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CHAPTER I
THE PROBLEM

Purpose

The purpose of this study was (1) to determine the
cost of instelling and maintaining a chemistry laboratory
in a small high school which offers physics, biology, and
general science, (2) to show how the laboratory could be
equipped by making and using home made and semi-micro equip-
ment, (3) to study the advantages, if any, of using this
type of equipment, and (4) to show the types of experiments
that could be performed with such equipment.

Need for the Study o

Only fifty of the 870 acceredited secondary schools of
Uklahoma offered chemistry during the 1939-40 school year,
eand most of these schools were private schools and the
larger city systems. Very few of the small high schools
cffered nhemistry.l There may be many reasons why so few
schools teach chemistry. Probably one of the main resasons
is the cost of installing and meintaining a chemistry lab-
oratory from year to year. Laboratory tables and apparatus

for experimental work are the main installation costs.®

I"List of Aceredited Schools"™, Annual High School Bulletin
112-0, State of Uklahonsa, Dapa tment of Rducation. dJune 30,
1940, Pages 25-52.

ZA. H. Crane, "Unit Costs in the Guthrie Senior High School
for the fiscal Years July 1, 1931 to June 30, 1935.™ (Unpub=-
lished Thesis, Oklahoma A and M College, 1936). Page 42.



It may be true that nearly every science teacher has
made a few pieces of laboratory equipment, but thorough
investigetion of recent books and periodicals published
during the last ten years revealed that only two articles
have been published concerning methods of economizing in the
sclence laboratory. 1In his earlier article C. H. Stone men-
tioned several substitutions that can be used in the chem-
istry laboratory in order to reduce expenses. Substitutions
for deflagrating spoons, crystallizing dishes, graduates,
glass plates, splints, bottles, and triangles were suggested
es well as ways of saving chemicals, litmus paper, rubber
tubing, matches, funnels, glass tubing, files, and braakage.B
His later article mentioned several "do's"™ and "don't" for
laboratory teachers and pupils in the handling of apparatus.*
Ho literature was found concerning costs and methods of in-
stalling a chemistry laboratory in which home made equipment
was used in place of the manufactured apparatus.

I In the belief that more Uklahoma secondary schools

would offer chemistry if low costs of installing and main-
taining a high school laboratory were made possible, the
author carried out an experimental study to determine whether
or not a laboratory couié be installed and meintained at a

low expense.

3¢, H. Stone, "Economy in the Chemical Laboratory.” School
Seience and Mathematics, Volume 35. PYages 34-37. January 19385,

%C. H. Stone, "More Economies in the Chemistry Laboratory."
School Science and Mathematics, Volume 39. Pages 836-39.
ecember 19359.



CHAPTER II
THE PRELIMIDARY TXPURIMENT

| A praliminary experimental study wss cerried out with a
_small éhemistry ¢l=8s at Oklahoma A and ¥ Collesge dnring the
1940 summer segsion 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-
iétry gourse at Oklshoma A and K Colleze were used as the
experimental group in the iaboratsry. They took thelr theory
with the regular chemistry clags, and the laboratory work
wes éoné in & smell room in the Chemistry building. This
room was equipped with only a flat laboratory table piped
with gas. At bne ohd of the table a common water hydrant
wag connected over a sink. The table was not equipped with
2 trough.

During the summer the regular college laboratery class
ran fourteen experiments. ZHach laboratory period was three
hours long and students met twice weekly for a period of
seven wegks, 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
#igh school laboratery manuals and were run similar to the.

gemi-mlcero technique used in the manual by Burrows and Arthur.i

-

lJ. 4. Burrows and Paul Arthur, Semi-Micro Zxercises in Gen-
L Chemisgtyry. Crossmas Hultilith end Printing Co., 5till-

-
- 2Ny - 1 ot 2 .
v, Gltlabona, 35 .
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kach exercisce performe 7 the experimental class was simi-
lar to the one carried on by the regular class.

After the laboratory work was started, the experimental
class was divided into two groups of two puplls each. The

puplls ptudied the lsborabtory exercises assigned them and

listed the apparatus and masterials nesded. Then wherever

J

possible this materinl was obtained by purchasing such from
the five and ten cent stores, or salvaszing from junk piles
and garazes, and at btimes bringing articles and supplies

from home. #Bizhty cents wes spent by the class in gathering‘
these "odds" and Tends". Supplies which could not be so obe-
tainsd were checked out from the chemistry atore room and
charged to uh% course 2t list price. A very careful check
wag mﬂje of the amount and cost of EVVPVtLlﬂg used. The
cost of all the chemicals used during the summer amounted to
twenty-two cents., Apparatus that was purchased by the pupils
znd that was cheeked out from the store room amounted to
$11.08. The total cost of installing and maintaining the
gourse for the summer was $11.30, =zn average cost per pupll
of $2.88. If the group had bsen lsrger, the installatiocn
#nd maintcenonce cnst would have been lowsr per pupil, due to
the fact that many pleces of the apparatus could have been

used o8 sasily by a group eof twenty pupils &s by a class of

ifour.



CEAPTER ITX

QROGAVIZATION OF THE COURSE

er carrylng out the high school course

wes similar to the procedure of the experimental work at the
college. However, morce conslderation was given to the organe
ization of the course.

of "C" in their

arevious high school work ware allowed to enroll in the sub-

Ject. 4 laboratory fee of one dollar a semester for each

mupll was charged for inceidental expenses, such as the use of

apparatus, breakage, mimeogrephed sheets for laboratory ex-

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

in the classroon. Mo ecertaln textbook was used. The regf-

ing assigmments were given so that

thelr lessons from one of the four
books, three laboratory manuals, a
randbool, or one of the five other
on chemistry. These books® cither

aomes or belonged to the teacher.

