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FOREWORD

Hi story

The | nexpensive Science Teaching Equi pnent Project was initiated by Dr. J. David
Lockard, and got underway under his direction in the summer of 1968. Originally entitled
the Study of |nexpensive Science Teachi ng Equi prent Worl dwi de (I S-TEWor 1S-2 Study),
the Project was to (1) identify | aboratory equi pment considered essential for student
i nvestigations in introductory biology, chem stry and physics courses in devel opi ng
countries; (2) inprovise, wherever possible, equival ent inexpensive science teaching
equi pnent; and (3) produce designs of this equipnent in a Quidebook for use in devel op-

i ng countries. Fi nanci al support was provided by the U S. Agency for Internationa
Devel opnment through the National Science Foundation.

The initial work of the Project was undertaken by Maria Penny and Mary Harbeck
under the guidance of Dr. Lockard. Their najor concern was the identification of
equi prent consi dered basic to the teaching of the sciences at an introductory |evel.
An international survey was conducted, and a |list of equiprment to be made was conpil ed.
A start was al so made on the witing of guidelines (theoretical designs) for the
construction of equi pment.

Work on the devel opnment of the QGuidebook itself got underway in 1970, with the
arrival of Reginald F. Melton to coordinate the work. Over 200 gui del i nes were conpl eted
during the year by Donal d Urbancic (Biology), Chada Sanba Siva Rao and John Del ain
(Cheni stry), and Regi nald Mel ton (Physics). Ful | use was nade of project materials from
around the world which were available in the files of the International O earinghouse on
Sci ence and Mathematics Curricul ar Devel opments, which is |located in the Science
Teaching Center of the University of Maryland. The guidelines were conpiled into a
draft edition of the Gui debook which was circulated in Septenber, 1971, to some 80
sci ence educators around the world for their comrents and advi ce

The work of constructing and devel opi ng equi prent fromthe guidelines, with the
subsequent production of detailed designs, began in alinited way in 1970, the major
input at that tine being in the field of chem stry by Chada Sanba Siva Rao, who was
with the project for an intensive two-nonth period. However, the main work of developing
detail ed designs fromthe guidelines was undertaken between 1971 and 1972 by John Del aini
(Biology), Ruth Ann Butler (Chemistry) and Reginald Melton (Physics). Technica
assi stance was given by student hel pers, with a special contribution fromDavid Clark

who was with the project for a period of 18 nonths.
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Thanks are due to those graduates, particularly Sarmuel Genova, Mel vin Sobol esk
and Irven Spear, who undertook the devel opnent of specific itenms of equiprent while
studying at the Center on an Acadenic Year Institute program to student hel pers,
especi al |y Don Kallgren, Frank Cathell and Theodore Mannekin, who constructed the

equi prent; and to Dol ores Aluise and Gail Kuehnle who typed the manuscripts.

Last, but not least, special acknow edgenent is due to those individuals, and
organi zati ons, around the world who responded so willingly to the questionnaires in
1968 and to the draft edition of the Cuidebook in 1971

The Qui debook

The designs presented in the CGui debook are based on the prenise that many students
and teachers in devel oping countries will w sh to nake equi prent for thenselves. This
does not nean that students and teachers are expected to produce all their own apparatus
requirements. It is recognized that teachers have specific curricula to follow, and that
"cl ass hours" available for such work are very |inited. It is also recognized that
teachers, particularly those in devel oping countries are not well paid, and often
augnent their salaries with supporting jobs, thus placing severe linmts on the "out-of-
cl ass hours" that are avail abl e for apparatus producti on.

However, in designing equi pnent for production by students and teachers, two factors
have been kept in mnd. One, project work in apparatus devel opment can be extrenely
rewardi ng for students, bringing both students and teachers into close contact with the
realities of science, and relating science and technology in the sinplest of ways. Two,
it isnot difficult for cottage (or small scale) industries to adapt these designs to
their own requirenents. The Gui debook shoul d therefore not only be of value to students
and teachers, but also to cottage industries which may well be the major producers of

equi pnent for school s.

Al though all the designs in the Cui debook have been tested under |aboratory
conditions in the University of Maryland, they have not been tested in school situ-
ations nor produced and tested under | ocal conditions in devel opi ng countri es. It is
theref ore recomrended t hat the designs should be treated prinarily as linmted resource
nmaterials to be subjected to trial and feedback. It is suggested that the first tine
that an itemis constructed it shoul d be nade precisely as described in the Gui debook
since variations in the materials, or the dinmensions of the materials, could alter the
characteristics of the apparatus. However, once this itemhas been tested the producer
i s encouraged to make any nunber of nodifications in the design, evaluating the new
products agai nst the original.

o
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Bef ore produci ng new equi pment in quantity, it is reconmended that educators
with experience in the field of science educati on should be involved in determ ning
how best to nake use of the Gui debook. They will wish to relate the apparatus to their
own curriculumrequirenents, and, where necessary, prepare relevant descriptions of
experimentswhich they recomrend shoul d be undertaken using the sel ected apparat us.
They will want to subject the experinments and rel ated equipnent to trials in schoo
situations. Only then will they consider |arge-scale production of apparatus fromthe
designs in the Gu idebook. At this stage educators will wish to control the quality of
apparatus production, to train teachers to make the best use of the new apparatus, and
to insure that adequate | aboratory conditions are developed to permit full utilization
of the apparatus. Too often in the past apparatus has sat unused on many a classroom
shel f, sinply because the teacher has been untrained in its usage, or the |aboratory
facilities have been i nadequate, or because the apparatus avail able did not appear to
fit the requirenents of the existing curriculum Such factors are best controlled by
educators in the field of science education in each country. Clearly the science
educator has a crucial role to play.

Appar at us devel opnent, |ike any aspect of curricul umdevel opment, shoul d be
consi dered as a never endi ng process. Thi s Gui debook is not presented as a finished
product, but as a part of this continuing process. There is no doubt that the designs
inthis book could usefully be extended, descriptions of experinments utilizingthe
apparatus coul d be added, and the designs thenmsel ves could be inproved. No extravagant
clai ms are made concerni ng t he Gui debook. It is sinply hoped that it will contribute
to the continuing process of devel opnent



TOOLS AND RAW MATERI ALS

The raw materials required to make specific itens of equipnent are indicated at
t he begi nni ng of each itemdescription. However, there are certain tools and naterials
whi ch are useful in any equi pnent construction workshop, and these are |isted bel ow.

Tool s

Chi sel s, Wod

3, 6, 12, 24 mm
(i.e., 18", 1/4", 1/2", 1)

Cutters

Bench Shears: 3 mm (1/8") capacity
G ass Cutter
Kni f e
Razor Bl ades
: Scissors: 200 nm(8")
| Sni ps (Ti nmans), Straight: 200 nm(8")
Sni ps (Tinnans), Curved: 200 mm (8")
Taps and Dies: 3 to 12 nm(1/8" to 1/2") set

Drills and Borers

Cor k Borer Set
Count er si nk, 90'
Metal Drill Holder (Electrically Driven), Capacity 6 mm(1/4")
Metal Drills: 0.5, 1 2, 3, 4, 5, 6, 7 nmm

i 1/32" 1/16" 3/32" 1/8" 5/32", 3/16", 7/32", 1/4") set

Brace with' Ratchei: 250 nm (10")

Wood Augur, Bits: 6, 12, 18, 24 mm

(i.e., 1/4", 12", 3/4", 1")

Files, Double Cut

Flat: 100 nm 200 mm (4", 8")
Round: 100 mm, 200 mm (4", 8")
Triangul ar: 100 nmm (4")

Hanmmer s

Ball Pein: 125, 250, (1/4, 1/2 1b)
Caw 250 g (1/2 I b)

Measuring Aids

Cal i per, Inside

Cal i per, Qutside

Caliper,. Vernier (may replace above two itens)

Di viders: 150 mm (6"), Tool makers

Meter, Electrical (Miltipurpose- volts, ohms, anps, etc.)
Meter Stick

Protractor

Scri ber
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Measuri ng Ai ds (Conti nued)

Set Square

Square, Carpenter's: 300 mm (12") bl ade
Spoke Shave: 18 mm (3/4")

Wbod Snoot hi ng Pl ane

Pliers
Conbi nation: 150 mm (6")
Needl e Nose: 150 mm (6")
6

Side Cutting: 150 mm (
Vise Gips

)

Saws, Metal
300 nm (12") bl ades
Saws, Wod

Back Saw. 200, 300 mm (8", 12")
Coping Saw. 200 mm (8")

Cross Cut: 600 mm (24")

Hand Rip: 600 mm (24")

Key Hol e Saw. 200 nm(8")

ScrewDrivers

100 nm (4") wth 2 and 3 mmtips
150 mm (6") wth 5 mmtip
200 mm (8") with 7 mmtip

Vi ses

Metal Bench Vise: 75 mm (3")
Wood Bench Vise: 150 mm (6")

M scel | aneous

Asbest os Pads

Goggl es, d ass

Ol can: 12 liter (1pint)

G| Stone, Doubl e Faced

Punch, Center

Sandpaper and Car borundum Paper, Assorted grades
Soldering lron; 60 watts, 100 watts

Raw Materials

Adhesi ves

Al | Purpose Cement (El ners, Duco)
Epoxy Resin & Hardener (Araldite)
Rubber Cenent (Rugy)

Wod G ue (el dwood)

Cel | ophane Tape

Pl astic Tape

Maski ng Tape
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El ectrical Materials

Bulbs with Holders: 1.2, 2.5, 6.2 volts

Dry Cells: 1.5, 6volts

El ectrical Wre: Cotton or Plastic covered
Fuse Wre: Assorted

Lanps: 50, 75, 100 watts
*Magnet Wre: #20, 22, 24, 26, 28, 30, 32, 34
Ni chrome Wre: Assorted

Paral l el Electrical Cording

Pl ugs

Swi t ches

d ass and Pl astic

Acrylic (Plastic) Sheets: 2 cmand 2.5 cmthick
Plates, @ ass
Tubes, G ass: 3, 6 nm (1/8", 1/4") i nternal di ameter

Har dwar e

Bolts and Nuts, Brass or Steel; 3 mm(1/8") diameter: 12, 24, 48 mm

(rr2", 1", 2") lengths
Nails: 12,, mm (1/2", 1%) lengths
Screws, Ey

Screws, Wod: 12, 18, 24, 26 mm (1/2", 3/4", 1", 1 1/2") lengths
Thunbt acks

Washers (Brass and Steel): 6, 9 mm (1/4", 5/16") di aneter
Wngnuts (Steel): 5 mm(3/16")

Lunber

Boxwood (Packi ng Case Materi al)

Hardboard: 6 mm (1/4") thick

Kiln Dried Wod: 2.5 x 15 cm (1" x 6") cross section
1.2 x 15 cm (1/2" x 6") cross section

Plywood: 6, 12 nm (1/4", 1/2") thickness

Wood Dowels: 6, 12 mm (1/4", 1/2") thickness

* U S. Standard Plate nunbers are used in this book to indicate the gauge of

different wires. Were wires are referenced agai nst other nunbering systens
appropriate corrections shoul d be made i n deternining the gauges of naterials required.
The foll owi ng conpari son of gauges may be of interest:

St andard Di ameter of #20 Wre
Brown & Sharp 0. 08118
Bi r mi nghamor St ubs 0. 089
Washburn & Moen 0. 0884
I mperial or British Standard 0.0914
Stubs' Steel 0. 409

U. S. Standard Pl ate 0. 09525
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Met al Sheets

Aluminum 0.2, 0.4 nm (I/100", 1/64")thi ckness.
Brass: 0.4, 0.8 mm (1/64", 1/32") t hi ckness.
Gal vani zed Iron: 0.4 mm(1/64") thickness.

Lead: 0.1 mm (1/250") t hi ckness.
Spring Steel, Packing Case Bands

Metal Tubes:

Al um num Brass, Copper: 6, 12 nm
Metal Wres

Aluminum 3 mm (1/8") di aneter

Coat hanger: 2 nm (1/16") di aneter
*Copper: #20 24

(1/4", 1/2") internal dianeter.

Gal vani zed lron: 2 nm (1/16") di aneter

*Steel: #20 26, 30.
Paint Materials

Pai nt Brushes
Pai nt Thi nner
Var ni sh

Wood Fil | er

M scel | aneous

Al unmi num Foi l

Car dboar d Sheet i ng

Cont ai ners (Plastic or dass)
Cor ks (Rubber or Cork)

G ease

H nges: Assorted
Machi ne O |

Mar bl es

Mesh (Cotton, Nylon, Wre)
Model I'ing Clay (Pl asticene)
Paper dips

Pens:  Felt (Marking Pens)
Pi ns and Needl es

Rubber Bands

Sol deri ng Lead

Sol deri ng Past e

Spool s

Steel Wol

Straws

String (Cord, Cotton, Nylon)
St yrof oam

Syringes: Assorted

Wax (Paraffin)

*See footnote on previous page.



|.  GLASSWARE TECHNI QUES AND ACCESSORI ES

Equi prent made of gl ass or using glass conmponents has applications in all branches
of science. This chapter includes sone basic glass-working techniques that will be
necessary for constructing nuch of the equipnent in this book.

These are presented in sections which describe the type of equi pmrent needed, the
type of glass to use, and techniques for working with several forms of glass.

A. BURNERS, TOOLS, AND EQUI PMENT

This section discusses burners that can be used in working glass, as well as
listing the tools and other itens necessary for working with glass.

B. GLASS

This section describes the type of glass that works best with the burners listed
in section A

C._ SAFETY

Notes for safe handling and working of glass are given here.

D. ' PROCEDURES FOR GLASS TUBI NG AND RODS

Directions for working with glass tubing and solid rods are given in this section.

E. G ASS SHEET OPERATI ONS

This section tells how to cut and drill gl ass sheets.

F. BOTTLE AND JAR TECHNI QUES

Mich useful |aboratory glassware can be made by using di scarded bottles and jars.

This section includes directions for cutting and drilling these itens.
G STOPPERS
This section discusses types of stoppers and describes techniques for drilling

hol es in them



A. BURNERS, TOOLS, AND EQUI PMENT

G ass-wor ki ng techni ques described here are designated for use with Modified
Al cohol Burner (11/B2), and the Gas Burner (I1/C2). Of these, the gas burner, if
avail abl e, is nost highly recomended.

The general itenms required for general glass-workingtechni'ques are as follows:

G ass Cutter

N O
— !

Triangular File

¥ 7

Ew_,// A e

Round Fil e

R )
LR

LR NI
RIS

Set of Cork-borers

oy
>~
Lvr
—~
L~
-

Pliers
Brick or Asbestos Pads

Rags or Pieces of Cloth
Clean rags, or pieces of cloth no smaller than about 10 cmx 10 cm



String

Ker osene

Canphor

Rul er

Bl otting Paper or Paper Towel s
Enery Paper

Cont ai ner of Sand
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B anss

There are many different types of glass, with different properties, depending upon
the chem cal conposition of the gl ass. Two very conmon types of glass that are dis-
cussed here are "soft glass" and "hard glass."

Soft d ass

This termincludes a nunber of the ol dest known and nost common types of glass in
general use. Mbst bottles, jars, window glass, and much gl ass tubing and rods are
made of some type of soft glass. Such glass is used for items of sinple design and
noderat e thickness, that will not be subjected to very high tenperatures.

One of the nost inportant properties of soft glass, fromthe point of viewof this
book, is that it can be softened in the heat of an air-gas flame. This is the type of
flame produced by the burners specified in section A Also, soft glass has a wide
range of working tenperatures, which makes it easy to work even after it has been
renoved fromf| ame.

Although it is easy to work, soft glass has sone linmitations and nmust be used with
care. An enpty container of soft glass cannot be greatly heated, or it will crack.
| f, however, such a container holds a liquid or powder, it can safely be heated,
slowy. Also, a soft glass container, wth or wthout anything inside, nust not be
suddenly cool ed when hot or suddenlyheated when it is cold. Oherwise, it will break.

Hard d ass

Hard gl ass has been devel oped during the twentieth century. O a nunber of types
produced, "Pyrex" is one of the nost common brand nanes., Mst manufactured | aboratory
gl assware i s now made of hard gl ass, which is harder stronger, nore chemcally inert,
and safer to use over a wider tenperature range than soft gl ass.

Laboratory gl assware made of hard glass is safer than soft glass. It can be
rapi dly heated or cooled to greater tenperature extremes w thout danger of breaking.

It does not scratch easily, and it does not break as easily as soft glass if struck or
dr opped.

Al though it is often nanufactured into | aboratory glassware, hard glass is not
general ly made into the bottles and jars that are used for rmuch of the apparatus
described in this book. Therefore, it is not as generally available as soft gl ass.

As tubing, rods, and sheets, it is usually nmore expensive than the sane itens made of
soft gl ass.

Hard gl ass's nost inportant disadvantage here is that it must be worked in an
oxygen-enrichedfl ame. The burners described in section A cannot heat hard gl ass hot
enough for wor ki ng.

Therefore, only soft glass is suitable for use with the al cohol or gas burners
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described. The techniques here |isted have been tested using soft glass and the air-

gas flanes produced by such burners.

Testing for Soft G ass

To determ ne whether a piece of glass is "hard glass" or "soft glass", heat it in

the flame of an al cohol or gas burner.

to be easily worked, it is soft glass.

| fthe glass begins to gl ow and soften enough
If it does not soften, it is hard glass and

cannot be worked w t hout specialized equi prent.



C. SAFETY

d ass working, like nost other |aboratory procedures, carries a set of risks. By

arranging a safe work area and taking a few precautions, however, nost such risks can
be avoi ded.

Shar p Edges and Poi nts

There is always a danger of being cut by sharp points and edges of broken or cut
glass. Be careful of such edges and points, and try to handle the gl ass away fromthe
edges. Fire polish or snooth with enmery paper any cut edges or points that are part
of a finished project. Keep such edges away fromthe nouth and eyes at all tines, and
keep the work area clear of waste gl ass.

Bur ns

Hot gl ass | ooks just like cool glass! To avoid burns, allow heated glass to coo
before handlingit. Rest it on bricks or asbestos pads, or in a container of sand.
Bef ore picking up a piece of previously heated glass, touch it lightly with the finger-
tips to check that it is cool enough to handl e. I n cases where hot or warm gl ass must
be handl ed, protect the hands with a hol der of several |ayers of cloth, or use hol ders

such as those described in the section on holders(1V). Protect the body fromburns
with clothing, an apron, overall, or |aboratory coat.

Fire

Both the burner flane and hot glass can start a fire. Prevent this by keeping al
flamabl e material, such as paper or cloth away fromthe flame and any hot glass. Set
hot gl ass down on things that will not burn, such as bricks, asbestos pads, or sand.
To keep hair or clothing frombeing singed or igniting, tie back long hair, roll up
sl eeves, and secure | oose clothing close to the body. Inspect the burner, fittings,
tubing, and fuel supply each tinme the equipnent is used to prevent |eaks of fuel that
mght lead to afire. I f any al cohol should spill, imediately put out the flame and
mop up the spill.

The contai ner of sand nentioned for holding hot glass is also useful for fire con-
trol. |f paper, cloth, or spilled al cohol should ignite, snother the fire by dunping
sand on it. |fon the other hand, the gas burner system (lI/(Qlis used and a fire
devel ops, get away fast!

Eye Damage

To prevent eye damage, keep all sharp edges and points, al 1 hot glass, and al
flames away fromthe eyes. War safety goggles or eye glasses to provide additiona
protection for the eyes.



Gas Danger

If natural gas or bottled gas is used as fuel for the burner, a leak in the system
can rel ease gas that is poisonous to breathe. To avoid this danger, inspect all pipes,
tubing, and fittings often
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D. PROCEDURES FOR GLASS TUBI NG AND RODS

D. CQutting
a. Materials Required

Length of soft glass tubing or solid rod

Triangular file
Rul er

b. Procedure

scratch

Lay the tubing or rod flat on
the work surface and neasure
the desired | ength. Make a
scratch on the glass at this

poi nt by drawi ng one edge of
the file across the tube. Press
hard enough with the file to
neke a deep scratch.

Moi sten the scratch, then grasp
the glass firmy in both hands
with the thunmbs on the side of
the tube opposite the scratch.
Apply pressure with the thunbs
while pulling out and down with
the hands until the tube or rod

snaps cl eanl y.



D2. Bendin

a. Material s Required

Bur ner:

wi de-f | ame al cohol burner

or

wing tip with gas burner

Length of soft glass tubing or solid rod

Cool i ng surface: brick

b. Procedure

G avi ty Bendi ng

or

asbest os pad

] e S
S A
Manual Bendi ng

<_

A

Wth one hand, hold the tubing
or rod, just above the inner
cone of the flane. Rotate the
tubing to heat it evenly until
the free end droops under its

own wei ght .

Rermove the gl ass fromthe
flame. It should bend to a
right angle. Alowit to cool.

Install the wing tip on the gas
burner, and I'i ght the burner.
Hol d each end of the tubing or
rod. Support the glass so that
itislevel, withits mddlein
the hottest part of the flane.
Turn the tubing or rod back and
forth by rotating the thunmb and
first finger. Continue to heat
it evenly until it softens.



Bend Up Bend Up

C. Not es

When the tubing or rod is soft,
remove it fromthe fl ane. | mre-
diately, bend the ends up until
the tubing or rod is bent at a
right angle (90').

Rest the hot tubing or rod on a

brick or other cooling surface.

(i) If awingtipis not available or if a standard al cohol burner is used,
the tubing or rod nust be heated differently. Hold each end of the glass and
support it so that it is level wth the mddle just above the inner core of

A\ T

) A

LD
Q
9

it as described above.

LG

flame. Rotate the tubing back
and forth. At the sane tine,
nmove it to the left and right
so that about 0.3 cmof its

I ength of evenly heated. Con-
tinue to both rotate and nove
the tubing or rod until the
heat ed secti on softens.

Renove fromthe flame and bend

(ii) Wthalittle practice with glass tubing, you should be able to achieve a

——

Under Heat ed

Properly
Heat ed

Qver Heatted

bend i n which the opening stays

t he same t hr oughout t he bend.

Over heati ng or underheating the

t ubi ng, however, will produce
poor bends. Underheating causes
the tube to fold in at the bend.
Overheating causes the tube to
col | apse at the bend.



