned the modical schools
exerted the great influence which E&ﬂé‘fﬂr the repid intro-
duction of chemistry into the currieulum of the colleges.
Previous to 1850 there were spproximately sixty eéllagas
and univgrsitiaa which offered instruction in chemistry. The
following teble shows the institution and the date of the in-

troduction of chemistry as & subject into 1its eurriculum.

3 Newell, op. oit., p. 879,

5 pruce w. Merwin, "Developments of the Currieulum in
College Chemistry." Journel of Chemical Rducation, 12:B842,
Kovember, 1936,
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TABLE 159

'SHOWING THE DATE OF INTRODUCTION OF CHENIATRY IRTO
THE CURRICULUM OF THE COLLEGES AND UNIVERSITIES
?REVIQHSVTO 1850

|

S—

Kings College (Golumbia Univ.) New York, N. Y. 1767
University of Pa. . Philadelphis, pa, 1769
College of Williem and Mary Williemsburg, Va. 1774
Harverd College . Cembridge, Mass 1782
Washington College Chestertown, Md. 1782
College of N. J. {(Princeton) Princeton, N. J. 17986
University of Georgia Athens, Ga. 1800
Yele College New Haven, Conn. 1802
Bowdoin Qollege Brunswick, Me. 1805
Dickinson College | Carlisle, Pa. 1811
Union College ; Johenectady, N. Y. 1811
Hrown University Providence, R. I. - 18ll
Hemilton College Clinton, N. J. 1812
Western University of Pa. Plttsburg, Pa. 1819
Dartmouth College Hanover, H. H. 1820
Amherst College Amherat, Mass. 1821
Trinity College Hertford, Conn. 1823
Franklin Collsge New Athens, Ohio 1885
Hobvart College Geneva, N. Y. 1825
University of Va. : Charlottesville, Va., 1825
Centre College Deaville, Ky. 1826
8t. louis University 3%. louis, MWo. 1827

%5 ppese data were compiled from two different sources,
namely:

Clarke, op. git. pp. 200-1Z2.

3amuel Ralph Powsrs, "A History of the Teaching of
Chemistry in the Secondary Schools of the Unlted States Pre-

vious to 1850." Research Publications of the University of
Minnesota, Current Problems ho. 14, University of iinnesotd,
fnneapolis, 1920,
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TABLE I {Continued)

‘School

Tfuseulum College
Indiens University
HanoveY College
Illinois College
Georgetown College
Williems College
University of ila.
Hirem gollege

Wesleyan University
benison University
Randolph Macon College
Webesh College
Haverford, Gollege
Norwich Universlity
Davidson College
Lafeyette Qollege
College of Charleston
Emory and Heanry College
Bast Tenn. University
University of the s5t. of Mo.
vumberland University
Frenklin College
wittenberg Qollege
Baylor University
Marietta College
University at Lawisburg
Beloit College

Bethel CJollege

Iowa College

gollege of the City of ¥. Y.
Maryville College
Lawrence University

Place Date
Tuseulum, Tenn. 1827
loomingtmn Ind. 1828
Hsnover, Ind. 1829
Jacksonville, I11. 1829
Georgetown, Ky. 1830
Williamtown, Mass. 1830
University, Ala. 1831
Middletown, Conn. 1831
Ashland, Va. 1832
grawfordsville, Ind. 1833
Baverford, Penn. 1833
Horthfield, Vt. 1834
Davidson ¢ollege, N. (.1837
Baston, Pa. 1837
Cherleaton, 8. C. 1838
- Emory, Va. 1839
Knoxvilla, Tenx., 1839
Columbia, Mo. 1840
Lebanon, Tenn., 1842
Prenklin, Ind. 18458
Springfield, O, 1846
‘Independence, Tex. 1846
¥arietts, 0. 18486
lewisburg, Pa. 1847
Beloit, wis. 1847
HeKengzlis, Tenn. 1847
Grinnell, Iowa le48
few York, H. Y. 1849
Maryville, Tenn. 1849
,&pplatmx, Wis. : 1849

oo

r—
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Efforts to populerize chemistry. It is during the
first half of the eighteenth century thet great efforts were

mede to populsrize chemistry as a subject., This wes @ move-
ment, the méin objest of whlelh wes to populerize chemical in-
struetion, ﬁm %‘E%l@ﬁ over the country giving showy demon-
streti m& ’wi’&h E‘Mrﬁlﬁm& é;ﬁp&r&mnta befors institutes, lyeeuns,
5%&&? fwm&lﬁ, eattle shows, end other miscellaneous éuﬁi&nma.
The spectacular and the semsationsl were present in all these
lectures. Some of tm#a lecturers wers men of low awxaiummta,
others were very brilliest.®® R
|  In 1835 and for spproximately twenty years, Benjemin
8illiman gave lectures o chemistry in meny large cities from
Boston to S%. Louis &nd New ﬂrl@ma.w These proved to be very
popular. The Le@mw reached thauaa@é& ‘éf people and the lead-
ing men end women of the day could slweys be found in his sud-
iences. 1t 16 probable that he ,axaréim& e wider influence by
these leotures than b:; his teaschings st Yele for it is impossi-
ble to tell how ‘mmy:boys in his aumame‘é& received from him
their first inspiration to teke up chemistry. uillimen elso
used 1n1,:.amst1ng"@xwﬂm¢ntza and these together with his

56 . 4. prowne, "The History of Chemicel Education
in smerica Between the Yoars 1820 aud 1870." Journal of
Chemical Education, $:701, April, 1932,

87 Tbid., p. 700.
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splendid delivery and nstural enthusissm creeted s vast amount

of interest in chemistry which wes then being introduced into
; The following is quoted from 3illimen‘s
59

"Reminisvences”: "

..., . . After April 1, 1834, & new era opened upon me. Fub-
lie courses of lectures by me were called for in meny
. places, most of them out of Connecticut, end this call
continued #sctively for twenty-three years,~-from 1834 to
1857 ,~-nor is it quite ended yet, at the close of twenty-
five years. Those lectures were given while I was be=-
 Yween Pifty-five and eighty yesrs of sge. . . I was called
- out 1n the meturity of my powers, experience, snd reputa-
tion; and while I enjoy the setisfsctory assurance that I
heve populerized scienee, these efforts brought important
asslstance to my femily at & period when my children were
requiring aid in their settlement im life, T conceive
that in no period of my life heve my efforts been more
useful, both to my country and my family; &nd es regards
_professional lsbors, there is no part of my career which
I reflect upon with more setisfaction.

In writing of his lectures Sillimen continues;®?

Ir the fifth lecture, I mede 8 very liberal use of
potassium end sodiwm, which are not only splendid subjeets
of experiment but are highly illustretive of chemical
principles. Everything went besutifully. 4&fter the sixth
lecture, at & large party at Deacon Welley's, greet satis-
fsction wes expressed to me regerding the leetures. The
¥eyor, Mr, Armatrong, seld thst he thought the subject
very immatm end instructive, and wes pleased that &
moral &nd religious espect wes given to the sclence; and
similer views were expressed by others., I communigated
to~-day, et the lecture, the discovery that cast-sieel of
the Pirst quslity is formed directly from the ore, and
that melleable iron is manufaptured from cast-~iron without
melting it again; specimens furnished to me by the manu~
fucturers were 8lso exhibited, and I was assured that the
subject excited great interest, and gave much satisfaction.

BITHCRI A T S

58 Loe. cit.
69 Figh&r"gﬂ. 2‘&‘, Pe 340,
80 ‘1pid., p. 371,
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W, A« Richerds wes 8 representotive of the better class
of this type of publie lecturers. However, he lectured &% &
later time than did williman. One of Riochards' posters praé
sonte the ldea which wes oubtstending in his lectures, This

1

ﬁ@wxﬁr mwaﬁaé” #The Wonders of the sir with Meny Dazgling Ex-

periments.® imong the experiments listed were the following:
The Rekindied Light; Meking Air; lave from Alr; lave from Toces
4 Hissing Globe; Blue Light; absorption from air; Anelysis of
Alr; leke or Fire; Usnmon Fired by an Ieicle; Sun Flemer; the

Meteoric 3phere; Phosphoric Glow or Wock Sun; Blowing Hot and '

Gold; A Flash of Lightening; Ice Voleanoes; Pillar of nalt;

aparké from Gold; Electric Flames; Zheet Lightening; [ouse
struck by Lightening and sSet on Fire; The Jafety lLamp; Grand
Displey of Gelasler's Tupes; end meny other of this seme type.

The nature of these experiments mey be géined from the

falluwing @aaeribti&n of ope of Eiakardﬁ‘ diap;ayaiﬁz

; ne of Richarda® experiments which excited great
wonder wag converting & bottle of beer into e barrel full,
4 bottle of beser wes uncorked end pluced upon the bottom
of & tall glass eylinder elght feet high. When the air
was exhausted from the oylinder the beer, which was heav-
ily cherged, frothed out of the bottle, the Ffoam filling
the entire space. ‘ — ‘

The great populsrizers developed & demonstrétion tech-

niqué Whiaﬁ was very attractive to the beginﬁar and uninformed,

®1 prowne, op. ¢it., p. 70L.

%% Loc. ott.
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This influence wes to be seen in the college teashing which
leter proceeded along the lines of demonstration and laboratory
work. 2 | L

(thers of the group who geve popular lectures on scien-

tifie subjeots m’mm Griscom, Hosish Holbrook, Chester
E@\my, :%wﬁhéxa,‘ Van Rensselaer, and Amos Zaton. These men
fostered f‘ﬁ@iﬁnaifiéami&tiw which ere influentisl in populsr-
izing ehemiesl inatruction W 2 very gmat) extent. The follow-
ing table gives the most important of these socletios.

rapLE 1188

SHOWING THE DATE OF THE FOUNDING OF THE EARLY
3CIENTIFLC SOOCIETIES

The Philosopkical soelety of Philedelphis 1744
The Americen icafdemy of Arts and Jelences, Roston 1780
The Conn, Academy of Arts and 3clences, New Baven 1799
The Linnean Scelety of Fhiladelphis 1804
The Columbian Chemical Soelety of Philadelphis 1811
The Literary and Philosophiesl Soclety of New York 1814
The Litersry end Philosophical Society of Charleston 1814
The Academy of Netural Sciences of Phlladelphia 1815
The Cabinet of Seiences of Philedelphia 1818
The Lyoeum of Netural History of New York 1817

5% powers, op. oit. p. 8
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Another force prominent in the enaounagement of chemistry
teaching in the colleges wes the organization of scientific
achssla such as Yale Solentific school {1847), lawrence 3olenw

tifie sSchool (about 1865), Gardiver Lyceum (1828), and Rensselaer

Folytechnie Institute (1824). These institutions played sn im-

portant part in the enoocuragement of laboratory imstruction inm

the colleges.




CHAPTER IV

o e ot

@i %ﬁa pre&@nﬁ time thé?wyatematizdd study of highly
spa@imlimea amuraaa in eh&miatry es well B8 the &l@m@nt&ry and
intraauatmry gouraes aaul& aaarealy be ocarried out in tha 8b~
sence of the leborstory 1ﬁstruqh1¢n methods which have develop~
ed the 1@55 th@@wquaftera @f'& uantury“ The development of the
laboretory is in a large part both the cause and the result of
the ragié striﬂeﬁ takmn by ahemistry during tha laat seventy-
fiva y@ara. E@fare this time thers aaa no branch of physiecal
or naturel sclence, with the exception tf anatamy, which the

students aauld mtuﬂy in the lﬁb@rﬂt@ry.

The effects of the mental diseipline theory. It would

heve been impossible for the leborstory method to have been

introduced into the colleges during the period im the history
of eduecation when the theory of formel mentsl discipline ruled,
without its value belng &taﬁa& in terms of mentsl discipline.
The idea of ia%allaetual training end 1ntwl&$a®mal gulture
st11l reigned supreme as objectives of collegs training until

a very laste date. Indeed, the present collegea have not gotten

A williem ¥. weleh, ™Phe Evolution of Modern jelentifioc

Laboratories,” Annuel Report of the Board of Hegents of the
dmithamnian InstItution, govarnment PPinting Oflice, washlogton,
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completely eway from this thought.

As lata as 1&%&, there wes no provision for ladoratory
imaﬁrthi@ﬁ &n Williﬁﬁ& Oollege, Professor Ira Remsen said
that wh@&/ﬁa wmnv ﬁhawa An 1872, he suggestoed the installetion
of & fmw éew&a,@te., for this purpose to the Presideut. He
waa rmbuffeﬁ by the atataugnt that he mistunderstood entirely
ﬂha purpoaus mf williama Qollege 1if hm intended to convert it
1n%o a m&nn&l training school,? Thia feeling, of ecourse, did
not axiat withaut @xawption 1n ell institutions. However, the
faregoing imniﬁ«nh does portray the gwﬁar&l feeling which
existed avan at that 1atu ﬂate‘ It nlaé brimgs to light the
haﬂ&ieap under whiah the laboratory muﬁnud labored as it strug~
gled for re@agnitien as & veluable and essentisl method of
chemical instruetlon, The beginnings ar the lﬁhoratary BOVEe~
ment had its eriﬁin at a much aarliar time than the previously
mentioned p@rimd. | | |

The aavaeatam f@r meutal &imeiplina aud knawladg& for
knawlaﬁge'@ sake, and the people who proposed the agoumulation
of knowledges es & means to an end and not &s &n end in itself
opposed each other continually as the laboratory method develop-

ed,
In speeking of the curriculum during the latter part of

20, A Browne, "The History of uhamianl fducstion in
americe Between the Years 1820 and 1870.,% Journal of Chemical

Fducation, 9’?15, April, 1933,
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the nineteenth cemtury, Rugg says:®

~ The entire school curriculum wes under the sway of

a mythi@al faith in mental discipline. The current point

of view was that learaing, to be effective, must be hard

end dissgressble. The feculties of the mind, the powers

- of logleal snalysis, oritiocsl judgment, were to be trained

by aﬁmarvatian, ¢@1laat19n, and aystamatization of facts,

o iﬁ & r@auls af these conditions tha 1ntroauatimn of

ehwmia%ry imt@ tha eclleges haa to ba juatifiad in tarma @f
mamtal éiﬁaiplinm. This deoctrine of faaulti&a &#nd fQTMEli$m
was sn fixﬁd that avan some of the greatest aeianti%ts &ttampw»
eﬁ tm @mf@n& tm%ir subjeocts on that besis, It might be said
that maay @ﬁva@atew of the aciences msde an @ffart to staml
tna aiamiplimmry thundsr of the elmuaiaiatm. ﬁr&vaa saya
that nwarly avwry apalwgiat for the n&tnr&l seiences at some
time or athex hﬂa advoested these auhjaata fram the standpaint
of formal dia@iplina.