The common beliel today that more 1s accompli

high school work if
their teacliers and do very little

in this schoecl., fost of

the nuplls study under the

Lome w

thie pupils could
gencral chemistry text
physics and chemistry
soneral reference books

came from the pupils’

shed in
guidance of

well rooled

45}

oK i

the »upils live on farms, have to

Lao pupils withdrew fTrom school at the
average enrollment in the class

senester, thus lowering the
for the year to fourtesn puplls.

v
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ride the school buses, and do chores around their homes be-
fore and after school hours, These circumstances therefore
would require the pupils to do any home study work by arti-
fieial 1light., Lighting in the rural homes is generally by
msahs of a kerosene wick laﬁ;}*whi&; furnishes a very poor
reading light. Therefore, assignmenta are prepared in
school during the study hours that are provided, Likewise,
these conditions, which are typical of many of the small
high schools, require the course of study to be planned so
that time can be given during school hours to the many
school activities that occur during the spring. labora=-
tory requiﬁbnants in such schools necessarily must be ad-
justed to qiet these local conditions. “

The chemistry class met during the first class period
¢f the morning. This period was forty-six minutes long
during the first semester. During the second semester the
first hour was lengthened to one hour and six minutes to
compensate for the tardiness of the school buses on days
when the roads were muddy. . =

Three of the five weekii_olas; periods were used for
recitation. The other two periods were designated as lab-
oratory periods. Work in the laboratory was planned so that
the class would have time to clean up and be out of the room
by the end of the period. The room was used every period of

the day either for classwork or for supervised study.

Type of Laboratory

The room assigned to the chemistry class for recitation



&nd laboratory was the regular high school science room,.
lts dimensions were twonty-five by thirty-seven feet. o
special ventilation equipment was installed in the room.

TABLER

LABONATONY
TABLE
J7 _test

ETUnY

Figure 1. Diagram of the Laboratory
A fourteen compsrtment cabinet, six study tables,
chairs, a teachers desk, and a ni.nk were the originsl perma-
nent fixtures of the room. During the previous years the
room had been piped with water and butane gas. There was
no laboratory table available for the class., Uther pleces
of chemistry laboratory equipment were limited.l

1i 1ist of this equipment ls shown in table IV, page 25.



Before any chemistry experiments could be performed,
reagent shelves had to be provided, and a laboratory table
had to be built., Pileces of equipment for individual lockers
such as gas burners, test tube holders, test tube racks,
ring stands, tripods, pineh clamps, etec., had to be constructed.
The solid chemical reagents and some apparatus were
shelved in alphabetical order in four upper compartments of
the cabinet. Acids, beses, solutions, glass tubing, and -
the rest of the apparatus were placed in four of the lower
compartments. The shelves were thirty-three inches long,
and from eighteen to twenty-four inches deep. The space
between the shelves varied, being ten to elghteen inches

from shelf to shelf.

Figure 2. Reagent Supply Shelves
The cabinet doors were never locked, but the room was

leocked before and after school and during the noon hour.

The pupils were permitted to get chemicals and apparatus

without having to ask the instructor's permission. They were

instructed to get only the necessary amounts of reagents and

not to waste any of the chemicals,



CHAPTER IV

Q
<
L-i

LLECTION SN CONSTRUCTION OF EOUIPMENT

On the first dey of school the puplls were asked to
bring empty bottles, hammer, saw, pliers, brace and bits,
and any other teols or meterisl that they thought might be
necessary for building s laboratory table, burners, ring
tripods, or other pleces of apparstus that could be
nade in the laboratory. Wit hin the fliret week of school
there was as assortment of bottles sueh that no trouble was

£y

untered in finding & desirable contailner for most of

the chericals that were used durins the year. ZEnough tools
and meteriels wers brought to the laboratory to enable the

ciag toydivi ¢e into small groups for planning and con-

strueting the various pleces of equipment needed for the
course. |

Cn the first laboratory day the teacher and pupils
planned and sfarted constructing the laborstory table and
some of the equipment. Arrasngements were made with the
town blacksmith so that the pupils, under the supervision
of the instructor, were allowed to cut and thread pipe and
to usge other necessary tools. To charze was made hy the
blacksmith.

The lahoratory table was bullt thirty-eizht inches
Lish, ten fset long, and seventeen inches wide on each side
of & six inch drain trough, making a total width of forty

‘inches., Third grade yellow pine lumber wag bought
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supplement some scrap lumber for constructing the table.
Eight drawers, fourteen by eighteen inches and ten
inches deep, were bullt from scrap lumber and attached

under the table top. The auxillary shelf over the trough

g S ah

Figure 3. The Laboratory Table

had seventy-eight holes drilled partly through the lower
board for the twelve milliliter vials that contained most
of the common reagents used in the course. This reagent
shelf, bottles and all, was removed from the table at the
end of each laboratory period and placed on the floor in
the northwest corner of the room. The shelf was then out

of the way of the other classes that met in the room during

the day.
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Second hsnd half-inch pipe, gates, fittiﬂgs, faucets,
and gas outlets were used in the plumbing of the table.
The fixtures were bought from junk dealers and second hand
SLores. A‘blkcksr ith constructed a drain trough for the
table using galvaﬁizad'sheet iron. QOne coat of acid resis-
ing vaint was brushed on the trough before it was installed.

£

The total cost for building the table amounted to $14.38,

o 5

as 1ton¢ 700 bholow:

Lumber=m————————33, 20
Plumbing-—==ewve-10,68

Troughe——e—emean- 50
Tgtc_l"”"‘tﬂ)lé. 33

The eonstructi@n of the small burners for bubtane gas
required & gro&t deal of eguerlmbntln in order to obltain

a eorrect flame. Difficulty &raae in getting the proper
alr-gas nixture due to the richness of butane gas. A sue-
gessful burnsr was finally obtained in the follewing manner:

The burner bWSd was made from a piece of one by two
inch board two inches long. ‘The two and one-half ineh
barrel for the burner was cubt from a five-sixteenths inch
copper zasoline feed line that had been discarded in a

zarage junk pile. The butane gas feed line was cut three

e

and one~half inches long from a pliece of quarter inch cop~-
per pipe. Hulf way between the ends of this pipe a very

small »in hole was punched throuszh the well for a gas oub-

A Tive-sixtesnths inch air hole, lettered A4 in the
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picture below, was drilled horizontally through the upper
part of the burner base. The supply feed line, B, was
wedged into a hole drilled horizontally through the lower
part of the burner base and perpendiculer to the air hole.
The supply pipe was adjustéa'so that the gas could flow
out through the small opening and up through the burner
barrel, C. The barrel was wedged into a hole that was

Figure 4. Semi-micro Bunsen Burner
bored vertically into the burner base so that the air hole,
the pin-hole opening in the supply line and hole for the
barrel met at one point. The knotted piece of rubber tubing
shown fastened over one end of the supply line was used
merely for plugging one end of the line.

