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CHAPTr~R I 

THE T ODLE 

Purpose 

The purpose of this study iaS (l} to deter ne the 

cost of inst linB and maintaining a chemistry laboratory 

1n a smnll hi h school hich offers physics, biolo y , and 

,encral soience, (2J to show how the laboratory could be 

quipped by kin nd using ho~e made and se - micro equip-

nent , (3) to study the advanta es . if any , of usin this 

type of equipment , and (4) to show the types of experiments 

hat could be erformed 'li th such equipment . 

Need for the study 

Only fifty of the 870 accredited secondary schools or 

kl.ahoma offered ch mistry during the 1939- 40 school year , 

d ost of these schools were private schools and the 

ar er city systems. Very fe or the small higb schools 

offered che istry .l There may be many reasons why so few 

chools teach che stry. Probabl y one of the main reasons 

s the cost of installing and maintaining a ohemi~try lab­

or tory from year to year. Laboratory t bles and apparatus 

tor experi ental work re the main installation costs .2 

l"List of .t,Ccredi ted Schools" , nnual liigh School .1:rulletin 
112-0. ~tate of Ukla oma, Department of Education . June 30 , 
l 40. ~a es 25-52 • 
., 
~J • • H. Crane, "Unit Costs in the uuthrie enior tti gh School 

or the fiscal Years July l, 1931 to June 30, 1935 . n (Unpub .. 
ished Thesis, Oklaho a and Colle~e, l935J . Pa~e 42. 
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It ay be true tha t nearly every science teacher has 

n ade a few ieces of labor tory equipment, but thorough 

investig tion of recent books and periodicals published 

durin the l ast ten years reveled tha t only tv10 articles 

lave been published oonc ernin methods of economizing in the 

cience labora tory . In his earlier article c. li . tone men-

tioned seve r 1 substitutions that can be used in the ~hem-

istry 1 bore. tory in order to reduce expenses . ~)ubsti tutions 

for deflagrating spoons , crystallizin dishes , graduates , 

lass pl tes , s i n ts , bottles , and triangles were suggested 

swell a s ays of savin che c ls , lit us paper , rubbe r 

tubing , matches, funnels, ·µass tubing , files , and reakage . 

I'is hter rticle mentioned several "do's" nd "c on't" for 

l a bor tory tenchers and pupils in the handlin ,. of apparatus . 

o literature w~s found concerning costs and ethods of in­

talling a chemistry laboratory in rhich hoe m de equipment 

as used in pl loe of the anuf ctured appa ratus . 

In the belief that more Uklahoma secondary schools 

ould offer chemistry if low costs of installing and main­

t a i nin a high s o ool labora tory we re mRde possible , the 

ut or ca rried out an experimonta l st dy to determine whether 

or not a l , bor tory could be i nstalled nnd m intained a t a 

low expense . 

3c . u. 
.... pience 

the Chemical Labora tory . n ohool 
Volume 35 . Pages 34-37 . January 193~. 

C. H. Stone , '' ore Economies in the Chemistry Laboratory. " 
·~ehool cience and . t ematics , Volume 39 . .Pa es 836- 39 . 

eoember 1939 . 



CHAPTER II 

TH1!i PR.8LIMIHARY EX!?l~RIMEWI' 

A preliminary experimental study -WHS carried out with fl 

small chemistry class at Oklab.oma A and BA College during the 

1940 summer session to get some ideas of the types of equip-

ment that could be substituted and how the program should be 

carried out in the high school .. 

Four students regularly enrolled in the freshman chem-

istry course at Oklahoma A and M College were used as the 

experimental sroup in the laboratory. 'fllley took their theory 

with the reguhir chemistry class, and the laboratory work· 

was done in a small room in the Chemistry building. This 

room was equipped vJi th only a flat laboratory table pi9ed 

·,t-:i. th gas. At one ond of the table a common water hydrant 

\Vas connected over a sink~ The table was not equipped with 

a trough. 

During the summer the regular college laboratory class 

::r·a.n fourteen experiments. Each lab-oratory period v1as three 

hours long and stuclents met twice weekly for a period of 

seven wet3ks. . The experimental group spent the same time in 

the small laboratory room and ran the same number of experi-

ments. These experiments were taken from several different 

high sohool laboratory m.anuals and. were run similar to the· 

aemi-.mioro technique used in the manual by Burrm7s ancl Arthur .• l 

lJ •. A. Burrows and Paul Arthur, Semi-Micro Exerei$es 1n, Gen-­
,(?X_?,.J:_ iJpe.mi.s.t~7~ Cl~{..}0.31iIDn rnultilith and l?ri.uting ao., Still­
t'.''Gtor.- J;)t~lahsC>r:m, 1g:39,,., 65 :P::?lf'tii)r:i., 
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J~ac.h exercise :performed by tbe °"xperi.men'ta.1 ClEi.SS was sirni-

lar to tl:.e one carried on b1r the regular class .•. 

ltfter0 t.b,G laborator3r viork v11as starte.d, tl1e experi1nental 

elans WMJ cH vicled into two groups of tvm pupils each. The 

riupils .studlm1 t.he laboratory exercises assigned ·them and 

listed the apparatus and 1;1atm:ials needed.. 'Eb.en ,Nherever 

possi blo thi,;1 material v11as obtained by purchasing such from 

the f:t ve and ten cent stores, or salvaging fX'O!:l junk piles 

.r:md. garagen, and n·t tines brin0ing articles and supplies 

:from. homo. Ei1~hty cents vras spent by the class in gathering 

these "oda.sn nnd nends". Sup_plios 1r.1hich could not be so ob-

tsined ·wero checked out from the chemistry store room and 

Ch&tr[:ed t·o the course at list price. A very careful check 

V.'&S .made of t.he am.cunt and cost of everything used. The 

cost of all the chemicals used during the summer amounted to· 

t:;,,·rnnty-two c Emts ~ Apparatus that was purchased by the pupils 

,(:.nd. that was checked out from the store room amounted to 

~;ll.08. The total cost of' installing fand. maintaining the 

irnurse for the summer was ~lJ..30, an average cost per pupil 

If the group had been larger, the inst.allatiou 

$nd maintenance cost ·~1ould have beon lovrer per pupil, due to 

the fact that riany pieces of the apparatus could have baen 

usea. o.s easily by a group of tvrnnty pupils as by a class of 

:four .. 
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CtiilP~DER III 

ORG-1'.1\:'IZATIOIJ OF THE COURSE 

The procedure for carrying out the high school course 

\\as .similar to the proc}edure of the experiment-al work at the 

college. ITmvever, moro consideration. v1as given to the organ .. 

ization of the course •. 

Fifteon pupilsl rd th. c.. grade average of nett in their 

previous hic;h school \1r0l"'k were a.llmr.rsd to enroll in the sub-

,j ect. ,p,. laboratory fee of one dollar a semester for each 

pupil was charged for incidental expenses, such as the use of 

&p:paratus, breakage, mimeographed sheets for laboratory ex-

ercises, and the use of the texts and reference books kept 

ln the clo.ssroon. .No certain textbool-.: was used. The read-

1.ng assignments were given so that the pupils could get 

their lessons from one of the four general ch.emistry text 

boolm, three laboratory manuals, a physics and chemistry 

J::andbook:, or one of the :rive other general reference books 
0 

on chemistry. Those books"" either came from the pupils" 

:l::0mas or belonged to the teacher. 