Herbert ﬁpanear argues that the Tunctlon of education
is to prepsre for complete living, but he then ehanges his
whole puiﬁx of view snd sttempts to stesal the alaamici&ta
smoke by justifying solence t@aehing in terms of formsl dis-
eipline. FHe admits that besides its use in making for a more

3 Harold Rugg, "The Johool Curriculum, 18851680, 7

enty-ixth Yeurbook for the Jtudy of Baucetion, Part I,
= ¢ Seheol Publishing yompany, loomingfon, Tllinois, 1926,

ﬁwamk Flierrepont ﬂravas, A Hiatmr of Bducation in
iodern Times, Mecmlllan aa¢, New York, Iﬁig, Do S8G.
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complete living, the gelning of each order of fscts has &lso
its use 68 & mental exerolse, Both of these, he says, 6TE USe-
ful &a;m&king for s morse complete living. Aﬂ evidence of his
statements, he attempis to show that éaienca. like language,
treins the menory, and, in addition, axeragsa$ the undérstand»
ing. ﬁﬁ'&zﬁa says that soclence s superior to langusge in
@ul@i&&@iaﬁ judgment and that by encoursging independence,
par@avwr&ﬂca. and'ainearity, it gives & moral discipline.
Because selience generstes s profound respect for, snd an im-
pliai%‘réith in, those lews which gavérn gelentifie phenomenons,
he miguaa thet & great religious discipline is obteined,

combe® contends thet "1t is not so much the mere know-
ledge of tha details of chemistry, of mmtural philosophy, or
of any other seience that I velue, &s the strengthening of the
1nﬁ&li@@t, ant the enlargement of the understasnding, which
follow these studies, ™

?aumankv says that "by fer the most priceless of all
things is mentsl power; while one of the highest offices of
educetion muzt be strictly to economize aud wisely expend 1t,
selenco mede the beasls of culture will sceomplish this results.”

galloway c¢laims that chemistiry is superior to biology,

 1pid., p. 336.
® rbia., p. 336.
7 Loe. oit.
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beoause it mekes for esctive rether then pessive observetions,
and to physics becsuse 11 exercises habits of the mind which

ere thoe opposite of those developed Ly m%th&m&ﬁlew.ﬁ

. The justificstion of selence teaching on the basis of

its Eﬁﬁ@%i@ﬁl‘v@luwa. Thus the sciences wore retionalized as

iéﬁihaiw éaueatianal value et 8 time when the theory of formal
&i&éibiia@ halﬁ sway. Al the seme time vertaln people were
&@f@ﬂﬁiﬂg‘th@ seiences on other grounds. 4in sciences became
more systemetized meny promiment men begen to inalet upon
th@ir'inélusion inta‘tha curriculum on the basis of thelr sub-
ject matter value., Pefore this time Ferburt and Froebel |
mﬁ#aaéﬁ the doctrine of mentel disoipline on the ground that
1t was unsound psyehologicelly., MWany writers meintalmed thet
the study of the classics did not prcviﬂ@ a good preparation
for life, An argument whieh is representetive of this point
of vi@w is conteined in Herbert spencer's csssy on "What |
Knowledge is éf Most %arﬁn.“ guoted in pert this essey reads

ag f@il@wa:g

.+ o AB the Orinoeo Indisn pute on his psint be-
fore leaving his hu%, not with say view Lo any direct bLene-
£1t, but bescsuse he would be ashemed to be seen without 1i%;
30 & doy's drilling in Latin esnd Greek is insisted upon,
becsuse of their intrinsic value, but thet he mey nol be
disgraced by being found ignorsnt of them, The comparative

& Ibiﬂb, Pe 3370

? Ipid., pp. 3B7-28.
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worthe of different kinds of knowledge have been vs yet
scarcely even discussed--much less discussed in e methodie
way witn defipite results. Before there ewn be & ratlopal
currioulum, we must declde which things it most concerns
us %0 know, To this end a messure of véiue ia the firet '
gg%wégit@a Howm to live®--that is the asssential question

~ Spenmger held thet the function of education 13 to pre-
p@r@ffgr a complete living, end thet the sclences held the
knowledges which would setisfy this purpose. He suggeated a
substitution of the sciemces for the traditionel subjects. ﬁe

says that the sttitude of the universities toward seience hus

been thet of contempiious nonmr@eagﬁition.la

Thomas H. Huxley also revognized the need of & scientific

education apd the uselessness of clessical training. His srgu=-

ment was as follows:'®

Juppose it were perfectly certain thet the life ard
fortune of everyome of ug would, one day or other, depend
. upon his winning or losing s game &t chess, pon't you
think thet we should ell comsider it a duty fo learn &%
lesst the némes end moves of the pieces? Yet it is plain
and very @lementary truth thet the life, %he fortune, snd
the happiness of everyone of us, and, more Or less, of
those who ere conneeted with us, do depend upon our EROW=
ing somethiung of the rules of & game infinitely more d4if=-
ficult end compliceated than chess. The chess-boerd is the
world, the pieces are the phegomens of the universe, the
rules of the game ere whet we call the laws of pature.
Yhut 1 mesn by ecducetion is leerning the rules of thls

mighty geme.
This ides ig further developed in & letter by ¥r. Williem

10 1p1d., p. 229,

11 1y1a., p. 330.




Maolure 1o Renjamin S113iman, Or. Maclure mymlg

Your {deag eoneerning the utility thag would result
to manking by a more striet attention to positive knowledge
In our golleges, agree porfootly with my owa, and I think
that the m@aﬁa Jou propose would much tend to produce that
desirable effest, . , In reflecting upon the absurdity of
Ry own classieal eduestion, luunched into the world as
lznorent as a pig of anytalng useful, not having oeceusion
to pracgtice anything I had learned, except reading, writ-
ing, snd counting, whieh say ohild eould now aoquire in
81x or eight months of & lapncasterien Sehool,-~I hed been
long in the habit of considering education one of the
greatest abuses our species were gullty of, snd, of eourse,
one of the reforme the most veneflolel to humsnity, d
likewise offering to ambition a fair field, 4lmost no
improvenent hed been made in 1%t for two hundred yesrs;
there was immense room foy change to put it on & par with
the other functions of elvilization. . .

Some advocates of the sciences folt that a knowledge
of nature was @ necessity in men's life snd thet oontent rather
then the method of study wes importent in education. This arg-
ument continued for e considersble lemgth of time; in fauct, it
is pot entirely lecking to-day.

In considering the f@liwim developments it is well to

keep in mind the philosophic trends in educetion which ruled

during the verious periods concerned. With these in mind the
ceugative fauctors in the development of the college chemistry

laboratory will be more obvious end loglcal.

Ieboratory instruction in chemistry previoug to the

middle of the nineteenth century. Of actusl luborutory

12 George P, Pisher, Life of Benjumin Silliman, Vol. 2,
Jeribner ard Co., New York, s Po &L,
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instruction before the niddle of the nineteenth century, the
students saw very little. They saw the experiments end demon-
atrwmm of the pm%ww a8 he lectursd but they were not

pamﬁ.wm to nmﬁ a;:m “the aymmtu& themselves. In this respect
Benjemin Eiillim&n, ar., onee saiﬁ*m |

IR mm’ Mma I }mw Baild o those who @s novices have
offered e8id to me that they might come end see what we were
doing, end I should much prefer that they should do nothing;
for then m«ay would not hinder me and my trained asgistants,
nor derange nor bmak my apparatus.. ‘

This wes a oon@im,on ‘tfha‘t could be found in any other college
in this w‘mﬁw‘m» thig pertieculsr time, The laboratories that
did exist wém s«ﬁiﬂ& and unsuited for efficient work end were

for the use M me pmfeamr and his sssistents only. 1In

writing of this subjeot, C. A. Browne said:i%

or experiments in generel chemistry, of qualitative
and qumtitatim apalysis, of inorganic and orgeénic prepar-
ations, or of experiende in indusirial operations the amer-
i¢an College students of & hundred years ago obtained
practicelly nothing am«egt in those rere cases where they
were so fortunste ss to be sslected as private pupils or
sasistants.

The 1&@@&@#@3} at Yala during the first few years of the
nineteenth ecentury was probasbly typiesl of the sollege labora-
tories-~-where there were any--the country over. 'The nature of
of this l&borﬁww may be leasrned from 3illiments description

of it. He aaya:m

1% Inid., Vol. 1, pp. 303-04,
1% Browne, loc. oit.

15 7isher, op. oit., pp. 128-25.
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, An English architeot, Mr. Monmer, hed established
bimself in New Haven, and had acquired e daaagﬁzﬁhg"gpgw‘-
tion for knowledge, talent, end taste in his profegeion.
He wes charged with the ereetlon of the Lyoeum; but, hav-
ing no pertioulsr knowledge of & laborstory, he pleced 1t
almost underground, On my return from Philsdelphia, in
the spring of 1803, I found thet a groined sroh of boards
had been conatructed over the entire subterrasneen room.
It rose Trom stone pillars of neerly helf of the height of
the room, erected in each of the four corners sud on the
middle of the opposite sides., The effect wes, therefore,
by the curves of the arches, to cut off the light, more
or less, from all the windows,~~one third, or:half, and
éven two thirds in some of them. at once I saw that it
would never answer, and I mede my sppeal to the Corpora-~
tion at thelr rext meeting. I invited them to visit the
room, %0 which there was no practiceble access except
through & hole or scuttle in the roof of the srch, . .
President Dwight, Rev. Dr. Bly, Hon. Jemes Hillhouese

and his venerable father, then fourscore or more, &n
others,~-members of the (ollege Senate,--found themselves
in a gloomy cevern, fiftcen or sixteen feet below the
surface of the ground, into which, especislly &s there
waes &3 yet no trench excavated around the outside of the
building, little more light glimmered than just enough

to meke the derkness visidle,

: « « » I had no diffioulty in persusding the gentle-
man that the modsl erch of boards must be entirely knocked
away, the stone pillars removed, #nd the space opened free~
1y to the roof of the room, which should be finished

dguare up to the celling, *i’ik@ any other large room. . .

I suppose that Mr. Bonner, en able civil architect, 8s I

have slready seid, had recelved only some vague impressions
of chemistry,--perhaps a confused and terrific dream of
alohemy, with its black asrts, its exploslions, and 1ts
weird-like mysteries, He sppeers, therefore, to have
imagined, that the deeper down in mother earth the danger-
our ehemists could be buried, so much the beiter; and per-
haps he thought that & stirong eren would keep the detonations
under, although, as an erchitect «nd engineer, he would of
course know that the arch, when pressed from above, grows
stropger until it is erushed; but, struck from below, its
resistance is feeble, end it may more easily collapse with

a crash.

 1ost no time in having the model arch removed, and
the rom& finished &#s 1f there had been no arch. 1 caused

also & wide trench to be excaveted outside, &ll sround the
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room, and the earthibinke to be susteimed by the maso

A S " K ol » , ms sony

@:'gw;a@ walls whitened, so that a ahwrralyliggn wes tgus

v ree 10" the ssheriad Tedtonte ST tne sesorimne o
: Bhe @ rhel ra i&n@ ! p y s 1l

the soler beams from the west. * ©F the stucsphaxe sad

=+ « When I stood on the floor of the room, my head
was st1ll six feet below the surrw; of the grmn&: aza of
eourse the room wes very daemp: all articles of iron were
rapldly rusted, and sll preperations that attracted water
became moist or even deliguesced.

« « » The room was now peved with flasg-stones: a
‘false floor of boards was constructed riai from the
lowest level &s high as the grmﬁ»siil of the outer decor,
&nd thus effording en elevation-~an ipclined plene—-
suffieient to prevent the vision of the rear from being
‘obstructed by the front row of hesrers. 4 gallery wes
erected on the slde of the room gpposite to the windows,
access velng mede from the froat of the tower or steeple
through the intervening celler, over a peved walk., Tables
were established on the floor of the laboretory, in & line
with the large hydropneumastlic cistern or ges~tub, and &
mérble c¢lstern for s mercurial bath. The small collection
of apparsatus whiph I hed got together was duly srrenged,
and things begen to look like work. Arreangements were made
for furpsces, and for the introduction of water from &
neighboring well. The tables were covered with green
¢loth; the stone floor wes sprinkled with white beach-
sand; the wells end c¢eiling were white-washed; the bsacks
and writing tebles of the benebes, and the front and end
of the gellery, were psinted of & light lead color; and
the gless of the windows being weshed clean, the laboratory
now nede 8 very decent and ysther inviting eppesrance, like
the offices, store-rooms, and kitehens thet are seen almost
underground in cities,

In an sddress before the Zestern Associetion of Physics

teachers, Chas. W. Eliot wm:le"
When T wes & student in the Harverd College, there

was not a single laboratory open to the students on any
subject, either chemlstry, physiocs, or biology. The only

"

16 ohaples W. Ellot, "laboratory Teeching.” 3School
Selence, 6:703, Kovember, 1906. —




70
trace of sueh instruotion apen to students waec
. R28Q il % was In the dew
partment of botany and thet was only for & few weeks with
& single temoher. . . I was the firat studeut who sver had
the chance to work in the laboratory im marvard College,
and thet was entirely due to the personsl friendship of
Professor J, F. Gook, who fitted up & laborstory in the
basement of University Wall, entirsly ot his own expense.
zgééﬁgigggﬁwgaiﬁ%atxam of the colleges in this country--
foyr Harvard was by no meens peculisr i -
ouly sizty years sgo. ‘ g R this respect
{ﬁurimg‘%km tirst querter of the nineteenth century 1t
is found thet elthough fecilities for practical work by the
students were still wanting in all the colleges, the epparatus
used for illustretions had grown in quentity snd veriety. A4
chemistry lesborstory wes 1n existence st Princeton, one was
fitted up at Williems in 1812, end ome at Hurvard shortly after
tﬁim«&aﬁag']$i@@ others were to be found. 'ﬁawevar; thege lab-
oratories &a?a@%iﬁr&vioumly'm@ntlaaﬁd were for the exclusive

use of the demomstrators.