The burner was so well adjusted that it was difficult
to see the flame at a distance of ten feet unless certain
lighting conditions in the room were obtained. MNMany times
the pupils singed the hairs on thelr arms before noticing
that a burner was lighted. There was no expense in construc-

ting the burners.



The test tube holders, pictured below were cut from a
plece of copper slloy sheeting about the thickness of a

dime. The strips were about one-half inech wide. They were

Figure 5.¥Tést Tube Holders
shaped by using a vise and a pair of pliers. The one-
eighth ineh stove bolt, lettered A in the pileture, was two
inches long. It was used to adjust the grip of the jaws
of the holder. The quarter-inch stove bolt, B, was fitted
with taps so that the jaws of the holder could be rotated
at any angle. The heel of the holder was constructed so
that the rod of the ring stand could be slipped between
the stove bolt, C, and the end of the stove bolt, D. The
stove bolt, D, was bent near the middle in order to obtain
enough leverage to fasten the-helder securely to the ring

stand.

The holders were about seven inches in length. They

were not as sturdy as the manufactured test tube holders,
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but they were usable without serious disadvantages. No
money had to be spent in constructing these pleces 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 long that were twisted to-
gether with a paeir 'of pliers. When completed, the tripeds
were about five inches high and were easily adjusted for
leveling by slightly spreading or narrowing the distance

between the legs.

L e S e .

Figure 6. Tripods, Test Tube Racks, and Ring Stands
The base for each ring stand was made from a scrap

piece of two by six ineh board about six inches leong. A



three-sixteenths inch hole was bored through the block
&ébout two inches from one end. The ring stand rod was

then wedged through this hole. A counter sunk hole was
drilled on the bottom side of the block so that a set tap
¢ould be used to hold the rod firmly in the block. The
rod, which was about thirty inches long, was cut from a
piece of discarded brake rod off of a car, and was threaded
et the blacksmith shop. A staple was driven in one end of
thé base so that the stand could be hung under the labora-
tory table and be out of the way..

The test tube racks were made from one by four inch
lumber about fourteen inches long. Seven-eighths inch holes
were drilled nearly through the bosrds along one edge of the
top for the twelve miliiliter fials. Five-eighths inch
holes were bored along the other edge to hold the test tubes
and mediecine droppers.

The sorew clamp, pictured below, was made by using some
small copper pipe, a short stove bolt, and a piece of copper

slloy sheeting that was left after making the test tube hoFars.
o b .
3

e | ; |

A

-
Figure 7. Serew Clamp
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A water condenser jacket was made by fitting s three-
fourths inech gelvanized pipe about twelve inches long with
a two hole stopper at each end. One of the holes in each
stopper was used for the condenser tube. The other hole
was Fitted with a piece—-of -beat zlass tubing whieh served
as a connection to either the inlet or outlet hose for tap
water.

Although the laboratory was equipped with a Babcock
milk tester, which was used for a centrifuge, the home made
centrifuge pictured below was constructed, tested, and

proved successful. A more detailed description of this

apparatus 1s found in the appendix.

Figure 8. A Iome Iade Uentrifuge
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The pleture below shows the equipment that was in each
locker. Most of the equipment was either brought from the

pupils' homes or constructed in the laboratory. However,

a few pleces had to be purchased.

......

Figure Q.Lﬁauipmﬁnt for Each Locker
The total cost for equipping each locker was $1.52,
as itemized below:

1l ApION= = = = = = = = = = = = $ .48
1l Erlenmeyer Flask, 50 ml. - - .20
3 Mediclne Dropperse - - « - - .07
3 Feet Rubber Tubing, 3/16 in. .21
1% Feet Rubber Tubing, % in.- - .13
l Sponge = = = = = = = = = - - .10
& Test Tubes, 10x75 mm. - - - .15
1 Test Tube, 5/8x6 in. - = = - .03
6 Vials, l2 ml. = = = =« = = - 15



The following nieces of squipment were either fur-

nished or built by the n’@lls. There was no cost in ob-

-

taining these articles.
Apparatus Substitution

Beaker, Lerge= - = = ~ = = = « = = = - « - - -Wgter Glas

Beaker, Smalle = = = = = = = = = = = ~ Pyrex Custard Bow 1
Charcoal - - - =Charred Mateh Stem, Complhtely Pulverized
Aveporating Dish = = = = =« = « « « « Yhite 3aucer or Bowl
FOreepsS— = = = = = = = = = @« = = = = = = = =~ = = = Pliers
Funnel = = = =« = =« =« = =« = = =« = =« « ~ ~ -Bakslite Funnel
MEoeth = = = = = = - = - - "V“ Magnet off a iodel T Ford
Pneumetic Trough : - = = - =lgtal Chalk Box
Stcean Path = = = o« @« =« o =« e o @ = = =« =« = = =Tin Can
Test Tube Clamp= = = = = = = =« = = = = « -« - =-Clothes Pin
Vateh GlasSe = = = = = - - - - - Bottom of Custard Bowl
Wire GaUZEe = = = = = = = =« = -« =« =~ =~ Screen Wire, Doubled
Wood S501int8 = = = = =« -« -~ - - Pine Board Splinters

1
i
1
i
1
[
i



DETERVINING THE LABORATORY COSTS

The following proccdure was used in determining the
laboratory costs:

An inve »ntory was taken on all the equipment in the
laboratory that could be used in the course.

An itemized list was also made of all the usable chem-
ieal reagents in the laboratory.

mh1r+v—°1t experiments that could be performed in high
school were sslected from Burrows'! and Arthur's laboratory
manuall, and a list was made of the reagents regulired for
performing these exercises, A similar list was made of the
equipment required for performing the thirty-six exercises.

A list of reagents that had to be purchased was doter-
mined by cheecling off from the list the reagents that were
either on the laberatory inventory or could bhe brought from
home .