The <;onm.on belief today that more is accomplished in 

higll school ·work if the pupils study under the guidance of 

their teacH1ers und do very little home work is well ro.oted 

ln this school. t1ost of the pupils live on f'arms, have to 

lTwo pupils withdrew from school at the end o:t' the first . 
.:;em.ester, thus lov.rering the average enrollment in the class 
tor the year to fourteen pupils • 
.. .,. 
t"',,t .list of all tl10Mo books iz tt1una in 'the ~1fJJH?nt'l.1x., pag134J .• 



ride the school buses, and do chores around their omes be­

lore and after school hours . Theso circumstances therefore 

ould require the pupils to do any hoe study ~ork by e.rti­

ficial light . Lighting 1n t e _ural homes is generally by 

ens of kerosene ,ick lamp, which furnishes a very poor 

reading 11 , t . Therefore , assi ents are prep red in 

school during the study hours th t re provided . Likewise , 

these conditions , t ioh tre typic l of ny of the a l 

igh schools , require the· course of study to be planned so 

hat time oan be ,iven durin0 school ours to them ny 

school activities that occur durin, the sprin . e labora-

tory requirements in uch schools necessarily must be ad­

justed to t t~esc local conditions . 

The chemistry class ·ct durin the first class period 

er the orning . his period J s forty- six minutes long 

during the first semester . During the second semester the 

irst hour a lengthened to one hour and six nutes to 

compensate for the tardiness of the school buses on days 

hen the rods ere muddy . 

~hree of the five weekly class periods 1ere used for 

ecitation. The other t wo periods were designated as lab­

oratory periods • . ork in the laboratory ias planned so that 

the ol ss iould have tine to clean up and be out of the room 

by the end of tho period . The room was used every period of 

the d y either tor class,ork or for supervised study . 

TYPe of La oratory 

The room assigned o the ch mistry class ror recitation 



end labornto~y us to re ar hl ) 1 school solonoo roo • 

ts ul.I!lensions .. ere t onty--fi ve by thirty- seven :teet . r:o 

special vontilnt!on equip nt : a installed in the roo.~. 
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Figure l . D1agrar:i ot' the .Laboratory 

.. fourteen ooi r ont oablnot, six atudy tables , 
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c nirs , u toaa .ers clesk, ond a sink were tlle orl~inul perma-

nent :t'ixturO-B ot the roo!:. Dur1ng tho previous ~·ears tho 

00t.:1 11 d been p_ped ,1th a.tor and but-ane .as . 'here as 

o l bo ntor" table (lVfi_lnbl for the class . other pieces 

o't oh~ stTy laborot..ory equ1po.ent w ro 11 ted . 1 

1 · tor s q_u p l. v, P" se · 5 .. 
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Before any chemistry experiments could be performed, 

reagent sholves had to be provided, nnd a loborc. t or y table 

had to be built . l'ieces of equipment for indivi dual lookers 

£1UO!' as gos burners , test tube holders , test tube racks, 

ring stn.nds, tripods , pinch cl amps , etc ., had to be constructed. 

The solid oher:rl.cf.l reagents 'nd some apparatus were 

~helvecl in :ilphcbetical order in :four upper compartments of 

the cabinet . Acids , bases , solutions , glass tubi ng , and 

the rest of the apparatus were nlaced in four of the lower 

o O!Tlpartments . The shelves v1ere thirty- three inches long, 

end rrom eighteen to twenty- four inches deep . The space 

between che shelves varied , being ten to ei ghteen inches 

rrom shelf to shel f . 

L 
Figure 2. Reagent Supply Shel ves 

The cabinet doors were never l ocked , but the room ~as 

looked before and after school and during the noon hour. 

--

The pupil s were permitted to get cher.ucal s and apparatus 

without hnving to ask the instructor ' s permi ssion. They wer o 

instructed to get onl y the necessar y amounts of reagents and 

not to wasto any of tho chemicals . 
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CHAPT:1R IV 

COLLEC':PIOi-J AN1) CONSTFnJCTION OTI' J~C~YJTPM1:!:NT 

On the first dny of school the pupils were asked to 

bring empty bottles, haJ'!'1.'TI.er, saw, plie:!;'S, brace and bi ts, 

anc1. an:r other tools or mntBriel that the:7 thou,ght might be 

necessary for building a laboratory table, burners, ring 

stEmds., tripods, or other 'Pieces of epp0.rctus that could be 

:mr;de :i.n the la borl.'ltory. Ui thin the first vrnek oi' school 

there was as assortment of bottles such that no trouble was 

cncou.nter8d in f'lnding a desirable contain.er for most of 

the cherticals that v:ere used durinG the year. Enough tools 

and materials were brought to the laborr,,tory to enable the 
,, 

class to divide into small groups for planning and con-

structing the various pieces of' equipment ne>::ided for the 

course. 

On the rirst laboratory dBy the teacher and pupils 

'planned an.d started constructing the laboretory table and 

some of the equipment. Arrangaments were made with the 

town blacksmith so that the pupils, under the supervision 

of the instruct.or, were allowed to cut a.nc1 thread -pipe and 

to use other necessary tools. No charge vms made by the 

blacksmith. 

The laboratory tnble vms built thirty-eic~ht inches 

high, ten feet lonB, nnd seventeen inches wide on each side 

of a six inch drain trough, Baking a total wic1th of forty 

inches. 1Third grade yellmJ pine lumber v:as bought to 
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supolm:ient so.me scrap lumber for constructing the table . 

Eight drawers, fourteen by eiB}lteen inches and ten 

inches deep, were built from scrap lumber and attached 

under the table top . The auxillary shelf over the trough 

Figure 3 . The Laboratory Table 

had soventy- oi t l oles drilled partly throu tLe lo er 

board for the t elve milliliter vials thnt contained most 

of the co on reagents used in the course . This reagent 

shelf , bottles and all , was removed from the table at the 

ond of eac laboratory period and pl ac ed on the fl oor in 

t e northwest corner of the rool!l . The shelf was then out 

of tho wo.y of the other classes that met in the room during 

the day . 
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Second hund half-inch pipe, 3ates, fittings, faucets, 

and gas outlets 1;,1ere used in the p1urnbing of the table. 

Tlle fi::tturcs vmre bour:ht from. junk dealers and rrncond hand 

stores. A blacksni t.h constructed a drain trough fo1· the 

table using galvanized sheet iron. One coat of acid resis-

ting pB.in.t vias brushed on the t:rough before it was installed,. 

'I'he total cost for bu:Llc1i.ng the table a.mounted to f;j;l.:l:.38, 

as i tertl:;~e<l below: 

Lumber----------$3.20 

Plumbing--------10. 68 

Trou{f)1--------- •. 50 
Total---ta4. 38 

The constr~ction of the small burners for butane gas 

required a. great deal of experimenting in order to obtain 

a correct flame. Difficulty arose in getting the proper 

air-gas mixture due to the richness of butane gas. A sue-

cessful burn::::r was finally obtained in the following manner: 

The burner base was made :from a piece of one by two 

inch bor1ra two inches long. ·The two and one-half inch 

barrel for the burner v;ras cut from a five-sixteenths inch 

copper c~asoline feed line that had been discarded in a 

junt: pile. 
- ··-

The butane gas feed line vms cut three 

and one-half inches long from a piece of quarter 1.nch cop-

;per pipe... Half vmy betvrnen the ends of this pipe a very 

is.mall pin hole WClS punched_ through the vmll for a gas out-

let .. 

~ five-sixteenths inch air hole, lettered A in the 
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picture below, was drilled horizontally throu h the upper 

part of the burner base . The sup ly feed line, H, was 

wedged into a hole drilled horizontally through the lower 

part of tho burner base nd perpendicular to the ir hole . 