(iii) If a U shaped bend is desired, first make one 90° bend as described above.
After allowing the glass to
cool, make another 90' bend

® O

near the first one.
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D3. Stretching

a. Materials Required

Burner: wide-flane al cohol burner
or

wing tip with gas burner
Length of soft glass tubing or rod

b. Procedure Hol d the glass tubing or rod in
theflame. Turnit as it heats,
just as for making a bend.

a | )

Heat the glass evenly until it

softens. When the tubing or

Y

Pull  Apart
rodis soft, rempbve it fromthe

flame. Pull the ends apart
until the center has becone
narrow and stretched about

25 - 30 cm

After the stretched part has

cooled, it can be cut as
required (I/D). Carefully
fire polish the edges (I/D4).

C. Not es

(i) Stretched glass tubing has many applications in |aboratory glassware. For
exanpl e, the ends of the stretched tubing pictured above, with a narrow openi ng at
one end, nmay be used as nozzles

«_ )

or jets.

The very narrow section of the tubing, the stretched part, may be used as a capil-
a ) lary tube.

(i) Ifa wing tip or wide-flame burner is not available, follow the procedure
given for heating a wide area of glass without the wing tip [I/D2, Note (i)].
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D4. Fire Polishing Tubing

a. Materials Required

G ass tubing with cut edge
Bur ner
Cool i ng surface

b. Procedure Hol d t he rough, cut end of the
glass tubing in the hottest
part of the flame, just above
the i nner cone. Turn the

tubi ng constantly until the

edge gl ows red.

¢ Rough Edge
of %ubing Renove the tubing fromthe

flame. Exami ne the heated end.
Ifit i s nowrounded snoot hly,

rest the hot tubing on a brick,

asbest os pad, or sand to cool.

If t he ot her end of the tubing

Cy is also rough, repeat the fire
pol i shingprocedure.

c. Notes
(i) Do not overheat the end of the tubing, or it will tend to close entirely.

(ii) Fire polish the ends of all glass tubing in use, as a safety measure.

(iii) Tubing with thick walls--for exanple, 0.5 cm(inside diameter) and | arger--
nust be anneal ed to prevent cracking. To do this, hold the end in the flanme for
about one second, then renmove fromthe flanme for about one second. Repeat this
procedure eight or ten tines, then hold the end in the flane, turning it con-
stantly until it is red hot. To cool thick-walled tubing slowy, remve it from
the flame, but hold the tubing near the flame for a few seconds. G adual ly nove
the hot end of the tubing further fromthe flame until it can be rested on the
brick or other cooling surface.



D5. A osing Tubing

a. Material s Required

Bur ner
d ass tubing
Cool i ngsurface

b. Procedure

Nar r ow Tubi ng

W de Tubing
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F.
)

Wien using tubing with a

di ameter of less than 10 cm
hol d the end of the tubing in
the hottest part of the flame,
just as for fire polishing.
Turn the tubing constantly.
Conti nue heating until the end

cl oses.

When using tubing with a dia-
meter greater than 1.0 cm

heat the tubing near one end,
rotating the tubing as it heats.
When the tubing is soft, pull

it apart.

Continue to heat and pull the
ends apart until the ends
separate and the pointed end

has cl osed.
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D6. d ass Bl owi ng

a. Materials Required

Gas bur ner
Length of soft glass tubing

Cool i ng surface

b. Procedure Fire polish one end of the

tubing. Allowit to cool.
Cl ose the_ other end by heating
in the flame. Heat the closed

e D end, rotating it constantly.
Wi | e continuing to heat and
() \j rotate the tube, blowvery

gently, in short, light puffs,

into the open end of the tube.
Just as the closed end of the

@ : - tube begins to swell and gl ow

pale red, renmove it fromthe

flame. Blowstrongly into the
tube, whilerotatingit, to
forma smal | round bul b.

C. Not es

(i) This procedure takes practice and patience to learn. It is helpful to
begin with the narrowest tubing available; 0.3 cmtubing, for exanple. A commopn
problemis bl owing out the side of the bulb while the tubing is still in the flane.

(ii) Alimting factor in the size of tubing that can be used and the size of
the bulb that can be blown is the burner used. The gas generatingsystem
(1'l/¥and burner (11/C2) are adequate to allow 0.3 cm and 0.5 cmtubing to be
bl own i nto bul bs about 0.8 cmin dianeter.
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D7. Making Rimin Tubing
a. Materials Required

Bur ner

d ass tubing
Triangular file

Brick, or asbestos pad

b. Procedure

Fl at t eni ng Hol d one end of the tubing in
the hottest part of the flane.

Push Down Turn it constantly until the

edge gl ows red.  Renmove the
tubing fromthe flame. Quickly

- — push the hot end evenly down

/ N i /. agai nst the brick or asbestos

| - —1. pad. Alip should form

Allowthe glass to cool.

Flaring Heat one end of the tubing
until it is red hot. Renove
the tubing fromthe flame.

Hol d the thin handl e end of the
file inside the end. Press
gently outward on the file,
while turning the tube to form
a flared edge.

Allowthe glass to cool.
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D8. Finishing Ends of Rods

a. Materials Required

Soft gl ass rods
Bur ner
Brick, or asbestos pad

Pliers

b. Procedure

Fire Polishing

Fl att eni ng

/ {

Squeezi ng

L

Fol |l ow the procedure for fire
pol i shing gl ass tubing (1/D4).
It will be necessary to heat
the end of the rod for a | onger
period of time. The fire
polished end will have a snal |,
solid bulb. Holdingthe rod
inthe flame for a longer tine
will produce a |arger bulb at
the end.

Allowthe rod to cool .

Fol | ow t he procedure for
flattening glass tubing (1/D7)
toforma flat disc at the end.
Allowthe rod to cool .

Heat one end of a rod as before.
When it is hot, remove it from
the flame. Conpress about 1 cm
of the end of the rod between
the jaws of the pliers. A
flattened paddl e- shaped end wi | |
form

Allowthe rod to cool .
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C. Not es

(i Auseful stirring rod can be made with a rod of about 0.3 - 0.5 cmdianeter,
15 - 20 cml ong. Fl atten one end and squeeze or fire polish the other.

C
C %
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E.  GLASS SHEET OPERATI ONS

El. Cutting
a. Materials Required

d ass cutter

Sheet of gl ass
(for exampl e, a pane of wi ndow gl ass)

b. Procedure

Lay the glass flat on bench

of table. Hold the ruler along
the line to be cut, with one
hand; and with the other hand,
draw t he wheel of the gl ass
cutter on the glass along the
ruler. Press hard enough to
scratch the gl ass.

Pl ace t he underside of the
scratch exactly over the edge
of the table or bench. Press
down on both sides to break
the glass cleanly along the
scratch.
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E2. Drilling a Hol e

a. Materials Required

Sheet of gl ass
Triangular file
Hamrer

Tur penti ne
Canphor

b. Procedure

=

% \_____—-— Br oken Cor ners
W < Tur pentine And
canphor

7\

\\ Drop of
Turpentine -

Qg Camphor

Take a little turpentinein a
bottle cap. Put a small anount
of canphor init. Chip off the
end of the triangular file with
a hamrmer. This chi pped end
has sharp corners.

Pl ace the glass flat on a
table. Dip one of the sharp
corners of the broken file into
t he tur penti ne- canphor m xture.

Press this corner of the file
down on the spot to be drilled.
Twi st the file back and forth
todrill intothe glass. Use
nor e turpentine-canphor as
needed and continue drilling
until the hole is conplete.
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c. Notes
(i) Drilling by hand is slow and may take ten or fifteen m nutes.

(ii) A conpleted hole can be enlarged with the edge of the triangular file or a

round file, and the turpentine-canphor m xture.

(iii) After nmaking the beginning hole on the surface of the glass, it is in fact

easier to use a hand drill with the triangular file as the bit. However, extrene
care nust be taken. Do not push down on the drill at all, or the glass mght
break. Let only the weight of the drill be the force on the gl ass.

(iv) Followthis sane procedure to drill a hole in a glass bottle or jar.
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F. BOTTLE AND JAR TECHNI QUES

FI. Etching

= (1) Etching Quide

a. Materials Required

Conponent s Qu Items Required Di nensi ons
(1) Etching Cuide 1 Wod (A) Approxi mately 10 cm x
20 cmx 1 cm
1 Wod (B) Approxi mately 10 cm x

10 cmx 1 cm

b. Construction
(1) Etching Cuide Cut V-shaped notches into one

edge of a wooden board (A).

Make the notches about 1 cm
deep and about 2 cm (or other
desiredinterval) apart. Then
secure the base (B) at right
angles to (A with nails or glue
and screws.

C. Not es
(i) The etching guide is used in conbination with a triangular file or glass

cutter to scratch a continuous line on a bottle or jar, prior to cutting. The
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bottle or jar is placed on the
stand and a gl ass cutter or
triangular fileis placedin

a notch at the desired height.
The bottle is rotated, and
pressure i s maintai ned agai nst
it with the tool so that a

| Cutting continuous scratch is scored

Tool .
around it.

(ii) A second nethod for etching a bottle, jar, light bulb, etc. to be cut is
to wap a strip of adhesive tape or paper around the glass as a guide. After the
I'i ne has been scratched conpletely around the gl ass, the tape i s renpved.

(iii) After the glass has been etched in either of these two fashions, it may be
cut using one of the techniques described in the follow ng section.



F2. Cutting
El ectrical Heating
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~— (2) Terni nal

D

/
«4+—(1) stand
(3) Wiring /
q/
L
a. Materials Required
Conponent s Qu Itens Required Di nensi ons
(1) Stand 1 Wod (A) 30 cmx 10 cmx 2 cm
2 Wod (B) 25 cmx 4 cmx 2 cm
(2) Ternminal 2 Bolts (O 3 cmlong, 0.5 cm
di anet er
4 Nut s (D) 0.5 cm
(3) Wring 1 Ni chrone Wre (E) Size #24 (0.06 cm
di aneter), 34 cmlong
2 I nsul at ed Copper Wre (F) Size #20 (0.08 cm

b. Construction
(1) Stand

Hol e.

SR

ZJ/ A/

(R)

~(B)

dianeter), 125 cmlong

Drill a hole in one end of each
of the two uprights (B). This
hol e shoul d be slightly smaller
in diameter than the bolts (Q
used for the term nals. Next,
nail or screwthe uprights to
the base (A).
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(2) Terminal Cut the heads off the two bolts
_(c) (Q, and put glue into the holes

/ in the uprights (B). Screw the

bolts down into the hol e,

4

_______,_,([)) | eaving about 1.5 2 cmpro-

truding. Next, secure the
bolts by screw ng on one nut (D)

until it istight. Screwon

the second nut (D) | oosely.

(3) Wring Wap one end of the #24 nich-
rone wire (E) around one bolt
(C for one or two turns and do
the sane with the other end.

Ti ghten the second nut (D) on
the terminals until the nich-
rome wire is firmy held.
There shoul d be about a 5 cm

sag in the nmddle. Fasten the

copper wires (F) to each
terminal inthe same manner.
Connect clips to these wires.

For power use a transforner
(PHYS/IVIT/A2) wired to a wall
outlet [Note (iii)], or a heavy-
duty battery.

C. Not es

(i) Prepare the jar, bottle, light bulb, etc., to be cut by etching a continuous
line around the glass (I/Fl). Connect the cutter to a power supply until the
wire is hot, then place the etched |ine on the hot wire, Hol d the glass in this
position until it cracks along the heal ed portion. Then rotate the glass to heat
anot her portion of the etched |ine. Continue this procedure until the crack has
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circled the glass and the two sections separate

(ii) The broken edges of the glass can be snoothed by rubbing themwith wire
gauze or wet sandpaper (enery paper).

(iii) If the wire cutter is used with a wall outlet (120 volt) then a transformer
nmust be enployed to bring the voltage down to 12 volts, 3 anps. The cutter can
al so be used with a standard 12 volt autonobile battery. However, using a
battery requires nore time for heating the etched line, since the wire does
not get as hot.
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String Heating

a. Materials Required

Bottle, jar, or light bulb
String
Cont ai ner of col d water
Al cohol , kerosene, or turpentine
Tape or paper
G ass cutter or triangular file
b. Procedure Prepare the bottle or jar as
described in |/Fl above. After

t he paper or tape gui de has been
renoved, tie a piece of string

@ or cord which has been soaked
/I,_,__\\ inaflammble |iquid around
e ~ the bottle about 0.5 cm bel ow
~——S5cratch the scratch. Light the string
\\% T String with a match, and as soon as
the flame di es down, pour cold
wat er on the bottle. The sud-
den change fromhot to cold will
7 \ break the bottle along the
scratch. This process may have

w to be repeated to break thick

glass. Snmooth the cut edge of

the gl ass as described in
Note (ii) above.

Wt Paper Cooling
a. Materials Required

Bottle, jar or light bulb

Al cohol or gas burner, or candle
Triangular file or glass cutter

Bl otting paper or wappi ng paper
String

Cont ai ner of cold water
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b. Procedure

for drillingin aglass

sheet (1/E2).
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Scratch
<— Paper
C. Not es
(i) Todrill a hole in a glass bottle or jar,

Wnd a strip of blotting paper,
paper towel, or wapping paper
about 5 cmwide around the
bottle at one side of the line
to be cut. Wap the paper at
least 0.5 cmthick and then tie
the paper with string or rubber
bands. Wth the file or glass
cutter, scratch a line com
pletely around the bottle at
the top edge of the paper. Put
the bottie into cold water
until the paper is soaked
(about five nminutes). Renove
the bottle fromthe water, and
rotate it in a horizontal posi-
tion, with the scratch on the
gl ass just above a small, fine
flame. Continue this for four
or five mnutes. If the
bottl e has not dropped apart,
put the bottle vertically into
the water. The bottle should
break into two parts along the
scratch. Ifit does not,

repeat the heating and cooling
until it does. It is crucia
that the flame be very small so
as to heat a mini mumof gl ass
on either side of the scratch

followthe procedure outlined
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G STCPPERS

Stoppers for use in scientific apparatus are comonly manufactured of either cork

or hard rubber.

Rubber St oppers

Rubber stoppers are nore durable for general use than cork stoppers. They are
avai l abl e i n standardized sizes, and are manufactured with no holes as well as with
one, two or three holes. Although they tend to react with organic solvents |ike
gasol i ne, they provide an excellent seal in nbst cases and can even be sterilized.
(BIOVII/A2). If a stopper with holes is specifiedinthe directions for a piece of
apparatus, use rubber stoppers with pre-drilled holes if at all possible. If it

becomes necessary to drill a hole or holes in a rubber stopper, consult the notes
foll owi ng the discussions of boring and drilling holes in cork stoppers(I/G1land
Q).

Cor k St oppers

Cork stoppers, while generally | ess expensive than those made of rubber, are not
as suitable for general use. They tend to |ose their shape after |Iong use, are not
available with holes pre-drilled, tend to absorb reagents, and cannot be adequately
sterilized. Should it be necessary to bore a hole or holes in a cork stopper for the
insertion of glass tubing, one of the follow ng nethods may be enpl oyed.



o

d. Cork Boring

a. Materials Required

Cor k st opper

Set of hand cork borers
b. Procedure

TN
<—(leaning
Rod
; Cutting
@ Edge
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If a set of hand cork borers in
graduated sizes is available
froma scientific supply house
choose a cork borer of the sane
or slightly smaller diameter as
the glass tubing that is to go
t hrough the cork

The cork borer set generally is
supplied with arod to clean

pi eces of cork out of the
borer. Soften the cork by
wrapping it in a piece of

paper and rolling it gently on
the fl oor under your foot.

Wth one hand, hold the cork
firmy on the table or bench

wi de end up. Wth the other
hand, place the cutting edge of
the cork borer in the center of
the cork. Then with a gentle
twi sting nmotion on the cork
borer, bore into the cork unti
the tool is about hal fway

t hrough t he cork.

It is not necessary to push hard;
but twist gently with |ight
pressure. Renove the cork borer
fromthe cork and push out snal
pi eces of cork inside it with

t he cl eani ng rod.

Turn the cork over and repeat
this process until thereis a
hol e t hrough the cork
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C. Notes

(i) Iftwo holes are desired, the first nust be bored near one edge of the cork

in the manner described above.
" The second hole is then bored

in the sane way. A guide line,
drawn around the middl e of
the cork, is helpful in deter-
m ning the positions of the
two hol es.

(li) This method is suitable for boring holes in rubber stoppers. However, the
stopper as well as the end of the boring tool should be lubricated with glycerine.
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®&. Cork Drilling

a. Materials Required

Cor k st opper

Round file

C oth, or wooden handl e
Bur ner

Brick or asbestos pad

b. Procedure

C. Not es
Care nust be taken not to overheat

Shoul d this happen, blowthe flame out quickly.

Soften the cork as described in
/Gl above. Hold the cork,
wrapped in cloth or clanped in
pliers, securely against the
brick or asbestos pad with one
hand. Hold the file, wapped
incloth or in a woden handl e,
by its four-sided end in the
other hand. Heat the round end
of the file in the burner flane.
Renove the file fromthe flame
when it glows red hot, and push
it gently into the center of the
cork. Push it only about half-
way t hrough the cork, then

renove it.

Turn the cork over, reheat the
file, and make another hole to

neet the first one.

Allowthe file to cool, then
enlarge the hole to the desired
size by gentle filing.

the file, or it may set the cork on fire.

(ii) Two holes can al so be made through the cork with this method.

(iii) Very small holes can be made in corks in the same nanner by using heated

Wre.
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(iv) If ahand drill or electric drill is available, holes can easily be bored
by using either a regular drill bit or the round file as the drill bit, The cork
nust be rigidly held in a vise. For an accurate hole, just as with the other
nmet hods of drilling, a hole should be drilled hal fway through the cork fromeach
side, to meet in the center of the cork.

(v) It is possible to drill holes in rubber stoppers with a hand drill or
electric drill, but the hot file method will not work in rubber stoppers.

I nserting dass Tubi ng Through a St opper

a. Materials Required

d ass tubing
Bur ner
One-hol e cork or rubber stopper

Coth
d ycerine
b. Procedure Fire polish the end of the tube

that is to gointo the stopper.

Allow it to cool. Hold the

tubing about 2 - 3 cmfromthe

fire-polished end in one hand.

Lubricate this end of the tube

withglycerine. Holdthe

st opper in the other hand.

Gently and carefully push the

tube into the stopper with a

Hol d Her e twisting notion. Do not use too
much force or the tube will snap.

When pushi ng a pi ece of bent
tubing i nto a stopper, always

hol d t he tube between the bend
and the stopper. Do not push on
the bend; it is weak and will
break easily.

C. Not es
(i) Thisis atechnique that, if inproperly done, can be quite dangerous.

When done correctly, however, it is quite safe.
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11. BURNERS

These have been grouped according to the type of fuel used.

A. SOLI D FUEL BURNERS

These are the sinplest burners to make, and include candl es as well as charcoa
burners.

B. LI QUI D FUEL BURNERS

These include several types of al cohol burners

c. __GAS BURNERS AND SYSTEMS

These are functional itens, providing the cleanest, nost intense heat. However,
they are somewhat nore sophisticated for production purposes,



- 35-

A. SCLI D FUEL BURNERS

Q (1) Cont ai ner

Al . Candl e Burner

(2) Heat Source

a. Materials Required

Conponent s Qu Items Required Di mensi ons
(1) Contai ner | Shal l ow Tin Can (A) 5 cmdi aneter or
| arger
(2) Heat Source 3 Househol d Candl es (B) Varies
b. Construction
(1) Cont ai ner Select atin can (A with|low
si des.
(2) Heat Source Melt the wax at the base of the

candl es (B) and place them at
equal intervals within the con-
tai ner.

C. Not es
(i) The intensity of the heat produced may be increased by increasing the
nunber of candles, but the total intensity is |ow.

(ii) The efficiency of a candl e burner may be inproved by collecting all the wax
that melts into the container and using it again Wth neww cks nmade fromsoft
string.

(iii) The candle flames tend to deposit soot on the surface of whatever is being

heat ed.
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A2. Charcoal Burner *

a. Materials Required

Conponent s Qu Items Required Di mensi ons
(1) Can 1 Enpty Metal Can (A) 10 cmdi aneter or
| ar ger

b. Construction

(1) Can Rermove top fromcan (A). Approx-
imately 4 cmfromthe bottom of
the can, mark of f triangul ar

wi ndows al | around.

Wth shears, cut along the

sl opi ng sides of each triangle
to make the wi ndows. Do not cut

Bend Up,,J

Triangles

al ong t he base |ine (horizontal
- Cut Here edge) of the triangle.

Bend the triangles up to forma

tray.

*Adapt edf rom UNESCO, Source Book for Science Teaching , (Paris: UNESCO, 1967),
pp 34-35.
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. Notes

(i) The holes pernmit air tocirculate freely to the burning charcoal.

(ii) Corments fromusers of the charcoal burners indicate that they are hard to

start. Also, once started, they present a considerable fire and carbon nonoxi de
risk.
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B. LIQU DFUEL BURNERS

Bl, Si npl e Al cohol Burner

Cont ai ner
a. Materials Required
Conponent s Qu Items Required Di mensi ons
(1) Fuel Contai ner 1 d ass or Metal 150-200 m , approxi -
Cont ai ner (A) mat e capacity
(2) Lid 1 Screw Top (B) To fit fuel container
(3) Weck 1 Soft Cotton Fi ber Long enough to extend
Cord (Q to bottomof con-
tainer and to cover it.
b. Construction

(1) Fuel Container Make the fuel container froma
gl ass or netal container (A)
with a screwon netal lid (B).
Sel ect a container with a wide
base to insure stability.

(2) Lid Punch a hole in the lid (B) with
anail, making it as round and
smooth as possible, with a
di aneter snaller than that of
the wick to be used.

(3) Wck Sel ect a piece of cord (Q wth

soft cotton fibers. The wick
shoul d protrude 0.5 cm above

the surface of the lid.

c. Notes
(i) If ahotter, broader flanme is required, punch two holes inthelid and use
two wi cks to produce a single, broad flane.
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(ii) The wick should be soaked in al cohol before Iighting the burner.

(iii) Methyl alcohol or denatured ethyl alcohol is the usual fuel used in the
burner. Kerosene may al so be used, but it tends to produce a smoky flame which
bl ackens heat ed obj ect s.

(iv) I'mportant: Use a stabl e contai ner. Ot herwi se, there is danger that the
burner will tip over easily.
(v) If the burner is used for prol onged periods, overheating of the container,
with build-up of internal pressure, is possible.

(vi) Make certain that the wick fits tightly into the hole in the lid. Oher-
wise, it is possible for the flame to clinb down the wick into the container.