The equipment order list was compiled in the same man-
ner as the reagent order 1list, except that the substitutions
which eould be made were also cut off from the eguipment
list.

The items on these two revised lists were obbtained froa
the ehemigtry department of Oklahoma A and M College and

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

Ipurrows and Arthur, op. gcit.

e
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REAGENTS PURCHASE
Amount gunces
iten Bought Cost used Cost
Acid, acetic 2% 1b .95 2 5 .05
Acid, iydroechlorie & 1b 1.20 8 .10
Acld, Hitrie 3 1b « 7O & .12
Acld, Pyrogallic, tech 1 oz 2.00 O 00
seid, Sulfurie 9 1b 1.80 16 20
Aluminum Chloride 11b <30 o 00
Aluminum litrate 1 oz .60 8] Q0
Aluminum Sulfate, teeh 1 1b .10 i 01
smmonium Carbonate 5 oz «17 1 .04
foaaoniwm Chloride L 1b +18 G .00
Ammonium Hydroxide 4 1b 1.10 8 14
fmmonium lodide, tech 1 oz 2,70 1/14 .20
hmponium Witrate, tech 1 1b 47 ¥ 00
Ammoniun Sulfate 11b - 10 O <00
intimony, Metal powder 1 oz .65 % W16
irsenic, lfetal powder 1 oz 1.66 1/14 .12
Barium Chloride ™ 7 02 .16 i 03
Larium Hydroxide % 0% . & 38
Bismuth, lump "1 oz 1.95 Q G0
Salcium Chloride, techh 7 oz .54 1 .05
“aleium lonophosphate 2% 032 <29 G .00,
Laleiun Oxide, tech 11b .12 1 .01
Uarbon Disulphide, tech 3 1b «10 & <08
Carbon Tetrachloride 2 L : «40 00 ml 04
“obalt Hitrate, tech 1 o2 1.36 O <00
{opper Chloride 5 oz .28 0 00
Lopper Hitrate, pure 11k 35 O «00
sopper Oxide, tech LY 30 & .03
Uopper Sulfate, tech 3 1b 45 4 04
fither, Petroleum & 1o 20 o 00
yeerine, C. P. 1 1b .16 0 Rels
Gum Labels, boxes 5 o 50 1 « 10
iodine 1 oz +30 1/3 .10
iron Sulfide, grans. 1 1b <20 & 09
i.ead Dioxide 1 o3 .70 /7 +10
Litmus Paper, bottles 12 .05 4 12
Gagnesium Carbonate, teeh 2 oz .05 % 02
magnesium Chloride, techk 1 1b « 10 1 01
Hagnesium Oxide, tech 4 oz G5 & 0L
percaric Chloride, tech 1 oz 50 O LOU
Herguric Oxide, U. 8. P.1 oz 2.05 3/7 57
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TABLE I (continued)
REAGENTS PUACGHASED
smount . - Qunces

item Bought Cost uged Gost
iMethyl Orange X 0g 5 2.69 /100 ¢ .04
Hickel Hitrate, tech 1 o0z «30 0 .. +20
Paraifin 1 box W10 o 00
fhosphorus Chloride Loz 1.80 o .00
Phosphorus Pentoxide 1 oz <30 O »Q0
Phosphorus, iHed, tech 1 oz .20 1/20 .01
Potassiwa Broaide, tech 2 oz .10 1/10 01
rotassium Chloralbe, tech 1 1b «2Q 3 04
Potassium Chloride, tech 2 oz .05 - .01
Potassium [Iydroxide, tech 4 az . 30 1/3 .03
Potassium Iodide, tech 1 oz <20 & .05
Potassium Hitrate, tech 7 oz .65 1 .09
Potassium Fermanganate 4 oz «20 & .02
Bodium, fetal , 2 oz .06 1/10 .01
Sodium Acetate, tech. 4 9z - .10 3 .08
HGodium Browmide, teeh 4 oz T W10 13 02
Sodium Chlorate 11b 30 2% 05
Spdium Dichromate, tech 1l 1ib .15 1 01
“odium Hydroxide, tech 4 oz 05 P «03
Jodium Hitrate, tech 1 1lb .10 0 00
Sodium Potassium Tartrate 3 oz «10 0 00
Sfodium Stamate, tech 1 oz 2.40 0 00
“odium Sulfate, tech 1 1b « 50 i .08
dodium Sulfite, tech 5 oz 05 1 .01
nodlum Thiosulfate, tech 1 1b 15 2 08
i1lb «35 3 .08

Zine, tech

Tetals 559 .49 33.37




TABLE Il
EQUIPMENT PURCHASED#

Iten Quantity Value Breakage
A 4P 17 $ 8.13 ¢ <00
Bottles, Class Sto 12 35.60 «30
Brushes, Small Tube 12 1.20 «00
Burette, 25 ml. 1 «50 -00
Corks, No. 1 3 doz R
Corks, No. 3 4 doz «48 H
Corks, lio. 4 1 doz 12 3
Corks, No. 6 2 doz 24 ime— W18
Corks, No. 7 1 doz eal 3
Corks, No. 9 1 doz elBemena;
c s OGraduated 1 «50 «00
F » Erlenmeyer, 50 ml. 1 doz 2.40 «20
Funnels, Bakell e 6 «30 «00
Glass Tubing, 6 mm. 25 v «63 «63
((lass Tubing, 8 mm. 15 £t «45 .03
Lubraseal 10 grains 1.00 «10
liedieine Droppers 4 doz «30 12
fubber 8 : No. O 1 doz N e ]
Rubber g lNoe % i :“u «60 H
Hubber Stoppers, lo. « 60 3
Fubber § Ho. 3 1l doz «60 $
Hubber Stoppers, No. 4 1 doz «60 jmemn 50
lubber Stoppers, No. § i doz «30 3
liubber Stoppers, No. 6 2/3 doz «40 3
Fubber Sto pers, fo. 9 1 doz 0 60=wmew
fubber Tubing, 3/16 in. 24 £t 1.68 «28
Fubber Tubing, . in. 16 1t 1.60 «20
Sponges 10 1.00 «10
Tubes, Calecium Chloride 8 1.20 «00
Tubes, Test 10 x 75 mm. 10 dosz 2.60 «52
Vials, 12 ml. 12 doz 2465 44
Totals $35.98 $4.14

#This table does not show the $14.38 cost for building the
laboratory table.