The founding gg‘gar@m@r'iya&mm,and Nensselser Polytechnic
Iﬁstitutéa 'Ih the first quﬁrtar of the nineteenth century two
schools were éatablisbed for the purpa$a of giving instruction
in thé’apgliaétion of science, This type wes very influentisel
in the imstigetion of the laboratory movement, The first of
these schools to be orgenized was Gardiner Lyceum ln terdiner,
Maine, in 1828, The second wes the Rensseleer Tolytechnic
Institute orgenized in 1825, An ides &3 to the sducational

objective of this type of school may be gathered from the

ineugural address of Benjamin pele when he opened the Cerdiner
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Lyceum. In part this sddresg reads; 7

It 1s not sufficlent por them, as
scholar, to be taught the generel laws of g L8try, the:
must be lnstructed particulerly in the 35&@?3%%%’&&3
culture and arts. It is not sufficlent for them to be
able o ropeat 3nd deaocnstrate a fow of the gonerol laws
of mechanies, they must be taught the application of the
laws. Thay must be made eequainted with mching s,

for the generai

The prinelipsl objegt of the %am@lwr Inatitute was %o
establish & achool of high grade for i@aemm of science and
the 2ppliestion of selenee %o everyday life, 4 written state-
ment of the purpose of the sshopl agpwm in & la;t,tar of Wr.
Van henssclasr dated November 5, 1824, MNe wme:w

I heve established & school at the morth end of
‘Troy in Remsselaser County (New York) for the purpose of
insiructing persons, who msy choose to apply themselves,
in the epplication of sclence to the common purposes of
1ife. 'y primeipal objeet is to qualify teachers for the
instruoting the sons and dsughters of farmers and meohan-
ics, by leetures or otherwise, in the application of ex-
perimentel chemistry, philesophy &nd netural history, to
agriculture, domestio economy, and the arts snd mepu~
feetures. -

The nature snd extent of the course of study as well as
the metnods of lnstruetion, mey be learned from the minutes of

the first moeting of the Board of Trustees of the hensselser

17 palmer o, Bicketta; editor, Centennial Ce

Rengseleer Polytechnic Institute. I‘*mbi mn@a By the B
Trustées, Troy, New Vork, 1926, pe 6l.

lebration of

pge  Soswsee

18 wgmuel Ralph Fowers, "A Nistory of 'tha Teaching of
Chemistry :fn the secondary ﬁaﬁmam of the United mm@f Frevious
to 1850." Research Publications of the University of Minnesots,
Current Problous No. 13, University of winnesota, winnsepolls,

1920, p. 34.




sehool. In part the minutes reed;:®

Resolved, thet persons attendins ¢ ‘
strugtwn at the ﬁmamlwr dpheol bungigsgigﬁgggﬁ giz} "
in the throe clesaes, & Dey Oless, an Afternoon Clesa, end
en ELvenlng Clasa, . . The exercises of the Day Class "for
six hours in ecch dar, except Sunday, shall consist of
experiments in chemisiry performed by the students thepm~
selvez, aud In giving explenstions, or the rationale of
the experiments; the Afterncon (less shell consist of
those who mey heve previously sttended one or more courses
of lectures on chemisiry at some public institution. They
will hear no afternoon lestures; guft their exerelses will
consist on & course of experimente in chemistry performed
by themselves, as a2bove the retionsle, contucted under the
‘supeérintendence of the senior professor. . . The Bvening
Class will attend lectures, on three evenings of esch week,
for ten weeks, This gourse of lectures will embrase chem
istry, experimentel philosophy, and the outlires of mineral-
ogy, botsny, and z0oolog¥. « . |

The founder of Reneselaer had stated in the letter quoted pre-

viously thet the purpose was to giw inetruction in the sppli-

cation of smecionge %o the common purposes of life. A unique

method of instruction was found in Rensseleer. 7This mmkmé

wes probebly never used by eny colleges before this time. Tie

Roard of Trusztees of the Rensselser School ruled mw%

The gourse of exerelses for the Spring Term shall
be, necrly &s circumstences will admit s8s follows; JHeoch
student shsll, during the first six weegks, give ten leo-
tures on experimentel philoscphy; ten leetures on chemical
po¥ers and on subsisnces not metellic; snd ten lectures
on metallolds, metals, soils, snd meneral waters. For
the remsinder of the teym each student shall be exercised
in the application of the sciences befors enumerated to
the apalysis of particulsr selected specimens of soils,
manures, snimel and vegetable substences, pres, and minaml
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weters; snd shall devote four hou ; ‘

. , Fuu; re cach dasy v > i
Egﬁcgzrggiggrggglzg,tgg thg@afaMnatian 0! é‘f@fﬁimuﬁ? ‘
Tl * 3000l ferm, together with %

progress of ocultivateq grains, grwwé f&mm&zrﬁgh ;fﬁﬁ
other plents, to praetical lsng wurvwimg and g@wrél
?ﬁzggrzzéagéegg gﬁ%ﬂglitimg upon the application of water
. : “hovdlen 1s made {0 the verious muchines in
the vicinity of tha 3chool and sn @mmia&‘hlonﬁ?‘hégaléga
gg k;ggr?.gziziei&gﬁahydmdgnmim wileh sre exemplified
] " .8, agqueducts, end nst fall

surrounding the imwiwtim. Y returel meterfalls

The objective of this method of {sstruction waes, to imstruct
by putting the puplil In the place of ‘t@wh@m; It wae argued
thﬁt teschers lmprove themsslves more by teaching then they do
their studeats, and %hw/advmwge should ve taken of this fact
in imparting instructiosns., The influence of these two schools
on laborstory instruction in the eolleges mey be anticiputed
by studying the preceding disoourses, |

The Ysleé jclentific sehool. Previous to 1842, there

had boen provided no meens for laboratory iastruction, with

the exception of Rensselesr, elther at Yale or any other col-

lege in thz United Jtates. Drofessor 5illimen, 3r., had been
in the habit of taking into his laborstory & very limited num=-
ber of persons who were fitting themselves to become teachers
in the departrents of science under his cere. This number
rarely exceeded two or throe p@rsané at one time. There were
no reeitstion; the art of menipuletions, the mensgemnent of
chemicsl processes, sud the preperstion of elussroom experi-

21
ments, were the chief subjects of sttention.

21 pigher, op. cit., Vol. 2, p. 274.
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In 1842 ¥r. 3illiman, Jr., belng them professional
essletant to his fether, srrenged to teeoh & few students in
¢hemicul snelysis and minerelogy. Tor thie purpose @ smell
analytical laboretory wee flxed wup in the 014 m}.mm Lzsmw~
%Wyﬁ Fhuw the eredit for establishing the first wgul&r
eollege laboretory oourses in chemiesl analysis belongs %o
Benjamin 51liimen,ir, E‘Exew l&bamwr@'v eourses were entirely

optionel, end the students were not regular members of the

gollege. 4s evidence of thiz it iz found that their nemes d4id
not sppesr iigmn ;ﬂm reguler emlleg@ cmalagu@.zs The gradual
development of the new branch of selentific instructlon finel-
ly led 1::3 t}w Mﬁiw of giving it =& mmgmimd place in the
Unlveraity gmdiwg

Sillimen's smell laboratory resolved itself into the
Yale Anslyvtical laboratory which opened 1ts doors to students
in 1847, There wse no source of income for this laboratory,
econseguently the work was earried on for 3@%:&1 years at the
personal expense of the two professors whs not only got no
saleries but furnished the Mbamtorwﬁ, library, apperatus,
and collections, They even pald a rent to t!wy college for
the use of the old presidentisl house, where the laboratory
was located, later the new school was Tortunate in getting

help from Joseph E. Sheffield. The institution was then later

23 Lg_g' m‘
83 1pid., p., 275,
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nemed the “heffleld Seientific .ohuol of Yale College.2®

Phe forsgolng will briag out a notion of the feeling
whiahh vxisted &t thw time towards luboratory lostruction.
Yor a 1@%&& time ezall@w :pfﬁmid@nﬁﬁ were losth to provide fusnds
for ﬁw &ﬁl@w%r‘%&ﬁi; af ;:r‘#épw laboratoriee for stuﬁ@ms; This
mrf@m went on between the solentist awd the a.mwi»aiﬁt: during
the g,ﬁé&wr paﬂ af the nineteenth w@rmurﬁr. "The ﬁﬁmﬁ.tii‘ia

goats wers not ellowed to mingle with the acsdemic sheep, . . 85

%‘h@ Lawrenes Sclentifiec School. In the same year that -
the Yale Belentifie School was founded, the Lawrence Scient- |
ific 3chool was endowed. This school was leter affilisted with
Harverd, F’:éa;faa‘mr Eben K. I:iamfam wss the first director.

He had just returned from his laborstory training at Cermeny |
under Iiebig. Tnis is the start of Liesbig's influence upon
Aimerican ehemistry teachers. | |

This wnael*s mm building was entirely given over to
chemistry, It contsianed & laboratory not to be surpsased in
Burope even &t t;hét time for convenlence snd instruction,®6

In this lazborstory the student was meinly thrown on his own’

.

24 prowne, op. git., pp. 716-17.

25 wy11iem H. grawford, The American College. Henry
Holt end Co., 1918, p. 62, :

26 pufus Phillips Willlems, "The Plunting of Chemistry
in america,." 3chool Spiense, 2:140, May, 1802,
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resources, The leborsicry work s deseribed by one of the

stucents s follows; o7

There were sbout e dogen students in oTE
of whom half were beginners. We were given ﬁﬁﬁbg&ﬁf”
tetive 4nslysis, snd wele set 6% work upon the “huncred
battlw.*’. After we had finished them, we begsn to ms ke
gusntlitiive anelyses, but we soon met a difficulty, whid
at that time prevailed gemerelly in the United Jtates; 1t
wés the leck of any systemetle, organized course of study
for the chemicel profesasion. We were aimply turned into
the letorelory. There was no reguley graded course of
study, consisting of two, three or four years, ineluding
not only chenistry, theoretical, enalytical snd industrial,
but otner studies necessery to the young chemist, As &
metter of fakl, there were no lectiures on chemistry at all
Tor the students of the scieutific school. We wers expect-
ed tu provide vursslves with text books and study them by
ourselves st home. ‘

Germen influence on esrly 1&bmmmry ingtruetion in

this ccuntry. NMeny college professors in the United 3tavtes

finished their educsticn in Germeny; consequently it is nat-

urél thet they should sdopt Cermen methods and technigues.
Pruly the Cerman influence in the early laborsiories of this
country wss highly signifieant. However, to-day it i«:s not
necesstry o go to Germany to find the ultimste in lsboratories,
for this ecountry contains some of the finest in the world. 'ri_w
students of Liebig who exerted the ,@rwtwt influence upon the
development of chemical education in aerica are; Eben M.

Horsford (1618-93), Frederick A. Genth (1820~93), C.+ M

vethorhill (1828-71), J. A. Forter (1822-66), Wolcott Gibbs

27 Ipid., p. 141,



(1822~19083, J. Lowrencs Imith {mmwag;.%

rrivetely owned daboratories. The early scientifie

schools were by no means the only institutions influentisl im
popularizing the lavoretory method, At approximstely the seme
time es the influence of the Yale Jelentific School and the
iawrence .;;ei@nm:'i& 3ehool was felt, privately owned labora=-

torics offered &n opening for students who wished to take

leboratory work. This type of institution played en important
role in teaching men thut branch of chemlstry which was sedly
neglected by the colleges. Thers were & number of such ladbor-
stories but two of them im particular deserve mention. These

were the privete lsboratories of Dr. Jsmes Curtls Booth of
29

Philedelphis, end Dr. Charles Thomas Juckson of Boston.
Both of these laboratories were @panﬁ in 1836, This type of
instristion mode the teachers comscious of th_é necessity for
mbaramry instruetion. The young chemiste who vorked under
these men hed emple opportunity to femiliarize themselves with '
analyticsl procedures snd industrisl processes., The netural

result, of course, wes thelr lnsistence, leter ss tesachers,

upon leboratory tesching.

28 Browﬂﬁ) 9_2' M!j ?u 7191
29 1pig., p. 715
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£7% oy e s - .A,, . . ) o ;
The surly luoorsiory iastruction @t the medicel sehool

in connuctkion with Hsrvard. The first laboretory instructiun

at the medlewl scnool in connection with Harverd wes in 1040
when tao medical school wus "ﬂww%‘rmﬁ %0 & pew buildiag. In
the bssemsnt Oof this bullding s chemicel lsborstory wes built.
1t was fitted for one bundred edd bhlrty-<eight students. It

geems thet cech student hed his own plece cud his own appuretus
30

for prsctisr l work in snalysis snd other @hémwl procesaes.,
This plén so widely used and adame& &l the present time, wes
then & greet innovation, but even here the laborstory wes not
much used Tor seversl years. Dr. John #. Webster wes then A

professor of chemistry at both the medical school and the

gollege. Two or thres lectures wes the axtent of the chemi-
eal instruction in the college &t thet time, In fruth "chem-

fcal tewehing in Harverd College bed become extimeb,” It wés

laft for webster's suoecessdr, Joziah Cooke, t0 insuguraie a

4

3
echenge for the better.

Tn 1380 Josiah Cooke was sppolnted ix the plsce made w-
cant by Webster. At thet time the college hed no Gpperetus,

but Cooke furnished whet ne used from his own privete laboratory.

There was o small lecturs IOOM but no laboretory, because preo-

viously all thai wus required in the chemistyy course wes

=0

Williﬁms, Eﬁi ﬁiﬁi' pp; 159”400

él Ibidt’ p- L&Og
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few leetures. I% is true, as has been mentioned previously,
that science teaching was not favored by the college suthore
ities.