(vii) A user of alcohol burners notes that those made from35 mmfilm cans have

several advantages over |arger ones made fromgl ass contai ners. First, they are
unbreakable. Second, if the

w insideis filled with cotton
waddi ng (cotton wool) they are
W unspil labl e i f knocked over.
Fil mCan Al'so, these small filmcans

hol d only enough for immediate
use, so that evaporation | osses

are not serious.
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B2. Modified Al cohol Burner

“———— (5) Wck
(4) Heat
Barrier

(3) Wick
Holder

———— (2) Fuel
Cont ai ner

—~—(1) Base

a. Materials Required

Conponent s Qu Itens Required Di mensi ons
(1) Base 1 Woden Pl atform(A) Approxi mately 10 cm

di ameter (round), or
approximately 10 cmx
10 cm(square)

1 Metal Lid (B) To fit fuel container
bot t om
(2) Fuel Container 1 G ass or Metal 100- 200 m capacity
Cont ai ner (Q
1 Metal Lid (D) To fit fuel container
top (O
(3) Wck Hol der 1 Metal Tube (E) Approxi mately 4 cm
long, 0.7 cmor 0.8 cm
di anet er
(4) Heat Barrier 1 Metal Disc (F) 5 cm di aneter or
| ar ger
(5) Wck 1 Cord (G Approxi mately 10 cm
long, 0.5 cmor nore
in dianeter
(6) Cap 1 Bal | Point Pen Top or To fit wick hol der

Metal Tube (H)
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b. Construction

(1) Base
A Lid (B)
«<>
v Nail
\ Base (A)

(2) Fuel Contai ner

-

(4) Heat Barrier

(3) Wck Hol der

Nai | the metal lid (B) (witha
di anmeter equal to that of the
fuel container) to the round or
square wooden base (B).

Sel ect a glass or nmetal con-
tainer (C) with a screwon lid
(D.

Make the wi ck hol der froma
netal tube (E) about 4 cmlong
x 0.7 or 0.8 cminternal
diameter, or roll a piece of
sheet metal (4 cmx 2.5 cm
into a tube.

Drill a hole in the fuel con-
tainer lid (D |arge enough to
allowinsertion of the wick

hol der. Insert the w ck hol der

so that it penetrates about

1 cminto the container. Solder
the seamal ong the tube and

bet ween the tube and the |id.

Cut the netal disc (F) from
metal sheeting, or use a tin can
top. The disc should be
slightly larger than the fuel

container lid (D).

Drill a hole in the center of
the disc |arge enough to all ow
insertion of the w ck hol der
(E). Insert the wick holder so
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that about 1.0 - 1.5 cm pro-
trudes above the disc. Sol der
the seambetween the heat
barrier and wi ck hol der.

(5) Wck Make the wick froma piece of
cord (G or rope with soft
cotton fibers. Insert the wick
intothe wi ck holder. Trim
the wick with scissors so that
about 0.4 - 0.5 cmprotrudes
above the top of the wck
hol der.

(6) Cap Use a bal | point pen top (H as
a cap or make a netal cap large
enough to fit snugly over the
wi ck hol der when the burner is
not in use. The cap prevents
evapor ati on of the al cohol .

C. Not es
(i) The design of this burner overcones the najor hazards of the sinple alcohol

burner (1 1/8).

(ii) This 'design can be nodified to produce a wide flane that isparticularly
useful for working with glass. All parts of the design are the same, except for
the shape of the wick, wick holder, and cap.

For the wick hol der, cut a piece of nmetal sheeting about 5 cmx 4 cm Bend
it intoa flat tube about 2 cmw de and 0.5 cm deep. Solder the seam Install
this wick holder in the fuel container |lid and heat barrier just as in the previous
design. For the wick. use flat cotton webbing about 2 cmwide and 10 cmlong, or

braid (plait) aflat wick from
B*ﬂﬁ_ (6) Gap six toten strands of cotton
' (5) Wick cord or string. Make a cap from
(4) Heat Barrier metal sheeting to fit snugly
(3) Wick Holder over the wick hol der when the

burner is not in use,

(2) Fuel
Container

«——(1) Base
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C. GAS BURNERS AND SYSTEMS

Cl. Fuel Systemfor Gas Burner *

(2) Clamp

/ (3) Fuel Unit

N—————] 2)
Y (4) Safety Tank
(1) Pressure Unit 6) Connectin f
(6) Tubi ng g (5) Burner
a. Materials Required
Conponent s Qu Itens Required Di mensi ons
(1) Pressure Unit 1 Metal Drum(A) Approxi mat el y 26
liter capacity
1 Met al Drum(B) Approxi mately 16
liter capacity
3 Wood (C) 3cmx 2 cmx 65 cm
3 Bolts (D) 0.5 cm dianeter,
4 cmlong
1 | - Hol e St opper (E) Approxi mately 2.5 cm
di aneter (large end)
1 G ass Tubing (F) 0.5-0.7 cmdi aneter,
10 cmlong
1 Cont ai ner and Sand (G Approxi mately 6 kg
(2) danp l Screw C anp (H) | VI A5
(3) Fuel Unit 1 Metal Can (1) 41iter capacity,
appr oxi mat el y
1 2-Hol e Rubber Stopper (J) To fit opening in can

*Adapted fromC. S. Rao (Editor), Science Teachers' Handbook, (Hyderabad, |ndia:
Arreri can Peace Corps, 1968), pp 140-141.




(4) Safety Tank 1

(5) Burner 1

(6) Connecting Tube 3

b. Construction

(1)Pressure Unit

1

‘? Wood (C)
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d ass Tubi ng (K)

d ass Tubing (L)

Narr ow neck Bottle (M
2- Hol e Rubber Stopper (N

d ass Tubing (0)

d ass Tubing (P)

Gas Burner (Q

Pl astic or Rubber Tubing
(R

0.5 cmdianeter, 10 cm
| onger than hei ght
of can

0.5 cmdianeter, 10 cm
| ong

500 m capacity,
approxi mately
To fit bottle

0.5 cm dianmeter, 10 cm
| onger than height of
bottle

0.5 cm dianeter, 10 cm
| ong

[1/C

Approximately | cm
di anet er, and appr oxi -
mately | neter |ong

Sel ect two netal drums (A B) of

approxi matel y the sane dept hs,

but different di ameters, so
that one drum(B) will fit

i nsi de the other (A). Each drum

Bolts (D)

shoul d have one end open. Bol t

the three pieces of wood (Q

to the larger drum(A) with the

bolts (D) so that the space

Drum (A)

bet ween themis just sufficient

to allow the smaller drum(B) to

slide down easily between them
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Sand Can(G)
" Glass

=— Tube (F)
Stopper (E)

Drum (B)

Drum (A)

Use an al cohol lanmp to neke a
90' bend in the mddle of the

gl ass tubing (F), or cut a
shorter piece of straight tubing.
Fit the glass tube into the

st opper (E). Bore a hol e near
one side in the bottomof the
smal | er drum(B). Insert the
stopper into this hole.

Fill the larger drum(A) with
wat er equal to the vol ume of
the smal I er drum

Fit the snaller drum open side
down, between the wooden up-
rights of the larger drum

Push down on the upper (air)
drum (B). It should slide down
intothe | ower drum(A). Air
shoul d be felt escaping fromthe
gl ass tubing (F).

Pl ace a can or bucket filled
with sand (G on the air drum
as a wei ght.

Use the screwtype clanmp (H or
any standard screwtype cl anp
to control the air pressure
fromthe fuel tank.



(3) Fuel Unit

d ass
Tube (K) ——
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d ass

/Tube (L)

2~Hole

“Stopper (J)

- Metal
Can (1)

k— Gasoline

Fuel Unit
(Cross-section)

(4) Safety Tank

T d ass

Stopper —>

(N
|
Glass
Tube (0)
R
4
(5) Burner

(6) Connecting Tubing

Tube (P)

~— Bottle (M)

Make the fuel container froma
metal drum (1) or can with a
single outlet, rather than a
lid. Fit the drumwth a two-
hol e rubber stopper (J).

Make a 90" bend about 5 cmfrom
one end of the longer piece of
glass tubing (K), or use a
slightly shorter piece of

strai ght tubing.

Make a 90" bend in the middle
of the short piece of glass
tubi ng (L).

I nsert both pieces of tubing
into the stopper as illustrated.

Fill the can about 3/4 full of
gasoline(petrol).

Sel ect a glass or nmetal con-
tainer (M with a narrow neck.
Fit the container with the

two- hol e rubber stopper (N).

Bend both, pieces of glass
tubing (0,P) as described above,
and insert each into the stopper
asillustrated.

Fill this container about 1/3
full of water.

Construct a Bunsen burner (Q
as described in the next sec-
tion (11/Q).

Use flexible tubing (R (rubber
or plastic) to connect the
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apparatus as il lustrated.

Connect the tubing fromthe
Pressure Unit (1) with the long
gl ass tube of the Fuel Unit (3).

Connect the tubing fromthe
short glass tube of the Fue
Unit (3) with the long gl ass
tube of the Safety Tank (4).

Attach the connecting tubing
fromthe short glass tube of
the Safety Tank (4) to the
Bunsen burner (5). Take care
to see that the tubing is not
ki nked anywher e.

When al | conponents are
assenbl ed and correctly con-
nected, renove the wei ght and
st opper fromthe upper (air)
drum Lift the drumuntil its
| ower edge iis just bel owthe
wat er level in the | ower drum
Repl ace t he stopper and check
to see that it is tight, and
repl ace the wei ght on top of
the drum

c. Notes

(i) As the air drumsinks into the water of the | ower drumunder its own wei ght
and the pressure of the weight on top, the air thus displaced is driven into the
fuel drumand bubbl es up through the petrol. The petrol evaporates as the air
passes through it, and the air-gas mxture is driven through the water in the

safety tank to the burner

(ii) This systemis potentially dangerous because the petrol-air mixture present
fromthe fuel tank is an expl osive mxture, but several safety precautions have
been incorporated into the design.

The greatest safety factor is the needle valve in the burner; even when the
burner occasionally "backfires" (the flame junmps down fromthe end of the burner
tube to the needl e opening) the flame is very unlikely to nove back through the
needl e' s narrow openi ng. In the unlikely event that a flame shoul d nove back down
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the tubing, the safety tank prevents it fromreaching the fuel drum As a further
safety measure in the safety tank, the stopper should be snug, but not jamred
tightly into the neck of the container. Thus, shoul d the flane nove back into the
safety tank, it will be nore likely to blow the stopper out of the tank than to
bl ow t he tank apart.

Despite the built-in safety precautions, however, feedback comments suggest

extreme care in the use of this system

(iii) Inthe systemdescribed here, a glass bottle, encased in a cage of wire
nmesh for additional safety, was used as a water tank. This nmade it possible to
observe the rate of bubbles in the water, an indicator of the pressure in the
system Afairly rapid rate of bubbles, about 100 or nore per minute, was neces-
sary to produce a burner flane 3 - 4 cm high. It is recoomended, however, that
once the bubbling rate is established, a metal safety tank of similar size be
substituted for the glass bottle.

(iv) A weight of approximately 5.5 kg on an air drum with an area of 490 cn2
(dianeter 25 cm) provided 1l g/cn pressure to run the Bunsen burner described in

the foll owing section (11/C2) for about a half-hour.

(v) The systemand di mensi ons descri bed here constitute a snall, |aboratory
version suitable for runni ng one Bunsen bur ner. For a larger system the same
conmponents and princi pl es apply,
but experimentation on the
\TolmFiutel details of construction will be
necessary. For exanple, a
| arger pressure system wth a
| arge, heavy oil drumfor the
upper drumwoul d provi de pres-

sure for a |l onger period of

time and might not require a
wei ght on top. An air punp
coul d be added to fill the drum
withair without liftingit.

Al r Punp
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C2. Gas Burner *

«—————— (1) Burner Tube

\__J/ (2) Air Control Sleeve

5

(3) Gas Valve

<«——(4) Base

—(5) Gas Tube

a. Materials Required

Conponent s Qu Itens Required Di mensi ons
(1) Burner Tube | Copper Tubing (A 10.5 cm |l ong,
I cmdi anet er
(2) Air Control 1 Metal Sheet (B) 3cmx 3.5 cm
Sleeve
(3) Gas Val ve 1 Hypoder i ¢ Needl e (C) 18 gauge (0.125 cm
out si de di anmet er)
1 Adhesi ve Tape or Approxi mately 1 cm
El ectrical Tape (D) w de, 15-30 cmlong
(4) Base 1 Woden Bl ock (E) 10 cmx 10 cmx 2 cm
2 Woden Bl ock (F) 10 cmx 5 cmx 2 cm
(5) Gas Tubi ng 1 Rubber or Plastic Approxi mately 15-20 cm
Tubing (G | ong, approxi nately
0.6 cminternal
di anet er
1 Metal Tube (H) 3cmlong, 1 cm
di aret er

*Adapted fromC. S. Rao (Editor), Science Teachers' Handbook, (Hyderabad, India:
Anerican Peace Corps, 1968), pp 138, 141.
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b. Construction
(1) Burner Tube

C @\@

Air Holes

(2) Air Control Sleeve

C 0
Metal ___—-/
Sheet (B)

v

T

1.0

+

< Needle
Base

(3) Gas Valve

Drill two hol es on opposite
sides of the copper tube (A
about 2 - 2.5 cmfromone end.
Enl arge the hol es to an oval
shape, about 1 cmlong x 0.6 cm
wi de.

Lay the netal sheet (B) flat on
a table. Lay the burner tube

onit with the end of the tube
with the holes in it about 1.0
cmfromthe 3.5 cmedge.

Actual Iy, the hol es thensel ves
should be 1.0 cmfromthe 3.5

cm edge.

Use a pencil to trace the out-
line of one of the holes in the
tube onto the nmetal sheet. Cut
this hole out.

sheet around the burner tube
until it forns a cylinder.

Align the hole in the netal
sheet with one of those in the
t ube.

other hole in the tube onto the
met al sheet. Renove t he net al
sheet, and cut out the second
hol e.

Reroll the air control sleeve
and place it in position on the
bur ner tube.

Cut the top off the hypodernic
needl e (C) so that about ! cm
of the needl e renains. File the



Burnex
Tube

Sleeve

5| -

Air Control

| __Needle (C)

o

= Base with

M Tape (D)

Si de Vi ew
(4) Base

A//,Nood (E)
-
|| T~ wod (p

(5) Gas Tubing

L

Rubber
Tube (G)

Metal

~“— Tube (H)

Wap the adhesive tape (D or

el ectrical tape around the
needl e hol der until the base of
the needle will fit tightly into
the bottomof the burner tube
The open end of the needle
shoul d be near the middle of

the air holes.

Drill a hole approximtely 1.2
cmin dianmeter in the center of
t he square pi ece of wood (E).
Enlarge the hole with a file to
tightly hol d the burner tube

and gas tubing in place.

Nai | the two rectangul ar pi eces
of wood (F) to the square to
formthe sides of the base

Connect one end of the plastic
or rubber tubing (G to the
bott omof the burner tube.

Then push the burner tube
through the hole in the top of
the base. It shouldfit snugly

in place and shoul d not wobbl e.

Pass the ot her end of the gas

t ubi ng t hrough one open side of
the base. Ins ert the snal
metal tube (H) into the open end

of the gas tubi ng

Connect tubing fromthe gas
supply to this netal tube
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c. Notes
(i) This burner has been tested with both comrercially supplied natural gas

and with the gas generating systemdescribed in the previous sectionII/C.

(ii) When the burner is lit, the air control sleeve can be used to control the
nature and intensity of the flane. The sl eeve is closed when its holes and the
holes in the burner tube.are not liined up with each other. No air enters the
burner tube. The flane i s snoky, yellow, and glowing. It gives little heat. The
absence of air prevents the gas frombeing conpletely burned.

When the sleeve is turned so that its holes and those of the burner tube
are partly lined up, some air enters the burner tube. The flanme is al nost col or-
| ess, and does not glow. It is quite hot. The gas is nore conpletely burned in
this flane because of the presence of sone air.

When the holes of the air control sleeve conpletely match those in the
burner tube, the nmaxi numanount of air enters the burner tube.

Thi s produces a very hot, roaring flane with a bright blue center cone.
The gas is conpletely.burned, producing the hottest flame, because there is
plenty of air entering the burner tube.

Purg]‘ish Cone - hot part of the flame, called the
0x1d1zing flame. Conbustion of the gas is nost conplete.
Hottest part of the flanme just above the inner blue
cone of flane.

Bl ue <cone not as hot as the outer cone because there
is insufficient oxygen mxed with the gas to conpletely
burn it. Call ed the reducing fl ame because it can take
oxygen away fromsone oxi des.

Dark cone - not aflane at all. It isfilledwtha
m xture of unburned gas and air conming fromthe barrel.

Use a blue flane, about 4 cmhigh, for glass-working operations and nost ot her
heat i ng operati ons. Adj ust the gas supply and air control sleeve of the burner
to produce a quiet blue flane with distinct cones.

(iii) I'n use this burner produced an excellent flanme suitable for working soft
glass and for blowing small bulbs in 0.3 cmand 0.5 cmsoft glass tubing. However,
the burner tube tended to heat up after a few ninutes use. The | arger dianeter
burner, of slightly nore conpl ex design, avoids this difficulty to some extent.

(iv) Ifalarger diameter tube (e.g., 1.5 cmdianeter) is used for the burner
tube, several alterations nust be made to the design of the burner. First, a
| arger diameter syringe needle is needed (16 gauge, 0.15 cmoutside dianeter), and
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it must be cut off shorter, i.e., 0.5 cmrather than 1.0. Secondly, the end of
the burner tube nust be flattened slightly to restrict the flow of air/gas mxture

through it. Thirdly, the connection between burner tube, gas val ve, and gas tube

nust be altered. One way in which this can be done is to drill a hole 1.0 cmin
Burner Tube di amet er through a cork.
ﬁ [ (Flattened Enl arge the hole at one end to

End) 1.5 cmdianeter, and 1.5 cm

deep. Insert a 1.0 cmdi aneter
pi ece of nmetal tubing through
the hol e and pl ace a short

(1.0 cm piece of rubber tubing

on the end of it. Insert the
needl e i nto the rubber tube

Rubber

4Tube (the base may have to be built

up with tape). Insert the

Base - ?eﬁa] burner tube into the enl arged

~ ube

[T hole in the cork. Make certain
the fit is tight. Finally,

insert the cork into the hole

inthe base, put the air contro

sleeve in place, and attach the

Cross Section gas tubing

If,when this burner is in use,
the flane should tend to blowitself out because the tube opening is too w de,

decrease it further by pinchingwith pliers

(v) It must be noted that various conponents of the burner design are dependent
on the di aneter of the burner tube. These incl ude burner tube | ength, size of
the air holes, gauge and length of the needle, width at the top of the tube, and
various connecting devices such as metal and rubber or plastic tubing. For
example, if the diameter of the burner tube is increased, the diameter of the
needl e used and the I ength of the tube nmust al so be increased, but the size of the
opening at the top of the tube nust be decreased. Therefore, if tubing of a size
different fromthose described here is used, experimentation with the other com

ponents will be necessary in order to construct a working Bunsen burner.
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13. Wng Tip

-(1) Wng
a. Materials Required
Conponent s Qu Items Required
(1) Wng Tip 1 Metal Sheet (A)

1 Met al Sheet (B)

b. Procedure
(1) Wng Tip
0.8

.

Metal
Sheet (A)

s’ \

0.5 of Circunference
of Burner Tube

Tip

Di mensi ons
6 cmx 4 cm

6 cmx 4 cm

Measur e the circunference of

the burner tube. Draw and cut
out a paper pattern as
illustrated. Cut one piece of
this pattern fromthe netal
sheeting (A). Cut onthe

solid lines. Bend on the dotted

|'i nes.

Cut another piece fromthe
netal sheeting (B), but trim
the flaps onthe wingto 0.4 cm
Cut on the solid lines. Bend
on the dotted |ines.
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Metal (A)

Metal (B)

Burner Tube

Bend the wing flaps on piece
(B) at 90°. Bend the w ng
flaps of piece (A around the
outside of the flaps on (B).
Pinch the flaps on (A) to hold
(B) in place.

Pl ace the wing tip on the
burner tube, such that the

Wi ng extends above the burner
t ube.

Bend t he support strip flaps of
(B) and (A) to fit snugly
around t he burner tube. Snal |
holes | eft at the corners of
the flaps will not affect the
wing tip's performance.

(i) The wing tipis an accessory used with the gas burner when a wide flane is

desired.

It is especially useful for working with glass.
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[l MEASURI NG _APPARATUS

A _DEMONSTRATI ON_DEVI CES

These devi ces denonstrate thermal expansion of |iquids and solids,

B. VOLUMETRI C MEASURES

These are all neasures of |iquid volume and range fromsingle vol ume nmeasures

like volumetric flasks to multiple neasures such as neasuring cylinder. Also included
under this heading is the specific gravity bottle.
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A. DEMONSTRATI ON_DEVI CES

Al . Denpnstration Ther nonet er

a. Materials Required

(1) Ther monet er

Conponent s Qu ltens Required
( 1)Ther nonet er ! Pill Bottle (A)

!

b. Construction

(1) Therrmoneter

Pill Bottle Cap (B)
d ass Tubing (O

Di mensi ons

7 cmhigh, 3 cm
di amet er

Tofit pill bottle (A

25 cmlong, 0.5 cm
out si de di anet er,
0.3 cminsi de

di anet er

Make a hole in the pill bottle
cap (B) (or a suitably sized
cork) through which the glass
tubing (C) is inserted.

Be certain the seal is airtight
(it may be necessary to use
glue to insure an airtight seal).
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Fill the bottle (A) conpletely
with water or other |iquid.
Force the cap or cork down onto
the nouth of the bottle so that
some liquidis forced up into
the tube and the rest of the
excess liquid spills over the
side of the bottle where it is
wi ped anay. Some |iquid nust
rise up far enough into the
tube so that it can be seen.

C. Notes

(i) This thermoneter is used sinply to denonstrate the expansion of a liquid
as it is used in standard thernoneters. Putting the denmonstration thernoneter
into a 60°C water bath will cause the level of the water in the tube to rise about

2cm

(ii) Be certainto elimnate all air bubbles fromthe bottle unless it is
desirable to show the effect of having air trapped in the bottle.
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A2. Bi-Metal Strip

© O 0 O 00 0 O

S

(1) Bi-metal Strip

PN

(2) Handl e '/

a. Materials Required

Conponent s Qu Itens Required
(1) Bi-netal Strip 1 St eel Strapping (A

1 Al um num Sheet (B)

9 Nails (O
(2) Handle 1 Wod (D)
b. Construction
(1) Bi-netal Strip
: 20 .

]/2 Metal Strip (A B)
/Cut Her e

| —

l.._.l Nai | (0

2

0.5
Hammer This
/" End Down

= D astintinn n 7
o — 2

[ S—
¥~ Nai| Head

Si de Vi ew

Di mensi ons

20cmx 1.2 cmx
0.8 cm

20cmx 1.2 cmx
0.6 cm

#4 d (0.2 cmdianeter
wi th | arge heads)

1.5cmx 2.0 cmx
10 cm

Hol d the two pieces of netal
(A B) tightly together, and
drill nine holes through both
at 2 cminterval s begi nni ng
1.0 cmfromone end. These
hol es must be very slightly
larger in diameter than the
nails (C) used.