The supply pipe was adju3ted so that the gas could flow 

out throu h the s 11 opening :nd up through the burner 

barrel , c. The barrol as ,edged into a hole that was 

C 

• 
Fi ure 4 . e i -micro Bunsen Hurner 

bored vertically into the burner base so that the air hole, 

the pin- hole opening in the supply line end hole for the 

barrel met at one point . The knotted piece of rubber tubing 

ho~n fastened over one end of the supply line was used 

erely for plugging one end of tho line . 

The burner was ~o ,ell adjusted that it was difficult 

to see the fl cat a distance of ten feet unless certain 

lighting conditions in the room ore obtained . ny ti es 

the pupils sin cd the hairs on t eir arms before noticing 

that a burner was lighted . There was no expense in oonstruo­

tina the burners . 
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The test tube holders, pictured bolow were cut from a 

piece of copper ulloy sheeting about the t hickness of a 

di!!l.e. The strips were about one- half inch wide . 'they were 

Figure 5. ~est Tube Holders 

shaped by using a vise and a pair of pliers . The one­

eighth inoh stove bolt, lettered A in the picture, was two 

• inches l ong. It was used to adjust the gri p or the jaws 

ot the holder. The quarter-inch stove bolt , B, was t'itted 

1 with taps so that the ja,vs of the holder could be rotated 

a t any o ngle . The heel ot the holder wns constructed so 

that the rod of the ring stand could be slipped between 

the stove bolt , C, nnd the end of the stove bolt , D. The 

stove bolt , D, was bent near the middl e in order to obtain 

enough levernge to fasten the holder securely to the ring 

ntand. 

The holders ware about s even inches in length. They 

~ere not ns sturdy as the .C'.l.8nufactured test tube hol ders , 
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but they ·were usable vii thout scriou3 disadvantuges . NO 

ri.onoy had to be spent in constructing theso pieces of equip­

ment . 

The tripods , ring stands, and test tube racks were 

made easily. Each tripod was merely three pieces of bail­

ing wire about fourteen inches lone that were twisted to­

gether with a pair 'of pliors . When comploted , the tripods 

wore about five inches high and wer e easily adjusted for 

level ing by s l ightl y spreading or nar rowing the distance 

between the l egs . 

Fi gure 6 . Tripods , Test Tube Racks , and Ri ng St ands 

The base for oach ring s t and was made f r om a scr ap 

piece of two by su inol1 board about six inches long. A 
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three-s xteenths inch hole was bored through the block 

bout two inches from one end . The ring stand rod was 

then wedged through this hole . A counter sunk hole was 

c\rilled on the bottom side of the block so that a set tap 

could be used to hold the rod firnl~r in thG block . The 

1·od, which was about thir~y inches long, was cut from a 

piece of discarded brake rod off of. a oar, and was thre dod 

t the blacksmith shou . A staple was driven in one end of 

the baso so that the stand could be hung under the labora­

tory table and be out of the way • . 

The test tuba racks were made from one by four inch 

lUl?'lber about fourteen inches lon. Sevon- ei ,hths inch holes 

ere drilled nonrly through the bo rds along one edge of the 

top for the twelve milliliter vials . Five-eighths inch 

holes were bored along tho other edge to hold tho test tubes 

and .medicine droppers . 

The screw clamp , pictured belo~was made by using some 

small copper pipe, a short stove bolt, End a piece of copper 

lloy sheeting that was left after making the test tube hold rs . 

Fisure 7. dcrei Clamp 
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A water condenser jo.cket was made by .fittins a three­

fourths inch galvanized pipe about twelve inches long with 

a two hole stopper at each end . une of tl!e holes in each 

stopper was used for the condenser tube . '.l'he other hole 

was fitted with a piece of bent ~l nss tubing which served 

as a connection to either the inlet or outlet hose for tap 

wator . 

Althou~h the laboratory .was equipped with a Babcoc!( 

milk tester, which was used for a centrifuge , the home made 

centrifuge pictured below vias constructed , tested, and 

proved successful . A more detailed description of t his 

apparatus is found in the appendix. 

,,. .. 
Ill!. =--..... 

I 

Figure 8 . A ila.de t:entrlfuee 
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The picture below Dhovrn the cquipme~t that wns in eaoh 

lockor. Most of the equipment was either brought from the 

pupils ' homes or constructed in the l aboratory . llowever , 

a few pieces had to be purchased . 

Figure 9. Equipment for Each Looker 

The total cost for equipping each locker was $1.52, 

as itemized below: 

l Apron- - - - - - - - - - - - $ 
1 Erlenmeyer Flask, 50 ml . 
3 Medicine Droppers- - - -
3 Feet Rubber Tubing, 3/16 in • 

1 t Feet Rubber Tubing, t in .- -
1 b"ponge - - - - - - - - -
6 Test Tubes , 10x75 mm. - - -
l Test Tube , 5/8x6 in. - - - -
6 Vials, 12 ml . - - - - -

. 48 

. 20 

.07 
• 21 
.13 
.10 
.15 
. 03 
. 15 

Total - ~l.52 
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The followinc :pi Ewes of (_:Jqu.ipment wero either fur-

nished or built by the pupils. There was no cost in ob-

taining these articles. 

Jtpparn tus Substitution 

Beaker, Large- - - - - - - - - - - - - - - - -Water Glass 
Beaker, Small- - - - - - - - - - - - - J:'yrex Custard Bovtl 
Charcoal - - - -Charred Match Stem, Completely Pulverized 
Evc:porating Dish - - - - - White Saucer or Bowl 
Forceps- - - - - - - - - - - - - - - - Pliers 
Ji'unnel - - - - - ... - - - - - - - -Bakelite Funnel 
!Jagnet - - - - - - - - - nvn r.rrae;net off a iiciodel T Ford 
Pneumatic Trough - - - - - - - - - - - - -Hetal Chalk Box 
Steam Bath - - - - - - - - - - - - - - - -Tin Can 
rrest Tube Clamp- - - - - - - - - -Clothes Pin 
"):latch GlErns- - · - - - - - - - Bottom of Custard Bmd 
~Jire Gauze - - - - - - - - - - - Screen Wire, Doubled 
llood Solints - - - - - - - - Pine Board Splinters 



D1£?EIF/J:1sJING THE LABORATORY COSTS 

"J'hA :tollowing procedure ·was used in determining the 

laboratory costs! 

An inventory was taken on all the equipment in the 

laboratory that could be used in the course. 

An itemized list was also :made of nll the usable chem­

ical reaeents in the laboratory. 

Thirty-six experiments that could be performecl in high 

school were selected from. Bur:rows' and Arthur's laboratory 

me.nua.11, and a list was mad(; of the reagents required for 

performing these exercises. A similar list wa.s made of the 

equipment required for performing the thirty-six exercises. 

A list of reagents that had to be purchased v1as deter­

.mined by ohecking off from the list the reagents that vmre 

eitber on the laboratory inventory or could be brought from 

home. 

The equipment order list WHfJ com.piled in the same man­

ner as the reagent order list, except that the substitutions: 

·which could be made vvere also cut off from the equipment 

list. 

The items on theoe two revised lists were obtained froi:;:t 

the chemistry department of O.klahom.a A and :M College and, 

billed to the school. Tables I and II on the following 

lBurrows and Arthur, BQ• ill.· 



Tn bles III e:nd IV on })eges 211 c:rnd 25 shov1, res:;)8cti vely, 

ite3i~0d lists of the rcugents und equipnent in the labora-

tory b0fore tho course was installed. 