Cooke. soon stérted & small laborstory in & smsll room
beneath his 1aataxe hell and later invited a few students %o
@xp&riMQﬁ% uiﬁk Rim, By 1853 Qooke had equipped the medical
saha01;1n $méﬁ@h.'t@ %hﬁ extent thst o few pupils could take
guelitetive enelysis. It is interesting to note that in

1857, 1abﬁréhgry work was made & requirement for the students
who a;uﬁiea chemistry. From this stert iha chemical depart-
ment. of Harvard ra&a‘fram practically nothing to one of the
largest im‘thﬁyvnivaraiﬁ?. Cooke saw the laboratory of this
institution rise from & mere cellar corner to & whole build-

ing completely riilad vith laborstories end leeturs rooms,°®

The Morrill Aet. Becasuse ol the need for extensive

laboratory technique treining, the Morrill iet in 1862 proved
to be a great foree in the papnl&rizatiph.af lsboratory instrue~
tion. This set mppropristed lands to promote and esdvance ed-
ueetion in sgriculture, mechenie arts, and natural seiﬁnaa.zﬁ

A result of this sect was the founding of the present landgrent

52 1pid,, pp. 148-43.

@3 Guy Montrose Whipple, aaitaig-“A fragiam tgrtwaﬁahing
solence,” Thirty-First Yearbook of the Netionsl Hoclet or
the wtu&¥ of Hducation, rart I, rublic school ruvllshing To.,
Bloomington, 1lls, 1988y D. 508,
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colleges which have as thelir aim thet of developing prectical

sgiences. The very nature of these colleges disegreed with the

advocetes of the classical tralning. 48 early as 1876, the
Kansss state Agricultural College cleimed;®®
K. 5. 4. C. furnishes a mentel training ha

bosh and possessing more real value to the b??a &Xéngaifzﬂ

who will have %o make a living by working them cen be obe

tained elsewhere; 1t affords a mental discipline equel to

that of eny other institution, and 1% gives & mepuel train-

ing whiech cannot be found elsewhere
As mey be noted these schools did not deny the existence of
diseiplinary values in education, but they did suggest that the
practical and useful were more importent. Another force which
gncouraged the development of chemistry instruction was the
introduction of the elective sys"eam in the colleges., This
afforded the students &n opportunity for the eleotion of
courses in sclence and a‘ release from the study of the almai%.%

It was in this menner that the leborstory method of tea ch-

ing slowly geined & foot-hold in the eolleges. Although certein
institutions used and advoeated the leboratory method early in
‘the century, & gencral agceptence of this method did not come
about until sbout 1870. TFrom this time on the development of

leboratory instruction has edvenced st & rapld rate, However,

this does mot mesn that the question of lsboratory imstruction

The question &s to the relative value

compured with that of

is gettled even to-dey.

of the lecture demonstration method as

ments of the gurriculum ln

34 ; "Develo
Bruce . WeIwln, IO remicel Educntion, 12:542,

College Chemistry.” Journsl of Chem
Nov., 1935.
35 4hipple, loc. cit.
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individual laboratory work is & problem of discussion at the
present time. o
o The period from 1870 to 1900 was cheracterized by th@
gensral accepiance of the laborstory as a velid end essential
mode of study. /hen this leborastory method degsn to develop
ama%ma&y aboub this time 1%t resulted in a' formalizetion of
leboratory exercises end in & standsrdization of equipment.
This formalization was & result of the influence of fagulty
psyehology #nd an unquestioning belief in the trensfer of
tmmim.m
This study of the evolution of the chemistry labora-
tory s 2 method of {nstruction has indicated: that the doo-
trine of mental diseipline hes played en importent role in
shaping the currieulum of the smerican Colleges from the time
of the beginnings of laboretory {nstruction to the beginning
of the twentieth century; that students saw very little labor-
atory instruction before the middle of the ninéteemh century;
thet before the middle of the nineteenth century, students saw
experiments per!‘cimad, by the instructor but were never sllowed
to handle the appamtué themselves; that the beginning of the
lebore tory method esn be traced to the founding of the Rennse-
leer Institute in 1825 and the Gardiner Lyoeun in 1822; thet

the private leborstories such 8s those of Dr. Charles Thome 8

38 ypid., p. 282
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reckson and Dr. Jemes Ourtis Booth exerted the next great in-

fluence in stimulatiag laboratory instruction when the opened

in 1846; that the Tirst reguler leboratory courses in ocollege
chenistry were offered at the Yele weientific School in 1858
thmtygheyfiist labaravaryqinstxu¢t1@n at the medlcal school
in éonhga%ien with Herverd wes in 1848; thet in 1857 labora-
sory work in Harverd éaa required of all atudents who studied
chemistry; that i1t wes not until ebout 1870 thet laboratory

ipstruction in chemistry becsme generslly acgepted.




CHAPTER V

TH% Rﬁﬁiﬁm‘ BXFANSIQN OF THE SMI STRY CURRICULUM,
. ; 187C¢ TO THE PRESENT TIME

Té‘réu@pitﬁﬁ&tQ briefly, chemistry seems to have been
offered as a @épaiéta brapoh of imstruetion in the americen
colleges mnﬂ’nnivétaitims since the founding of the firat pro-
feaabrship of ahémimtry at Kings College in 1787. The Univer-
sity of Pannwylvaﬁim was the‘nsxt‘to offer chemistry as @&
aep&r&té suhjact when Jemes Ruah,wés the professor of chemiatry
in 1759.' ih william‘ané Hary College, chemlstry wes introduced
in 1774, Herverd included it in its curriculum in 1783, &nd
Princeton inylvgﬁ.' buring the following fifty years it be~
ceme & reguler course of study in most of the large colleges
and universities of this country. |

The chemistry of these early colleges wsas ususlly
taughﬁ in emnneq@ibn with the medicel aehools‘amd weas genér&1~
1y considered éMpart of the medical training, The chemlstry
gourses were usually made up of & few lectures with &an occse-
sionel demonstretion, the mein purpose of which was to produce
apeet&eﬁlar effects., Very few laboratories were in existénca
end those were for the exclusive use of the instructors.

The beginning of the laboratory method can be traced
back to the first quarter of the nineteenth ocentury when the

Rensseloer Institute and the Curdiner Lyceum were founded.




&
Under the influence of the seientific sohools end private labe

oratories, the laboratory method wes introduced in & general
way into the colleges sbout the middle of the nineteenth cen-
tury. About twenty-five yesrs later it hed geined & general
recognition &nd acceptance amang the colleges., The sdvencement
of chemical education in the United sStates has teken repid
strides since 1875. It is from this dete %o the present time
that is of primary coneern to mia chapter,

puring the past helf-century the Offerings of the V& r-
ious college depuriments of chemistry have chapged greatly.
This change hes resulted in the present disocussion &s to what
pew courses should be added to the eurrieulum, Grest smounts
of scientific research h.ve been carried on inside the colleges,
veny great chemiocal research aeeompylmhmnts;mum be eredited
to college research leboretories. This, of course, was not
true in the early colleges, for at thet time precticslly all
inthig@tion&z were cerried on outside of the colleges.

In en cttempt to deseribe the conditions of chemical
instruction at sbout 18680, & brief study of the methods used
sand the extent of the instruction in chemistry in six of the

more importeut and typleal colleges of this country follows.

Dartmouth. At this institution the regular courss in

chemistry occupled four hours 8 week during eleven weeks, the

lest term ¢f the junior year. Lectures and experimenta before
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the ¢lass made up the main pert of the course. Miller's text
pook was used. 1In the midalm Yerm of the senior yser there
was an optional course of four hwm‘a w@k in leboretory
practice.

The agricultural college in conneotion with Dartmouth

hed a genersl course of study extending through omly three

years. In %the second year, Barker's chemistry was studied
for two terms and Dougles &nd Prescottfs Quelitative Anelysis
for the third term. During the first term of the senior

yesr, quantitative analysis wes op"ﬁoml.l

Hervard. At Herverd, a course of twenty popular ele-

mentary lectures was delivered once a week by Professor Cooke

to the freshmen, This course wes required of all freshmen.
The whole cless was required to pess an exemination at the

end of these lectures, After the freshmen yeer verious elec-

tive courses could be taken.Z

Clarke summerizes the content of these elective courses

in the following mann;er:s

After the freshmen year the following elective
eourses are offered: /

L pre les ) "A N the Teaching
Frank higglesworth Clerke, "4 peport on :
of Chemistry and Fhysies in the United Stetes," Bureau %% Bd~
westion Circular of Information HO. 8, weshington, D C. 1880,

P 38.

2 Ipid., pp. 46-47.
3 1bid., bpp. 47-48.



(1) Descriptive chemistry, with 1 » 86
p a .
Three times a week., Asalstant Ffé‘@muwr gﬁgxm w;gf
course 8s @ whole comsists of two lectures, one rescitation
and four hours of laboratory work & week, the laboratory ’
work is lald out for sach exercise at the : receding lecture
and involves numerous experiments in pm&m chemistry. ’
This course is intended for general educetion end is taken
by more than halfl of every eclass. The eversege of number of
itggings annually in attendence upon it is reported s one
Q @G, ; ‘

{2) Determinative mineralogy and litholo with
study in the mimersl cablinet. rhﬁe times & mﬁ: Pro=
fessor Cooks &nd ¥y, Melville. The minerslogy, including
descriptive orystallography and blowpiping, is teught first
by lectures on models and specimens, and later by practical
exercises in determining minerels, Over iwo hundred drew-
ers of specimens are selected for this purpose end assigned
to the students. Their acquirements are tested by calling
on them %o point out on the spscimens the cheracteristics
by which the latter have been determined. The examination
refers solely to their ebility to identify species. About
thirty students take this work.

{3) .ualitative analysis snd chemical philosophy,
with lsborstory work. Three times & week. assistant
Professor Hill. wualitative enalysis is taught in much
the usual way. Thres hours & week means & minlmum of nine
hours' work in the laboratory, Most students work much
more. Aibout forty students teke thls work.

{4) quantitative snalysis, Thres times a week, or
& minimum of nine hours in the laboratory. Professor Cooke
and ¥r., Hodges. In this course, &s in the lest, some pre-
liminery instruction is glven by lectures, About twenty
students asttend. ,

. {5) The carbon compounds. Three times 2 week.
assistant Professor Hill, This is an advaneed ocourss of
leetures on theoretical orgenio chemistry, @sccompanled by
work in the laboratory. ‘the jatter is chiefly in the
preparation of organie products, slthough, es soon &s the
_students show themselves gompe tent, tngy are started on

research. ,

. &) advanced course in axperimantal echenistry. )
Three t,’fmgzsﬁfa week, Professor Cooke. This is & aagtznu
stion of earlier work, and here 8lso studmw,tagtarg_
as they have soquired suffielent skill, azz fg e or
cearch. The instruction is sll speciel & |

atory.
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(7) Crystellogrephy end the

; A : physies rystal

with rork so the wineral sebines,” BrUfellor aoke; T
& 4 s . «

:aught. given by leetures, Miller's system being

For graduste students tmmviaa cours Vi
orgenic ehgmi&try, three times o week, unﬁa; zﬁé“?@:g‘gmw
professor Hill. In the laboratories edvanced students ere
also directed by the professors in whatever specisl studies
or investigations they mey desire to underteke.

But 1little use is made of text books, their day having
gone by. Indeed, there are no formal recitations except in
courses 1 and 3, end in these they ere directed rather to
emphaslze the lectures or to correot inscouracies than to
enforce the learning of lessons.

The laboratory facilitics, &e., are as follows: .
¥irst, a qualitative leborastory, with one hundred desiks;
then 8 quantitative laboratory, with twenty-four deska, an
orgenic leborstory, with twelve desks, and e minerelogical
laboratory cepable of accommodeting ebout twenty-four -
students. There is a room of constant temperature for ges
analysis, with & furnace room, & balance room and library,
a lerger end & smaller lecture room, and three private
laboratories. The apparatus is mpie;, and the minersl cab-
inet is abundantly sufficient for all purposes of teaching.
' gvery opportunity is afforded for research.

The Toregoing does not inelude the courses in The
Lewrence Scientific School and the mase}y Institution. ?mawa

‘institutions are connected with Harvard.

Yale. In the undergraduate scedemioal depariment, in~
struction in chemistry wes given in the first third of the

junior year, by recitations, lectures, 1llustrative exercises

with problems, and examinutions. mhere wes no laboratory

practice.

The extent of chemical education in sheffield selent-

ifie ichool, which is afriliated with Yale, 1s brought out 1n
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s description of the chemistry currioulum in thet institution.
clerke describes it &ﬁ_mmém%g e ; ;

Instruetion 18»3@%# by vlwéé professcrs ar
agsiat&nts. There sre several ,mmgwrg,; 2933.%5 ga
study, all of which are the seme in the first yeer. The
"gourse in chemistry” is as follows: ‘

Freshmen yeer.-~First term: Germen, Bnglish, ana~
lytical geomeiry, ﬁhyaxaﬁi,@lﬁmﬁaﬁaxy~a@awin§?gah@miutry
(recitetions and laboretory practice). second term:
Language, physiecs, end chemistry (as ebove), spherical
trigonometry, elements of mechanics, botany, physical
geography, political economy, drewing.

Junior yesr.~-First term: Theoreticel end organlc
chemistTy, lectures, quallitative anelysis, blowplpe ana-
lysis, Germsn, Freach. Second term: Quentitellve ana~
lysis, minerelogy, blowpipe anslysis and determination of
species, French, Germen. )

Senior yeer.--First berm: Voumeiric and orgenic ana-
lysis, geology, zoology, French., Second term: ¥ineral
anelysis and assayipg, egriculiuysl ehemistry, recitetions
and lectures (optiopal), geology, metallurgy {optionsl},
mineralogy {optionsl), French. ;

Blowpipe anelysis is teught in all the regular
courses. In the engineering courses thils study 1s taken
by the seniors. Other courses have it in the junior year.
3tudents in the eourses of mpatural history" snd "blology"
neve instruction in quelitative anelysis during the first
junior term, In the letter course toxicology end physlo-
logical chemistry &re taught through the second junior
term. Juniors in the agriculturel course take the chem~
istry essigned for the peme time to the chemical students,
gs apecified sbove. 1IN the senior year they have ggricul~
turel chemistry., Young men wishing to become mining
engineers cen pursue the reguler course in eivil or m@hm
epicel engineering, snd afterverds can spend 8 fourth year
studying metallurgical ghemistry, mineralogy, &e.