##These aprons werse purchased from The Chemical Rubber Co.
taaThese funnels were bought at a five and ten cent store.



TABLE
BEAGENTS ON HAND BEFORE SCHOOL STARTRDG
Amount Junces

Tten on and Coat used Tost
Aluminum Sulfate, tech 1 1b $ «R20 1 § <023
Ammoniunm Garbonate, tech 4 oz « 10 O - .00
Lead Acetate, tech 2 oz .05 3/4 .01
Lead Hitrate, tech 4 oz .13 1/5 W01
Hanganese Dioxide, tech 4 oz 06 e 03
‘lagnesium Ribbon 1 oz +40 % +10
‘Hickel Sulfate, tech 1 is 48 Q 00
Paper, Filter 9 ca. 1 pkg .18 1/5 phke 04
Fihenolphtialein, U. 8, P. 4 oz .50 % .04
Phospoorus, yellow stick 4 oz .57 & 08
FPotassium Chlorate i og 15 O .00
Futassiunm Lilchromate 2 og <05 O » 0
Rubber Stoppers, assorted 1 douz 00 0 «Q0
Silver Mitrate, U. 8. P, % 03 BB 1/10 .03
Zodiva Borate; tech 11l - 53 0O 00
Sediunm Carbonate, teech 1 1b « 20 -1 .02
Sodium Niwrate, btech 1 1b <15 1 «O%
Sodium Peroxide 4 oz 2% 3 03
Strontius Nitrate, teeh 4 oz « 20 ) .00
Sulfur, roll : i1ib 20 S 06
Zine Sulfate, tech 1 1ib 25 g 00

““These prices were caleculated Ifrom the 1941 price lists of

whe fentral

Sei

entific Co.



TABLE IV

\-«4

:ak ihu HENT ON B BEFOUE s0HC S0 1

item quantity Valua Broakage.
Balance, Double Bean 1 & 2.00 G .00

|

Balance e e, 10-500 5. 1 set 2,80 LGO

é;.,w ‘"‘3‘{; 31‘ EPQiiR 3, 15-4,0 OC)Q
Beaker, Pyrex, 600 al. 1 .26 .00
Burette, 50 ml. 3 1.85 »O0
Burner, Bungendss 1 2.50 - GO
Flask, Erlenueyer, 250 wul. & e W00
Flask, Round Botioms 500 nml. 2 75 0
Ylask, Found Bottom, 1lOC al 2 1.10 .00
#ilk and Creasm Tester, Bab. 1 27«00 LOO
Xertar, Porcelain, 69 ma. 1 B +00
ThernousiLer, ercury & E.90 00
tubes, Tesi, 5/8 x & in. i8 « 39 13

Totals | 565,72 & .13

“The Value coﬁ“mn in this tabie was talken from the 1841
price lists of “the Central Seientific Co. All the equip-
ment wos asgumed to be new for calculatling these prices.

wwthe price of this pardicular burner could not be found.
The price quoted was for o similar type of burner.
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Slnce the laboratory itable was the only plece of home
made eguipment thoat cost anything, the installstion costs
were found by totelling the costs of reagsuts purchased,
sguipnent purc hased ., and cost of building the laborstory
table.

The tabulation below ghows theg@ costs

keagents Purchased, Table I, pages 21 and 22— - §52.49

Aguipment Purchased, Yables II, page 83- = = - = 55,9

Construction ol Laboratory Table= = = - = = = =« 14,38

otal Cost Tor iastalling Course- ~ - - $89.85

The maintenance cost lor the laboratory was deltermined
after school c¢losed. The amounts of chemicals used and the
syparastus breskace were determinad hy finding the diifersncs
baetween the amounts of the original snd remeining supplies.
These coats were calculatod and tabulated in the rigzht hand
columns of Tablgs I-TV on pages 21 Lo 25,

The following tébulatiom briefly summarizes the melin-
tenance costs:

Reagents Used, Table I, papges 21 znd 28 = -~ - = =3,37

Reagents Used, Table III, page 24 ~ = = = =~ = =« = .48

Eguipment Breakage, Table II, page 83 - = - - - - 4,14

Taguinment Breakage, Table IV, page 85 = = = ~ =~ 6,13

Total Maintenance Costs - = - = - ~ $8,12%

*The amount of deprecistion of the laboratory equipment was
ot included in the meintenancs costs becauss the percent
of depreciation is an arbitrary figure, and would have to

be caleulated according

lv.



27
ince the average enrolliment for the year was fourteen
pupils, the per capita masintenance cost, excludlng deprecla-

tion, was fifty-anine cents. A

Qq

early lasboratory fee of 32,00
o o i

was charged; thersfore, the school's expenditure for main-

taining the laboratory was negligible.
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CHAPTER VI
TYPES OF EXPERIMENTS

Twenty-one experiments were performed during the school
year. Since the first six weeks of laboratory work was
spent collecting and construeting the equipment, no labora-
tory exercises were assigned until the beginning of the
seventh school week,

The pupils were given plenty of time to make their
experimental observations and write up the results and con=-
clusions of the experiments during the laboratory periods.
The pupils wrote their observations and answered the general
interpretation questions in the laboratory room. If an ex=-
periment was too long to complete during one laboratory
period, the pupils made another set-up of the apparatus the
next laboratory day and continued with the experiment. This
kind of arrangement was possible because the apparatus was
simple and easily assembled, the amounts of reagents were
small which eliminated muech waste, the reactions were short,
end in the gas preparation experiments the amount of gas
prepared was small. The exercise on the preparation of
chlorine, generally considered dangerous for high school
pupils to perform in individual groups, illustrates the
above situation very nicely.l

14 complete c%?y of this experiment is given in the appendix
on pages 42-45.