TABLE I 

Item 
Amount 
Bought 

Acid, Acetic. z),. 
·e lb 

Acid, Hydrochloric 6 lb 
Acid, l'Zi tr i C 3 lb 
Acid, Pyrogallio, tech 1 oz 
Acid, Sulfuric 9 lb 
/duminum Chloride l lb 
Almalnum I:Ji trate l oz 
Aluminum sulfate, tech 1 lb 
Ammonium Carbonate 5 oz 
/,[Li IOni Uu1 Chloride 1 lb 
Ammonium Hydroxide 4 lb 
.hmmonium Iodide, tech 1 oz 
Ammonium J\Si tr a ·t,e , tech l lb 
J:i_mmonium .Sulfate l lb 
J.\ntimony, ~;Ietal powder l oz 
Arsenic, metal powder l oz 
Barium Chloride·-·· 7 oz 
'.;,arium Hydroxide 2 oz 
Bismuth, lm1}p l oz 
:Calcium Chloride, tech 7 oz 
Ga.lei ua Uonophosphate 2L 

~ oz 
Calcium Oxide, tech l lb 
Carbon Disulphide, teclt 3 lb 

( 

:Carbon Tetrachloride 2 L 
'Col;}ul t Nitrate, tech l oz 
Copper C11loride 5 oz 
Copper rn tr ate;, p1.ire l lb 
1;;opper Oxide, tech 4 oz 
topper Sulfate, tech cz 

.::J lb 
i~-~her, Petroleum 0 lb 
Glycerine, c. P. 1 lb 
{}tun Labels,. boxes 5 
Jodine l oz 
Iron sulfide, gren. l lb 
Lead Dioxide l oz 
Litmus Paper, bottles 12 
?iiagne.si um Carbonate, tech 2 oz 
i1J.ac;nesium Chlo:tide, tech 1 lb 
r1:ag11eai um oxide, tech 4 oz 
Lilercuric Chloride, tech 1 oz 
!Jle1~c.t!ric Oxide, Y""" :J. s. P.l oz 

21 

Ounces 
Cost 1.ised Cost 

(:'.l .95 2 ~) .05 \} t! 

1.20 B .10 
.70 8 .12 

2.00 0 .oo 
1.80 16 .20 

.30 0 .oo 

.60 0 .oo 

.10 1 .01 

.17 l .04 

.18 0 .oo 
1.10 8 .14 
2. r/0 l/l1J .20 

.17 0 .oo 
.. 10 0 .oo 
.65 1,._ .16 .. 

1.66 l/14 .12 
.16 1 .03 
.32 2 .32 

1.95 0 eOO 
.34 l .05 
.29 0 .00, 
.12 l .. Ol 
.10 8 .oz 
.40 200 ml .04 

l.36 0 .oo 
.28 0 .oo 
• 31:3 0 .oo 
.z.o 'l .03 a 
.45 if .04 
.90 0 .oo 
• Hi 0 .oo-·-
.50 l .10 
.30 1/3 .10 
.20 6 .09 
.70 l/7 .10 
.65 2 .12 
.05 './,_ O':. 

<ic •. ,;:, 

.10 l .01 

.05 .1. .. 0.1 ~~ 

.50 0 .oo 
2.05 3/'l .57 



TABLE l (continued) 

.. ~-. ....._.~..._....~---·..,,,--=-......-.. "' 1o ,r · r a1. ......... w------
----~,..- . ~~ 4 . "Ill -IIWR- :,in• • 

Item 
AmQ.unt 
Bought Cost 

Ounce$ 
used Coat 

~.:...=I~~-= .. ·····------·-....... -----·-----------

L:Ie tllyl orange -k. oz 
Jiickel .Nitrate, tecb l o~ 
Paraffin l box 
Phosphoru$ Chloride ).'' oz 
Phosphorus Pentoxide l oz 
?hoapnorus. He<i, ·t.eeh l oz. 
Potassium Bromide. te.ch 2 oz 
p.o.ta.ssium Chlorate, tech l lb 
:Pota$s1um Chloride-, tech 2 oz 
T"otassi ma Hydroxide, tech 4 oz 
Potassium Iodide, tecll l oz 
1::iotassium Nitrate, tech 7 o-z 
1?otassium Permanganate 4 o.z 
Bodi um, r;,1e tal 2 oz 
Sodium Acetate, tech 4 oz 
Godium Bromide, tech 4 oz 
Sodium Chlorate - 1 lb 
,~odium Di.chromate• teoh l lb 
Sodium Hydroxide, tech 4 oz 
Sodium Nitrate, tech l lb 
!:1ouium Potassium 'l'artrate· 3 oz 
£,odium Sta.nno.te, tech. l oz 
noaium Sulfate, tech l lb 
i:':lodium Sulfite,. t.ech 5 oz 
:Jodi um '.rhiosulf'ate, tech 1 lb 
Zinc, tech 1 lb 

Totals 

$ 3.69· 
.ao 
.10 

1.ao 
.30 
.20 
.10 
.20 
.05 
~30 
.20 
.65 
.20, 
.06 
.10 
.10 
.30 
.15 
.05 
.10 
.10 

2.40 
•. 50 
• 05 
.15 
.35 

1/lOO i ~04 o·:_ · .oo 
Q,._ .oo 
0 .oo 
0 .oo 

1/20 .01 
l/10 .01 

3 .04 
,1. Ol 2, • . 

1/3 :_.03 
t ·~05 
l .09 
·1· .02 

1/10 .01 
! .02 

1-ilr .02 
21 .05 
l .Ol 
2 .03 
0 .oo 
0 .oo 
0 .oo 
.it • 02 .a • 
l .01 
2 .02 
3 .08 
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t 