‘ : ride it 1 neces-
The laborstories are well provided with &ll ne
scry faeilitles. A fee of §b is cherged to members of the

5 7pid., p. BB
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freshmen class for chemicels, 26.. end :

; e 'y ‘@nd the . g P
quired from 311 wio teke the'praciicel exeroiess in Hiow
)+ BE e Geterninative minerslo the specie
student of chemistry, over and &bove tuition ?&ﬁm%g;ﬁl
#70 per annum for chemicsls end the use of apperatus. He
also supplies himself at his own expense with gas, flasks
g;?gihl%; &e., the cost of which should nmot exceed £10 &

¢ . ’ X i

Columbig. Ia the Jchoel of irts, the sophomore class
attended one exerclse a week ln chemistry mréughow tlﬁé year.
The ecourse consisted mainly of lectures and included the gen~

oR

erel prineiples of chemistry, & short &ccount of the comm
elements, &nd the chief compounds &nd their uéw; In adéition,
8 brief outline of vegetable 2nd enimal chemistry wes presented,
General chemistry was alsc taught during the senior
ye&r,' three times & week, @s an eleétiva}.” - Hownes's fé‘ﬁ:“ﬁ:b&@k
wes used along with lectures to maké ’&p ﬁhe course. The ﬁriﬁ-
eiples end details of both inorgénic &nd orgenlc chemistry

were the topies discussed in these courses, The levtures were
illustrated by chemicul specimens. No labmwtary WwWOork wes re-
qgaired.ﬁ

The 3chool of wines which is im comnectlon with Columble
hed & course of study whiok in 8ll probablility wes %ypioal of
the colleges the country eﬁr g% about 1880. Clarke deseribes

1t as fallsws:? *

® 1vid., p. 67.
7 1pia., p. 66-67.
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« +« » Genersl inorgenic chemigtr atolch :
quelitstive anslysis, quentitative anagéia, anﬁig?ggggﬁing
@re required studies in sll the courses. Assaylng is
mﬁ@h’# to ameﬁ'@am in mining, metallurgy, and chemistry.
g@;@ the gw&ag&miamﬁ chemieal courses, organic chemistry
is studied. The chemleal students heve also a large smount
of work in applied chemistry, Juantitative blowpipe sana-
lysis iz an optional study 1n 81l of the oouyses,

In genersl chemisiry the first year students att
three exercises a week throughout the g%r‘ : Thistgaug.ﬁggﬂd
is preliminery to practicsl instruction in the laboretory.
The students sre drilled upon the lectures, with free use
of the best text booke, and take notes which must be sub-
nitted to the professor. 4t the end of the yesr there is
& :1@1& exemination. The second cless slso sttend three
times & week during the year, end receive instruetion in
theoreticel chemistry adapited to the needs of specisl
gclentifie students, , ‘
: For enalytieal chemistry there sre three laboratories,
one for qualitstive analysis, one for guantitative &nalysis,
énd & third for asseying. Koch of these is thoroughly
equipped end is in the speclel charge of an instructor with
&n assistent. Hvery student is provided with 2 convenlent
teble contalning drawers end cupboards, end is supplied
with & complete outfit of epparstus and reegents. The
, laboretories are open dasily, except Saturdays, Sundsys,
.+, holidays, snd vacetiomns, from 104, to 4 P.M. :

~ Puring the second yesr, guslitative anelysis ls
taught by lectures, blackbosrd exercises, and constant
... laborstory praectice, The spectroscope iz Ireely used.
when the student shows, by written and experimental ex-
arinetion, that he is sufficiently familiar with quali~
tative work, he is ellowed to enter the quentitelive
lehoratory, In the third end fourth years, quentitative
spalysis is teught, the lsboretory exercises belng sceom~
panied still by lectures and blsekbosrd work, The lab-
oratory course is greded after the usual menner, the
* student beginning with comperatively asimple substances of
known composition and passing on by degrees to the snalyais
of more complex bodies, such &s ocoels, pig iron, various
ores, slags, mettes, and 80 OH. Both volumetric and
grevimetric methods ere employed, In the fourth year the
student iz sdmitted to the assay laboratory, where he is
furnished with & suitable table and a set of aseaying
apperatus, Here he hea gcress to cruecible and muffle
furnsces end to volumetric spperatus for the assay of
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alloys of gold and szilv.r, The :

e o] ‘ , "o ING general prinei;
ﬁwciﬁl@maghadg of assaying are descrived in ?églfﬁoggﬁa
room &nd &% the seme time the ores of the various metals
and thelr appropriate fluzes are exhibited and described.
ﬁzﬁiﬁﬁﬁg ézs;i;@i ﬁgmlm&’ with different ores mand is
vision of the inmstructor, plicete ’unﬂtar the super-

3toichiometry is taught, by leotures and b -
board exercises, as & psrt of the course in @,ﬁm@?ﬁeghmﬁ
istry, through the first and sesond yeers; and iis prao-
tical @pplications are developed in lectures upon quenti-
tetive enalysls and essmaying. S o

In applied chemistry, the instruetion extends
through the third end fourth yeers and consists of leatures
illustreted by experiments, diegrems, end specimens., The
cabinet of industrisl chemistry 1s very large and complete,
conteining severel thousand specimens of meterisle end
products. ‘

Prineston. At this Inatitution :itzx the clessical course
throughout the senior yesr, chemistry W‘ﬂlﬂ reguired. Applied
and orgenic chemistry were beld &s @w@tivw for the same
year. In the school of science, the freshmen were prescribed
to teke blowpipe anslysis. Throughout the second War, gen~
eral inorganic chemistry, with quali‘g&t;w {analﬂyam durmg

the second a«d third terms were mqumxreﬂ. The juniors had |
quantitstive snslysis end the seniors took up volumetric work,

N g8
assaying, espplied chemlstry and orgenie chemlstry.

University of pennsylvenie, The neture and extent of

this ina‘tiﬁutwn is well desoribed

the ehemistry depertment of

8 1pid., p. 75-76.
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in the Tollowing: ¢

In the department of arts th
| ,, , nt of 8 the sophomores hav -
istry tr}x e¢ timﬁ & week and hear mmg the yga:?ﬂ ;ﬁ@g&ﬁg&e
of lectures ocovering in a generel way the whole field of
the science, inorganic snd organie, o

In the Towne Selentifie Sehool th |
six courses of study, whioh diver § at %gmbﬁm Wmidm
’ . Giverge at the beginning of
the third year. The freshmen have & course of fully
illustrated experimental lectures upon inorgenic chemistry
twice & week throughout the year., In the sophomore class
one term is devoted $0 recitations upon theoreticsl chem~
istry, & second to the outlines of orgenic chemistry, and
the $hird to laboratory exercises in chemiesl menipulation.
The text book for recitation work is Oreene's trensletion
of wurtz’'s Flements of Chemistry, and there sre three
exereises weekly. At the beginning of the junior year
the olass divides into aix sections, All begin the atudy
of analytieal chemistry at this point, but devote very
diffarent ambunts of time to the work, In the two engin-
eering courses gualitative enalysis, metallurgy, deter-
minetive mineralogy, and blowpiping are studied, studenis
in tne course preparetory to medicsl studies have queli-
tative analysis, ovzenic chemistry, and deteruinative
minereloxy through the junior year; and in the senior
¢class they take up quuniitetive werk, toxicology, snd
physiol-gicel chemistry. For the "chemical aection” the
whole courss of study from the begipning is &s follows,
the same amount of chemistry im the Junlor end senlor
yearz beins taken also by the seetion in geology and
mining: ' :

. Freshman year.--History, ”En@;lish“ mommaition.
French, algebre, geomelry, trigonometry, drewing, Cermen,
chemistry. :

| Sophomore zaar.-»ﬁngliah, fermén, French, spher-

icel trigonometry, deseriptive geometry, differentisl
culculus, drawing, physies, chemistry, 80108y,

Junior yesr.--Physics, logle, geology, %oglish,
orgenic chemistry, chemical menipuletions, qua litative .
end vlowpipe enslysis, chemical pmp&rwmw, introduction
to quentitative analysis, deseriptive mifieralogy,

® ypid., p. 80-82.
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m@tallux‘gy s @&saaying,

Jenlor year,--History, inglish literature, inter-
nstional law, Thompson's Social solence and ﬁgzéx’;?ﬁggcn«-
omy, ¢ompositions, declemations, quantitative emelysis
(gravimetric and volumetric), gas @nalyais (including the
eongiruction of sudiometvers), orgsnie analysis, water
analysls, detection of impurities in food aad drink,
quentitative blowpiping, chemicel preparations, metallurgy,
determination of minerels by their physical properties
practice in agricultursl chemistry, ’

4 post graduste course of study has been srrenged,
but es yel no regular clesses heve been orgenized., Indive
iduel post graduste students heve however been in attendence
Tor seversl yesrs past, working upon gus sntlysis, minersl
‘enalysis, organie research, and other spscial subjects,

The laboratories are exoceptionally fine end fully
equipped for ell fields of chemiocal instruction, There
igs elzo & chemiocal museum. 3ince 1872 about twenty-Tive
original investigations have been published by Professors
Genth, Konlg, 3sdtler, end Smith in verious scientific
journals.

Chemistry end netural philosophy have been taught
in s limited way in this university for nearly @& hundred
and twenty years. The presenl system of tsaching these
sclences wes estublished in 1878, A solentific socciety
has been organized among the students, and meetlngs are
held every week for esseys and dlscussions. '

At may be noticed, the character of the work done in
chemistry in the verious institutions wes by no means the
seme, MNowever, & common characteristic of these institutions
is thet of prescribed and required work in chemistry. In
these colleges @ great portion of the chemistry aeur(aw

vofi‘earea wee required, The veristions existing emong the

colleges at that time was entirely meturel end loglesl. 4

common &im and purpose was nard to obtein beosuse institu~-

tions of higher learning grew up move or less independently




G
of each othsr, 3@@1} grew up with a different objest in view,
Beczuse they were %m;zm stage in the eduestlonel scheme,
the colleges have Em% A0 atzanﬁﬁriiamg agent szmh as 4id the
high 3@7&1@&%3a %Mm %wﬂ%w imstitutiaas had such things @8
epllege @mmm@ MQ%ximmnta to fulfill, therefore, tﬁwy grew
up scmewhat mft@r %m fashion of each other. This is not true
in the cese of collegs develcpment. As @ result, the colleges
were found to heve dsveloped various types of curriculs and
sourses which were as different as life itself. |

in ! thetre were over three hundred colleges apd

universities in this country. This numbter does not lnelude
the medical @@ﬁ@@m, seientific schools, institutions for

en, and normel schools which existed et
10

imtrwtian of %0

that time. Trenk Wigglesworth Clerke” mede & comprebensive
survey of chemistry and physies tesching in the United States

It 1s from this study thaet the following table 1s

compiled. An exemination of this table will indicete in de~
tail the nature end extent of chemical education in the various

eolleges ia 1880.

10 Ivid., pp. 200-12.
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TABLE III’ { Contimmed)

1 2 3 4 4 6 7
3t Johnts Col, of
Ark., Ark. L
Missionary Col. of St.
Angustine, Cal. 1 Seient. 8 1c0 31 1867
Plerce Christian Col., :
Cal. 1 Fresah. L 31
Univ. of Cal., Cale« 4 Fresh, BeB,3,4 280,000 12»2?~é3~59
5B B4mB5e - 1869
St. Ignatius Col., Cal. B E.6 50,000 18~28-47
3t. Hary's Col., Ccal. 1 Znd : ,
¢lass Jr. 1.9 31
Santa Clara Col., Cal. 1
Pacifiec ¥eth. Col, Cal. 1 Jre 9 800 26-36~ 1871
Cal. Sol., Cal. 1 \
Habh., Col., Cal. S*E?hs L
Hesperian Col., Cal. 1 Seph. 9 N 500 34 1885
Celo. Col.«, Colo. 1 Soph. 1.6,13,14 12
Trinity Col., Conns k4 Sen. 1.9 45, 000 1-22 1823
wesleyan Univ., Conn. 2  § C.6 12=37=43-53
: B4=BETL~TTF 1831
Yale Col., Comne. 1 Soph. L.® 4 1802
Delaware G@l.,@al. 1 Jr. E.6,20 12-27-58~T2
58-82~64-~
g&l&aﬁ& Gniv., ﬁa. 1 2nd yr.
normal H.9 550 3136 1872
Gainesville Col., CGa. £ I 36
Eercer Univ., Ga. 1 Sr. L 27

96




TABLE III {Contirmed)

1 2 3 4 5 6 T
Pip Nono {ol., Ga. 1 Fresh. B9 600 12-31 1874
Emory Col., Ga. 1 5 o L 13
Abingdon Col., Ill. 1 H 36
Hedding Col., Ill. 1 Froshs. /1§ 36
111, ve3leyan Univ., Ill. 1 Sr. prep. E.9 35«36 1850
St Viateurt's Col., Ill. 1 8th yesar
Blackburn Unly., Ill. i Ir. . K. !
Carthage Col, Ill. 1 ¥iddle Jr. &n@ 4 - - ig72
Sts Ignatius Col., Ill. 2 T %5300 1873
Bniv, of chieago, Ill. 1 Es«C.6 780 G d 055 1881
R@ek R:iv%&? Eﬁi?i, I1l. 1 L , )
§mmg%@r& mfv,, Iii. 2 Sol. Pl 3,000 :
Bwing Colsy Ill. 1 Fresh. 4 : ’
KnoxX Coles Ille . 1 Irs . E 4
Lonbard mim 13.1, 2 7 4-18 o
" 1i. 1 s. a 1829
kﬁiﬁa ?mst. m%m, I1i. 1 3 » B.6 1878
E&mm ﬁmv, 111, 1 : R - 1866
gol.s Ill. 1 Jr. W9 38
tana Col., Iils 1 are 9 18-4 1875
s%m Jeseph®s Eeecl, c@l*
}3‘1@ ‘ ] 5th year 51

L8




TABLE III (Continued)

westfield Col.,
Wheaton Col., 111.
ﬁ@éfaré g@l&g Iﬁﬁ*
nﬁh@§mﬁ§%,kﬁ@

ﬁ&h@ﬁﬁ G$1§§ Iﬁﬁg.,

Fort Wayne cﬁigl Ind.
Franklin Col.,
Ind. asbury Bﬁi?., zndg
m%r Gol.g I}:&ﬁ»
Hartsville Univ., Ind,
En&l&r'ﬁﬁiv.* ind.
Smithson Gol., Ind.
Eﬁi@a Gﬁtisti&n &al., Ind.X
§ﬂi¥% @f gﬂﬁre samg am

amity col. *
ﬁ@is§@§§ gﬁlg, Iowa
¥orwegian Luther Col.,

Jowa
Oniv.