Three laboratory neriods were needsd for preparing the
chlorine gos, noting its properties, and writing up the sx-
periment. The apparatus had to be assembled twice, thus

lents to the irritating ges twice. However,

"Cla

exposing the stu
on both days the amount of escaped gas wes so small that
the arithmetic class which met 1n the room the following
hour did not notice that this very irritating ga 23 had been
rapared.
Other advantages of this simplified method of labora-

aratus

\,

tory presentation are of importance alsoc. The app
was slmple and in most cases home made, thus beinz very
inexpensive. The amounts of reagents used for ecach exer-
cigse ware so small that the maintenance cost of the labora-
tory was very low. In many cases the reagents were brought
from home, thus further aiding in keeping the costs down.
The use of small guantities practicaily eliminated chances
of accidents. Vo acid hurns occurred bscause of the very
small guantities that happened to be Spill@d.l The small
portions used elinminated explosions in case some pupill
accidentally mixed two hishly reactive chemlcals. fUhe use
of small quantities increacaé cleanliness and carefulness.
Since several pleces of equipment and some of the reagents
were brought from home, the parents were able to see that
the pupils were showing interest in this c¢lass and that
chemlstry was helping the pupils to understand some of their
everyday surroundings. Apparatus breakage and losses were

minimized. The use of the household reagents and home made
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equipment also reguirsd the pupils to do co-operative plan-
ning in securinz the necesszary malterials.

)ﬁvqfal othey experiments could hsve been run with

{_.J

very 1ibtle additional cost if the puplils had been reguired
to write up the reports of their experiments as a home
assignment. It is the belief of the writer, however, that
had tils been permitted much copylng would have occurred and
the laboratory observatlons would have been made carelessly.

The uo1lectlnb and consty uctlng of ths eguipment zls=o
reduced the number of exporiments that might have besn per-
formed. “his loss was justified because during the tine
required for such the pupils were acquiring some skills in
laboratory manipulation and technique that were valuable
and essentlial. %he pupils also learned that the success of
the experiments did not depend upon expensive equipment, but
that their own hore made equipment worked as well as the
manufactured articles. This construction work also showed
them that the more technical apparatus is based on the same
principle as the simple home made equlipment.

In order that one might obtain some idea of the types
of experiments that were performed during the year, the pur-

pose of these exneriments and materials needed for perform-

ing each of them are 51vpn on the following pages The
asterisk(™) indiecates thet the reagent was brought fror

home to perform the exercise.



Exporiment I

Purpose: To construct sz geml-micro burner and learn how to
adjust it. '
Materials NMeeded: Soft pine board one by two inches®™, one

fourth inch and five-sixteenths inch copper pipe, file, bits,
brace, vise, sewing needle, a hack saw, and pliers.

Experiment IX
Purpose: To learn some siuple laboretory manipulations.
Materials Needed: DBurner, file, test tube clamp, medicine
dropper, funnel, centrifuge, glass tubing, cotton®, filter
paper, lead nitrate solution, sodium dichromate.
Bxperiment III

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

Materials Needed: Sodium chloride™, hydrochleric acid,

sugar”, copper wire*, magnesium ribbon, magnesium oxide,

burner, test tubes, test tube holder, custard bowl and pliers.
Experiment IV

Purpose: To recognize mixtures, compounds, and elements;

to notice the difference between an element, a mixture, end

a compound.

Materials Needed: Clean iron filings™, sulfur, carbon di-

sulfide, nagnet, test tubes, watch glass, and burner.
Experiment V

Purposs: To separate a mixture into its components.

Materials Needed: Clean iron filings™, sulfur, carbon di-

sulfide, magnet, test tubes, wateh glass, and burner.
Experiment VI

Purpose: To learn how oxygen 1s obtained from some com-
nounds.

laterials Needed: Mercuric oxide, sodium, and potassium.
¢hlorate, sodium peroxide, lead dioxide, silicon dioxide?,



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

Experiment VII
Purpose: To prepsre and study the properties of oxygen.

Materials Needed: Potassium chlorate, manganese dioxide,
sulfur, charcoal®, red phosphorus, sodium, magnesium, pneu-
matic trough, vials, wire gauze, burner, test tubes, test
tube holder, ring stand, test tube clamp, wood splints, six
ineh test tube, stopper, rubber tubing, and glass tubing.

Experiment VIII
Purpose: To study simple displacements.

Materials Needed: Test tubes, sulfuric acid, copper sulfate,
zine, iron filings®, sodium, magnesium, and litmus paper.

Experiment IX

Purpose: To prepare and study the properties and behavior
of hydrogen.

Materials Needed: Six inch test tube, pneumatiec trough,
vials, zine, sulfuric acid, wood splints, custard bowl,
water bath, soap®*, copper oxide, rubber tubing, ring stané,
and test tube holder.

Experimant X

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

Materials Needed: Menganese dioxide, lead dioxide, potas-
sium permanganate, potassium chlorate, potassium iodide,
hydrochloric acid, copner sulfate, sodium chloride™, boiled
starch solution™, wood splints, powdered antimony, copper
wire*, sodium thiosulfate, vials, tubing, medieine droppers,
Erlenmeyer flask (50 ml), stoppers, cardboard*™, green vege-
table matter®, and two small bottles about 50 ml. in size.

Experiment XI

Purpose: To prepare hydrogen chloride and to study some of
its chemical and physical properties.
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Materials Needed: Erlenmeyer flask (50 ml.), via}k ,
chloride®, sulfurie acid, litmus paper, wood 3plint§Q 2 mAOTy,
fum hydroxide, magnesium ribbon, silver nitrate, Og éfrio ‘Qiﬁ
sodium hydroxide, phenolphthalein, sodium carbonat q&u&

magnesium oxide. 3?]

Experiment XII

Purpose: To learn what impurities can be removed from water
by distillation.

Materials Needed: ZErlenmeyer flask(50 ml.), condenser, ring
stand, custard bowl, burner, copper sulfate, ammonium hy-

droxide, phenolphthalein, rubber tubing, tripod, wire gauze,
tap water, and vials.

Experiment XIII

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

Materlals Needed: Copper sulfate, sodium carbonate, potas-

sium chlorate, alum*, sodium chloride*, alcohol®, kerosene*,
test tubes, barium chloride, and a burner.

Experiment XIV

Purpose: To learn something about the methods used to pro-
vide healthful water.

Materials Needed: MNuddy water, aluminum sulfate, lime water®™,
ammonium hydroxide, centrifuge, test tubes, filter paper,
funnel, and vials.