1 r 1 n 
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!'ABLE Ill 

----~~-· _, .... _, ______ ,, -..--= .._. _______ , ________ ...,.._._,.,._~.-.:,;~~~--
~~~ .. ~.... • el.$ 

Amount 
on. 11and co.st 

~·~-·· -----·'·>·~,.,_ ..... ~""~~-;-=~--------< .,...._.___ 

. ... -0,?----4 l ··"'"'""""' a!.:.,.,. A !II Al.Ill•~• ta. l,,<.,.,_.,..._ t: ll~X b $ '"' 

Aluminum Sulfate, tec.h 
Animoni ura Cc.rbona te • tech. 
Le-ad Acetate, tech 
Lead Nitrate, tech 
L'.iru1.go.nese Dioxide, teoll 
tiagnesi um !ti bbon 
.N1clte.l .Su.lfat,e, tGch 

· Paper, tilter 9 c111. 
:i?llenolphU1alein, U~ S. P. 
Phosphorus. ye.ll.ow sticlt 
Pota.esium C.11.lora.:Le 
rJot,a,ssium Diehroraate 
.Rubber Stoppers, as:$orted 
Silvex· Ni•~rate., u. H. P. 
Sodium Bo.rc~.te,; tech 
S od.i um Oar,bonate, tech 
Sodium !>11 tra te" teen 
Sodium Peroxide 
stronti ura Nitrate• teoh 
Sulfur, roll 
Zinc Sulfate~.teoh. 

Totals 

l lb 
4 oz 
2 oz 
4 .. OZ 
4 oz 
l oz 
l lb 
l pkg 
4 QZ 
4 oz. 
i.1 o.z 
2 oz 
l do.z 
·i~t oz 
l lb 
l .lb 
l lb 
4 oz 
4 oz 
l l.b 
l lb 

$ •. 20 
.10 
•. 05 
.. 18 
.06 
.40 
.4·6 
..12 
.50 
.57 
.• 15 
.05 
.60 
~26 
.23 
.20 
.15 
.2~1> 
.20 
.20 
.25 

$5.18 

oui1ces 
i1aed 

l 1~ 
1[,) 

0 
3/4 
1/5 

2 
} .. 
ll·· 
0 

l/3 pkg 
:1 
it 
.:b 
'" ... 
0 
0 
0 

1/lO 
0 
l 
1 
:! 
0 
6 
0 

co.et 

.02 

.oo 
;.Ol 
.01 
.03 
.10 
.oo 
.04 
.04 
.oa 
.oo 
.oo 
.oo 
.03 
.oo 
.02 
.01 
.03 
.oo 
.OG 
.oo 

-----------------·-------------------........ --------_.. __ _.. ______ __ 
i}Those price~ we.~$ calculated. from the 1941 price. lists of 
the centr&l sctenti:f'ic Co. 



Hai a.nee, Doul)le Betun 
Bc,lance noigl:;.ts, 10-500 g. 
t:Jcaroue t~)r , Aneroid 
i3eaker I Pyrex, 250 ul. 
Bc_aker, Pyrex, GOO rnl. 
Durette, 50 ml~ 
nurner, Bunse:n:?;;·t+ 
:Fla.ale, Erlena1eyer., 250 ml. 
Ilask, Bound Bottom, 500 r:11. 
l'lask. Hound Bot.tom, 100 ml 
E,illt and. Cream Tester, Bah.­
·rortar, Porcelain, 65 mm. 
Thermooetar, ~ercury 
tubest Test1 5/8 x 6 in~ 

Totals 

l f"~t 
~!.~ 

l set. 
l 
1 
l 
3 
l 
~ 
2 
2 
1 
1 
6 

H3 

.25 

9.00 83 ·• .oo 
2.50 .. oo 

15.4.0 .oo 
.15 .oo 
.. 26 .oo 

l.95 .oo 
2.50 .. oo 

.54 .oo 
. • r/t> .oo 

1.10 .oo 
27.00 .00 

• 2'l .. oo 
3.90 .oo 

.::}9 •. 10 

"""~_,...-=.-.,.,:~-~,=i:,e,_l[I> Iii . ....---.~-. ~ l.~~·~~~,---------
~..,.__,,.....,_~--,,oQC~ ~ :.l_,.......,._...,.~--'W:>c.-•0...-2.----~---
2:·The Value column in thls table was taJfe11. .from the 1941 
1:;rice lists oi :,the Central Scientific Co. All the equip.,. 
1inent wo.s itssumed to be new for calculat.ing those prioe.s. 

0::,.;.:,1.rhe p:rice of this. part;ic.ular burner could. not be found. 
'll.'h.e price quoted 1:w;is for a similar type c,! burner. 



B:'u:i.ce the laboratory table was the only piece of home 

!'lade equipment thi.i.t cost anytLinf;, the installation costs 

Vi("re found. by tcitalling the costs of rear;ents purchased, 

,3q_ui;l.r1ent purchased, find cost of building the laboratory 

table. 

The tabulntion below shows these costs: 

Real_;ents Purchased, Table I, pages 21 and 22- - ~39. 49 

Equipment Purchased, 'i'able II, page 23- - - - - 35.98 

Corrntruction of Laboratory Table- - - - - 14,.38 

Total Cost for installing Course- - ~89.85 

11Lte niaintenance cost for the laboratory was determinod 

after ~rnhool closed. The r1IDounts of chemicals used and tht:1 

spparntus b:eea.ka0e were determined by finding the dJ_rferenc0 

betvveen tho amounts of the original and remaining supplies. 

'l1l1ese costs 1Nere calc11.lated i1nd tabulated. in th.e 1;igl1t I1and 

columns of Tables I-IV on pages 21 to 25. 

The follmving tabulation brie:fly su.r11marizes the main-

terwnce costs: 

Reagents Used, Table I, pages 21 and 22 - - - - -:,;;3. 37 

Reagents Used, fl'able III, page 24 - - - - - - - - .48 

Equipment Breakage, Table IT, page 23 - 4.l~r 

:;-;;qui1)fnent Breakage, Table IV, :page 25 - G.13 

Total ,Maintenance Gosts - - - - $8.12~· 

*The amount of deprecia:tion of the laboratory equipment was 
not included in tha m.&.intenance costs because tl1e nercent 
of depreciation is an arbi.trary figure, and ·would have to 
Lo calculated accordinely. 
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Since tlw average enrolJ~rnent for the year was fourteen 

pupils, the pe:r capita maintenance cost, excluding deprecia­

tion, was fifty-nine cents. A yearly laboratory· fee of ~2.00 

v1as charged; thor8fore, the school's expenditure for muin­

tainine; the laboratory was negligible. 



28 

TYP S OF E]:PERI · ,NTS 

Twenty-ono experiments were performed during the school 

yc~r. Since the first six weeks of laboratory work was 

pent oollectin i nd constructin the equipment , no labora­

tory exercises rere assigned until the be Jinning of the 

seventh school week . 

The pupils \1m.: e given plen of time to make their 

experimental obse vat ionfl a nd ·hrri tc np the results and con­

clusions of the e:xperinents dur1n the laboratory periods . 

he pupils wrote their observations and ansv1ered the eneral 

interpret ation questions in the laborato y room. If an ex­

periment was too lon~ to completed ring one laboratory 

period, the upils ade another set- up of the apparatus the 

next labora tory day and continued vith the experiment . This 

ind of arran ement was possible because the apparatus ms 

simple and easily as em.bled, the amounts of reagents \ere 

~mall hich eliminated muoh waste, the reactions were short, 

nd in the as preparation experiments the amount of gas 

repared ass all . The exercise on the preparation of 

chlorine, enerally considered dangerous for high school 

pu ils to perfor in individual roups, illustrates the 

above situation ver y nicely . l 

lA oompl te coy of this experiment is given in the appendix 
on pa es 42- 45 . 
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Three laboratory periods were needed for prE:1paring tha 

chlorine g&s, noting its properties, and writing up the ex-

perinent. 11."'he apparatus had to be t1ssembled. tvdce, thus 

e::rposinr; the ;3tudcnts to the irritating gas twice. However,. 

on both days the amount of escaped gas wes so small that 

the ari tb.metic cl1:1ss ,Nhich met in the room the following 

hour did not notice that this very irritating gas had been 

:prepared. 

Other advantages of this simplified method of labora­

tory presentation are of importance also.. The apparatus 

was s:tmple and in most cases home made, thus being very 

inexpensive. 'I*he amounts of reai:;ents used for each exer­

cise vrnx-o so small thl'l.t the 111aintenance cost of the labora­

tory was very low. In me.ny cases the reagents were brought 

from hor1e, thus further aiding in keeping the costs down. 

The use of small quantities practically eliminated chances 

of accidents. Jro acid burns occurred because of the very 

small qnanti ties that hap;ienecl to be spilled. 'l'he small 

portions used elininated explosions in case some pupil 

accidentally mixed tvm hichly reactive chemicals. ·rhe use 