Cut the head off each nail (Q
wi th a hacksaw, chisel, or tin
sni ps so that the portion with
the head i s about 0.5 cm |ong.
Push the nails through the
holes in the two strips (A B)
and hamer down the cut ends to
rivet the two strips together.
Itis best to begin by riveting
the strip at its center and

nmovi ng out toward each end at
the same time. The strips should
be firmy hel d together all



along their length.

(2) Handl e Make a narrow notch in one end
of the wood (D) the wi dth of
A 1.5+ a saw bl ade. This notch ought
/ Not ch
a} to be about 1.5 cmdeep. |nsert
] the end of the bi-nmetal strip
V{Z into this notch to conplete the
devi ce.
C. Not es

(i) This device is used to denonstrate the fact that netals expand when they
are heated. When the bi-metal stripis held inaflame, it will bendin the
direction of the steel since the al um numexpands nore than does the steel.

(ii) Different conbinations of nmetals (e.g., copper and steel, brass and al u-

mnum etc.) can be used with the sane results.

(iii) The metal strips may be sol dered together as opposed to riveted. Melt a
thin layer of solder onto the surface of one of the two strips. Lay the other
strip ontop of it and hold the soldering iron down on both strips until the
sol der nelts between the two strips. Keep the two strips pressed together with a
screwdriver or other object to prevent themfromconing apart before the sol der
cools. Repeat this process until the two strips are soldered all along their
lengths. (Note: This procedure will not work if aluminumis used as one of the

netal s unl ess special sol der is used.)
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B. VOLUMETRI CMEASURES

Bl. Burette

~———— (1) Tube

:

ﬁfﬂ:ﬂ*—————(z) d anp

a. Materials Required

Conponent s Qu Itens Required Di nensi ons
(1) Tube 1 d ass Tube (A) 45 cmlong, 1.3 cm

out side dianeter,
1.1 cminside di aneter

1 d ass Tube (B) 4 cmlong, 0.7 cm
out side dianeter,
0.5 cminside
di anmet er

1 d ass Tube (Q 9 cmlong, 0.7 cm
outsi de dianeter,
0.5 cminside
di amet er

1 Rubber Tubing (D) 10 cmlong, 1.0 cm
out si de di amet er

(2) danp 1 Pinch Camp (E) VI A4
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b. Construction

(1) Tube /-Q\’/T] Insert the glass tubing (B) into

the end of the rubber tubing (D

_Gass Tube (A) so that the ends of both pieces
of tubing are even. I nsert
this end into one end of the
large glass tubing (A) for a

di stance of about 1 - 1.5 cm

If the seal between the rubber
‘1 and | arge gl ass tubing is not
wat ertight, use thin rubber

sheeting (e.g., balloon mater-
> G ass Tube (B) ial) tofill in the gas. Seal
this joint with glue to insure

Rubber awatertight fit. Drawout one

Tube (D) < -

r—— = - - — -

end of the renaining piece of
glass tubing (C) in a flame to
forma narrowneck. Break off
the neck, and fire polish the
———-—147 end of the tube. Insert the
| [ wi de end of this tube into the
end of the rubber tubing (D
for a distance of about 2 cm

Check the tube now for water-

& G ass Tube (O tightness.

Det ai |

(2) Clamp Use the clanp (E) to regul ate
flowin the burette. Be sure
the clamp is | arge and strong
enough to conpl etely shut off
flowfromthe burette.

C. Not es
(i) The nost conmon use of the burette in chemistry is in doing titrations.



-63-

Quite often they are used in pairs, and nust always be supported by a stand.

(ii) Each burette needs to be fitted with a scale. Attach a long, thin strip
of paper to the burette tube with transparent tape. Fill the burette froma known
source (e.g., a plastic syringe) one nilliliter at a tinme and mark the |evel of
t he meni scus on the paper. Pl ace the "0" mark in such a way that several mlli-
liters of liquid will still remain in the burette when "0" is reached as this wll

i nsure greater accuracy.

(iii) Aglass bead just slightly larger than the internal diameter of the rubber

tubi ng may be used in place of
«————— Glass Tube the pinch clanmp. Push the bead
F into the rubber tubing before

inserting the gl ass nozzle.

The bead wi ||l seal the rubber

Glass Bead

Her e

Pi nch ———— {
< tube. To dispense liquid from

()

the burette, squeeze the tube
“———— Rubber Tube

bet ween t hunb and forefinger

at the |l ocation of the head.

] H

4 J ass Tube

Cross Section

(iv) Because of the use of rubber tubing inthis burette, it is not suitable for
use with strong corrosives that attack rubber.



- 64-

BZ. Measuring d ass

~ 300

-*° ——(1) Bottle

- 00

a. Materials Required

Conponent s Qu |t ens Requi red Di mensi ons
(1) Bottle | G ass Bottle (A) Vari abl e

b. Construction
(1) Bottle Use a gl ass bottle (A) wth

straight sides and a flat
bottom  Make graduations by
calibrating the bottle using a
known source. Thegraduations

may be tape, paint, or scratches

on the glass itself.

C. Not es
(i) I'naccuracies may occur due to transfer of liquid fromthe known source

failure towait for liquidto "settle" before making calibration marks, and human
error in marking exact height of |iquid. However, for nost purposes these

measuring gl asses are adequate.

(ii) Graduations nay be nade every 10, 25, 50, or 100 m, depending on the size
of the bottle and the uses to which it is to be put.
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C. Not es

(iii) I'f the bottle is narrow enough in dianeter, the graduations nay be nade
closer together (i.e., every mlliliter), but the accuracy will not approach that

of a commercially nade graduated cylinder.
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B3. Dropper

Iy — =
\

(1) Dropper
a. Materials Required
Conponent s Qu Itenms Required Di nensi ons
(1) Dropper 1 Dr opper BIOL/I1/A6
b. Construction
(1) Dropper Construct the dropper as

describedin BIQOL/II/AS6.

c. Notes

(i) Since comercial droppers are usually readily avail abl e and i nexpensive,
thisitemis as easily purchased as it is inprovised.
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B4. Pipette

I

1) Pipette

a. Materials Required

Conponent s Qu Itens Required Di mensi ons
(1) Pipette 1 Transfer Pipette BI OL/ VI A5

b. Construction
(1) Pipette Construct the pipette as

described in BIOL/VII/A5

c. Notes
(i) The pipette is used to transfer and precisely measure quantities of

[iquids.
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B5. Vol unetric Fl asks

(1) Bottle

N

a. Materials Required

Conponent s Qu Itens Required Di mensi ons
(1) Bottle 1 Transparent d ass Vari abl e
Bottle (A)
| Bottle Cap (B) To fit bottle (A)

b. Construction

(1) Bottle Sel ect any common gl ass bottle

(A) with a narrow neck.

(2 Cap Use a cap seal (B) which will
be airtight to prevent |eakage
and evaporation.

c. Notes

(i) The flasks nust be calibrated froma known source. Put a single calibration
mark on the neck of the bottle to indicate its capacity. This may be done with
paint, tape, a scratch mark, etc.



B6. Specific Gavity Bottle

a. Material s Required

Conponent s
(1) Bottle

b. Construction
(1) Bottle

C. Not es

)
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~——— (1) Bottle

| terns Required

Pill Bottle (A)

Di mensi ons

5 cmhigh, 3 cm
di aret er

Rubber or Cork Stopper (B) To fit bottle (A

d ass Tube (Q

8 cmlong, 0.5 cm
outsi de diameter,
0.3 cminside

di anmet er

Simply insure that there are
airtight seal s between the
stopper (B) and bottle (A), and
bet ween the gl ass tube (Q and
cork (B).

(i) To use the specific gravity bottle, first renmove the stopper and tubing and

fill the bottle to the brimwith the liquid to be neasured. Reinsert the stopper,

meking sure liquid flows conpletely out of the end of the tubing and that there

isnoair trapped in the bottle.

W pe away the excess liquid on the outside of

the bottle. Accurately weigh this anount of liquid and subtract the nass of the

enpty specific gravity bottle.

Conmpare the mass of the liquid to that of an equal
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vol une of water (found in the same way) to find the specific gravity of the Iiquid.

(ii) Ascrewtop bottle may be used instead of the stopper arrangenment. Punch
a hole in the top and seal the joint between the tubing and top with waterproof

cenent.
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V.  SUPPORTS, STANDS, AND HOLDERS

A. HOLDERS

Hol ders are classified as snall, portable, hand-hel d devices used to support ot her
pi eces of apparatus.

B. SUPPORTS AND STANDS

These devices are used to hold itenms stationery for relatively |long periods of tine.
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A. HOLDERS
. Tweezers (Forceps)
(1) Tweezers
a. Materials Required
Conponent s Qu Itens Required Di mensi ons
(1) Tweezers | For ceps BIOL/ 11/ A4
b. Construction
(1) Tweezers See BIOL/II/A4 for construction

detail s.

Cc. Notes

(i) Uses of forceps in chemistry operations include the handling of small
items or radioactive materials.
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A2. Multi-Purpose Design Hol der

(4) cuide
/
5 /
= (3) spring
f
/ ~NJ
1) da
() P (2) Handl es
a. Materials Required
Conponent s Qu Itenms Required Di mensi ons.
(1) danp 2 Met al Strapping (A Bcmx 1.5 cm
(2) Handl es 1 Wood Bl ock (B) 2cmx 4 cmx 15 cm
4 Nail's (C 0.5 cmthick x 1 cm
| ong
(3) Spring 1 Heavy Iron Wre Approxi mately 30 cm
(coat hanger) (D) | ong
(4) CQuide 2 Metal Strapping (E) 1.5cmx 3.5 cm
4 Nails (F) 0.5 cmthick x I cm
| ong
b. Construction
(1) danp Bend the two pieces of netal

strappi ng (A) as indicated.

0.5
(2) Handl es Wth a pencil and ruler, section
%‘It SAlL??]% t he wood bl ock (B) as shown.
I‘ 5 —* Y Cut two wedges and discard the
T /’.——’ triangul ar portions as waste.
4 |--——— =7




_7/

-—
.
[an]

/,.

Push — >
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Fasten one strapping clamp to
the short end of each of the
handles with the nails (C).

Canmp a pencil or stick of
about 0.8 cmdianeter in a
vise, Starting at the center
of the wire (D), coil the wire
around the pencil.  Make at

| east six turns, or a coil
that extends beyond the wi dth
of the wood block (2 cm by
one wire-thickness on each
side, Leave at |least 9 cm of
straight wire at each end of
the spring.

Approximately 4 cmfromthe
spring, make a 90" bend in
each straight section of wire,
as shown. One cmfromeach
of the first bends, make a
second 90' bend.

Slide the spring on to one of
t he handl es as shown.

Slide the second handl e into

pl ace.
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Bend

BV N

Nai I

Tm

) , Strapping (E)

i)

Top View

C. Not es

Trimexcess wireto within 1.5 cm
of the edge of the handle. Bend
this renaining w re around

handl es to hold the spring in

pl ace.

Lay the hol der on its side.

Sl i de one smal | pi ece of
strappi ng under the spring as
shown.  Secure the strapping
in place on one handle with
one nail. Nail a second
guiding nail into the other
handl e just at the edge of
the strappi ng. Turnthe

hol der over and repeat with
anot her snall piece of
strapping. These gui des

keep the handl es fromtw sting
out of alignnent.

(i) This design is based on the spring-type clothespin. |If one isavailable,

it will be a hel pful construction guide.

(ii) Squeezing the handl es together will cause the clanmp to open and cl ose.

(iii) The sizes of the conmponents used inthis itemwll vary with the use to be

made of the hol der. The cl amp and handl e can be reduced in size for use with

test tubes, or enlarged for use with | arge fl asks.

(iv) For a sinpler version of this design, three or four strong rubber bands

provi de the spring action. Cut the handl es and attach the clanps as descri bed.

Then pl ace the two handl es together as indicated in the diagram W ap t he rubber

bands around the top part of the handles to draw themtogether. The chief

probl emwi th using rubber bands is that they will deteriorate and nust be repl aced

fromtime to tine.

\ Rubber Bands
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A3. Test Tube Hol der

\ \ (2) Handle

(1) aanp

a. Material Required

Component s Q | tens Required Di mensi ons
(1) danp 2 Metal Strapping (A 20 cm | ong
1 Thin Wre (B) Approximately 0.1 cm

thick, 4-5 cmlong

(2) Handle 1 Wod Bl ock (Q Approxi matel y
10 cmx 3 cmx 2 cm

b. Construction

(1) Clamp Bend two | oops in each piece
of strapping (A) as shown. Fi t
the smaller loops to the test

tubes to be used. Wap a snall

pi ece of wire (B) around the
two pieces of strapping at the
. poi nt where they curve i nward,
Wire (B) i ust behind the front Ioops, to

hol d t he pi eces toget her.

(2) Handl e Cut a slit about hal fway down
the center of the block (C).

Insert the flat portions of the

/ +\+\ strapping clanps into the slit.

\ Positions of Secure the clanp to the handl e
Siit Nails (D) with two nails.

¢, Notes
(i) To open this clanp, squeeze together the large | oop between t he handl e and
the wire. Release the |oop to close the clanp.

(ii) This design is best suited for small, Iight-weight test tubes.

(iii) Aquick and convenient holder for handling hot test tubes can be made with

a pi ece of paper neasuring approxi mately 15 cmx 8 cm  The paper is folded into
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thirds, lengthwi se, toform

a strip. This strip can be

wr apped around a test tube
near the top. then grasped
tightly, next to the test tube.
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Ad4. Wboden Pinch C anp

1Y .

/4 o~ (2) Fulcrum

(3) Band

a. Materials Required

.>(1) Handl es
_J

Conponent s Q Itens Required Di mensi ons

(1) Handl es 2 Woden Strips (A 2cmx 8cmx 0.5 cm
(2) Fulcrum 1 Metal Staple or Tack (B) Il cmw de

(3) Band 2 Rubber Bands (C 0.5 cmx 9 cm

b. Construction
(1) Handl es

(2) Fulcrum Staple (B)

(3) Band

Cc. Not es

Sand any splinters or rough
edges fromthe wood strips (A).

Drive the staple (B) or tack
into the niddle of one of the
handles. Al low about 0.5 cm
of the staple or tack to
protrude fromthe wood.

Pl ace t he handl es t oget her
with the ful crumbetween them
Wap the two rubber bands (C
tightly around the handl es at
a point just in front of the

ful crum

(i) I'f the rubber bands are sufficiently tight, it should be possible to
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conpletely close off the flow
of a liquid such as water through
[ cmwi de rubber tubing,

(ii) To conpletely close off plastic tubing and heavi er rubber tubing, it will
be necessary to bend the
tubi ng back upon itself and

secure the clanp at the bend.

(iii) I'f pinch-typecl ot hespi nsare avail able, they may be substituted for this
clanp. However, it will be necessary to bend rubber tubing as well as plastic
tubi ng back upon itself, as in the above illustration, in order to conpletely
close the tubing with a cl othespin cl anp.



A5. Wboden Screw O anp

a. Material s Required

-80

(2) Bolt Assenb 1y

Conponent s
(1) Jaws

(2) Bolt Assenbly

b. Construction
(1) Jaws

(2) Bolt Assenbly

C. Not es

N

Itens Required Di nensi ons

Wood (A) 3.5cmx 3.5 cmx
0.7 cm

Bolt (B) 0.5 cmdi aneter,
approxi mately 4-5 cm
| ong

Wng Nut (C To fit bolt (B

Sand t he wood squares (A)
to renmove rough edges and
splinters. Drill ahole
0.6 cmin dianmeter in the

center of each square.

Insert the bolt (B) through
the hole in each square and
check to see that the holes
are just large enough to
permt the bolt to slide
through easily. Screwt he
wing nut (G in place on
the bolt.

(i) To use this clanp with rubber tubing, a short (approximately 4 cmlong)

section of tubing of the same type as that in use is cut. The tubing in use is
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passed through the jaws on one
side, as close to the bolt as
possible. The short section
of tubing is passed through

the jaws on the opposite side
to bal ance the force of the
clamp. By turning the w ng nut
totighten the clanp, the flow
of aliquid or gas through

rubber tubing can be controlled
or shut of f conpletely.

(ii) The flowrate of aliquid or gas through plastic tubing can be controlled
in the same way, but the stiffness of p lastic tubing makes it difficult to close
the tubing conpletely. To close
plastic tubing, it is necessary
to bend t he tubi ng back on
itsel f, passing each section
of the tubing through the clanp
and tightening the wi ng nut
as nuch as possible.
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B. SUPPORTS AND STANDS

Bl. Wre Gauze

, 10T
] —
—
— |
= " «— (1) Wire
Gauze
AR R
a. Materials Required
Conponent s Qu I tens Required Di mensi ons
(1)Wre Gauze | Wre Mesh (A Approxi mately 10 cm x
10 cmof heavy guage
Wre
b, Construction
(1) Wre Gauze Cut the wire mesh (A) to a

size approximately 10 cmx 10 cm
Trimoff sharp ends.

c. Notes
(i) This itemis generally used in conjunction with the tripods and ring stand

described in the sections that follow. The wire screen is placed on the tripod,
heating stand, or ring to support a flask or beaker. A burner may be pl aced

beneath the stand to heat the contents of the container.
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B2. Heating Shelf

(1) shelf
a. Material s Required
Conponent s Qu Jltems Required Di nensi ons
(1) Shelf 1 Tin Can Top or Bottom (A) 10 cmdi aneter or
| ar ger

b. Construction
(1) Shelf Renmove the top (A) or bottom

fromatin can. Punch many
holes init with alarge

nail .

C. Not es
(i) This itemis used in the sane way as the wire gauze (IV/Bl); that is, to

support a flask, beaker, or other container upon a tripod or simlar support.

(ii) Thisis also a useful itemto keep hot glass fromcontacting the tabl etop.
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B3. (1) Tripod (Tin Can)

(1) Tin Can
Tri pod

a. Material Required

Conponent s Qu Itens Required
(1) Tin Can Tripod 1 Tin Can (A)
b. Construction
(1) Tin Can Tripod
/"_°\\
; )
\ /
~_ 7
\\1 //'
T }
! i
| ! 1
. |
P i
) ! |
. |
S
| {
|

Di nensi ons

Approximately 8 cm
di ameter, 12 cmhigh

Cut a circle about 5 cm
diameter fromthe bottomof the
can (A). Mrk the position for
three | egs, evenly spaced
around the can. Allowa ring

of about 1.5 cmat the top of
the tripod before marking the
legs. Al lowapproxi mately

2.5 cmfor the width of each
leg. Then cut along the marked
lines to produce the three | egs.
Wth pliers, bend in the outside
edge of each leg slightly to
provi de extra support.
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C. Not es

(i) This tripod is sinple to make, but it nust be used with caution because of
sharp edges and instability. It is suitable for supporting |ightweight itens,
such as a funnel.
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B3 (2). Tripod (Strappings)

-« (2) Legs

N

a. Material s Required

Conponent s Q |t ens Required Di nensi ons
(1) Top 1 Met al Strapping (A) 1.5 cmx 42 ¢cm
(2) Legs 3 Met al Strapping (B) 1.5 cmx 34 cm

b. Construction

(1) Top Bend the section of strapping (A)
into acircle and secure the

ends with a netal rivet.

(2) Legs Fol d each of the three sections
of strapping (B) in half and
pi nch the fold cl osed. Secure
the open ends of each leg to
the top with metal rivets.

C. Not es

(i) The dinmensions given produce atripod that is useful for nmost applications,
but this tripod can al so be made |arger or smaller by varying the Il ength of the
strappi ng used.
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B3 (3). Tripod (Wre)

a. Materials Required

Conponent s Qu Itens Required
(1) Wre Tripod 3 Heavy Wre

b. Construction
(1) Wre Tripod

C. Not es

(1) Wre Tripod

Di mensi ons

0.2 cmdi aneter,
40 cm |l ong

Twi st together the ends of two
pi eces of wire (A) for

approxi mately 15 cmto form

one leg. Twi st the free ends

of these two pi eces together

wi th each end of the third

pi ece of wire. Make each
twisted leg 15 cml ong. Bend
the legs down to forma tripod
with alevel top, as illustrated.

(1) This size tripod is useful for npst applications, but it nay al so be nade

larger or smaller by varying the length of the wire used.
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B4. Col | apsibl e Heating Stand

(2) Frame
/

\ .

a. Materials Required

Conponent s Qu Itenms Required Di nensi ons

2 Thick Wre (A) 0.4 cmdiameter,
(1) Legs 45 cm | ong
(2) Frame 2 Metal Sheeting (B) 10 cmx 3 cm

2 Metal Strapping (O 1.5 cmx 16 cm

b. Construction

(1) Legs

Bend the two pieces of heavy
wire (A) to the shape indicated.

14

X
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(2) Frane
Q B
>
St rappi ng
C. Not es

Rol | each of the rectangul ar
pi eces of netal sheeting (B
intolong tubes that just fit
around the | egs.

Roll 3 cmat each end of the
netal strapping pieces (O
around each end of the tubes.

Insert the free ends of the
legs (A) into the ends of
the tubing (B) to conplete
this stand.

(i) Like the tripods, this stand is generally used with wire gauze (IV/Bl)

or heating shelf (1V/IB2).