Experiment XV

Purpose: To learn what factors affect the solubility of a
substance.

Materials Needed: Copper sulfate crystals, potassium chlo-
rata, sodium thiosulfate, burner, test tubes, bottle of
pop*, alecohol*, kerosene®, and carbon disulfide.

Experiment XVI

Purpose: To determine the valence of metal.

ﬁhterials Needed: Magnesium ribbon, hyﬂroﬁhlvrio acid
thread®, glass tubing, stoppers, Enlenmeyer tl&ak LSO J,
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t bottle*, pinch clamvp, custard bowl, tap water, thermo=-
ter, graduated cylinder, and a balanee.

(DS-“
of 3

Bxperiment XVII

Purpose: To study the atmosnhere and find out the percent-
age of oxygen in the stmosphers, '

Materials Heeded: Caleium chloride, lump of sgodium hydrox-
ide, barium hydroxide, yellow phosphorus, copper wire¥,
graduated cvlinder, the anter, barometer, ldr Ze jar w1th
a bipg mouth™, ring stand, and test tube holﬂer.

fxperiment XVIII

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

”aterlals Needed: Sulfur, earbon disulfide, aleohol®, iron
Tilings™, eopper turnings™, tin foil*, test tubes, and
burner.

Bxperiment XIX

Purpose: To study the preparation and properties of sul=-
fur dioxide,

Haterials leeded: Sodium ulfite, potasasium permanganate,
magnesium ribbon, green vegetable matter™, barium chloride,
copper turnings¥, chlorine water, cencentrated gulfuric
acid, Erlenmeyer flask (50 ml.), pint bottle, vials, medi-
¢ine droppers, glass tubing, and stoppers.

Experiment XX

Purpose: To prepare hydrogen uUlfld& and abs@rve some of
its physiesl and chemical properiles.

daterials Needed: Iron sulfide, zinc sulfide, antimony
sulfide (prepsred in the l@bO“”LOTJJ, lead wcetate, solu-
tions of copper; zine, antimony, and arseniec salts, cal-
cium ehloride, hydrochloric acid, and the necessary equip-
nent for setting up an oxyzen g@nerator #8 described in ex-
periment seven. - '

B ]
3

Exveriment XXI

FTurposer To learn how to titrate an acid end a base; to
determine the strength of an unknown base; and to determine
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the strength of some household vinegar.

Materials Needed: Ring stand, test tube holder, burette,
pinech elamp, hydrochlorie aeid, sodium hydroxide, vinegar*,
litmus paper, phenolphthalein, methyl orange, and a water

glass.
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CONCLUSIONS

This experimental study brought forth ths followling
conclusions:
1. Chenistry can be installed and maintained in the
high school at a very low coest.
2. The ﬁse-of home mede equipment and apparatus demon-
strated that:

a. It helps reduce installation and mainten-

b. HHome made equipment can be substituted
catisfactorily for manufactured articles.

c. Breakage costs are low because the substi-
tuted articles are much cheaper and are
Turnished by the pupils ratﬁer than by’the
sehool. |

In general this equipment can be used to

2
L

perfora all the experiments offered in a
standard high school chemistry coursé._

e. Puplls have the satisfaction of knowling
they can do something for themselves.

f. Parents were able to see that the puplls
showed lnterest in this class.

8. Co-operative plenning and working toward a
common goal is sﬁimulated among the pupils.

h. Pupils have the opportunity to learn that
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the more techpnleal picces of apparatus
. s

T res N 3 €% - . P o P e

work on the same princinle as the houe

semi-niiero ogulpment has the following advan-

a. It helps to yeducs installation and main-
tenance gosths,.

he It does not regulre high nriced laboratory

equinment.

¢. Chances for accidents are not as great as
in the ordinary laﬁarttojw |

d. Dxneriments are.easyrto nerforn.

2. The amount of undesireble gases that escape
in the laborstory are so drastieally ro- .
duced that the.poigoqaus gas preparstion
experiments cun Bs rTun by laboratory groups
in an ordinary c¢lassrocm without installing
Spécial'ventilaticn equinpent.

T+ The small quantities helyﬁ to inerease ncat=

ness and carefulness.
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A TFOHE VADE CENTRIFUGE

The base for the cenbrifuge was made from a scrap two
by six inch board about Torty inches long. The legs for
the base were made of scrap pieces of three by three inch
lumber.

The crankshaflt and the shaft for the ceatrifuge arms
wers made from a scrap piece of a Dump rod that had been
@iscarded from a wotsr well puupln system. The large
pulley, lettered A in the piocthure, was sawed from the lid of
&n Old discarded phonograph. Thi$ pulley was eightegn inchasg
in dle meter, 4 groove was sawed alonglthe outer edge of the
pulley so that the belt would stay on 1lts track. 'The cnd-
less belt was made by‘féstenimg the two ends of a piece of
one-fourth inch rubber tubing tpgethef. The belt was aboub
three and one-half feet laﬁg. | v

The small "v" typé’pulley, C, was two inches in diamster,
It was fastened to the centrifuge shaft by means of a seb
serev.

vThe bearings for the shefts were ma ron some brass
pr@tectors that cover the water inlet fittings of a new
bathroom lavatory. The bearings were carefully dressed
down by & fils and emery cloth until t ey fitted nicely into
gn outer bearing mede from a piece of bfass pipe about an
inch long. ‘he outer'bearings were split to allow for oliling
end heat expansion. The outer bearings were wedsged in
opposite ends of a two by two ineh board five inches long
that had & hole bofeﬂ.lenﬁthwlse throuzh its center. This

sguare cornered hoard wes o good housiap for the bearin
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and was easy tc wedge tightly into the base of the centri-
fuge.

The arms for the centrifuge, lettered D in the picture,

&)

were made from a plece of copper alloy sheeting about the
thickness of & dime. The strip was about sighteen inches
long and three-fourths inch wide. Small blecks four inches
long which had one-bhalf inchk holes drilled three inches

s

£

lengthwise into cne snd of each bloek were used

“Q

buckets for the centrifuge. The buckeﬁs were fastened under=

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

be pressed against the metal strip by the centrifugal force

when the shaft.was being turned. The copper wife'was used

to prevent the centrliugal force from bending the arms to a

horizontal position when the apparatus was being rotated.
Although it was not necessary, the lomg bolt, ¥, could

be used to anchor the centrifuge to -a table., There was no

expense in ¢ on&truct1n5 the centrifuge.