of small quantities increased cleanliness and carefulness. 

Since several pieces of equipment and so.me of the reagents 

',vere brought from home, the parents were able to see that 

the pupils were showing interest in this class and that 

chemistry 'i:las helping the pupils to understand some of their 

~3verJday surroundings.· Apparatus breakage and losses vrere 

minimized. The use of the household reagents and home made 



30 

equip1nent also :rGqui rec tlla pupils to do co-operative plan-

ning in securin:-~ tlle necessary materials. 

3ev3rs.l other 1c::ix_p0rim011ts could hs.ve been I'Un with 

very li ttl,3 addi·tional cost if' the pupils had been :ceq_uired 

to 1drite up the reports of their experiments us a home 

assignment. It is the belie±' of the vn~i ter ,- however, that 

had tnis been verrait,ted much copying would have occurred and 

the latH)ra-tory observations ·would have been made carelessly. 

The collecting and constructing of' the equipment also 

reduced -Cht3 nurnber of exporiments t:1at might have been per­

formed. i'his loss vms justified because during the time 

required for such the pupils were acquiring so.me skills in 

laboratory manipulation and technique that were valuable 

and essential. The pupils also learned that the success of 

the experiments did not depend upon expensive equipment, but 

that their own hor:':3 made equipment 1tmrked as well as the 

manufactured articles. This construction THork also showed 

them that the more technical apparatus is based on the same 

principle tis the simple home nade equipment. 

In order that one might obtain some ideu of the types 

of experiments thnt were performed during the year, the pur­

pose of these experiments nnd materials needed for perform­

ing each of them are r;i ven on the follovdng pages. The 

asterisk(*) indicates that the reagent was brought from 

home to perform the exercise. 
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Exporim.ent I 

Purpose: To construct a semi.-mioro burner and learn hmv to 
adjust it. 

Materials Needed: Soft pine board one b:r two inches*, one 
fourth inch and fi;re-sixteenths inch copper pipe, file, bits, 
brace, vise, sewing needle,. a hack saw, and pliers. 

I~Xp eriment II 

Purpose: To learn some si"Jple laboretory manipulations • 

.Ma.teriRls Needed: Burner, file, test tube elnmp, medicine 
dropper, funnel, centrifuge.,. glass tubing, cotton*, filter 
paper, lend nitrate solution, soaiu_ra dichroniate. 

Experiment III 

Purpose: To get an understanding of the differences between 
physical and chemical changes. 

Mo terials Needed: Sodi u:.rn chloride•, hydrochloric acid 1 

sugar>i<, copper wirel1t, magnesium ribbon, magnesium oxide 1 

burner, test tubes, test tube holder, custard bowl and pliexs. 

Experiment IV 

Purpose: To recognize mixtures, com.pounds, and elements; 
to notice the difference between an element, a miJ..-ture, and 
a com.pound. 

Materials Needed: Clean iron filingslf-, sulfur, carbon di­
sulfide, nagnet, test tubes, watch glass, and burner. 

Experiment V 

Purpose: To separate a mixture into its components. 

Materials Needed: Clean iron filings*, sulfur, carbon di­
sulfide, magnet, test tubes, vmtch glass, and burner. 

E:Kperi:ment VI 

J?urnose: To learn hov; oxygen is obtainec1 from some com­
pounds. 

l.1aterials Needed: Mercuric oxide, sodium, and potassium. 
chlorate,. sodium peroxide, lead dioxide,. silicon dioxide:,'\ 



burner, test tubes, wood splints , medicine droppers , cotton• , 
and manganese dioxide . 

Experinent VII 

Purpose: To prepare and study the properties of oxygen. 

Materials Needed : Pota ssium chlorate, nanganese dioxide , 
sulfur , charcoal• , red phosphorus , sodium, .magnesium, pneu­
matic trough , vials , wire gauze , burner, test tubes, test 
tube holder, ring stand , test tube clamp, \~ood splints , six 
inch test tube , ~topper, rubber tubing, and glass tubing . 

Experiment VIII 

Purpose : To study simplo displ acements . 

Material s Needed : Test tubes , sulfuric acid , copper sulfate, 
zinc , iron fil i ngs• , sodium, magnesium, a nd litmus paper . 

fu..--periment IX 

Purpose : To prepa re and study the properties and behavior 
of hydrogen . 

Materials Needed : Six inch test tube , pneumatic trough, 
vials , zinc , sulfuric acid, wood splints , custard bowl , 
water buth, soap•, copper oxid3 , rubber tubing, ring stanc, 
and test tube holder . 

Experiment X 

Purpose : To obtain chlorine from its compoun~s; to study 
the physical properties and chemical behavior of chlorine 
prepared in the laboratory. 

Materiols Needed : ManganeRe dioxi de , lead dioxi de , potas­
sium. permanganate, potassium chlorate , potassium iodi de , 
hydroohloric acid , cop~er sulfate , sodium chloride¥ , boiled 
starch solution• , wood splints , powdered antimony , copper 
wire• , sodium thiosulfate , vials, tubing , medicine droppers , 
Erlenmeyer flask (50 ml) , stoppers , cardboard•, green vege­
table matter::i,: , and two small bottl es about 50 ml . in size. 

Experiment XI 

Furpo~e : To prepare hydrogen chloride and to study some or 
its chemical ~nd physicnl prope rties . 
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,~,,," Ille~ I,faterials Needed : Erlenmeyer flask ( 50 ml . ) , via,ts l rlCJlii 
chloride*, sulfuric acid , litmus paper , wood splint'sQ i 
ium hydroxi de , r:mgnesium ribbon , silver nitra te, ~~r1c·1ald.;,~, 
sodi um hydroxide , phenolphthalein, sodium oarbona tEf, 6\l'7~A 
magnesium oxi de . ""II 

Experiment XII 

Purpose : To learn what impurities oan be removed from wat er 
by distilla tion . 

Material s needed : Erl enmeyer flask(50 ml . ), condenser , ring 
stand , custard bowl, burner , copper sulfate , ammonium hy­
droxide, phenolphthalein, rubber tubing , tripod , wi re gauze , 
tap water, and vials . 

Experiment XIII 

Purpose : To determine if a substance is a hydrate , and to 
learn a chemical test ror water . 

Material s Needed: Copper sulfate , sodium carbonate , potas­
sium chlorate , a l um*, sodium chloride*, alcohol•, kerosene*, 
test tubes , barium chloride , and a burner . 

Experiment XIV 

Purpose : 11•0 l earn somethi ng about the methods used· to pro­
vide healthful water . 

Materials Needed : Muddy water , a luminum sulfate , l ime water• , 
runm.onium hydroxide , centrifuge , test tubes , filter paper, 
funnel , and vials . 

Experiment 'XV 

Purpose : To learn what fac t ors a ffect t he s olubility of a 
substance. 

i:1a t orials Needed : Copper sulfa te crystals, pot assium chl o­
rate, sodium thiosulfate , burner , test tubes , bottl e of 
pop*, alcohol*, kerosene•, and ca rbon disulfide . 

Experiment XVI 

Purpose : ~o determine the valence of metal • . , . 
laterials Needed : Magnesium ribbon , hY4r.9~blVfi~(acid, 
thread*, s l ass tubine , s toppers , ErJ.enmey,er flask ( 50 .mJ,. • • ) , 

# '. • • • • • .. : . . . ... . . . ·.. . .. . . : . . . .,,•:. 
. . ... . . ~ . . .. . . .. . . . -. . . 

• • • • • • t •• 