R0 e

P W e L ol o

, of Des Moines,I
Parsens (sl., Iowsa

JF»
Sr.

B9 ’

1.6

Dab,13

1869

88




Upper Iowa Univ., Iowa
Iowa Gol., Dows
Hamboldt Cols, Ioua
aﬁﬂﬁ%@m@me,

Tows
Iowa Stale Univ., Iowa
Iown %@si yan Univ.,Iowa
gornell Cel.; Iowa

%ﬁ&&ﬁwaﬁﬁéilﬁm
ﬁmks@ﬁi,fwm;

Tobor Dol., Iowa
gestora @ai., Towa

2t Bonedicils Col., Ks.
Highland ORiv., Xs.
g&i&» of ®s., K.

Lane Uni
Ctiawa %ﬁi%aa Ks.
St g@ea§&’§ swl*, K.

ol Sl ol 1B

o

et

K:8
B.6

¢

1.6, 17

R mwmmmwummm

1870

1880
lase
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P}

gﬁzbﬁ &! 1l §
E?* ﬁﬁ’%&i\? Inst., Esu 1 ¥
: 3 %&?ﬁ G@lsg @3 I L9
sleyan Col.,; Ky. 1 1+8
rray ¥ale & Female
Instsy Ey. ) Eﬁ 7
Goncord Col., Ky¥s 1 o 1868
Central Univ., Ky. 1 E.8 1874
Bethel Col.ey Eve 1 L+®
o4 P m*s G@}-fi EY o 1 ) .
L&O 3%@&%‘3 gﬁi?»g La. ) ﬁ%&’yig %
CRIIRYY Gﬁin @f I..ﬁatia&i‘ 1 I‘*gjga ﬁ
L&m Eﬁi‘ﬂ‘.; ;a&ai 3& ﬁ
Straight Univ., la. . )
Jefferson Cel. {(St. D
Hary's), La. ‘ 1 3rd |
: : Classical G.7 10,000 20
Boudoin gg}»*’; Eas 2 Soph. P.7
Bates Cole, Hew 1 | L 18 |
3&33&}‘ @i?i, He. 1 1.7 18-38-56
St. John's Col., Hd. 1 1.9 14 o
ém*s gﬁg}kﬁ’iﬁ Ex&i’v.,ga, 4 A1 £3a54-68 1876
he Gol., Bd. 1 Se. 9 36 1ves
Frederick Colss Md. 1 Fresh. ¥ 36 |
Jestern Fd. Col, Hd. 1 Soph. 1.9 50¢ 14-26 B 69
amherst Col., Mass. 2 Soph. %.6,15,16 10,000 15-85-62 1821

001



Bostun Unaiv., Cols of
ﬁ@&%?ﬁﬁak@wmg

Harvard Col.
Tufts gol.,

sm%ﬁ gﬁlal a8,
wellesley Col., Hass.
williems Col., Hass.
College of the Holy
groas, Hass.e
ﬁwnﬁcﬁnaﬁﬁm‘:

Albion Col.; HMieh.
Pniv. of Mich., Hich.

Battls Cresek Col., Hich.
grand Traverse Col., Mich.

Hillsdale Col., Hich.
Hope Col., ¥iche =
Falame00o, c§1 vs Ei éhv
olivet Col., Hohn

Univ. of winn., Minn

{mﬁﬂ&zmﬁqiﬂmu'
8%. John's Col., Hinn,

ﬁiﬁ‘ w}-ﬂ‘ %ﬂ;g
Shaw Univ., Kiss.
mniv. of %13&.,’ ise

Gipe PR i R

Do g W B et B

’%ﬁm

5,000

1,750

2,000

&

4

78
%ﬂ@lﬂ-’%ﬁﬁl

%&*§~13—14

lase
1871
1877

1878

ot




1 2
Alcorn Unlv., Hiss, dra 8O0 36 1872
Univ, of ti;e u‘baf:e of ‘

#o., Ho. 1 6,15,19 5,000 27w=E364-68-73 1840
Centrel Col., o, i R 9,20 : 8 750 14-83 i8vg
Louls Col., Ho. 1 Prep. B1le38
Pritchetd 5@%}‘ Ins%. *

He. 1 Grammay

8chool 7 1,000 1866
mlﬁ g@l;, ﬁﬁw 1 Ire 9 or 11 ) 36

irange Col., Ho. 1 Jr, 9 1,800 :
§£llim Jewell Col., *ﬁc. 1 I E.7 5,000 34
Baptist Col., Ho. 1 Jr. g or 11 38
8t. Louls Univ., Mo, 1 E.9 5,000 20
Rash. m?;; g@c 1 sﬂyhc Gqﬁfié 4;&@@ BB
Central &ss}.&m Col.

Mo. X Sr. o 31
Dosne Col., Heb. 1 Jr. 0.8 30 4=13 1876
Univ, of Neb., Fsb. = 2 Prep. H.7 00 ‘ 1871
Rutgers Col., §.§Ji 8 Fresh. E.8 6,500 -2 e h B
- Qf gt;;u; ﬁl?t =] I.7 Bl B850
%8%@ M Vﬁl# ﬁuga 1l @@h, L @@é
8¢, ﬁewmmegx Col.,

ﬁl?% 1 4th P 25

' 1 Ir. I.7 3,000 4 dB=53 ,

E@@ak’im Collegiate & -

Polytechnlie Inst., g
X 1 - 1st Col, D.6,14 6,700 4ebPub3=B4-68 1854




TABLE IIIX

{Continued}

1 2 3 4 6 6 7
Canisius Col. » N.Y,. 1 5th Class-
; leal 1.9 4,000 13 1876
&%, Joseph's Col., K.,Y. Jr. B
St« Lawrence iniv, ,N,Y. 1 Jr, g 1,600 4 Coleve
Hamilton Col.,H.Y. 1l Sy, I.7,20 12-562 is1g
St John's G‘Dl-gkai 1 dPe 28
Hobert Col., N.¥Y. 1 1()&0{)0 18886
Medison Unive., H.Y. 1 Boph. .9 Sg000 427
Cornell TUniv., N.¥Y. 23 Sophe. C.2,4 19,000 Tl BBl B o G u ‘
' 845881 1868
hem Univ., NoY.. 1 Jr. 1,000 1835
gﬁi* of the City of
ﬁQY:Q* EQY‘ 2 Subg . A
7 j Frash, 9,13 18,000 668
EColumblia Col., H.Y. b Soph. E.P 1427
Col. of 8t. Francis :
Xavier, H.Y. i re ] 4
PUniv. of the City of ‘ ,
HoYay H.¥. < Soph. F.6 11
Yassar G@L, 1 Sophe 1.7 7,800 -
Univ. of Hoehebter 1 Ir. 7 3,000 27=35=51-63-75 1851
tnion Col., H.Y. 1 Bophae._ & 85 O00 BVl B4 9=67 1811
smm@a Tniv. > b= 10 1 Frozsh. DeB é‘l"g 184?2
M‘?. ef HE.C,, H.C. 1 2nd yr. H.8 2,500 14=21 =BT =58=80a:
‘ , 64 1818
Davidson Col., ¥.C. 1 Jr. B, 3,000 4-53 1857
Butherford G@i;, R.Ca 1 4] R . 13548
"H.C, Cel., E.C. 1 Jr. 9 8000 38 - 1858

20T
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(-3

Triﬂity cﬁlu, HeCo

flee ﬁﬁrﬁﬂﬁ Q@li; HaCo-
%%av@§V"ls Col., H.C,
erosn Wallace Col. 0.
Baldwin Univ,

2t. Xavier Gni., Oe

Unive. of Cinn., O.

2,600
Al 8,000

1

1

1l

1

1

1

1

1
Fm@ra' ﬁ@li 1 Iigv‘“
Chio Btete Unlv., 2 E.6,14 30,000 26, eto. 1878
Ohio Wesleyen Univ,, 0. 2 T.8,15,16 25000 21227 1ses
Kenyon Col., C. 1 I, H,9 B, GGG 27
Denison Unlv., O« 1 Jr, H.B .1 200 4 1831
Hirem Col,, O 1 Jr. Ha® " 300 38 1880
VWestern Hemerve Col.,

0. 1 Jre Ho%7 7,500 13-82

¥t. Dnion (‘01.,0. 34
Frenklin Col., 0. 1 9 2,000 18256
Muskingum Col., C. 2 Jr. M
Oberlon Col., O. . 1 Jr. G.7,13 8,000 13-50-67 1878
MeCorkle cel., O 1 I 9 600 36 1859
Seio Col., _ 31=47
Miemi %ulley Cole, D, 1 JIra K.9,20
Wittenburs Col., O, 1 Ir. 7 1,000 4u52 1846
Heidelberg Col,, Cs 1 Ire 9 800 36




5

=wuv; @f #ooster, 0.
¥enda Cole, Ua
Wilberforee Univ., O.
Antioeh Uol, 0.

P&gifia Tnivey ﬁr&@

YeMimnville Col., Ore.

Christian Col,, Ors.

¥nhlenberg Col,, Pa,

Lebanon Vealley ﬁel*,Fa.

Dickinson “ol., Pa.

Fﬂ; Hilitery Acndenmy,
C8 .

Layfayette Col., Pa.

Ursinas Col., Pa.

Pa. Col., Fam,

Thisl Col., P2s

Haverford 5&1., Pa.

PR R0k b PO M R e e e e

H.Y

B.6

0.9
.7

&,

1%@

1811
1863
1837
1869

ias=

1847




FABLE III {Continued)

1 P S 3 6 T
Nowcastle Col., Fa. 1 Jre 7 L7 =47
Lestminster Col., "a. 1 Jdre 11,7 1,200 27 18562
Lincoln Univ., Pa, 1 Jdr. I
Le Selle CGol., Pa. 1 ¥resh. A7 2,000 4wl B=50
Univ. of Pa, 4 Rresh, ALl 40,000 53w54wb2=04 1769
Western Univ, af Po.,
Pa, 1 Prepe. H.7 27 585-64-87-68 1819
Lehigh Univ., Pa; 2 Fresh. B.2,8 20,000 1441 «42=-54-64~
B78B=60-T0-T2 1866
Swarthmore Col., Pa« 2 BB 42-58-68
Augustinfan Col. of BE.
Thomas of Villaaava,
Pa 1 B 1885
@aﬁh. & JerXferson Qelg,
%agaasbﬁrg Col., Fﬁ. 1 g 500 26 i851
Brown ﬁni‘s. » R.'L. 2 Fresh. A,6 SuBBwtdeld 5l G-
: 51 1813
3,Q, 1 By, 900 27
Univ. of 8.C. 1 Ire I.8 . i2-42
Brakine Gﬂl«r, S.Cs 1 Bra Lie £ 3e
Fﬁ?ﬂaﬁ Eﬁiv', 8,C 1 Jdrs 7 423 :
Hewbe: Goll, 8%, 1 JIr. 9 me 36 1858
Eaat Tern. wesleyan
Tniv., Tenn. dr. L 38
Se rTOve wﬁlgt ?@nﬂ: 1 JE‘. L % I%Q

801




. TABLE IITI (Continmed)
1 2 3 4 B é 7
gﬁl& Gnitie 1
0% ;ﬁgm Preaby. ‘
ﬁaw,@ Tenne ‘ 1 “ 2,000 12
Hiwassee Col., Tenn, 1 11 ' 34
Sonthwestern ﬁaptisﬂk ‘
Tnilv,, Tenn. 1 =7
Bast Tenn, Unlv., Tenn. 2 b4 ﬁ,ﬁ” B
Weﬂ%nﬁ Tnive, Tenn. 1 6 1,800 @5@«‘&&,&4—@8
Bethel “ol., Tenn, 1 1.1 :
Wisnchester Col., Tenn. 1 1l : M
¥aryville Col., Tenn, 5 2,100 13
Christian Bres. Col., ,
Fenn. 2 9 1,800 14
Mosheim Inst., Tenn. 1 il 56
Hosey Creek Col., Tenn. 1 L B4
Q’%m} Fenn. 691" 1 e
Fisk 'ﬁﬁi’?g Tenn. 1 7
?&é@fi}ﬁt Univ., Tenn. 3 B.8
1 Be7 ,
1 gr. L 180 4 1827
m&mm Tniv., _
1 8 27
ﬁaﬁ@? Univ., Tex. 1 @ 700 36 1846

[
o
3



TABLE III {Continuned)

1

Horthwestern Univ.,Wis.