(ii) When this stand is not in use, the legs may be

removed for ease in storing.
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B5. Ring and Burette Stand w th Attachments*

° ~<~—————(1) Ring and Burette
Stand

*Adapted fromC S. Rao (Editor), Science Teachers' Handbook, (Hyderabad, India:
Ameri can Peace Corps, 1968), pp 144-"17%6.
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(2) Burette danp

\(3) Large Clamp

Q—\‘{ " .
| SNy

‘<\
(4) Ring

0 )
(5) Support Bl ock ——
0 -
a. Materials Required
Conponent s Qu Itens Required Di nensi ons
Ring -and 1 Wod Bl ock (A) 14 cmx 18 cmx 2 cm

(1) Burette Stand
4 Wood Bl ock (B)
1 Whod Bl ock (C)

2 cmx 4 cmx 1.5 cm
3 cmx 2 cmx 40 cm



(2) Burette danp

(3) Large danp

(4) Ring

(5) Support Bl ock

b. Construction

(1) Ring and Burette Stand

o

o 0 6 o 0 0 O
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Met al Strapping (D)
Met al Strapping (E)
Heavy Wre (F)

Metal Strapping (G
Metal Strapping (H
Heavy Wre (1)

Metal Strapping (J)
Met al Strapping (K)
Heavy Wre (L)

Wod Bl ock (M
Nails (N

1.5 cmx 27 cm
1.5cmx 5 cm

0.2 cm di aneter,
10-12 cm | ong

1.5 cmx 35 cm
1.5cmx 5 cm
0.2 cmdi aneter,
10-12 cm | ong

1.5 cmx 50-60 cm
1.5cmx 5 cm

0.2 cm di aneter,
10 cmlong
5¢cmx2cmx4cm

0. 35 cmdi anet er,
8 cml ong

Sand al | the wood bl ocks to
remove splinters and rough
edges. Nail a snmall wood
bl ock (B) to each corner of
the flat block (A) to nake

feet.

In the center of one of the
short sides of the base (A)
cut a rectangular notch 3 cm
long x 2 cmw de.

Drill 0.6 - 0.7 cmholes at
lcmintervals all the way
through the long bl ock (Q
as shown.
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Upright (C)

-«——Base (A)

(2) Burette danp

Stand Attachnent

™~

N

Ti ght eni ng
dip (B

N

Ti ghteni ng
Cip (B

Adj ustmrent Pin (F)

—

]

Fit this block into the
rectangul ar notch in the base
(A) and nail it in place to

formthe upright.

Bend the pi ece of netal

strappi ng (D) as shown. Adj ust
the stand attachnent section
sothat it will fit securely
around the upright of the stand,
yet be able to slide up or
down al ong t he upright.

Bend two smal | pieces of
strapping (E) as indicated
to formtighteningclips.

Fit themaround the strai ght
section of the burette clanp
to hold the clanp tightly

cl osed.

Bend a 10 - 12 cmpi ece of heavy
wire (F) as indicated to make an
adj ust nent pin. Adjust the

wi dth between the I egs to match
the holes drilled in the
upright.
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Drill a hol e approximately
0.4 cmdianeter in the burette

cl anmp as shown.
T1ghten1ng P

Clip (E)

St and

——

At t achnment

To position the burette clanmp
on the stand, slide the

rectangul ar section of the
0 clamp along the upright to
the desired height, with the
o clanp facing the base of the

stand. Align the hole in the

burette clanp with a hole in
Burette "

Clamp the upright. Insert one of

o) \ _ the |egs of the adjustnent
Adj ust ment i
Pin (F) pin through the burette clanp

and into the upright. Insert

the other leg of the pininto
the next higher hole of the
upright.

(3) Large danp Bend the piece of strapping (Q
inthe sane general shape as

e | “\ / 1 the burette clanp, but slightly
2.5 2 I
l 4 arger.
l‘—'3.5 - 8 =I|‘ 3—4

Construct two tightening clips
(H just as with the burette

T— 1.5 clanp. Position the clips on

s the clanp to hold it closed.
1.8 AN




Construct an adjustment pin

a froma pi ece of heavy wire (1).
]fo Fol | ow t he procedure given for
the burette clanp,

| . .
l.‘,_s_____,i Drill a hole inthe large clanp
for the adjustnent pin, as

described for the burette cl anp.

(4) Ring Bend the pi ece of netal
Ti ghteni ng ) .
dips (K strapping (J) into the shape

shown. Bend the ends of the
strapping i nto | oops appr ox-
\ imately 0.4 cmdi aneter.

2 [,_0‘9 Make two tightening clips

Loops

according to the directions

L——5—+—3——| given with the burette clanp

fromthe strapping (K).

Secure themin the positions

shown.

Construct a pinto hold the
T end | oops together by bending

the I ength of heavy wire (L)
Wire (L) in half.

To position the ring on the
stand, slide the rectangul ar

Pin i i i
—— section of the ring along with
the upright to the desired

. height, with the clanmp facing
~——Ring

t he base of the stand. Push
the pin through the end I oops.

(5) Support Block Drive two nails (N) all the
T way into a small block of
4 |0 j]:] 0 wood (M 1 cmapart.

4l >
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Position the support block to
Stand prevent the front of the ring

\ froml eani ng forward under the
wei ght of materials placed on

i o / it. Insert the two prongs of
in
g / t he support block into the two

hol es in the upright just

bel ow t he ring.

o
o o
o
Support
Bl ock

C. Not es
(i) To l oosen the burette clanp or large clanp, slide the tightening clips
toward each other. To tighten, slide the clips away fromeach other.

(ii) Although the burette clanp and | arge cl anp have adj ustment pins to hold
themin place, they are nuch nore stabl e when the support bl ock is pushed into
t heupri ght iamediately beneath the clanp. This prevents the burette clanp or

| arge clamp froml eaning forward.

(iii) The ring will safely support masses up to about 1 kilogram It can
support round-bottonmed containers or flat-bottomed containers with a dianeter
slightly larger than that of the ring.  To support smaller containers, awre
gauze (IVIBl) or heating shelf (1VIB2) may be placed on the ring. For |arge
conatiners, a nore stable support, such as one of the tripods (IV/B3) or the
col l apsi bl e heating stand (1V/B4) is recommended.



B6. Mul ti purpose Stand

-7

-

/

(1) Base

a. Materials Required
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(2) Flask Support

(3) Test Tube
Support

(4) Heating
— Clamp

Conponent s
(1) Base

(2) Flask Support

(3) Test Tube Support 4

(4) Heating danp

Construction

(1) Base

I tems Required

wod (A)

Heavy Wre
(coat hanger) (B)

Heavy Wre
(coat hanger) (O

Heavy Wre
(coat hanger) (D)

Heavy Wre
(coat hanger) (E)

Di mensi ons
9cmx 4 cmx 18 cm

0.2 cm di aneter,
35 cmlong

0.2 cm dianeter,
40 cml ong

0.2 cm dianeter,
15-20 cml ong

0.2 cm dianeter,
20 cm |l ong

Drill seven hol es approxi mately
0.2 cmin diameter into the
wood bl ock (A) as shown. |f

a larger block is used, or if
nore attachnments are desired,
drill nore holes,
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(2) Flask Support Bend t he piece of heavy wire ((

as shown to formthe base of

the flask support. Make the
circular | oop about 6 cmin

di anet er.

Bend t he shorter piece of heavy
,’Vio) wire (B) intoalooptoform
a support for the neck of a
flask or light-bulb flask (1V/Al),
24 Make the open | oop about 4 cm
in diameter.
X U

Insert the two sections of the
support into adjacent holes in
the base. Adjust themso that
they will support a flask or
light-bulbflaskasillustrated.




(3) Test Tube Support

wirs

Rod or |
- Test Tube

\ Bend Here

8 -10

b

(4) Heating Clamp

C. Not es

10 - 15

Use pliers to bend each of the
pi eces of heavy wire (D) around
a wooden rod or test tube of
the desired diameter (2 cmfor
exanple). Follow the steps
illustrated.

I nsert the supports into holes

in the base.

Bend t he pi ece of heavy wire (E)
into loop just as for the test
tube support shown above.
However, tilt the loop at an
angl e, rather than vertically
as was done for the test tube
supports. Insert the heating
clamp into one of the holes in

t he base.

(i) Sizes and nunber of the supports constructed, as well as the size of the

base, may be varied to suit individual needs.

(ii) The heating clanp is used to hold a test tube at an angle while its contents

are heat ed.

Supporting the test tube at an angle presents a greater area to be

heat ed.
it allows the nouth of the

As a safety neasure,

test tube to be pointed away
from everyone in the vicinity.



B7. Rack for Light-Bulb d assware

————(2) Spring
Clamp
\ (1) Base
a. Material s Required
Conponent s Q Itens Required Di nensi ons
(1) Base 1 Wod (A 8 cmx 24 cmx 2 cm
1 Wood (B) 9 cmx 24 cmx 2 cm
1 Wod (C 4 cmx 24 cmx 2 cm
(2) Spring danp 3 Met al Strapping (D) lcmx 14 cm
b. Construction
(1) Base Drill or cut three circular
T holes, 6 cmin dianmeter in
Q @ 8 the | arge piece of wood (A).
_L Al l ow about 1.5cm between
l— 24 —{ hol es.
/ Top (C) Attach top (C) and upright

‘ (B) with glue and screws as
/ shown,

O Upr‘ight (B)

NI

Base (A)

7



(2) Spring C anp

C. Notes

(i) The spring clamp hol ds
hol e in the base supports the

2.5+ § 1.0

3.5

F;\\

Drill a hole approxi mately 0.5 cm
di aneter in the center of each

of the pieces of metal strapping
(D). Bend each piece of metal

strapping i nto the shape shown.

Center each clanp over each hol e
i n the base. Secur e each cl anp

to the top (horizontally) piece

of the base with a screw.

the neck of a light-bulb flask securely, while the

round bottomof the fl ask.

(ii) This design may be nmodified to accommodate nore flasks, or flasks of

di fferent

si zes.
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B8. Stand for Light-Bulb G assware

—— (1) Fl ask

St and
a. Material s Required
Conponent s Q Itens Required Di nensi ons
(1) Flask Stand 1 Wod Block (A 9 cmx 9 cmx 4 cm

b. Construction
(1) Flask Stand Drill or cut acircular hole
through the center of the block
(A). Adjust the dianeter of
the hole to the size of the
['ight-bulbflask used:
6 cmdianeter hole for
bul bs from60 to 200

watts. 7 cmdi anet er

hol e for | arger bul bs.

c. Notes
(i) Another stand for a single piece of light-bulb, or any round-bottoned

gl assware, can be nade with a piece of heavy rope approximtely 3 cmin dianmeter.
The rope is cut to a length
slightly shorter than the
maxi mumci r cunf erence of the
flask, and the ends of the
rope are taped or spliced

together to forma ring.
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B9. Banboo Test Tube Rack

(2) Test Tube
Holder

J
\

\/
A~

(1) Base

a. Material s Required

Conmponent s Qu It ens Required Di mensi ons
(1) Base 1 Wood Bl ock (A) 1 cnk 7 cmx| 8 cm
(2) Test Tube Hol der 6 Banboo Sections (B) Approximately 2.5 cm
out si de di anet er,
10 cm | ong

b. Construction

(1) Base Sand the wood block (A) to
remove splinters and rough
edges.

(2) Test Tube Hol der Sel ect banboo sections (B)

with thick walls (at |east
@ 0.2 cm. Cut away approxinmately
T hal f the I ength of each banmboo
section, but I eave one upright
pi ece as shown. Cenent t hese

Cut
._*. cylinders to the base.



-104-

C. Not es
(i) The upright section renaining on each banboo cylinder is used to support

test tubes upside down for drying.

(ii) The size of the base may be varied to acconmodate a conveni ent nunber of
bamboo cyl i nders. The di aneter of the banmboo cylinders may be varied to suit the
size of the test tubes used.



BIO Woden Test Tube Rack

(1) Test Tube Rack /

a. Material s Required
Conponent s Qu

|t ens Requi red

(1) Test Tube Rack 2 Wod (A
2 Wood (B)

b. Construction
(1) Test Tube Rack

C. Not es

Di nensi ons
8 cmx 20 cmx 1 cm
8 cmx 12 cmx 2 cm

Drill 12 holes, 2.2 cmin
di ameter at evenly spaced
interval s in one of the

| arger pieces of wood (A)
to formthe top of the rack.

Secure the sides (B) to the
top (A) as shown, with nails
or cenent. Secure the
bottom(A) in place with
nails or cement.

(i) For larger or smaller test tubes, the dimensions nay be vari ed.
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V. GLASSWARE AND CROCKERY

A. GLASSWARE

This section describes the construction of various items of laboratory glassware.
The chief activity in making these is glass cutting, which is described in detail in

a separate section. Refer to GLASSWARE TECHNIQUES AND ACCESSORIES (I) fcr specific
direction for cutting and working glass.

B. CROCKERY

Included in this section is one item composed of concrete.
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A. GLASSWARE

A Light Bulb Glassware *

- (1) Flask
: or
Test Tube N\ @

a. Materials Required

Components Qu Item Required Dimensions
(1) Flask or Test 1 Clear Incandescent Varies
Tube Light Bulb (A)
b. Construction
(1) Flask or Test Secure a hacksaw blade in a
Tube vise. Hold the bulb (A)
Sawing horizontally, and wrapped in

clcth for safety. Cut around
the edge of the base near the
terminals. Remove the end
thus cut.

*Adapted from C. S. Rao (Editor), Science Teachers' Handbook, (Hyderabad, India: The
American Peace Corps, 1968), pp 146-T47,
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Heat cutting

Cut Here

‘K\\\\\\ Tape

c. Notes

With a triangular file,
puncture the inner seal and
remove all the parts from
inside the bulb. Smooth cut
edge with emery paper or the
file,

Wrap a piece of tape around

the neck of a clear bulb (A),
about 0.3 cm from the base, as
a cutting guide. With a
triangular file or glass cutter,
make a continuous scratch all
the way around the neck of the
bulb.

Remove the tape, and use the
electric bottle cutter (I/F2)
to heat the scratch until the
bulb cracks all the way around,
Discard the base and internal
components,

Wrap the lower portion of the
bulb in cloth to protect the
hands. Hold the cut edge in
a gas or alcohol burner flame
until the edge softens and
curls back upon itself to
form a smooth 1ip.

(i) The average 150 watt bulb forms a flask of about 150 ml capacity, the
average 200 watt bulb a flask of about 200 ml capacity

(1) Bulbs of 100 watts or less may be used for test tubes.

(ii1) small test tubes may also be made from glass medicine vials or discarded

antibiotic ampules.

(iv) The bulb is made of thin enough glass to be heated safely while containing

a liquid.

(v) The glassware made from 1ight bulbs requires special supports to hold it
upright. Consult the section on Supports, Stands, and Holders (IV) for suggestions,

4




7

(1) Beaker

N

R

a. Materials Reguired

Components Qu Items Required Dimensions
Lomponents M Q! vimensions
(1) Beaker 1 Wide-bottom Jars or Varies

Bottles (A)

b. Construction
(1) Beaker

Cut off the bottom portion of
jars or bottles (A) to make
beakers of various sizes (I/F2).
B Smooth the rough edge by
filing with emery paper or a
file,
c. Notes

(i) Since bottles and jars are generally made of soft glass, rather than hard,
heat resistant glass; beakers made from bottles or jars cannot be used for hot

substances or for substances that are to be heated. When heated, they will break.




A3.kFunne1

(1) Funnel

(L

a. Materials Required

Components Qu Items Required Dimensions
(1) Funnel ] Glass Bottle (A) Varies

b. Construction

(1) Funnel Cut off the top portion of
narrow-mouthed glass bottles (A)
to make funnels of various
sizes (I1/F2).




A4. Bell Jar

a. Materials Required

Components
(1) Jug

b. Construction
(1) Jug

Qu
1
1
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Items Required

Glass Jug. or Carboy (A)
Rubber or Cork Stopper (B)

(1) Jug

Dimensions
4-8 liters
To fit Jug (A)

Cut off the bottom of the giass
jug or carboy (A). Sand the cut
edge smooth with emery paper,
Seal the neck of the jug with
the stopper (B).
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A5. Watch Glass

a. Materials Required

Components Qu Items Required
(1) Watch Glass 1 Light Bulb (A)

b. Construction
(1) Watch Glass

%

Cut

¢. Notes

(1) Watch Glass

Dimensions
Varies

Carefully cut the tops off old
light bulbs (A) to make watch
glasses of various sizes.
Smooth the cut edges by fire
polishing.

(i) The watch glass is commonly use¢ to hold small quantities of a solution fror
which crystals are to be collected.
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A6, Petr%‘nish

(1) Petri Dish

a, Materials Required

Components Qu Items Required Dimensions
(1) Petri Dish 1 Wide-byttom Bottles or Varies
Jars (A)

- b. Construction

| (1) Petri Dish Cut off the bottom of a wide-

? bottom glass.bottle or jar (A).
Make as many as needed. Smooth
the rough edge with emery paper,

c. Notes
(i) Jdar lids or aluminum foil make satisfactory tops for these dishes. Waxed
paper or cardboard dipped in wax also make suitable covers.

(ii) Petri dishes are often used to hold small quantities of a liquid from which
crystals are to be collected.

(iii) They may also be used to contain food or culture media for growing bacteria,
fungi, or molds. When petri dishes are used for culturing purposes, they must be
used with 1ids and must be sterilized (BIOL/VII/A2).
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A7. Wash Bottle

(3) Mouthpiece

A

PE— (2) Delivery Tube

(1) Container

A

N

a. Materials Required

Compcnents Qu Items Required - Dimensions
{1) Container 1 Glass cor Plastic Bottle (A) Approximately 250 ml
: ' capacity
1 2-Hole Stopper (B) To fit container (A)
(2) Delivery Tube 1 Glass Tubing Approximately 0.5 cm

diameter, and at least
20 cm longer than
height of container.

(3) Mouthpiece 1 Glass Tubing (D) About 0.5 cm diameter,
and shorter than
delivery tube.

b, Construction
(1) Container Select a glass or plastic bottle
with a narrow neck and a

capacity of about 250 ml or
larger (A).

Fit the container (A) with a
two-hole stopper (B).
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(2) Delivery Tube Make a nozzle (I/D3) at one end

_of the long glass tube (C). Fire
polish both the nozzle and the
other end and let the tube cool.
Next, bend the tube, about 8 - 10
cm from the nozzle end at a sharp
angle as shown. When it is cool,
carefully push the tube into the
stopper (B) so that it extends to
within 0.5 cm of the bottom of

— (C) the container. Trim to the

correct length, if necessary,

and fire polish the end.

(3) Mouthpiece Fire polish both ends of the
glass tube (D). About 8 - 10 cm
from one end, make a wide-angled
bend. When the tube has cooled,
push it carefully into the
stopper (B). Insert the stopper
into the container (A).

<+— (C)
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c. Notes

(i) To use the wash bottle, fill it with (distilled) water. Direct the delivery
tube in the desired direction and blow through the mouthpiece to force water through
the nozzle in-a fine stream.

(ii) If a soft plastic squeeze bottle is used, only the delivery tube and a one-
hole stopper are necessary. Squeeze the bottle to force water out the nozzle.

&




(2) Intake

A8. Aspirator

Tube

&

(1) Container

a. Materials Required

Components Qu
(1) Container 1
1
(2) Intake Tube 1
1
1
1
(3) Outlet Tube 1
1
1
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(3) Outlet
Tube

(4) Drain Tube

Items Required

Glass Bottle (A)
2-Hole Rubber Stopper (B)

Glass Tubing (C)

Glass Tubing (D)
Plastic or Rubber Tube (E)

Screw Clamp or Pinch
Clamp (F)

Glass Tube (G)

Glass Tube (H)
Plastic or Rubber Tube (I)

Dimensions

4-8 liter capacity

To fit Bottle (A)

0.5 cm diameter,
approximately 15 cm 1ang
0.5 cm x 10 cm

Approximately 1.0 cm
diameter, 35 cm long

(IV/A4 and A5)

0.5 cm diameter, 10 ¢m
longer than height of
bottle

0.5 cm x 10 cm

Approximately 1.0 cm
diameter, 35 cm long




'3,‘ (4) Drﬁin Tube

b.. Construction
(1) Container

(2) Intake Tube

(3) Outlet Tube
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.. Screw-Clamp or Pinch
Clamp (J)

Screw Clamp or Pinch
Clamp (1)

(IV/A4 or A5)

_P]éstic or Rubber Tube (K) Approximately 1.0 cm

diameter, 20 cm Tong
(IV/A4 or A5)

Fit the bottle (A) with a two-
hole rubber stopper (B).
Carefully bore a hole approxi-
mately 1.0 cm in diameter, 2 cm
from the bottom of the bottle.

Make a 90° bend about 5 cm from
one end of the longer glass tube
\C). Insert this tube into one
of the holes in the stopper of
the bottle. Fit the other end
of the tube into the plastic or
rubber tubing (E). Insert the
short glass tube (D) into the
open end of the plastic or
rubber tubing (E).

Construct a screw clamp or pinch
clamp (F) (IV/A4 or A5) to close
the tubing (E).

Make a 90° bend about 5 cm from
one end of the longer glass

tube (G). Insert this tube into
one of the holes of the rubber
stopper (B) such that the
straight section of the tube
reaches within 2 cm of the bottom
of the bottle as illustrated.

Attach the plastic or rubber
tubing (I) to the other end of
the glass tube (G). Fit the
shorter glass tube (H) into the
free end of the tubing (I)

and close it with a clamp (J).
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(4) Drain Tube Insert the plastic or rubber
tubing (K) into the hole in the
side of the container extending
it 1 - 2 cm inside the bottle.
Seal the tubing (K) in the hole
with epoxy resin. Close the
tube with a clamp (L).

c. Notes
(i) This item may be used to collect gas by water displacement. First, the bottle
is filled with water and all three tubes are closed with clamps. The intake tube is
then attached to the gas gener-
From Gas Generator To Drain ator and the outlet tube is
— % > directed into a drain or waste
Gas In Water Qut
receptacle., When both the
intake and outlet tubes are
opened (drain tube remains
closed) gas will enter the
bottle, and displaced water will
\ be forced out through the outlet

Water

tube,
Closed

(ii) The aspirator may also be used to provide suction to aid in filtration.
Again, the bottle is filled with water, and all three tubes are closed with clamps.
The intake tube is connected to

Sugztﬁgce the suction tube of a suction-
Filtered fitter flask (VI/A4). The drain
tube is directed into a drain or
\\// waste receptacle. The liquid to
Air _ be filtered is poured into the
filter funnel (fitted with
\ filter paper), and the intake and
drain tubes are opened. The
Closed outlet tube remains closed. The
Suction-filter flow of water from the aspirator
Flask bottle creates a negative
Hater-—:2:_________3___:——-;;ébrain pressure that tends to increase
Water Qut the rate of filtration in the
suction filtration apparatus.
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B._CROCKERY

‘~kB1;'M0rtar’and Pestle

(1) Mortar
(2) Pestle
o -
- a. Materials Required
- Components Qu Items Required Dimensions
(1) Mortar 0.5 kg Sand (A) Fine grain
- 1.5 kg Cement (B) -
¢ 1 Tin Can (C) Capacity approximately
| 0.5 kg
0.5 kg Modeling Clay --
(Plasticine) (D)
1 Wire Mesh (E) 10 cm x 10 cm
1 Epoxy Glue (F) -
ﬁ; 1 Light Bulb (6) 100 watts
: (2) Pestle 1 Light Bulb (H) 60 watts
1 Epoxy Glue (I) --
1 Nail (J) Approximately 10 cm
long
b._ Construction
(1) Mortar Cut the tin can (C) in half.
Pack the modeling clay
N (plasticine) (D) into the bottom
//,4_—————-Can (c) half of the can. Then mold the
clay into the external shape of
4 Clay (D) the mortar. Make the bottom of
Aégféfﬁ the clay mold smooth and flat,
/5;?/)2€; as this will be the bottom of

Cross Section the mortar.
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Wire Mesh (E)

Cross Section

L Concrete (A & B)

Clay (D)

Bubbles

Make a mixture of 3:1 cement (B)/
sand (A). Add water to make a
thick concrete paste. Next,
cover the mold with a 2 -3 cm
layer of concrete (A and B),

Cut the wire mesh (E) into 2 cm
wide strips and press the strips
on the coating of concrete.
Cover the entire surface of
concrete with the screening
strips (E).