.. • • "' # .,. • I • 

.. . . . . . . . . . . . 



pint bottle*~ pinch clam!), custard bovJ"l, tap wa.ter, thermo­
meter, graduated cylinder, and a balance. 

Experiment Xi!II 

:Purpose: To stuay tho atn10sphere and find out tb.e percent ... 
age of oxygen in the atmosphere. 

Materials N"eedec1: Calciu.m chloride, lum.p of sodiura hydrox­
ide, barium hya.roxide, yello1;7 phosphorus, copper wire•, 
graduated cylinder, thermometer, barometer, large jar with 
a bi0 month~, rinc stand, 1;mc1 test tube hold.er. 

)5:Kperiment XVIII 

Purpose: '110 study the different forms of sulfur and its 
chemical and physical properties. 

l:!aterials needed: Sulfur, carbon disulfide, alcohol*, iron 
filincs"", copper turnings.;<, tin foil¥, te.st tubes, nnd 
burner. 

EJcperimen t XIX 

Purpose: 'l'o study the preparation and :properties of sul­
fur- dioxide. 

Ilqterials Needed: Sodium sulfite, potassium :permanganate, 
magnesiur1 ribbon, r;reon vegetable matter•, barium chloride, 
eo:pper turnings*, chlorine water, concentrated sulfurie 
acid, Erlenmeyer flask {50 ml.}, pint bottle, vials, medi­
cine droppers, glass tubing, and stoppers. 

F...xperiment :XX 

:Purpose: 11'0 prepare hydrogen sulfide and observe some of 
its physical and chemical properties. 

,J.fu.teria.ls Needed: Iron sulfide, zinc sulfide, antimony 
sulfide (prepared in the laboratory), lead ucetate, solu­
tions of copper; zinc, antimony,·and arsento salts,.cal­
ciur:1 chloride, hydrochloric acid, 1:;1nd the necessary eq_uip­
Dent for setting up an oxygen g0nerator etS described in ex-
periment seven. · 

Experiment X:KI 

. 3'urriose: To learn llmv to ti t:r:ate 1::1.n acid and a base; to 
c'. et ermine the strenBth of an unknown base; ar1d to deter.mine 
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the strength of some houserold vinocs r . 

Mate1ials Nerded : Hing stond , test tube holder , burette , 
pinch clanp , hydrochl oric ncid , sodiur.i hydroxide , vi necar•, 
litmus _paper , phenol phtha l e in , meV1yl orange , and a water 
glass . 



CONCLUDIONB 

'Ellis experimental st.udy brought forth the following 

conclusions: 

1. Chemistry can be inst;,alled and maintained in the 

high school at a very low cost. 

2. The use of home me.de equipment and apparatus demon-

strated that: 

a. It helps recluce installation and mainten-

[~nee costs. 

b. Home made equipment can be substituted 

s,i::1tisfactorily for manufactured articles. 

c. Breakac;e costs are lov1 because the substi-

tuted s.rticles are much cheaper and are 

furnished by tho pupils rather than by the 

school. 

d. In general this equipment can be used to 

perform all the experLruents offered in a 

standard high school chemistry course. 

o. Pupils have the satisfaction of l;::nowing 

they can do somE3thing for themselves. 

f. Parents were able to sef) tlu:t the pupils 

showed interest in this class. 

g. Co-operative plenning and working toward a 

common goal is stimulated nmong the pupils. 

h. Pupils have the opportunity to learn that 



ths more technical p~sces bf appara~us 

::;iadc cquip.nent. 

l-,/ 
~;;. 'r 

Donn.-nicro ::.H1uip.rJ.ent ha.s the following advan-

a. It helps to rechice :i.n.1:-1tnllation o.nd main-

tonance cc:sts. 

h. It docs not require hich priced lsborntory 

equiprnont. 

c. Chances for accidents sre not 

in the o:r:(linnry laborator:r. 

d. 11:X90rimente are easy to perform. 

e. ~he amrn1nt of undesirable gases that escape 

in tho la bors.tory are so drastically ro-

duced thnt the poisonous gas preparation 

iTI an ordinary classroom without installins 

ff~>ccial v::m tLLa tton equi:)r1.cnt. 

f~ Tlln small qunntit5.es helpi to increase neat-

ness and carefulness. 
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Brovmlee and Fuller, First Principles .Q! Cheurl.stry. McGraw­
Hill and Co., 1936. 435 pages. 
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Foster, Elements .Qt. Chem:1.str:v. D. Van Nostrand Co., Inc., 
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Hollnes, and l[attern, Elements Q! .Ch,e~istry. The MacMillan 
Co._, 1927. 519 pages .• 
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General Chemistr:,r. Crossman Hultilith end Printing Co., 
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Adams and .Johnson, ~ementary Laboratory Exercises in Ursanl€!. 
Chemistry. The Macmillan Company, 1934. 363 pages. 

Conant, 'fhe Chemistry Qt organic Compounds. The Iv!aciv1illan 
Co., 1934. 623 pages. 

Getman and Daniels, outlines of Theoretical Chemistry. 
John Vfilcy and Sons, Inc. Sixth 1Jdi tion, 1937. 662 pages. 

Fiar!l!'.elett, Solutions .Q! Electrol vtes. McGra:w-Hill Boole Co., 
Ing~, Second Edition, 1936. 238 pages. 

Rieeel, Industrial Chemistry. Reinhold Publishing Corpora­
tion, Third Edition, 1937 .. 851 pages. 

Handbook Qf. Chemistry and Physics. Chemical Rubber Publish• 
ins. Co., Tv.renty-first Edition,. 1936. 2023 pages. 



The base for the centrifuge v1c1s made from a scrap two 

b;;r six inch boerd clbou·t forty inches long. The legs for 

the base iNere made of' scrap pieces oi' three by three inch 

lu:mber. 

The crankshaft ancl the shaft for the oentri~uge arms 

t.rera made from a scrap piece of a pur,1p rod that had been 

discarded from a wuter well :pumping system. The large 

pulley, lettered .A in the picture, was sawed from the lid or 
~::in old discarded phonograph. This pulley was eighteen inches 

in diameter. A groove was s.awed along th.e outer edge of the 

1n1lley so that the belt would stay on its traek. 'l'he end­

less belt v-ms made by fustening the two ends of' a piece of 

vne-fourth inch rubber tubing together. The belt was about 

three and one-half feet long .. 

The snall ftvn type pui1ey, C, was two inches in diameter .. 

It was fastened to the centrifuge shaft by means· of a set 

screw. 

The bearings .for the shafts 1;.Jere made fror1 some brass 

])rotectors the.t cover the water inlet fl ttings of a new 

tm.throom lavntory. The bearings ware carefully dressed 

dovm by a file and em.ery cloth until they fi ttcd nicely into 

im outer bearing mad.E: ,from a piec!e of brass pipe about; an 

i.nch long. ·the outer bearings were split to allow for oiling 

e.nd heat expansion. The outer bearings were wedged in 

opposite ends o'f a two by tvro inch board fl ve inches long 

that had a hole bor·e<l lencthwise through its center. This 



and was easy to wedge tightly into the base of the centri-

fuge. 

The arr.1s for the centrifuge, lettered Din the picture, 

·were made from a piece of copper Glloy sheeting abo1.1t the 

thickness of a dime. The strip was about eighteen inches 

long and. three-fourths inch wide. i3.m.all blocks four inches 

long ··which had one-half inch holes drilled three inches 

(leep lengthwise into one end of each block were used as 

buckets for the centrifuge. 'l'he buckets v:rerc fastened und.e r ... 

neath the arms as shown in the picture so that they would 

be pressed a6ain~t the metnl strip. by the centrifugal force 