ELPERINENT 10
TO PREPARE CHLORINE AND STUDY ITS PROPERTIES

OBJECT: To obtain chlorine from iis compounds. 7o study
physical properties and chiemical behavior of chlorine
prepared in the laboratory.

LEADING INTO THE EXPERIMENT: Since chlorine is found only
combined in nature, it must be obtained from its compounds.
in this experiment you w1¢l eXplore the pos Sibllltles of
liberating combined chlorine. ¥ou will also collect som

of the gas and study its properties. CAUTION: Chlorine

is an irriteting end somewhatl polsonous gas. The greatest
care @must be exercised to preveni its excape into the roon,
and %o avoid inhaling the gas in ease it does escape. If
directions are followed carefully, chiorine wmay be generated
and studied withoul annoyance.

ANTIDOTEZ: Get gulickly to fresh alr. Pour some dilute
smsoniun hydroxide or aleshol upon a cloth and carefully
inhale the pas given off. Be sure to notify your instructor
at once. '

JATIRIALS NEEDED: langanese dioxide, lead dioxide; potas-
sium permanganate, potassium ehlorate, polassium lodide,
concentrated nydrochloric aclid, copper sulfate, sodium
chloride?, boiled starech¥, wood splints, powdered antlamony,
copper foil%, sodium thniesulfate, 6 vials, zlass tubing,
medicine dropper, generating flask, stoppers, cardboards,
two small flasks (60 ml. apprOXLmauely)

TI0MN5: Part L. deat a small amount (about the size
of a match head) of each of the following solids in separate
dry test tubes: lead dioxide, manganese dioxide, potassiua
ciilorate, copper sulfate (dshydrated), and sodium chloride.
ieal 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; which liberate
oxygen readily. Record your resulis in the following type
8% thart,

5
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Using fresh materials, add 8-10 drops of concentrated
hjd?ﬂCﬂlOF ¢ acld to the separate test tubes. HNote any
action each case. If the aetion is slow, heat gently. By
eniffing at the moutn of the test tube, very cautiously note
the odor of any gas produced. Do not confuse the odor of

chlorine with the sharp pungent odor of hydrogen ehloride.
islso note the color Gf any gas produced.

Test for the presence of chlorins by lowerinw into sach
test tube a pilece of wire arcund whieh a small piecs of moist
blue litmus paper has been wrapped. Do not let the litumus
touch the wall of the test tube. Further test for chlorine
by repeating the above procedure with starch potassium
iodide paper. Record your observationg in the above chart.
l. #hat type of substance i needed with hydrochloric acid

to release its chlorine?

Z« VWhat color change 1s used to identify chilorine by the
use of starch p@tas:1um icdide paper?

Py Preperasion eud preperiise of chlorine. Set
ap the apparatus shown on the nsxi pege.
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‘Apparatus for Preparation of COhlorine

The flask contains four grams of manganess dioxide and ten
mi of water. Uill the medicine drepper with c¢oncentrated
HCl and place the dropper in the glass tubing as shown in
the diagram. Uhen the set-up has been approved by vour
instructor, squeszs o few drops of the acld inte the flask.
It may be necessary to heal tha generator a little. The
spesd of the generated ghlorine is controlled by the
amount of aeid thal is dropped into the flask. Do not
generate the gas too fast. Catch six vialg of the gas and
then run the exeess chlorine zas into & botitls containing
& previously prepared solution of sodium thiosulfate. ileat
the generator then until all the chlorine has been passed
over. A grecnish color in the vials will appear as the
vials are filled. Cork, or place a plece of glass over
sach vial as they are filled.

Part 3. Properties of chlorine. How would you de-
sceribe ithe odor of chlorine? (hat property of the gas
1&195 you to know when a hottle is full? Uncover a bottle
of chlorine for g minuite or so. Yid much of iLhe gas escape?
A4dd a half test tube of water to the vial of gaes, cover it
with your hand and shake. BSave for part five. vhai change
did you notitein the wmater? .

-Part 4. Does ehlorine support the combustion of a
burning splint? Lower e small gas flame made by burning
the labaratory gas from a fine glass tlp into a botile of
e¢hlorine. This tlip is conneected by a rubber hose to the
£a3 supply.

4. [ote whether the gas continues to burn, and if there
is any change in the appearance of the flame. The labora-



vory gas is composed wmostly of hydrogen and earbon.

£, Hold a piece of wet blue litmus paper in the vial of
mhlarine in chich the laboratory ges has been burned. Uhat
happens? Blow your breall aecross the mouth of the vial.
Jan you guess what formed in the vial when the gas flame
was inserited? For comparison blow your breath across an
open botitle of concenirated HCL.

&. Inte ancther boititle of chlorine sprinkle a little
antimony dust. What campuu&d is formed? Warm a strip of
thin copper and 1&86FL it in another bottle of chlorins,

that happened? 'that compound is formed? (Shake the contents
pf the bottle with a little water and =dd & few drops of
ammonium hydroxide. This may convince you.)

7. List four chemieml properties of ehlorine which you
observed in this experiment.

Part 5.  Test the bleaching action of chlorine by dip~
ping into a vial of dry chlorine and also into a vial of
moist chlorine (saved from part 3) pleces of litmus paper,
sewspaper prlnt. paper with ink writing, and a small colored
flower or piece of colored cloth. MNote carefully any dif-
ference ixn action in the dry and in the wmoist chl@r;ne.

. Vhat kind of results 4id you get in the above procedure?

[+

4. What compound acts with chlorine to ald in bleaching?

10. Urite the equatlon for this laboratory method of pre-~
paring chlorins.

il. What conclusion do you reach as to the ability of
gnlorine to support combustion?

2. ¥rite an eguation for the action of chlorine on antimony
sowder.
L3. Hrite sn equation Ifor the action of echlorine on copper.

i4. Describe briefly the commerciasl method of preparing
zhiorine.

1%, Uanme four uses of chlorine.
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