Fill the remaining space with
concrete. Cover the 100 watt
light bulb (G) with oil and
press it halfway into the mold.
Scrape away and discard any
concrete that overflows the mold.
Level off the top of the
concrete,

Take a thin wooden or metal rod
and push it in and out of the
concrete around the bulb (G),
touching the bulb., Break

up, in this way, any air bubbles
between the bulb and the
concrete,

Allow at least 24 hours or more
for the concrete to dry. Then
cut away the can with a can
opener and tin snips and peel
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(2) Pestle

Bulb

% Bulb (H)

Nail (9J)

3 Concrete (A & B)

away the clay mold. Break and
remove the bulb, taking care to
remove all pieces of broken
glass. Place the mortar in a
large can or crock and cover it
with water. Allow it to soak
for three weeks in order te cure,
Add water tc the container as it
is absorbed by the mortar.

When the mortar has cured, remove
it from the water and allow it to
dry. Then cover the entire
surface with epoxy glue (F) to
seal the concrete, fill air
bubbles, and provide a smooth
grinding surface.

Cut the metal tip off the 60
watt Tight bulb (H) with a
hacksaw. Remove the insides.
File the cut edges smooth with
a round file,

Support the bulb upright in a
container of sand or appropriate
stand and fill the entire bulb
with the concrete paste (A and B),
Insert a nail almost all the way
to the bottom of the bulb, to
provide support for the concrete.

Allow the concrete to dry (at
least 24 hours). Break the glass
glass, leaving the metal end
intact. Cure the pestle immersed
in water for three weeks.

Remove, dry, and coat with epaxy
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glue (I), making sure all air
bubbles are filled.

c. Notes

(i) The mortar and pestle are used to grind crystals or lumps of substances into
powder. The sUbstance to be ground is placed in the mortar, and ground with the
pestle to the desired consistency.

(i1) If the epoxy-coated grinding surfaces of the mortar and pestle become worn
away with use, clean them and reapply a layer of epoxy glue to provide a smooth
surface.
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VI.  SEPARATCRS AND PURI FI ERS

Thi s section on separators and purifiers has been divided into four subsections:

A. MECHANI CAL SEPARATORS

These are devices for separating solid/solid, liquid/solid, or solid/liquid

m xtures. Included are nmagnets, sieves, filtration apparatus, and separatory funnels.

B. DI STI LLATI ONAPPARATUS

These devices are used for separating |iquid solutions and i ncl ide several types
of distillationapparatus.

C. ELECTRI CAL SEPARATOR

This device is used in the electrolytic separation of substances and to denonstrate
Faraday's quantitative | aws of el ectrol ysis.

D.  CENTRI FUGAL SEPARATORS

Centrifugal separators are used to cause the rapid precipitation of materials in
suspensi on.
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A. MECHANI CAL SEPARATCRS

Al . Magnets

N S

\ (1) Bar Magnet

a. Materials Required

Conponent s Qu Itens Required Di mensi ons
(1)Bar Magnet 1

Bar Magnet

PHYS/ | X/ Al, Not es
b. Construction

(1) Bar Magnet Purchase a magnet, or nagnetize
a steel bar according to the
instructions describedin

PHYS/ | X/ Al, Not es.
C. Not es

(i) Magnets are used to separate ferromagnetic materials fromother naterials,
such as dirt or sand.

(ii) Magnets in a variety of shapes, materials, and field strength may be
purchased from comercial sources and nay be used in place of the bar nagnet above.
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A2. Cone Sieve

} <4——-(1) Cone Sieve

a. Materials Required

Conponent s Qu Itenms Required Di mensi ons
(1) Cone Sieve | Wre Mesh (A) Approxi mately 7 cmx
7cm
1 Thin Wre (B) Approxi mately 10 cm

b. Construction
(1) Cone Sieve Cut acircle fromthe wire nesh

(A). Then cut out and renove

JE8E &

a segment of the circle as

T
1-

NIEER-- Cut
4 Qut

shown.

.1

Roll the wire mesh into the
shape of a cone, overlapping the
edges slightly. Thread the
thinwire (B) in and out of the
wire mesh, at the overl apped
edges, to hol d themt oget her.

C. Not es
(i) This cone nay be made | arger or smaller by varying the di nensions of the

wi re mesh used.

(ii) Material suitable for replacing the wire mesh nay be made by dipping a cloth

having a very coarse weave into nelted wax, varnish, or starch.

(iii) Sieves are suitable for grading small particles or washing small anounts of

material s under a streamof water.



A3. Basket Sieve

a. Materials Required

Conponent s
(1) Basket

(2) Frane

(3) Handl e

b. Construction
(1) Basket
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(2) Frame

(1) Basket

Itens Required

Wre Mesh (A)

Thin Wre (B)

Stiff, Heavy Wre (Q

Thin Wre (D)

wod (E)

%
.

s —

’//// (3) Handle

Di nensi ons

Approxi mately
30 cmx 40 cm

Approximately 20 cm
Approxi mately 4 cm
di ameter, 80 cmlong
Appr oxi mat el y

80 cml ong

2cmx 2 cmx 15 cm

Cut the wire mesh (A) according
to the pattern shown, and dis-
card the shaded portions. Then
fold all the flaps up al ong the
dashed lines. Overlap the cut
edges slightly, and thread the
thinwires (B) in and out of
the wire mesh at the overl apped

edges to hol d themt oget her.
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(2) Frane

1

8-9

(3) Handl e

/,‘

/' "

P4 ’
’ ,’
é ’
C. Not es

Bend the heavy wire (C) as shown,
to fit the dinensions of the

top of the basket. Al lowan
extension of 8 - 9 cmto fit
intothe handle (F).

Fold the top 1 cmof the basket
around the frane to the inside
and lace the thinwire (D) in
and out of the basket nesh to
secure the frame in place

Drill a hole approxinmately 0.8
cmin di ameter and approxi mately
hal fway t hrough the | ength of

t he wooden handl e (E).

Insert the straight section of
the frame into this hole in
the handl e, and cerment it in
pl ace.

(i) This basket sieve may be made | arger or smaller by varying the di nensions

of the wire nesh, frane, and handl e used

(ii) This sieve is used just as the funnel sieve in the preceding section, but

for larger amounts of material
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A4. Suction-Filter Flask

(2) Funnel

S

(3) Suction Tube

(

R
To Aspirator
(1) Flask —
a. Materials Reqguired
Conponent s Qu |t ens Requi red Di nensi ons
(1) Flask | d ass Bottle (A) Capaci ty 250-500 m
1 | - Hol e Rubber St opper (B) To fit bottle (A
1 d ass Tube (O 0.5 cmdi aneter,
6 cmlong
(2) Funnel 1 Funnel (D) VI A3
1 | - Hol e Rubber Stopper (E) To fit neck of funne
(D
1 Filter Paper (F) Approxi mately 15 cm
di amet er
(3) Suction Tube 1 Rubber Tube (Q 1.0 cmdi aneter,
15 cm | ong
"1 d ass Tube (H) 0.7 cmdi anet er,

10 cmlong
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b. Construction

(1) Flask Bore a hole (I/E2) just slightly
smaller than 1.0 cmin dianeter
~—Glass Tube (O in the side of the bottle (A)
near the top. Insert the glass
tube (C into the rubber
O }e— Hole stopper (B) so that approxi mately

hal f the tube protrudes from
the top of the stopper. Fit
the stopper into the nouth of

( > the bottle.

(2) Funnel Insert the protruding end of

the glass tube into the stopper
(E) for the funnel (D). Push

the two stoppers together, and
fit the funnel stopper into the

] neck of the funnel (D).
St oppers (B,E) Wth
d ass Tube (Q
Bet ween Them

(3) Suction Tube Insert the rubber tubing (G
into the hole in the side of
the bottle so that about | cm
of tubing is inside the bottle.
Seal the tubing in place with
eqoxy resin. I nsert a short
pi ece of glass tubing (H) into
the open end of the rubber
t ubi ng.
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c. Notes
(i) Acircle of filter paper is folded as illustrated and placed in the funnel.
The suction tube is then connectedtothewater-filled aspirator (VI A8). The

material to be filteredis

placed in the filter paper
)Fold @ the funnel. Water is then in
T allowed to drain from the
Fol d Qpen aspirator. The partial vacuum
thus formed will draw air from

the flask, and air on the outside will be drawn through the funnel, causing nore
rapid filtrationto occur.

(ii) Filter paper is available fromcommercial suppliers, but substitutes include

paper towels, blotting paper, or cotton.



-132-

A5. Separatory Funnel

(1) Funne| —=

(2) Delivery Tube

a. Materials Required

Conponent s Qu Itens Required Di mensi ons
(1) Funnel 1 d ass Bottle (A) Capacity 250-500 ni
1 Rubber Stopper (B) Approximately 2 cm
di amet er (I arge end)
(2) Delivery Tube 1 | - Hol e Rubber Stopper (Q To fit bottle (A
1 d ass Tubing (D 0.7 cmdi anet er,
15 cml ong
1 Rubber Tubing (E) I cmdianeter,
8 cmlong

1 Wooden Pinch danp (P | VI A4
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b. Construction

(1) Funnel

Moyt

p (o)

(2) Delivery Tube

Ol
i

— 5 —
T Q

)

t t t
Di scard Nozzl e Connect or

Sel ect a clear glass bottle (A)
with a tapered, narrow neck.
Drill a hole in the bottom of
the bottle and enlarge it suffi-
ciently to receive the rubber
stopper (B). Snooth the rough
edge with emery paper before

seal i ng.

Heat the glass tubing (D) with
a burner and draw it out near
one end and cut as shown to
leave a 5 cmlong nozzle and a
5 cml ong connector. Carefully
fire polish all cut edges.’
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Fit the gl ass connector into,
but not through, the one-hole
rubber stopper (C). Insert the
other end into the rubber
tubing (E), and connect the
rubber tubing to the nozzle.
Fit the stopper into the neck
of the bottle.

Construct a wooden pinch cl anp
(IVIAMd) and use it to close the
rubber tubing.

«——— Glass
Connect or

< Rubber
Tubing (E)

C. Not es
(i) The separatory funnel is used to separate two liquids that do not mix. Wth
the delivery tube closed, the mxture of liquids is poured into the funnel through
_ the hole at the top, (bottom of
bottle). The funnel is then
< ﬁ seal ed and shaken vi gorously

for several seconds. Then the

Ty

funnel is secured in aring

stand (1V/B4) or other appro-

priate support and allowed to
rest undi sturbed until the

liquids separateintolayers.

) The lower liquidis then drained
}] through t he delivery tube by
~Nd

openi ng t he pinch clanp. In
order to allowthe funnel to drain properly, the stopper nmust be renoved fromthe
t op.
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(ii) Aglass bead just slightly larger than the internal dianeter of the rubber

<+———— Glass

Tube
Pi nch Glass
Her e Bead
- Rubber
Tube

—GGlass

Tube

Cross Section

tubi ng may be used in place of
t he pi nch cl anp. Push t he bead
i nto the rubber tubing before
inserting the gl ass nozzl e.

The bead will seal the rubber
tube. To dispense liquid from
the funnel, squeeze the tube
bet ween thunb and forefinger

at the location of the bead.
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B.  DISTILLATION APPARATUS

Bl. Sinple Distillation Apparatus

(2) Delivery
Tube —_—

Fl ask

a. Materials Required

Conponent s Qu ltems Required
(1) Distilling Flask 1 Fl ask (A)

1 | - Hol e Rubber Stopper (B)

(2) Delivery Tube 2 d ass Tubing (Q

1 Rubber or Plastic

/ (3) Collecting
Flask

Di nensi ons

Capaci ty appr oxi -
mately 200 m

To fit flask (A)

0.7 cmdi anet er,

5 cmlong

1 cmdianeter, approx-

Tubi ng (D) imtely 60 cm|ong
(3) Collecting 1 Flask or Bottle (E Capacity approxi -
Flask mately 200 ni
b. Construction
(1) Distilling Flask Fit the light bulb flask (A) or

other flask with the one-hol e

rubber stopper (B).
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(2) Delivery Tube Support the flask in a stand,
(I'v/B4, B5 or B6).

Insert a short piece of glass
tubing (C into the stopper in
the flask. Attach the other
end of the glass tube to a | ong
pi ece of rubber or plastic
tubing (D). Insert another
short piece of glass tubing (C
into the other end of the
rubber or plastic tubing.

(3) Collecting Flask Place a flask (E) or jar in a
bow or pan of cool water and
lead the free end of the
delivery tube into the flask

c. Not es
(i) Asample of aliquid--inpure water, for exanple--to be distilled is placed
inthe distilling flask, and the stopper is inserted into the flask. The liquid
is heated until it boils. As the liquid boils, its vapor travels through the
delivery tube and i s cool ed enough by air surroundi ng the tube to condense and
dripintothe collecting flask. The water in the bow helps cool the condensed
liquidstill nore, as it is quite hot when first collected.

(ii) This sinple apparatus is ideal for student participationin sinple distil-

| ation operations involving small vol umes of i quids.
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B2. Condenser

(3) Condensing Tube

/ (2) vater Jacket

{
\('I) St and
a. Materials Required
Conponent s Qu tems Required Di mensi ons
(1) Stand 2 Wod (A) 18cmxl5 cmxlcm
1 Wod (B) 25 cmxl5 cnmxl cm
2 Nails (Q 3 cmlong
2 Rubber Bands (D) 5cmx 9 cm
(2) Water Jacket | Plastic or Gass Bottle (E) Capacityapproxi mately
1-2 liters
1 | - Hol e Rubber St opper (F) To fit bottle (E)
2 Rubber Tubing (G 1 cmdi anet er,
3 cmlong
2 d ass Tubing (H 0.7 cmdi aneter
10 cmlong
(3) Condensing 1 d ass Tubing (1) 0.7 cmdi anet er,
Tube 10 cm| onger than

bottle



c. Construction

(1) Stand
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Trace around the base of the
bottle (E on the larger piece
of wood (B) as shown. Cut al ong
the traced |ine.

Draw Line

>
=

<

P

25

- Nail (O

/

Inasinilar fashion, make a
smal | semicircular cutout to
accommodat e t he neck of the
bottle (E) in one of the
smal | er pieces of wood (A).

Nai| the two sections with
cutouts tothe third (A to
formthe stand. Drive a nail

(O into each upright to

anchor the rubber bands (D)
that hold the water jacket in
pl ace.

S~

(2) Water Jacket

Outlet
/

9

/

(S

nl et

Take a plastic bottle (E) if
possi bl e, a glass bottle if
necessary. Drill three holes
approximately | cmin dianeter

inthe bottle as illustrated.
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Fit each short piece of glass
tubing (H into a piece of
- Glass rubber tubing (G . Insert each
Tube (H) pi ece of rubber tubing into one
of the holes in the side of the
bottle. Seal with epoxy resin
~——— Rubber if necessary to nake sure that

Tube (G) the seal is watertight.

Fit the mouth of the bottle
wi th a one-hol e rubber stopper
(F).

(3) Condensi ng Tube Insert a long glass tube (I)
through the hole in the base of
the bottle, all the way through
the bottle, and through the
rubber stopper to the outside
agai n.

Rest the bottle in the stand
with the base higher than the
neck and the inlet tube bel ow
the outl et tube. Loop the
rubber bands (D) around the
base and neck of the bottle to

secure it inposition.

C. Not es

(i) To use this condenser, fasten a rubber or plastic tube fromthe flask in
which a liquid is being boiled to the upper end of the condensing tube (that end
protruding fromthe bottomof the bottle). Another tube, froma cold water source,
is connected to the inlet (lower) tube, and a third rubber or plastic tube is
attached to the outlet and led to a drain. As hot gas flows through the con-
densing tube, it is cooled by the water jacket and condenses, to drip as a liquid
fromthe | ower end of the condensing tube where it can be collected in a beaker
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(2) Water Jacket
(Cutaway view)

(1) Frame Support

Di mensi ons
4 cmx 5 cmx 25 cm

2 cmx 16 cm x 25 cm

1.5 cmx 23 cm

Capacity approxi matel y
I-1.5 kg

7 cm dianeter,
5 cm | ong

0.7cm d ameter

5 ¢m | ong

poom ooutside diametoy
3 ¢m o longer than can
height

Water Still
Fﬁ
//— - -—— () Condensi ng
\ / nee
B
\jl\\é j//’_
— J _—
f
[
a. Materials Required
Conponent s Qu Items Required
(1) Frane Support 4 Wood (A)
| Wood (B)
(2) water Jacket 2 Metal Strapping (O
1 Large Tin Can (D)
2 Rubber Tubing (FE
2 d ass Tubing (F)
(3) Condansing | Copper Pipe (G
1 1- Hol e Rubber Stopper (H

Approximately 2.5 cm
diameter (large end)

3
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1 d ass Tubing (1) 0.7 cmdi aneter,
5 cmlong
b. Construction
(1) Franme Support Nai | two pieces of wood (A) to

aflat piece (B) to forma base
’4-7 /7 wood (A) and uprights. Then nail two
nore pi eces of wood (A) to the

out si des of the uprights, as

the can.

3 shown, to formsupports for

/ / ~+——— Base (B)
|

(2) Water Jacket Cut a hol e approximtely 2 cm
in dianmeter in the center of

the bottom of the can (D).
Crinmp the cut edges i nward.

aitlet —0 Cut a snaller hole, not quite

lcmin dianeter, in the side
of the can near the bottom to
accommodat e the i nl et tube.

Cut another small hol e, not

O<4—Inlet
quite 1 cmin diameter, in the
side of the can near the top,
< for the outlet tube.
2.0
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VWt erti ght Seal

(@
\

d ass
Tube (F)

Rubber

Tubi ng (E)

TN
N

& Strapping §
WN\__“/ﬂ

7

1

(3) Condensi ng Pi pe

I nsert each short piece of glass
tubing (F) into a short piece of
rubber tubing (E). Insert each
rubber tube into one of the two
smal | holes in the can. If the
rubber t ubes do not fit snugly

by thensel ves, nmake a water -
tight seal with candl e wax or

epoxy resin.

Set the can in place in the
frame support. To secure it in
position, nail two pieces of
strapping (C) to the frane
support, one on each side of
the can.

Choose a one- hol e rubber
stopper (H) that tightly seals
the hole in the bottomof the
wat er j acket can. Insert a
short piece of glass tubing (1)
part way through t he stopper,
fromthe large end. Insert the
copper pipe (G into the

st opper fromthe ot her end.
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I nsert the condensing pipeinto
the water jacket can through
the hole in the bottomof the
can. Push the stopper tightly
into the hole fromthe outside.
Seal with candl e wax or epoxy

" Copper Pipe (G) resin, if necessary, to produce
a watertight seam

\-— Glass Delivery

Tube (I)

C. Not es

(i) Aplastic or rubber tube froma water source is attached to the inlet tube
and anot her tube is attached to the outlet tube and led to a drain. A plastic or
rubber tube fromthe container in which water is boiled is connected to the free
end of the copper condensing pi pe. VWat er vapor flow ng through this tube wll
condense and drip fromthe gl ass delivery tube at the bottomof the still, where

it can be col |l ected.

(ii) This still is suitable for continuous operation, in order to produce dis-
tilled water for class use. In such a case, a large kettle should be used for
boiling the water, and a plastic or rubber tube can be attached to the delivery
tube and | ed to a storage contai ner.

(iii) The size of the frame support for this still is determ ned by the size of
the can used for the water jacket. Its dinmensions will vary, according to the
si ze of the can used.



Cl. Electrol ysis Apparatus

a. Materials Required

Conponent s
(1) Contai ner

(2) El ectrodes

(3) Collecting Tube

(4) Frane Support

b. Construction
(1) Contai ner
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C. ELECTRI C SEPARATCR

< (3) Collecting

Tubes
4o (4) Frane
Support
]
- X‘ (2) El ectrodes
(1) container
Qu Itenms Required Di nensi ons
1 dass Jar (A Appr oxi mat el y 100- 200
m capacity
2 Stiff Wre, Insulated (B) Approximately 0.1 cm
diameter, 25 cm|ong
2 Thi n Copper Sheet (C) 1.5cmx 3.0 cm

2 Maski ng or Adhesi ve Tape (D) 2cmx 4 cm

2 Test Tubes or Vials (E Approxi mately 1.5 cm
diameter, 10 cm long
2 Wod Strips (F) 0.2cmx 2 cmx 15 cm
2 Wood Bl ocks (G Approxi mately 2 cmx
2 cmx 1.3 cm
2 Rubber Bands (H) Approximately 0.2 cm
X 4 cm

Choose a small glass jar (A
with a capacity of 100 - 200 nl,
or cut off the top of ajar to
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nmeke a contai ner of appropriate
si ze.

(2) Electrodes Strip about 1.5 cmof the insul a-
tion off each end of the stiff,

Sol der Here

PRI

insulated wire (B). Sol der one

end of each wire to a piece of
the copper sheet (C), as shown.

When t he sol der has cool ed,
roll the copper sheet (Q into
aspiral plate.

Bend each of the stiff wires (B)
as illustrated. Make the |arge
| oop long enough to fit over the
l'ip of the container (A) when
the flat 2 cmportion of the

2
wire is resting on the bottom of
F_ 2 I t he cont ai ner.

Pl ace the el ectrodes at opposite
si des of t he contai ner. Adj ust
the bends, if necessary, so that
the plates of the electrodes are
about | cmapart. Secure the
wires to the outside of the
container with tape.
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(3) CollectingTubes For the collecting tubes (E),
use smal | glass or plastic test
tubes or vials that are slightly
tall er than the height of the
cont ai ner (A).