8
??iﬂit3 ﬁhﬁ?., “ex, V 1 sﬁﬁh% I v
%aneo Univ,, Tex, 1 Sophs L ‘ 3
ﬁﬁivg af Yﬁ- and state o :
ﬁﬁ‘a ﬁh’m gﬁl;, ?’h@ 1 !}Fg K 1% )
Horwich Univ., V&, 1 Sophe e 36 1887
Eendolph ¥acon Gel,,va, 1 3rd yr. 1.9 800 27«36 1832
Emory & Henry Col., Va. 1 Common
Schs. ) 4,000 4*13 6 183¢
Washes & Lee-tniv,., Va. 1 B 27=36
Riehwmond Col,, Va. 1 8 14
Rosnoke Col., Va. 1 Jr,. L 36
Unive of Va,, Va. 2 ingraded 1 26,000 1453 isgs
Bethany Col., W.Va, 1 L.8 5,060 &«43~$&~§5 :
We Va. Cols, W, Va, 1 Prepa« 100 4-18 1869
| ?&s %i?a, Ve Vo, 1 Frash. HaT : 12
amsg Univ., ¥ig. 1 Sr. Lad 1849
Belolt fol., Wia, 1 Soph, 1,7 27-42 1847
Galesville Unlv,, Wia, 1 Jr, K.8 34
Univ, of Wig., #s. 2  Jr. E.6 335564 1868
giltﬁﬂ ‘391: %isv 1 q&?fﬁ% 9 12 1%55
St, Jomn's Uol,, His,
Kacine Col., Wis, 1 Gremuar | | |
- : Schy A.6 10,000 Tul@m5SwbB=56~
- 67 iasg
Ripon Col., Wis, 1 Sophe I.7 2,000 12-82 1865
Sophe. ,

801



TABLE III (Continued)

1 2 3 . B e 7

Georgetown Cel,, D.U, 1 Bophs E.7 4,500 DTNE 1834
Columbisn Univ., D.C. 1 Irs |
Howsrd Univ,, D, Cs 1 2nd yr. ‘

B7=Z1=562=T75 1870
Hational Desef-Hute Col, ,
Bigg _‘ : 1 s@?ﬁ; ! Ez?
Univ,. of Deseret, Utsh 2 Optional 6,14

601
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Key to Teble III. In the preceding tuble most of the

figures speak for themselves without special explanstion or
comment, some of them, however, sre sbbreviutions for which
& key must b@ £urn1sha&.
Golumns 1, 8, 3, B, und 7 sre self explamstory.

~ golumn gg ‘Phis oolumn indicstes the course of study.
The length of each course in point of time is represented by
a letter, and the character of thevcmurae, by & numeral. The
letters used have the following me&ning:

&+ Four years.

B. Three and & half years.

£y Threeyears.. .

D. Two and w halfl years.

E. TWO years.

#. ¢ne and two=-thirds years.

G. One and & half years.

H, ¢ne and one~third years.

I. C(ne year

J. Three-fourths of & year,

XK. ‘Two-thirds of & year.

L. One-half year--from sixteen to twenly weeks.

(Under this heading are put the ususl nedicul school

~ eourses of five months.

. s(ne-third yesr.

¥, less thaun one-third yeur,

0. Length of course unstated, but not over & yeur,

The num@rals nsve the fpllowing meaning:

1,  Full course of general snd analyticul chemistry
including higher orgunic chemistry und originul
research. f

2. same @s number 1, but with less urgunlec chemis try,
1ittle research, und specisl usttention to applied
ehemi stry. ' . ‘

3, seme ss numbsr L, but aith speciul reference to

.. wmining ond metallurgy.

4, seme us number 1, but with speciul reference to
agriculture,

) . /
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8. TFull course in general and enslytical chemist
: followed by speclal inatruetion?in m@digal orry'
. g@ysiol?gieal chemiatry.
6. ourse in general chemist wit 18
v %uantitative anslysis., ™, vith qualitative end
7. Course in genersl chemistr
Tt emalysis. | ¥, with qualitative
8. Course in general chemistry, with experiments by the
] tgaahar, but no reguler laboratory work for puplls.
9. Course in general chemistry, with elementary labor-
atory work.
10. Hlementary oral instruction, with experiments by the
teacher,
11. Elementary text book work, without experiments.
12. Elementsry oral instruction, without experiments.
13. Supplementary course in blowpipe analysis.
14. Supplementary course in assaylng.
15. Supplementary course in toxiecology.
16, Supplementary course in urine analysis.
17. Supplementary course in medieal chemistry, with
~ lsborstory work. :
18,. Supplémentary course in medical chemistry, without
laboratory work.
19. Supplementary course in sgricultural chemistry, with
- . lsboratory work. : ‘
£0. Supplementary course in agricultursl chemistry, with-
out laboratory work.

goluma 8. This column shows the text books used. Each
number refers to an individusl text book, The following text

books are iudicated by the verious numbers.

I. Chemical Physlcs '
1. Pynchon, ¥. R. Introduction to chemicel rhysics.

IT. general Chemistry

2, Appleton, J. H. The Young Chemist., A New Book of
. Chemical experiments for the Use of Beginners in
Chemistry. «

3, Baker, Chemistr%. '
4. Barker » B ollege cnamiatr¥.
’ or e80

6, Bloxam, C. L. & org ng; or, Progressive
| Exarciées in prectical chemistry.




6.

9.
10.
11.
12,

13.
141’ L 3

16.
16,
17.
18,
18.
20.

21.
22,

23.
24.
a8,

26,

27.

28.
2%9.
30.
31.
32,
33
34 .
\ 5-

36,

a7.

28,

112

Brende, W. T., and Tsylor, A. S. Chemistry.
Caldwell, B. C., &nd Brenemen, 4. A. WeAUsl of

Introductory Chemicsl Practice.

ﬁﬁﬁreﬁ, A %. 18boTEtoTY Sulde.

Cooke, J. P., Jr. The New Chemistry,

Cooley, LeRoy C. Xlements of Chemistry.

Dréper, H. Text Book on ChemiStry.
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The neture of ghemiesl] instruction efter 1880. The

period including the development of chemlstry in the colleges
ﬁfﬁ&mivﬁrﬁwma after 1880 wes chorsoterized by the further

development of the leboratory. During this sge there wes an

sxpression of the growing sclenvific spirit, and there wes
&lgo the tondeney to stress the study of lsws end theories.
Phe uim of these studies wes thet of diseiplining the mind.
Phe trsnsition from the theoreticol te the utilitarien was in
process, and by the end of the nineteenth century the changes
in subject metter asd content indicate that this transition
 was practicaolly complete.

#when the disclplinary aim was glven up, reqiired work
geve way to opbionsl. In 1880 a great porbion of the work in
ghemistry that was offered wes preseribed and reguired, but
as sims and methods chenged, the trunsition from required to
optional ‘wwm precticelly complets by the end of the first
decade in the twentieth century.

Granting thet Kenses is typlesl of the stetes as far
es the development of college chemistry g concerned, one ma&y
use the amount of chenliciry required in this state during the
years 1880 to 1910 to typify the requirements over the United

stotes, The follaowing table shows thaet in nlne Fenseas colleges

llmmaa %, Werwin, "Gevelopments of the yurriculum in
College Chemistry.” Journal of Chemioul Rducation, l2: 842,

Novembeyx, 1835,
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existing in 1880, seven required some work in chemistry. The
chemictry thet wee required ineluded nine eourses which was
seventy per cent of the totel work listed in this fleld. This
‘eondition may be eostrasted with the condition im 1910. &%
thet time @?\t%ﬁaﬁy~threa golleges, only six required work in
shemiatry. Tﬁ@s@ gix ¢olleges sgain reguired nime courses, but
now this inoluded only seven per cent of the totel oflferings

in this rield, ®

TABLE TV~

SHOWING THE AWOUNT OF CHEMISTRY RELUIRED IN
KANS:S GOLLEGES, 1880-1910

S :
1880 1890 1900 18910

Totel Fumber of Colleges 8 18 22 - B3
Number of Colleges Hequiring

Work in Chemistry ' 7 16 14 &
Fumber of Courses in Chemlsiry , Y

Beguired ‘ 9 2l 21 @
Percentages of Courses in

Chemistry Required - 70 68 30 7
re—— L .

Read tasble thus: In 1880 there were 9 colleges in
Kansas, Of these nine, seven required nine courses in chems
istry. This included seventy per gent of the total pumber of
hours offered by these departments.

12 poe. oit.
1% 100. oit.
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Table ¥ shows the rapid growth of the offerings of the
echemistry depertments in the Fenses colleges from 1870 to 1950.
The maximum of fourteen hours in 1870 wes offered by Paker -
University. @ix bundred end sixty-five hours wes the total
number of semester hours offered by the twenty~three colleges
in 1910, In 1985, twenty colleges offered & totel of one
thouzsnd and nine hours of chemistry. The following table
indicetes a8 rapid development in ubamiﬁtry ‘offerings during

thﬁ last helf century.
TABLE V14

SHOWING THE MAXIMUM AND MININUM NUMEEER OF SEVWESTER
HOURS OFFERED IN THE CHEMISTRY DEPARTMENTS
| OF CERTAIN ¥ANSAZ COLLBOES |

1870 1ilg 1830 1825 1830

= s e e e - :
Ko, of Colleges 7 as 20 20 17
Heximum No. of Semester Hours 14 94 1Ce 119 83
Median No,.. of Semester Hours 3 24 33 4Q 48
Total Number of Hemester Hours 41 685 ave 1009

e s SRS

Raad t8ble thus: In 1870 there were seven collsges in
Kanses whose chemistry depertments’ offerings included 2 max-
imum of 14 semester hours, a median of three 5&maat@r hours,
gnd & total of forty-one semester hours,

14 1pe. oit.
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An interesting ammmariﬂan may be made betweeu the per~
cantmgm gf time given %o the department of chemistry sand otber
departments during the periods from 1870 %o 1923, It mey be
notieed that teble VI makes thls cowperison ln terms of the
p&?ﬁ@ﬁ?ﬁgélﬁf the total hours offered by verious depertmenis
injéartaiﬁ‘ﬁénwa& Solleges. Of course, the perceutsge of tlme
sllotted to the department of chemlstry during the various
periods v&riaa & great extent. Howsver, 1t 1a important %o
note %hat iﬂ ench decade 1t ranked high. as mey be seen from
the table, in 18Y0, chemisiry renked fourth im the percentuge
of toilsl $m@@$t$r hours offered. At thia time chemlstiry wes
exceeded by latin, Greek, apd methematios,  This seme relstion
did not exlst in 19886, for s% this time only one depertuent
1isted more work then did the chemistry department.

TABLE VI (after Merwin)

| SHOWING THE DISTRIBUTION BY PLRCERTAGES OF THE TOTAL
i RMESTER HUURS OFFERED BY 53 DEPsRTMUINT IN CERTAIN
) KaNSAS CULLEGES, 1B70-1¢30

| Chemiat B 4 .4 7.8 6.7
“hyal ﬁry 5 5,2 3.8 4.1
Fhysio
Astronowmy 2 }.5 m.ﬁ 1 o
Geology 4 N 2.6 1.

Ibid., p., B43.

T
L
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TABLE VI {Contlaued)
1870 18¢0 1910 1eEB
T - witwes o
Yethemstics | S ls 11,1 7.2 B4
Baoteriology B8 1.4
Biology 10 W7 L.l
Fhysiology 1 1.3 1.8 141
Botany | 3 2 B2 4
Zoology ] 23,7 5.7 R0
Yntomology ‘ ol . 2 o5 8
Englisn Literstur 2 Bal D49 5
English Compositlon 3 3.7 2.7 1.8
Journalism 3 1.7
Public opesklng : B0 l.3 2.2 2.4
History a ‘ 3 3.4 54 4.9 b
Political delence 2 1.7 1.2 2.5
Zaonomies : " 1.4 2.8 3.1
Business adminlstration : B 2
Boeiology L0 1.4 2.3
Mapual Tralaing snd Lnglneering 1 i 3.8 3
Home Eeonomics T .5
Edﬂ@ﬁti@ﬁ & Bel Bed 7
Philosophy 4 4¢.5 3.2 1.7
Psychology i 1.6 1.9 1.7
art : B R4S 2
French 2 4.8 4.9 4 B
German 2 - I S Dok
ypanlsh «6 B 4.2
. Gresk 15 11.9 6.8 2.9
Religlous Bduestion 1 Z.l B.8 349
#iscellaneous 3 a

Besd %¥able thus: In 1870, five per cent of the total
offerings of various Kensas colleges was chemistry. In 18890
this wes four and four-tmnths per cent. In 1910 1% wes seven
and eight-tenths per cent, ete.

gortain major trends in the development of eollege chem-

istry may‘m traced by san exeminstion of the following table
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whieh shows the percentepe of individusl ch@mimf ry eourges offer=-
ed by certain Lanw@a eolleges durlng the period from 1870 to
1880. Thls toble indicetes thet sines 1910 or perhaps o Little
marl@@r, th@revhaa been a strong transition tu thy useful and
practical, ?hi@ is indigated by the lurge pereentuge of the
@@1&@@@@ @ff@fiﬁg sreh gourzes ag sgricultural chemistry,
@hyaia;mﬁiaﬂl chemistry, houschold chemlotry, end industriasl
chemistry. _ - '

eABLE vIILe

SROWING THE PERCENTLGH utu?RIB’TXGN OF COURSES CFFERED
in Qﬁﬁﬁl STRY BY CEFTAIN KAnmZAG OCLIBGES, 1870-1930

¥umbar of ua’lmgﬁﬁ & 18 23 20 17

Tear 1870 1890 1%10 19%@ 1830
GCenerel Chemistry- N 85 8% 76 78 94
Incrgeale Chemistry 1% 17 43 &0 86
Pualitative o} 11 74 8t 94
Orgonic Chemistry 0 17 74 100 100
quatitietive ¢ 1w 5 85 100
sdvanced Juentitative 0 6 8 20 7L
Fhysicsl Chemistry & S 17 45 &2
History of chealstry 0 6 R2 &0 41
Industrisl Chemlsiry 0 U 1o SY 55
Glass plowing \ v ¢ 5 0 &
Teaghars' Course ’ g , ¢ g g 22
Philosophy of Chemiatry : 0 : :

Weter £§ﬁ¥ymia U 0 0 U 24
Asmaying 0 6 17 80 24

16 100, glt.
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TEBIE VIT {Continued)