when the shaft was being turned. The copper w-ire was used 

to prevent the centrii'ugal force from bending the arms toa 

horizontal position v1hcm the apparatus was being rotatecL 

Although it was not necessary, the long bolt, H, could 

be used to anchor the centrifuge to· a table. ·rhere was no 

expense inc onstructing the centrifuge. 



'fO PHI~PAHE CHLORINE AND STtJDY !TS PROPERTIES 

OBJECT: To obtain chlorine from i t,s compounds.. 'l'o study 
physical properties and cllemical behavior of chlorine 
prepared in the laboratory. 

LEADING INT'O THE EXPEHH:1EN~L': '.Since chlor·ine is found only 
combined in nature, it must be obtained from its compounds. 
In this experiment you will explore the possibilities of 
liberating combined chlorine. You will also collect some 
of the gas 1::nd st.udy its properties. CAU'".i:ION: Chlorine 
:i. s an irritating e..nd somewhat, poisonous- gas. The greatest 
care must, be exercised to prevent 1 ts excape into the room, 
and to avoid inl1.aling the gas in case it does escape. If 
directions are followed carefully,. chlorine may be generated 
and st1..1died without annoyance. 

/u~TIDOTB: Get quicl{ly to fresh air. Pour some dilute 
ammonium :iydroxid.e or alcohol upon a cloth and carefully 
inhale the g"'is gi van off. Be sure to notify your instructor 
at once. 

:iJ-\T3RIALS NEEDED: .:,'ianganese di oxide, lead dioxide• potas­
sium per1:1unganate, potassiu,m chlorate, potassium iodide, 
concentrated hydrochloric acid, copper sulfate 1 sodium 
chloride\\'.,, boiled starch·:~, wood splints, powdered antimony, 
copper foil0, sodium thiosulfa~e, 6 vials, glass tubing, 
medicine dropper, generating flask, stoppers, cardboard%, 
twa small flasks (60 ml. approximately)• 

tiEGTIOi'.fS,: Part 1. Heat a small amount (a.bout the size 
of a match head) of each of the following solids ip separate 
dry test tubes: lead dioxide, manganese dioxide, potassium 
chlorate, copper sulfate (dehydrated), and sodium chloride. 
Heat each sample slowly and test for the presence of oxygen 
by using a glowing splint. This shows which of these sub­
stances. are good oxidizing agents, that is, whi(:11. liberate 
oxygen readily. He cord youi~ results in the following type 
of char·t. 
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U$ing fresh material-::a;. a·dd 8-10 drops of concentrated 
hydrochloric aoid to t.he separate test tubea.. Note any 
action each caa.e. If the action is sl-'law, heat gently. By 
sniffing at the moutll of the test tube; very cautiously note 
the odor of any gas produced. Do not. c-onfuse .. the odor of 
chlorine with the eha.rp pungent odor ot hydrogen chloride. 
Also note the color of any ga~ produced. 

'l'est for th.e presence ot chlorine by lowering int.o each 
test.. tube a piece of wire around v.1hioh a small piece ot moist 
blue litmus pa.per has been wrapped. Do not let the litmus 
touch the wall of the test tube.. Further test for chlorine 
b.y repeating the above procedure with starch potassium 
iodide paper. Record you:r observatione in the abo·ve chart. 

•, 

l. · ll~1hat type of substance is needed with hydrochloric acid 
to .releaee 1 ts oblo.r•ine? 

2. What c.olor change is used to 'identify chlorine by the 
use of starch potassitm1 iodide paper'? 

Part 2. l?rcpu:('aticn .:;ud pr0po:i:,ties ot' chlorine. Bet 
up the apparatus shot11n on the next page .. 
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Apparat.u.Q f:or-· Prepa.rat-!011 of Chlorine 

The flask contains four grams of manganetle d:ioxid.e and ten 
:ml of water. Ilill t:he medicine dropper with eon:centrat.-e4 
ltCl and place tb.e dropper in tb.a gliuu• tubing as· $!own in 
the diagram. V;hen th~ set-up ha.a oee-n approved by your 
instruct.or, eque.e:ze a t'ew drop$ of the acid int:9 the t'la.sk. 
It may be necessary to bea't t.he gene.tato-r a littl.e:. Thee 
speed· of ·the genera~d chlorine is controlled by Ult 
amount of acid that ht dropped into the t·laek.. .Oo no·t 
generate. t,he gaa: to:O f'ast... Catch six vials ot the gas and 
then, run the excess chlorine gas· into a bottle containing 
a previously prepared sol.utton of aodi um thlosUltate. 11$at 
the generator the.n until all the chlorine llaa been paE»led 
over. i\ gre-en1$k:i color in the vials will appear as the­
vials are filled. Cork .• or pla<ie a pieee of glaas over 
each v1al. as they are f i.J.led. · 

Part a. Fropertiee o.f ehl0l"1ne. How would you de­
scribe tho odor of ohlor1ne1 What. property ot t-be gas 
!1elp,s you to know when a bottle i_s full? Uncover a b&ttle 
of chlorine for a minu·te or .so,. Did much of the eas e-:;aeape'l 
i~dd a half test tube of water to the :vial of gas, cover it 
f.vitb.. your hand and shalce •. Save for part five. What change 
did you· no ti~ in the wat:er1 

. Part 4. .Does -chlorirul aupport the O"ombustion of a 
burning splint? LOwer a. amallgas flam~ .made by burning 
the laboratory gas from a .fine g1a.ss tip into a bottle of 
chlorine. 'I'hi:S tip ie. C011J."1.eoted by a rubber hoae to the 
gas supply. · 

4. flote whether the. gas continue$ to bur.n, and if there 
ia ru1,y cik'lllg$ in the appearance ot the flame. The labora-



t,ory gas is composed mostly of hydrogen and carbon. 

5. Hold a piece of wet blue li t,mus paper in the vial of 
cl1lorine in ohich the laboratory gas has been. burned.. Uil:"la t 
Riiappens? Bloi.1 your breath across the m!lU'th of the vial. 
Can you guess what formed in the vial whe.n the gaa flame 
was inserted? For comparieo:n blo1;J your breath across an 
;;;pen bottle of concentrat0d HCl. 

$. Into another bottle of chlori!1;e sprinkle a li tt.le 
amtimon,y dust. What. corapound is formed1 Warm a strip of 
thin copper and insert it in another bottle of chlorine. 
·)hat liappened? What compound is formed'? ( SheJ;:e the c.ontent1s 
,:;if the bottle with a li t.tle water and add a f.ew drops of' 
,&,11unonium hydroxide. ':C:hia may convince you .. ) 

7~ List four chemical properties of chlor:ine which you 
1J>bserved in this expe.riment ¥ 

Part 5. 'fest the bleaching action of chlorine by dip-
1)ing into a. vial of dry chlor·ine and also into a vial of 
,Joist chlorine (saved from part 3) pieces of litmus paper, 
:.'iewspa.per print, paper with inl<: wri ·ting• and a small colored 
f'lowe.r or piece of colored. cloth. £:Iot,e carefully any di:f'-
;f erence hi action in the dry and i:n the moist. chlorine. 

:3. What l'.dnd of results did you get in the above prooedu1·e1 

':.J.. 'fJhat compound acts w.i t,h chlorine to aid in bleachinz? 

10. VJri te t.he equation for this laboratory method of pre­
paring chlorine. 

11. VJllat conclusion do y,ou reach as to the ability of 
chlorine to support combustion? 

l2. Write an equation for tlle action of chlorine on antimony 
)O¥Jde l' • 

13. \i;rite s1:i equation for the action of chlorine on copper. 

14. Describe brieflJ the commercial method of preparing 
,chlorine. 

15. Fiame four uses of oh.lorine. 
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