(4) Frame Support For the frame support, use two
thin, flexible wooden strips (F)
about twice as long as the
di aneter of the container. Cut
two snall wooden bl ocks (G just

a
slightly uenarrower than t h e
Ediameter of the collec di anet er of the collecting tubes.
g Glue the — - —two blocks t to one of

the strips, about 5 cmapart.

Glue —\
\

G ue the other strip to only

LV

N
NN

one of the bl ocks, as shown.

Hol d t he rubber bands (H) aside
until the apparatus has been
set up [see Note (i)].

C. Not es

(i) This apparatus is used to separate water into oxygen and hydrogen, which
are collected in the tubes. The container is filled with water sufficient to cover
the ternminals by less than 1 cm Alittle vinegar or washing soda (NayQ03°10H)0)
is added to the water to increase its conductivity. The collecting tubes are
filled with the same acidic (vinegar) or basic(NapQg3) solution. Then, with the
open end seal ed with a thumb or forefinger, each tube is inverted and placed into
the container. The open end of the tube nmust be placed bel ow the surface of the
solution before it is uncovered. Then, w thout being lifted out of the solution,
each tube is placed over one of the el ectrodes.

The franme support may be placed around the two collecting tubes. It is

secured tightly around the tubes with rubber bands at each end. Wth the tubes
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thus supported, the frame is rested on the top of the container and the tubes are
careful ly adjusted so that the open ends do not rest on the bottomof the container,
but are about 1 cmabove the bottomand bel ow the surface of the solution in the
cont ai ner

When the free ends of the el ectrodes are connected to three or nore 1.5 volt
cells connected in series, sufficient current passes through the solution to break
down the water. Hydrogen is the gas generated at the negative plate (cathode) and
collected in the tube placed over that plate. Oxygen is generated at the positive
pl ate (anode) and is collected approxi mately one half as rapidly as hydrogen.

(ii) This apparatus is quite suitable for student use in the | aboratory, as it is
sinple to set up and requires little current. Wth three or nore 1.5 volt cells,
the gases are evolved rapidly and the tubes can be filled in about 20 - 30 m nutes.

(iii) Several factors enhance the efficient operation of this apparatus. The
smal | vol ume of solution used and the proxinmity of the plates reduce the amunt of
resistance in the systemand allowit to function on | owcurrent. If the pl at es
are cl eaned after each use, the apparatus will also function nore efficiently.
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D. CENTRI FUGAL SEPARATORS

D. Hand Drill Centrifuge

(1) Horizontal Bar \

~———(3) shaft

pemenne (2) Test Tube
Holder

V

a. Materials Required

Conponent s Qu Itens Required Di nensi ons
(1) Horizontal Bar 1 Wod (A) 2cmx 2cmx 32 cm
(2) Test Tube 2 Stiff Wre (B) Approxi mately 0.2 cm
Holder di aneter, 30 cmlong
(3) Shaft 1 Nai | (C 0.5 cmdi aneter,
18 cm | ong
1 Bolt (D) Approximately 0.5 cm

diameter, 2 cmlong

b. Construction

(1) Horizontal Bar Drill holes, approximtely 0.4
0.4 cmin diameter, at each end of
‘ t he wooden bar (A). Drill a

hol e through the center of the

bar, as shown. Make the di a-

neter of this hole slightly
. smal | er than the dianeter of
0.4 the nail (C used for the shaft.
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0.4 Then, drill a hol e perpendicul ar
i'. to and intersecting the hole in

lCD \ the center of the bar. Make the

I

— di ameter of this hole slightly
:,\"‘L~ smaller than the diameter of

L O ' the bolt (D) used to hold the
I

[
L -a \ shaft in place.

(2) Test Tube Hol der Take a test tube of the size that
will be used in the centrifuge.
W nd one pi ece of heavy, stiff
wire (B) (coat hanger wire, for

exanpl e) around the test tube
two or three times. Make the
coil very snug around the test
tube so that the test tube lip
will not slipthroughit. Leave
a straight portion of about

8 -9 cmat the top of the coil.

Bend the straight portion of
the wire at an angle to the
rest of the coil as shown.
About 3 cmfromthe coil, bend
the wire again, at right angles
to the upright portion.




(3) Shaft
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C. Not es

(i) A precipitatefornmed by a chenical

Fit the free end of the wire
into one of the end holes in
the horizontal bar. Check to
see that the fit is | oose
enough for the hol der to swing
easily. Then bend the excess
wi re down, as shown, to secure
t he hol der in the horizontal
bar.

Repeat this procedure for the
construction of the second test
t ube hol der.

Carefully thread the short bolt
(D) into the center, horizontal
hole in the horizontal bar.

Then unscrew it hal fway. Fill
the nail hole (vertical hole)

wi th epoxy glue and tap the
nail (C) intothe hole. Tighten
the bolt against the nail and
coat the threads of the bolt

Wi th epoxy gl ue.

reaction in a test tube will eventually

settle to the bottom because of the force of gravity acting upon it. The time

-Precipitate

required for a given precipi-
tate to settle is dependent on
several factors; anong these
are the volune, density, and
particle size of the precipi-
tate. Spinning such material in
atest tube in a centrifuge
reduces this duration by creat-
ing astrong centrifugal force,
whi ch causes t he heavi er
precipitate to settle to the
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out si de of the centrifuge. When the test tube hol ders are free to pivot outward,
as inthis centrifuge, the test tubes will assume a nearly horizontal position

when the centrifuge is in rapid notion. Thus, the bottomof the test tube

beconmes the "outside" of the centrifuge, and precipitate is pulled to the bottom of
the tube.

(ii) To use this centrifuge, place an appropriately sized test tube containing
material to be centrifuged through one of the wire hol ders. To bal ance the centri -
fuge, place a test tube with an equal volune of water in the other hol der. Take
care to insure that the test tubes are securely held in place by the hol ders.

Seal both test tubes with corks or stoppers to prevent spillage. Fix the end of
the shaft firmly in a hand drill. Clanp the drill handle tightly in a heavy vise,
stand at arms length fromthe drill, and turn the handle of the drill. The centri-

fuge wi Il spin, causing the precipitate to collect at the bottomof the test tube.

To stop the centrifuge, let go of the drill handle and allowthe centrifuge to
continue to spinuntil it comes to a gentle stop. Anot her way to stop the centri -
fuge is to turn the drill handle nore and nore slowy until it is brought to a

gentle stop. Sudden stops, which will shake up the precipitate, are to be avoi ded.

(iii) If aviseis not available, the drill nay be held at arnmis | ength fromthe
body while the centrifuge is spun.

(iv) This centrifuge is capabl e of being spun at 300 - 500 revol utions per
mnute. It was tested with several precipitates, such as CaC3 and AgN03, and was
found to reduce settling time fromseveral hours (gravity) to |l ess than one ninute.

(v) This centrifuge, whether clanmped in adrill or held at arm s I ength, nust
be used with extrene care since the test tubes swing close to the user. A safer,
nore pernmanent centrifuge, which incorporates this centrifuge as its rotating
assenbly, is describedinthe follow ng section.
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D2. Centrifuge

N

' (4) Head

—(3) Axl e

a. Materials Required

Conponent s Qu Itens Required Di mensi ons
(1) Base 1 Wod (A) 4 cmx 9 cmx 30 cm
3 Wood (B) 2 cmx 5 cmx 30 cm

2 Wod (O 2 cmx 5 cmx 25 cm



(2) Wheel

(3) Axle

(4) Head

b. Construction

(1) Base

Wwod (B)

— N -
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Wod (D)

Wod (E)
Wooden Spool (F)

VWashers (Q

Screw (H)
Screw (1)

Rubber Strip (J)

wod (K)

Approxi mately 3 cmx
3cmx 1 cm
lcmx 15 cmx 15 cm

Approxi mately 3 cmx
3cmx 3 cm

Approximately D. 8 cm
i nsi de di aneter, 2.0
cmout si de di anet er

Approximately 0.6 cm
di aneter, 6.0 cmlong

Approxi nately 3 cm
| ong

1 cmx 50 cm

4 cmx 4 cmx 16 cm

Wooden Spool or Dowel (L) 3 cmdi aneter,

Finishing Nail's (M
Screw (N)

Washers (0)

Nai | (P)
Bolt (Q)

Rubber Strip (R
Metal Strapping (S)
Wod (T)

Stiff Wre (U)

Bolt (V)

3.5 cmlong

Approxi mately 5 cm
| ong

Approxi mately 0.6 cm
di aneter, 6.0 cmlong

Approximately 0.8 cm
i nsi de di aneter, 1.5
cmout si de di anet er

0.5 cmdi aneter,
18 cm | ong

Approximately 0.5 cm
di ameter, 2 cmlong

3.5cmx 10 cm
11 cmx 1 cm

2cmx 2 cmx 32 cm

Approximately 0.2 cm
di aneter, 30 cmlong

Approxi mately 0.5 cm
di ameter, 2 cmlong

Wth nails or glue and screws,
secure the thick piece of wood
(A) to two pieces of wood (B)
as shown to formthe feet and
bottomof the base. Drill a
hol e approximately 0.5 cmin
di aneter at each end of the
feet (B).
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(2) Wheel

0.7

e

g&r Strip (J)

wod (E)

Handl e (F)

Next, nail or glue and screwthe
third piece (B) to the bottom of
the base, in an upright position
as shown. Secure the two
shorter uprights (C in position
as shown. Que the small piece
of wood (D) to the center of the
hori zontal board. Wen the glue
has dried, drill a hole about
0.5 cmin diameter through the
smal | piece of wood (D) and a
centimeter or sointo the base

(A).

Inscribe acircleinthethin
wooden square (E). Carefully
cut out the circle. Drill a
hol e, 0.7 cmdi aneter, through
the center of the circle.

Fasten the strip of rubber
sheeting (J) (e.g., fromatire
i nner tube) to the circunfer-
ence of the wheel with glue and

small nails wth heads.

Wth the shorter screw(l),
fasten the wooden spool (F)

| oosely to the wheel about

hal f way between the center and
edge of the wheel. The handl e
nust be free to rotate around
the screw.
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«— Screw (H)

VWheel Washer s

(G

(3) Axle

D

:‘-_5—-— Nail Hole

*———Bo1lt Hole

'U'

Ve

Mount the wheel to the base by
inserting the long screw (H
through a washer (G, through
the wheel, then through the
second washer (G . The holes in
t he wheel and washers shoul d be
slightly larger in diameter than
the screw (H). Finally, turn
the screwfirmy into the small
pi ece of wood (D) on the hori -
zontal board of the base. Make
certain that the wheel will
rotate freely around the screw
Wi t hout wobbl i ng.

For the upper section of the
axl e, use the wooden bl ock (K)
or dowel. Drill a hole approxi-
mately 0.4 cmin dianmeter and
approximately 5 cmdeep into
the center of one end of the
block. Then drill a second

hol e, about 2.5 cmfromthe end,
at aright angle to and inter-
secting the first hole. Make
the hol e about 0.4 cmin
dianeter, or just alittle

snmal ler than the bolt (Q which
istobethreaded intoit.

Flatten the end of a large
nail (P) by hammering it on a
metal block or anvil,
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O

— Nai | (P) Wth
Head Renpved

Bolt (Q

t

\

)
[
[ Y LI
N7, '
\
\\I

Carefully thread the bolt (Q
as far as possible into the
bolt hole in the axle, then
unscrewit hal fway. Fill the
nail hole with epoxy glue, and
tap the nail (P) into the hole.
Tighten the bolt against the
nail, then coat its threads

wi th epoxy gl ue. Finally, cut
the head of f the nail.

For the |l ower section of the
axl e, use a wooden spool (L)
fromwhi ch the thread has been
removed, or a 3 cmdi aneter
dowel . Cut the spool or dowel
to a height of about 3.5 cm
Fasten a strip of rubber sheet
(R) around the outside, just as
for the wheel. Enlarge the
hole in the spool to about 0.7
cmdi aneter.
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Finishing

Base
Uprights

Over head Vi ew of Base, Weel
and Axl e Location

Fit one washer (0) on the top

of the spool, aligningthe holes
of spool and washer. Drive
three small finishing nails (N
into the top of the spool, out-
si de t he washer. Let appr oxi -
mately 3 cmof nails protrude
fromthe top of the spool, and
cut off their heads.

Locate the position of the axle
by setting the spool on the
hori zontal board (A) of the
base such that the rubber strip
on the spool presses firny
agai nst the rubber strip on the
wheel. Mark the position of
the center of the spool, and
drill a small hole at that
position
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-

Washer (0

Strapping
(s)

¥ O\

Mount the spool (L) on the

hori zontal board (A) of the
frame by passing a |l ong screw
(N) through t he washer (0) and
spool (L); then through a second
washer (O, and into the hole in
the base. Turn the screw
firmy into the horizonta

board, so that the spool is
free to rotate. Inaddition,
the edge of the wheel nust rub
the edge of the spool firmy
enough so that when the wheel

turns, the spool also rotates.

Construct strapping braces for
the axle as follows: Drill a
hole 0.8 cmin dianeter in the
center of one of the pieces of
netal strapping (S). Nail this
pi ece to the two shorter up-
rights (C of the base such
that the hole in the strapping
is directly over the center of
the spool on the base bel ow.
Drill a simlar hole near one
end of the other piece of
strapping (S), and nail it, as
shown, to the taller upright of
the base (B) such that its hole
is directly over the hole in
the strapping belowit. Trim
of f any excess.
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Slip the nail end of the upper
section of the axle through the
hol es in the strappi ng braces.
Rest the other end of the upper
section evenly on the tops of
<23 the three nails in the spool

and then drive the upper section
into the nails with a hanmer so
that the spool and upper sec-
tionwill forma continuous
solid piece. However, do not
drive the upper section so far
down that its end will hit the
top of the screw and prevent
the entire axl e fromturning

If this operation has been done
correctly, the axle will turn
when the wheel is rotated

(4) Head Prepare the horizontal bar and
test tube hol ders according to
directions given for the Hand
Drill Centrifuge, VI/D, using
the wood (T) and stiff wire (U).
Secure the nail of the axle to
the centrifuge head accordi ng
todirections givenin WVI/Dl
with the bolt (V).

c. Not es
(i) The centrifuge should be bolted or clanped to the table top before using

(ii) To use this piece of apparatus% the substance to be centrifugedis placed
inan appropriately sized test tube. A second test tube is filled with an equa
anmount of material to be centrifuged or an equal volume of water. Each test tube
is placed in one of the holders and checked to see that they will not slip out
through the holder. Both test tubes are sealed with stoppers. Stand at arnis
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length fromthe centrifuge and turn the wheel, first slowy, then nore and nore
rapidly. The tubes will be spun about in a nearly horizontal position. Do not
try to stop the centrifuge suddenly by hol ding the wheel stationary; either let go
of the wheel and allowthe centrifuge to cone to a gentle stop, or turn the whee
nore and nore slowy until the centrifuge is brought to a gentle stop

(iii) Matched pairs of test tube hol ders of various sizes nay be constructed and
used i nterchangeably in the sane centrifuge head, if desired.

(iv) When the wheel of this centrifuge is turned rapidly, about 150 turns per
mnute, for example, the centrifuge head spins at nearly 500 revol uti ons per

m nut e.
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VI I . GAS GENERATORS

The apparatus used in the production of gases has been placed in two sections, one
of which contains the conplete apparatus for gas generation while the second section
contai ns two devices useful in collecting gases.

A. GAS GENERATORS

Three types of generators will be given: si npl e devi ces for which no speci al
equi pnent is required; and an i nexpensive version of Kipp's gas generator.

B. ACCESSORI ES

I ncl uded here are the beehive shelf and netal sheet shel f.
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A. GAS GENERATORS

Al. Sinple Gas Generator and Col | ecting Appar at us

(1) Generator _
(2) Delivery Tube

g )
(3) Col | ecting N‘

Appar at us
a. Materials Required
Conponent s Qu Jltems Required Di mensi ons
(1) Generator Tube 1 Test Tube or Flask (A) Capacity at |east
50 m
1 | - Hol e Rubber Stopper (B) To fit generator
tube (A)
(2) Delivery Tube 1 d ass Tubing (Q 0.5 cm di aneter,
5-10 cmlong
1 Rubber or Plastic To fit glass tubing
Tubi ng (D) (Cand E), 30 cmlong
1 d ass Tubing (E) 0.5 cm dianeter,
15-25 cmlong
(3) Collecting 1 Test Tube, Flask, or Capacity at |east
Appar at us Bottle (F) 50 m
1 Bowl or Pan (G 250 m or greater
capacity
b. Construction
(1) Generator Tube For the generator tube, use a

hard- gl ass test tube or flask
suitable for heating (A).
Secure test tube in a slanted
positionw th an appropriate
clanp or support (1V/B5 or B6).
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Fit the generator tube with a
one- hol e rubber st opper (B).

(2) Delivery Tube Insert the shorter glass tube
(O through the one-hol e rubber
stopper.  Connect the rubber or
plastic tubing (D) to the free
end of the glass tube (Q).

Bend t he | onger gl ass tube (E)
at a 90' angle or less, and
connect it tothe flexible
tubing (D).

(3) Col I ecting Appar at us Sel ect a large test tube,
flask, or bottle (F). Fill with
wat er, cover the opening, and
invert ina bow or pan of
water (G so that the water is
heldinthe bottle (F). Uncover
t he opening and pl ace the free
end of glass tubing (E) intothe
mout h of the coll ecting tube.

C. Not es
(i) This apparatus is suitable for student use in generating snall anounts of
gases which are insoluble or only slightly soluble in water.

(ii) Small ambunts of reactants are placed in the generator tube and carefully
heated (if heating is required). The gas generated passes through the delivery
tube, and is collected by displacing the water in the collecting tube.
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A2. Fl ask Generat or

~4————— (2) Funnel

(1) Generator (3) Delivery Tube

Fl ask

—J

a. Materials Required

Conmponent s Qu ltems Required Di mensi ons
(1) Cenerator Flask l Fl ask or Bottle (A) 250 m capacity or
| ar ger
1 2-Hol e Rubber Stopper (B) To fit flask (A)
(2) Funnel 1 Long- necked Funnel (C) Approximately 10 cm
di ameter (large end)
(3) Delivery Tube 2 d ass Tubing (D 0.5 cm dianeter,
15-25 cm | ong
1 Pl astic or Rubber To fit glass tubing,
Tubi ng (E approxi mately 30 cm
l ong

b. Construction

(1) Generator Flask Support the flask or bottle (A,
i f necessary, in a suitable sup-
port. Fit the flask with a two-
hol e rubber stopper (B).

(2) Funnel Sel ect a funnel (O with a
sufficiently I ong neck to reach
nearly to the bottomof the
flask (A). Carefully push the
funnel neck through one of the
hol es in the stopper (B).

(3) Delivery Tube Make a 90' bend in each piece
of glass tubing (D). Connect
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these with flexible tubing (E).
Insert one of the glass tubes
into the second hole of the
rubber stopper (B).

c. Not es

(i) This apparatus is used in conjunction with the collecting apparatus just as
described inthe previous section (VII/AI).

(ii) This device is generally chosen when the gas generating reaction involves
a solid (such as zinc) and a liquid (such as dilute sulfuric or hydrochloric acid).
The solid is placed in the bottomof the generator flask, then the rest of the
apparatus i s placed in position. When the collecting bottle is in place, the
liquidreagent is added through the funnel. Thus, the reaction does not begin

until the apparatus is seal ed. Additional liquid can be added to the flask wth-
out di smantling the apparat us.

(iii) Ifa funnel made froma cut-down bottle is used(V/A3), it will be necessary
to adapt the construction of
thisitemslightly. Connect

such a funnel to the flask (A)
with a long piece of glass

tubi ng runni ng through the
stopper (B) and a one-hol e
stopper fitted into the funnel.
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A3. Kipp's Cenerator *

(4) Funne

(3) Gas Deli very
Tube

(2) Reaction

;’4 Fl ask
%

l(% ~_ \ (D) Acid

ly //// { ) Cont ai ner

77
<

*Adapted from C S. Rao (Editor), Science Teachers' Handbook, (Hyderabad, India
American Peace Corps, 1968), pp 174-175
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a. Materials Required

Conponent s Qu ltems Required Di nensi ons
(1) Acid Container | d ass Jar (A Capaci ty approxi -
mately 500 m
| Rubber St opper (B) Approximately 2.0 cm

di ameter (I arge end)

Pl asti ci ne (Model i ng 4dcmx4dcmxdcm
G ay) or Pitch (Q

(2) Reaction Flask ! G ass Bottle (D) Capaci ty appr oxi -
mat el y 500 m
1 ! or 2-Hol e Rubber To fit bottle (D
St opper (E)
1 d ass Tubing (F) Approximately 0.7 cm
di ameter, 30 cml ong
1 Rubber Tubing (Q 1.0 cmdi aneter,
3 cmlong
1 | - Hol e Rubber Stopper (H) Approxi mately 2.0 cm
di amet er (I arge end)
(3) Gas Delivery 1 d ass Tubing (1) 0.7 cmdi aneter,
Tube 5 cml ong
1 Rubber Tubi ng (J) 1.0 cmdi anet er,
30 cml ong
1 Pinch danp (K (1'VIAd)
(4) Funnel | d ass Bottle (L) Capacity approximtely
1 Titer
1 | - Hol e Rubber Stopper (M To fit bottle (L)

b. Construction

(1) Acid Container Select a low, w de-mouth jar
with a capacity of about 500 m
(A). Drill a hole in the side
of the jar, just above the
bottom (I/E2). Enlarge the
hole, by filing with a round
file, to a diameter of 1.7 -
1.8 cm Seal this hole with a
solid r ubber st opper (B).



-169-

(2) Reaction Fl ask

//’_\ 0.8-0.9

ES+— | Daneter

©+ 1.7 - 1.8
Di anet er

stopper (H)

Bottle (D)

For the reaction flask, choose
a narrow necked bottle (D) that
will just fit into the neck of
the acid container (A). Drill
a hole in the center of the
bottom of the bottle (D, and
enlarge the hole to a dianeter
of 0.8 - 0.9cm Drill a
second hol e in the side near
the bottom Enlarge this hole
to a diameter of 1.7 - 1.8 cm
Fit a one-hol e rubber stopper
(H into the side hole.

Sel ect a stopper (E) that fits
the neck of the bottle (D). If
it is aone-hole stopper with
around file, enlarge the hole
in the stopper to about two to
three tinmes its normal dianeter.
Fit this stopper into the neck
of the bottle. If atwo-hole
stopper is avail abl e, make no
alterations, and fit the
stopper into the neck of the
bottle (D).
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& Rubber Tubing (G

A ass Tubing (F)
-

Fire polish (1/D4) both ends of
the gl ass tubing (F). Insert
one end into the short Iength
of rubber tubing (G . Al ow

4 - 5 cmof glass tubing (F) to
protrude beyond the rubber
tubing (G.