1
11

Number of Colleges | € 16 et 20 17

Year 1890 1280 1910 1920 1930
Agriculiure Chemistry 0 6 13 g 29
Physiologiocal Chemistry O 6 22 26 24
Household Chewdatry 0 11 £8 4 % 24
Experimental Chemistry ¢ 0 0 & 6
Fha‘m@gwﬁhy 0 6 % & 0
Fuel inslysis G 0 Q O 41
Food anelysis ¢ 0 0 o 83
01l Ansalysis ¢ 0 O O 24
Metallurgy : 0 0 ¢ G 25
Advenced Organic o C O G 71
Orgarle Ireperslions 0 G C < 65
Orgenic Froblems G 0 O G 29
Advenged Physical Chemistry 0 G 0 & 24
Burvey of Chemistry 0 0 o O 6
Chemistry of Yare Blements &) 0 ¢ ¥ 12
Chemistry of Cement 0 0 O < 6
Senitary Chenistry ¢ G ¢ o 12
Inorgenic Freparetions 0 0 G o 18
Chemistry ol Uxplousives 0 0 0 O 8
Chemistry Froblems 0 0 0 Q 12

read teble thus: In 1870, General Chemisiry comprised
eighty-three per cent of the total offerings in chemistry; in
1880, this was still eight-three per ceni; in 1vl0, 1t was
sawmy per cen%; in 1920, this was smwty—-mw pex cant, in
1930, this was nin&ty«fﬁzur per cent,

since the wagmming of the twntieth century there nmfe
been aseveral fuctors thet have operated in nodifying instrucﬁ on
in chemistry., Important trends in educatiomnal psychology, which

~ heve disoredited the theories of general transfer and disciplinpe,

were responsible in a lerge part for the changed offerings of

the solleges snd univeérsities, The beginning of modexn




: 123
educetionul reseurch storted e movement vhich required thet the

educationel institutlons Justify thelr currieuls on the hesis

of+valid scleatlific lavestigetion and pmaf,m The rise of
modern educdtionel research probebly hes hed nore to do with
determining eurriculum content than any 5%1@1: influence of this
period, |

Uatil akout twenty-five years sgo opinion was the ouly

nmeans for determiniang the coatent of courses, 1t the present

time wiém@s hag been directed against science in the sttempt
to determine the mont offliclent methods of tesdhing, the oobe
tent of courses, and the validity of certain &ims end objec-

tives, Befora 1910 the students wate b@mé urged and required
to take ecourses for verious mﬁaonzz, for the practienl, for | ,
mmmw diseiplinavian, snd fdr thae brosdly cultuml.m

Leter, ez meny experiments of the transfer of treining invel-

1éated meny of the former objectives of the phemigiry course,

gollege teschers began to wonder 1f they hed not gone too far

in recommending chemiatry 10 everyone for the verious reasoas

glven previously. 48 & resull, the ressmmendstion of chemlatry

to &vewum begern to fall off. & period of eritiesl stuly of

17 (}z.%y wontrose Whipple, editor, ™A rrogram of Teaching
hi

Yelence.” rty-rirst Yearbook of the Netional society for Lbe
Tiudy of Bdusetior, PEX T, Fublfc Jekool Tublishing CompEny ,
Blcomingto n, TLiL mm” 19‘.’58. p. 106,

18 1vid., p. 308.
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the aims, methodsn, tnd content or shemlstry tenching follrwed,

It is very probable thet no other pevt of the sahos) curr! enlum
has boen subjected to such erfitical uoleatifle study o hes the
solences, The reasons for this econdition sre soyeral in number.
hs hes been mentiloned previously, the sclonce teschers hove
been asking themselves whet 1s wrong. fhon o0, the sclences
lend themselver nmore rosdily to selentirie ctudy of wmethods end
subject natter than do other sabjects,t¥

‘The ressons Tor the extensive chenistry aurrioulum in
the colleges snd universities to-dey cen be best understood Lf
8t the seme time it 1s recognized thot there ere three types
of funetions in college sducation. These thrac types of
fumtiama are culiural, teschny treining, end highly speclal- ;

lged or ma&mmal.w As & result of the attempt fo fulfill

these three funebions, all types of coursen were developed,

These rm@eﬂ from the wmost diversified to the verr highly
specialized end technloal eourses, Thus it is thst the aol-
leges and universities heve extended thelr curiicula to the
extent that 1t ls found to-day.

In an ertiele on the extent of chemleal adueation,

'%*’1@‘5@1* ¥, Noll painta s ploture of the conditions which exiast

19 1nid., pp. B08-CH.

20 tpia., p. 310,
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21 e ogold thet in 1958 there

to-duy in choniatry inast wm.tiun‘

werse approximstely elghl-hunored dugree crentlng instiiutions |
in this eouniry, exclusive of geparote junioy colleges und &
teascher treining inretitutivas. In theve elghi-hundred lnstliu-
tions were enrolled eight-hundred thousend puplls end =ixty- :
thousend instructors were employci. L
| ﬁ’all. said thet of the gleht-hundred thoussnd studenis

Lo one knows Dow ALY &I'€ teking chemmtry; neither do they

know how many of the sinty-thousand professurs LI pcculied

with chemistzy. tMowever this number cun be eppronlmuited, By

getting the per cent of students taking chemistry in vericus

staten, ¥pll approximetes S0 &vVeIEge for the whole couniry.

Thiz sversge he finds to be arcuntd twenty per cent, Thue 3%
twenty per cent of the eight-hupdred thousend or ore-hundred »

15

sixty~thousand students in the *Tnited statea teke eh@mmtry.

The preszent decede has witn@s«;mﬁ B grovih of enroil-
ment in engineering curriculumn. This mey Lor tilustrative
purposss. be ‘abmpumf.’x- with the growth of enrollucnt in the
verions other englneeriag curprie.le, It may bs noticed froz
Table TIII that dusing the peried from 1828 to 1681, the en-

rollment in chemieal shoineering hes practically doubled 1%

8l vietor H, Noll, "The ixtent of Chemleel Rducation.”
Journal of Chemical Educution, 12:478.8L, Octe, 1930,

2 1bid., pe 479.
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self, The dete in the folloving teile tre luged op 145 ergine

eering schoole and colleges ln vll ports of the United Stutuse

TABLL VIII®®

SHOWINT T TOTAL ENROLIMENT IN YARIOUS
THGIMEBRING COURSES, 1925-1931

v Voo o st

~ 218 ; ~ ' m.  Aval wianlong wnd
‘Yeale” | ?%MV givil  Mech, (hem. Arch., Metullurgical

1925-26 18,161 12,502 10,848 4,897 2,530" 8,070
1987-88 20,210 14,073 11,873 5,987 3,286 2,14%
1930-81 19,902 14,534 15,684 ©.c67 2,940 2,944

oo . Ve et el Mt ol heovdlc oo s —

Ngad table thus: Duriny 19 5~ﬁ3€’>, there wsre 18,141
eleotribal e :!.nearm@ studepts, 12,502 eivil @ﬂglmﬂ%ri%
atudenty, 10,642 neohtniasal engineering studénts, 4,887 chem-
ical @ngmwrin@ ﬁ‘cu&enwﬂ 2,529 archetical engineering students,
and 2,070 minlng snd m@teelmrgg;iaal @ngiﬂuéﬁ ring studeni s,

Another phuse of chemical education which holds a very

important place in the cclleges snd universities of to~day is
araduete work or graduste resesrch, Table IX indicates thet
there ie & constant end uninterrupted growth in graduete en-
. rollment from 1824 to 1938 inolusive, I% is worthy of note
that the total enrollment iln graduste courses in 1932 was &l

most twlce that for 1924, The only decline is found in 1933,

23 '&q;_g Qitn
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It 1g no doudt true that this deeline wms due in the most pert

to the econcmie situsticn during thet yeer.
TABLE TX**

EHOWIRG THE WOMRER 0T STUDENTS BFMCACFD IN QPADUATE
RESEARCH IN CHEMISTRY BY YEARS, 1924-1933

1685 1331 5261
1934 1932 2348
3081 1933 3055
2498 1924 2128

%j head teble thus: In 1920 there were 1,700 grudutte
4 @tu&antﬁ, in 1926 there were 16862, atg.

The fields of greduste research in chemlelyry muy be
classified in the order of the lergest pumbers of pupllc wWOrk-
ing in them., 'Tois classification wouid pléce srganie Lirst,
general @nd physical second, chemicul englnwvering third,
physiologioal fourth, snslyticel [iftn, imorgsaic slzts,
agriculturel seventn, snd coliold wigﬁth.ﬁﬁ

Tne lavest figurss wvaileble for the total BB Le T

of graduate research students in all colleges end unlversities

a Loc.ﬁg&&.

2 1os. oit.
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are for the yeer 1930, At this tlwue thera were 47,2I1 persons
engaged in rescasred work, 70 acecrding to the figures presented
previouely there were 2790 research students in cheristry in
1930, Tals *mpm:wﬁm 5,9 per cent of the total numbar of
gradus te students.,

Koll in & very rough epproximetion suggeeted thet there
are about 2500 teschers of chemistry, 3000 teschers of biolog-
o8l sclences, and 1300 teachers ol physics in the Americen
eolleges end universitics. From these fi.ures, Noll estimates
the percentage of college end university instructors in certain
sclences, He suggested thet of the totel number of professors
in the colleges and ﬁ&iwmiti@a of this country sbout three
ané Tour-tenths per cent &re biology instructors, and elght~-
tenths per cent are chemlistry jnstructors, snd ore &nd Tive-

tenths pér cent are physics imtmetwra.w

Summe TY « The mejor nbjactives of this study are:

(1) To present 8 chronological history of chemistry
&g & subject in the colleges and unlversities of the mited
mmw ri:'e:m its beginnings to the presept time.

(2) To find historical reasons for the presence of

meny conditions in eollege chemistry teuching of to-Gey.

86 Loo. eit.

87 Loc, cit,.
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This survey 1z lirited in scope to the extent thst only

- 8nd extent of chemical eduestion are studicd.

The ehronclogieal order hes been utilized in presenting
the dats of this study. Tables preszenting pertirment facts have
been used to 11lustrete certein movements which have proven
important; or whieh will in time be recognized as important.

In summing up the results of this study 1t mey be s=id
thet:

(1) 3eience in coloniel times hardly existed.

{2) It was not uatil the eighteenth century thet the
researches of Priestly, Blesck, lavoisler, and csvendish demon-
streted the possibllities ér ehemistry Yo the world; and thus
leid the foundeticn fTor modern chamiatry.

(3) There are some gvidences of ocllege sclence teach-
ing in the elghteenth century and & little even in the seven-
teenth. |

(4) 4stronomy and the‘ neture of plants are found in
the coursze of study et Herverd in le42.

(%) By 1690, "netural philcsophy™ was offered by
Harvaerd.

(6) The only chemistry teught in the early colleges
was taught as an unimportant bramﬁ cf netursl philosophy of

natural history. ‘
(7) The early naturel philosophy courses usually con-

the #zims, neture, methodr of instruction, subjeat mottzr content,
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pisted of lecturss vith o fer speetesculrr dewonstretlizns %Wy the
teachor.’ ‘

{8) It wes 1o the eerly medicel schnocle thet cherlstry
was first introduccvd ¢s & seperste subject of imstructlics,

(¢} Before L78%, there wes not e school of medicine in
this eountry.

(10) In 1788, the rirst medieel school was establlished
in Philsdelphie.

{11) The rirst professorship of chermisiry wes introduced
in New York in 1767, |

(12) In 176%, & chelr of chemistry was esisblished in
the medical schocl of the College of Thiledelphia.

{13) In 1791; wejor Willlem Trving bequesthed coe
thousend pounds to endow & chuir in Harverd et.1led the Lrving
Professorship of Chemistry.

{14) During the aigh@a@nth century, the chemietry
souprses ususlly cousisted of two or three lectures with &
few demonstrations.

{1D) Th@fa-wa& no laboretory work done Dby students bDe-
fore the miudle of the ninsteentih century.

| (16) The Rensseleer Institute and the pardiner Lyoceum,
were the first institutions to encoursge student leboratory
work.

(17) The influence of the sclentific schools on the

introduction of laboratory work into the colleges wus present
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about 1845,

. (18) The first lsboratory instruction in chemistry,
with the exception of Ren#seleer, was offered to students at
Yale in l842.

- (18) It was not until about 1870 that the laboratory
method of imsiruction had & genersl acceptance by the colleges .

(20} The theory of mental discipline held sway during
the last halfl of the nipeteenth century.

(21) During this time, the justificstion for the teach-
iné; of chemistry was besed on 1ts value as & disciplinary sub-
jeet. |

{22}  4bout 1880, a grest portion of the ehamiatry
courses offered were required.

~ {(23) 1n 1880, most of chemistry courses were not to be
taken until the junior or senior years,
(24) Great advancements in ell pheses of college chem~

istry teaching have been mede the last fifty yeers,

Conclusions.

('l) The expansion of the chemistry curriculum is
merely one phese in the growth of the science of chemistry,

(2) ™The chemicsl science is growing by leaps wnd
bounds; and this development 1s centered in the colleges and
universities of this oountry ss well es the institutions of

other countries. Therefore, it is to be expected thal us
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long a&s the science of ohemisiry grows a‘o rapidly, the curric-
ulum in chemistry must needs develop md expend at & similer
rete. The chemistry curricule’ heve been expanding repidly
sinee 1870. This is indicated by: |

a., The sddition of numerous &nd varied courses to
the curriculum. (‘T&blev\fﬁ}i, Pe 121;)
b. The growth in totsl number of semester hours
offered in chemistry departments, (Table VI, p. 119.)
¢. The great smount of chemical research which is
narriad on in uollésa laboretories.
(3) The transition from required to optional work in
chemistry wes prectically complete by 1910, This is shown by:
&. The chenged aims end methods of instruction.
(ps 116.)
b, The smount of chemistry required in 1880 as
compe red with that reguired in 1910, (Table IV, p» 117.)
(4) 'The future chemisiry curriculum will expsnd &long
three lines; first by the introduction of technicel courses
. for those who wish to become resesrch chemists, second, by the
addition of courses designed to prepare people for allied
fields, such s mediecine and engineering, end third, by the
introduction of courses of 0 generel nature for those who
wish & knowledge of this subject for the purposes of avocation~

al interests. 'Thias lao indiveted by:
a. The recent addition of courses in technical
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chemlstry. (rable VII, p. 1281.)
b. The growth of the number of chemliesl engineer-
1&%@@@@&%'@:&. (Teble VIII, p. 126.)
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