Insert the Iong end of the
glass tubing (F) into the
bottle (D), fromthe bottom
Fit the end through the en-

| arged hol e of the stopper (E),
and carefully push and twi st
until the rubber tubing (Q
around the glass tightly seals
the hole in the bottomof the
bottle (D).

Set the reaction flask (D),
neck down, into the neck of the
aci d contai ner (A). Adjust and
cut the glass tubing (F), if
necessary, soits lower endis
about 0.5 cmfromthe bottom of
the acid container (A).

Rol | the nodeling clay (plasti-
cine) (Q into a long cylinder
and wap it around the seam
bet ween reaction flask (D) and
aci d container (A). Press the
clay firmy in place to neke an
airtight seal.
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(3) Gas Delivery Tube Insert a short piece of glass
tubing (1) into the stopper in
the side of the reaction flask.
Attach rubber tubing (J) to the
ot her end of the glass tube.

Use a wooden pi nch clanp (K)
(1VIAM) or other suitable clanp
to cl ose the rubber tubing.

(4) Funnel Construct a large funnel with a
capacity equal to that of the
acid container by cutting of f
the bottomthird of a narrow
necked bottle (L) (I/F2).
Smoot h the rough cut edge of

the funnel with emery cloth.
Sel ect a one-hol e rubber

& )— Bottle (L) stopper (Mto fit the funnel
neck. Insert the glass tube
(F) fromthe reaction flask (D)
into the stopper (M.

- - - -~ ~
7 ~N Invert the funnel (L) and fit
' le—— Cut its neck tightly over the
- /
C stopper (M.

v
-~ = 7 Support the funnel in aring
stand (I V/ B5)or other suitable
~ hol der .
C. Notes

(i) To conplete the gas generating apparatus, the gas delivery tube of the
Kipp's CGenerator nust be connected to a suitable collection device such as that
describedin VII/ AL or the aspirator describedin V/AS.

(ii) The solid reactant, such as zinc chips is added to the reaction flask (D
t hrough the hole in the side. The solid will sit, for the nost part, on the
stopper (E) in the neck of the flask. The stopper (H) and gas delivery tube are
then securely replaced in the reaction flask, and all connections and seal s are
checked to insure that they are gastight. Then the |iquid reagent, such as
6M hydrochloric acid, is poured into the funnel (L).

When the pinch clamp (K) is renoved fromthe gas delivery tube, the acid

will flowinto the acid container (A). As the acid | evel rises above the neck
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of the reaction flask (K), it will flowintothe reaction flask through the

enl arged or second hole of the stopper (E) and will react with the solid to pro-
duce a gas (hydrogen, in this exanple). The gas will pass through the delivery
tube to the col |l ecting vessel.

(iii) The reaction can be stopped wi thout rermoving any of the reactants or

di smant | ingthe equi prent . When the gas delivery tube is closed with the pinch
clanmp, the pressure of the gas accunulating in the reaction flask will force the
acid out of the reaction flask and back into the acid container until it is no
| onger in contact with the solid. Sorme of the acid will also be forced back up
the glass tube and into the funnel. The funnel must therefore be | arge enough
to safely contain a | arge volume of acid that mght be backed up.

To restart the reaction, the delivery tube is opened, and acid again fl ows
into the acid container and.reaction flask to evol ve nore gas.

(iv) This device is suitable for evolving | arge quantities of a gas for class
use, or as a denonstration. It should be possible to build a |arger nodel, but
experinentation with the size rel ationships between the funnel, reaction flask,
and acid container wll be necessary

(v) Ifthe Kipp's Generator is to be enployed for continuous classroomuse, a
saf ety tube and funnel may be
substituted for the | arge

Funnel
funnel to prevent the escape of

unpl easant or undesirable acid

fumes. A piece of glass

(@

t ubi ng, approxinmately 0.7 cm
di ameter and 35 - 40 cml ong,
<——— Safety Tube is bent as shown. This is
connected, by nmeans of a

rubber stopper at the upper

end, toafunnel. Abottle

()
! with a holedrilled in the
bottomis substituted for the
Bottle-- I arge funnel (L), and the | ower
Substitutes for _
Funnel (L) end of the safety tubeis

connected to this bottle with a
one- hol e rubber stopper or short
pi ece of rubber tubing.

" Reacti on The whol e appar at us nust be

Flask (D) supported in a stand or frame
of sone kind.
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B. ACCESSCRI ES

Bl . Beehi ve Shel f

< (1) can
a. Materials Required
Conponent s Qu Itens Required Di mensi ons
(1) Can 1 Tin Can (A) 9 cmdi aneter x

b. Construction
(1) Tin Can Shelf

C. Not es

5 ¢m hi gh

Select a short tin can with
one end renoved (A). Cut a

V- shaped not ch about 1 cm hi gh
in the side of the can. Drill
a hole 1.5 cmin dianeter in
the center of the end of the
can. Varnish the can.

(i) The beehive shelf is placed in the bottomof a pan of water. A gas collect-

ing tube or jar, filled with water as described in VII/A, is inverted on the

shel f, with the nouth of the jar over

Beehi ve
Shel f

\L

the hole in

From Gas
Gener at or

the shelf, The gas delivery
tube is theninserted through
the notch of the shelf, up
through the hole, and into the
neck of the collectingjar.
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B2. Mtal Sheet Shel f

Slele

a. Materials Required

Conponent s Q Itens Required Di nensi ons
(1) Shelf | Metal Sheet (A) Approximtely 0.05 cm

thick, 8 cmx 30 cm

b, Construction

(1) Metal Sheet Shelf Cut the netal sheet from heavy
al um num sheeting or a tin can.
Cut three holes, 1.5 cmin
dianeter, in the sheet (A) as
shown. Bend the edges up as
shown. Finally, make curved
bends approximately 1 cmfrom
each end.

C. Notes
(i) This shelf may be hung fromthe sides of a rectangular pan measuring from

12 to 20 cmwide. The shelf nust be covered with water. Collecting bottles,
filled with water, are inverted over the holes and set on the shel f.
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VIII. METALWARE AND CLEANER

A METALWARE

The itens in this section are snall pieces of nmetal ware which can be constructed
fromscrap strapping, wire and the |ike. Itemswhi ch can be inprovised from norna
househol d items, such as knives, have not been incl uded.

B. CLEANER

This itemcan be used to clean the test tubes utilized in chenmistry.
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A.  NETALWARE
Al . Flane Test Wre
(1) Wire
a. Materials Required
Conponent s Qu Itens Required Di mensi ons
(1) Wre 1 Transfer Loop BIOL/VII/A3
b. Construction
(1) Wre SeeBIOL/VII/ A3 for construc-

tiondetails.

c. Notes
(i) Use thiswire to flane test compounds. Sinply get a small ampunt of the
chenical caught in the wire loop and hold it in a hot flame to observe the color

of the flane.



-177-

A2. Defl agrating " Spoon"

N— (1) Spoon

a. Materials Required

Conponent s Qu Itenms Required Di mensi ons
(1) Spoon | Metal Strapping (A About 10 cmx 3 cm
b. Construction
(1) Spoon Carefully sand off all the
paint fromone end of the
Bend Slightly metal strapping (A) so that
f . there is only bare netal. Make
a slight bend in this end about
e~ 1.0 cm from the end.

Sand Both Sides

c. Notes

(i) To use the deflagrating spoon, place a small amount of the chemical to be
heated on the bent portion of the strapping. Hld the spoon in a holder (e.g.,
| VI Ad4) . and hold the chenical in the flame of a burner until it burns or nelts.
The deflagrating spoon is used mainly in doing flame tests on unknown conpounds.

(ii) When the end of the spoon beconmes contaninated, either clean it with sand-
paper or sinply cut it off, sand the new end, and bend it as before.
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A3. Spatula

=

aMterials Required

\ (1) Spatula

Conponent s Qu I'tens Required Di nensi ons
(1) Spatula | Tin Can or Strapping 20.0 cm | ong,
Wre (A 3.0 cm wide

b. Construction
(1) Spatula Cut a piece of tin can netal
(A) or a piece of wire
strapping to the desired length

and width. Cut the netal to
( > O the shape illustrated.

\ \ Make a depression in the scoop
Handl e scoop . ,
by hammering a steel ball in

the circle.

Depress the center of the
handl e slightly for easier
handl i ng.

c. Notes

(i) This spatula may be converted to a deflagrating spoon by bending the
handl e backward at a 90' angle with the shaft and bending the scoop forward at a
90" angle with the shaft.
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B CLEANER

Bl. Test Tube C eaner or Spatul a

\(I ) Handl e \
(2) d eaner

a. Materials Required

Conponent s Qu ltens Required Di nensi ons

(1) Handle 1 Wooden Dowel (A) 25 cml ong

(2) C eaner 1 Pi ece of Rubber Inner 5cmx5cm
Tube (B)

b. Construction
(1) Handl e Use a piece of wooden dowel (A)
about 25 cmin length. Make

' aslit about 2.0 cmlong in
5) ‘\" the center of one end of the

handl e.

Slit

(2) deaner Cut a triangul ar piece of
rubber (B) about 5.0 cmlong

— -< froma di scarded i nner tube.
\ Insert thisinthe slit made
in the handle. Drive a small
\ / nail through the handle and

\ /< cleaner to hold themin place,

AN / \Cu.t Al ong if necessary.
> Thi s Li ne




- 180-

| X. HEATERS AND DRYERS

The apparatus in this section has been divided into two categories, as foll ows:

A. DRYERS
Dryers are devices used to renpve the noisture content fromcheni cal conmpounds
B. HEATER

This is a device that is intended to produce a heat intense enough to incinerate
preci pitates.



- 181-

A DRYERS

Al . Dessi cator

(3) Tubi ng

(2) Dryer

(1) Container

a. Materials Required

Conponent s
(1) Contai ner

(2) Dryer

(3) Tubing

—

| tems Required

d ass Jar (A

Lid (B)

Smal| Tin Can (Q
Wre Mesh (D)

Cal cium Chl ori de or
Silica CGel (F

Rubber Tubing (F)
G ass Tube (Q

Screw Cl amp or Pinch
Ganp (H

Di mensi ons

Capacity 200 ni
or nore

To fit jar (A

To fit inside jar (A
To cover tin can (Q

1 cmdianeter,
15 cm | ong

0.7 cm di aneter,
5 cmlong

(I'VI A4 or A5).
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b. Construction

(1) Contai ner Select ajar (A) with a screw
top (B) and a very w de nout h.
Cut a hole slightly | ess than
1.0 cmin dianeter in the center
of the jar lid (B).

(2) Dryer Take a short tin can (C) which
fits easily into the jar, or
cut ataller can to a height
of 2- 3 cm

Pl ace a dryi ng agent, such as
cal ci um chloride (Cad ,)
pellets or silicagel (Q in
the can. Cover the can with
wire mesh (D) and set it in
the bottom of the jar (A).

Cut a section of about 3 cm
fromthe piece of rubber
tubing (F). Insert one end
of the glass tube (G all the
way into this short piece of

Rubber Tubing (F)

G ass Tube (9 rubber tubing. Insert the
ot her end of the glass tube (G

into the |l onger section of

rubber tubing. Push the
shorter piece of rubber tubing,
with the glass tube inside, into
the hole in the top of the jar
lid (B). Seal the tubinginto
the hole in the jar with cenment,
i f necessary, to make an
airtight seam Seal the |ong
rubber tube with a pinch clanp
(IVIA4) or screwclanp (IV/A5).

C. Not es

(i) Powders or substances to be kept free of moisture are placed in containers
i nside the dessicator, and the top i s seal ed. The rubber and gl ass tube arrangenent
permits a partial vacuumto be formed in the dessicator if it is used in

conjunction with a vacuum punp.
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A2, Dryi ng Tower @

(2) Tubing

(1) Contai ner

/{/"_\

NSNS

a. Materials Required

Conponent s Qu ltems Required Di mensi ons
(1) Contai ner | d ass Bottle (A) Capacity approxi mately
300-400
1 | - Hol e Stopper (B) To fit bottle (A
(2) Tubing 3 Rubber Tubing (Q 1 cmdianeter,
5 cmlong
2 d ass Tubing (D) 0.7 cmdianeter,
5 cmlong

b. Construction
(1) Contai ner Drill a hole just slightly
smal ler than 1.0 cmin the side
of the bottle (A) near the
bottom (I1/E2). Fit the bottle
(A) with a one-hole cork or

rubber stopper (B).
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(2) Tubing Insert one of the pieces of
glass tubing (D) into the one-
hol e st opper, and push a piece
of rubber tubing (C) on to the
ot her end of the glass tube.

I nsert one piece of rubber
tubing (C) into the hole in the
bottle (A), and cenent it in

pl ace to make an airtight seal.
Push the second pi ece of gl ass
tubing (D) into the rubber
tubing (G, and connect the |ast
pi ece of rubber tubing (O

tothe glass tube (D).

c. Not es

(1) This apparatus is used in renmoving noisture fromgases. For exanple,
moi sture can be elininated fromHZ, 05, Ny, Oy, and SO, by filling the drying
tower with cal ciumchloride or other drying agent and connecting it by nmeans
of the tubing connections at top and bottom between the gas generator and
collecting device. As the gas passes through the drying tower, noistureis
absorbed by t he dryi ng agent.
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A3. Electric Lanp Dryer

%
| NI (2) Lanp
< - (1) support
/'—jf
[
a. Materials Required

Conponent s Q | tens Required

(1) Support 1 Wood (A)
| Wyod (B)
| Wod (O
2 Wod (D)

(2) Lanp 1 Lanp Socket (E)
1 I nsul ated El ectri cal

Cord and Plug (F)
1 I ncandescent Bulb (G
4 Large Staples or
Thin Nails (H

| Bolt (1)
1 Nut (J)
1 Wre Mesh (K)
1 Thin Wre (L)
1 Al uni numFoi | (M

Di nensi ons

30 cmx 30 cmx 1 cm
lemx 2 cmx 32 cm
lcmx 2 cmx 18 cm
4 cmx 4 cmx 2 cm

100 watts

Appr oxi mat el y
0.8 cmx 3 cm

To fit bolt (I)
20 cmx 20 cm
15 cm

20 cmx 20 cm
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b. Construction

(1)Support Construct the support as
illustrated. Use glue and

yd
.‘.ﬂ_____ (C) screws to secure the parts

(A, (B, (O and (D to
\ one anot her.
(B) > (D)
(A)
7 ¥
f
(2) Lamp Secure the | anp socket (E) to

the top horizontal bar (C)
(1) with the nut (J) and bolt (1).

7
! |
P

- (E)

Attach the electrical cord,

with plug attached (F), to the
socket (E). Run the wire along
the top bar (C) and down the
back of the vertical support (B).
Secure the cord in position
withlarge staples (H, bent
nails, or tape.
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c. Notes

Fromthe wire nesh (K), cut a
circle. Cut out and renove the
shaded portion as shown. cut
asimlar but slightly |arger
shape fromthe aluminumfoil (M.
Curve the wire mesh (K) into a
cone with an open end that will
fit over the base of the

i ncandescent bulb (G, and
secure the cut edges together
by threading the thinwire (L)
inand out of the wire mesh.

Cover the inside of the wire
nmesh cone (K) with the foil (M,
shiny side to the inside of

the cone. Secure the foil
reflector (M tothewre

mesh (L) by bending the foil
edges around the wi re mesh cone.

Slip the snall end of the
reflector over the neck of
the bulb (E) and screwthe
bulb into the socket (E).

(i) The light provides a heat source for drying precipitates which are pl aced

in shall ow containers, watch glasses (V/A5) or petri

di shes (VI A6).

(ii) Experimentation in the use of the dryer might include varying the size of
the reflector, distance of the bulb fromthe material, wattage of bulb and

nunber of bul bs used.
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A4. Sand Bath

(1) Can
a. Materials Required
Conponent s Qu I tems Required Di nensi ons
(1) Can 1 Large Tin Can (A) 15-20 cm di anet er
Sand (B) -

b. Construction
(DCan Use a | arge, shallowtin
can (A) as a container, or

cut alarger canto a
hei ght of about 5 cm Fill
the container with sand (B).
C. Not es
(1) Solutions or precipitates that nust be evaporated or dried slowy nay be
pl aced i n shal | ow contai ners, watch gl asses, or petri dishes which are rested on
the sand, The sand bathis thenrested onatripod (IV/B3), heating stand (IV/B4)
or other suitable support and slowy heated with an al cohol or gas burner.
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A5. Water or Steam Bath

(1) Contai ner

@

a. Materials Required

Conponent s Qu Itens Required Di nensi ons
(1)Cont ai ner 1 Tin Can (A) Capaci ty approxi mately
150- 300 ni

b. Construction
(1) Cont ai ner Use an enpty, clean tin can

(A) for the container. Fill
it about 2/3 full of water.

C. Not es

(i) Use of the water bath is a safe way to heat materials that nust not, for
technical or safety reasons, be heated above about 100 C. Test tubes containing
material to be heated are placed in the water bath. The water bath is rested on
asuitabl e support and heated with an al cohol or gas burner. Materials heated
inthe test tubes will be heated to a tenperature not higher than the boiling

poi nt of the water.
(ii) The water bath may be converted to a steambath by the addition of a row
of hol es punched or drilled around the can near the top. The can is filled about
1/3 full of water, and a
petri dish (V/A6) or watch
gl ass (VI A5) cont ai ni ng
v material to be heated is
rested on top.
-
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The steambath is rested on a suitable support and heated; as the water boils,
the steamw || heat the material in the petri dish or watch glass and will be
abl e to escape through the holes in the top of the can.
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B. HEATER
Bl. Bl owpi pe for Charcoal Bl ock
(1) Bl owpi pe
~~ /
( - (2) Charcoal Block
a. Materials Required
Component s Qu It ens Requi red Di nensi ons
(1) Bl owpi pe 1 Rubber Tubing (A) Approximately 1.0 cm
di ameter, 10 cmlong
1 d ass Tubi ng (B) Approximately 0.7 cm
di aneter, 20 cml ong
(2) Charcoal Bl ock 1 Charcoal Bl ock (O ~--

b. Construction
(1) Bl owpi pe Heat the gl ass tubing (B)
near one end and bend it

slightly as shown. Then
heat it again, just past
the bend, in order to draw
it out to forma nozzle.

Fit the rubber tubing (A
over the other end of the
gl ass tube (B).

(2) Charcoal Bl ock Use a | ump of charcoal (Q
as a heat source.

c. Notes
(i) Thisitemis used to create a concentrated heat source by bl owi ng through
t he bl owpi pe onto the charcoal enber.
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X MOLECULAR MODELS

Four types of nodels to assist in the instruction and understand ing of nol ecul ar
structure are descri bed.

A. SPACE- FI LLI NG MODELS

These roughly represent rel ative sizes and positions of atons within a nol ecul e.

B. SKELETAL MODELS

These nodel s nore accurately represent atomic radii and bond angl es than do those
i nthe previous section.

C. CRYSTAL MODELS

These are three-di nensi onal nodel s that represent shape and atonic packing wthin
crystals.

D. KI NETI C- MOLECULAR MDDEL

Thi s two-di mensi onal nodel denonstrates the kinetic theory of matter.



Al . Ball-and-Stick Mddel s

a. Materials Required

Conponent s
(1) Ball
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A. SPACE- FI LLI NGMODELS

(1) Ball

(2) Rigid

Qu
1

1
1

Connect or

I tens Required

Bl ock of StyrofoamPl astic
or FoamPol ystyrene (A)

El ectric Bottle Cutter (B)
Thin Ni chrone Wre (C)

(3) Flexible
Connect or

Di nensi ons

Approxi matel y
4 cmx 10 cmx 10 cm

(11F2)

0. 02 cmdi anet er,
35 cmlong
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(2) Rigid Connector 1 Box of Toot hpi cks

Appr oxi mat el y 250

(3) Flexible Connector 1 Package of Pipe C eaners (E) Approximately 25

b. Constructi on
(1) Ball

Terminal s of Electric

/\Bile Cutter (B)

Th| n N chrome
Wre (O

St yr of oam( A)

ﬁ
ﬁ

Wood Bl ock

Construct the electric bottle
cutter (B) accordingto
directions given in (1/F2).
Substitute the thin nichrome
wire (0.02 cmdianeter) for
that described and stretch

it tightly between the ternnals,
Connect the terminals to a six
volt battery or a transforner
that steps line current down
to about six volts.

Formthe Styrofoam(A) into
smal | balls, First, cut the
bl ock into cubes, deternining
the sizes according to the
el ement each represents:

H- 1.5 cmon a side

C-3cm L
0-3cm """
s -4cm "t

To cut a precise straight |ine,
brace a | arge wooden bl ock
agai nst the base of the bottle
cutter, with one edge as far
fromthe taut wire as the width
of the desired cut. Push t he
St yrof oam bl ock (A) down on
the hot, taut wire to slice
it, holding it against the
wooden bl ock which acts as a
gui de.
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Carefully cut the corners off
each cube to approach the

shape of a sphere.

Last, shape the trimed cubes
with the fingers nmore exactly
into spheres.

For clarity in the finished
nodel s, paint the balls with
tenpera (poster paint) to
whi ch a smal | amount of
di ssol ved soap has been added.
Use the following colors to
represent:

H- white

C - black

0-red

(2) Rigid Connectors Stick toothpicks (D) into the
Si gma. Bonds Styrof oambal | s to represent

/'/\

Hydrogen

si gma bonds between at ons, as
in the ethane nol ecul e (CyHg)
represented here.

)

Carbon

(3) Flexible Connectors Use pairs of pipe cleaners (E)
cut to approximately 5 cm

| engths to represent pi bonds
bet ween at ons, as in the ethene
(ethyl ene; CH;) nolecul e
represented here.
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When tripl e bonds (one sigm
and two pi bonds) are to be
represented, dye the two pairs
of pipe cleaners different
colorsfor clarity. This

di agramrepresents a nol ecul e

of ethyne (acetylene; GH).

c. Not es
(i) If comrercially manufactured Styrof oamor foampol ystyrene balls are easily

avai |l abl e, they may be substituted for the hand-made balls described here.

(ii) The scal e of approxinmate sizes of the balls used in these nodels is based
on the atomic radii for stable conpounds listed in the Periodic Table of the
el enments, for exanple:

At omi ¢ Radi us Appr oxi nat e
El enent i n Angst rons Ratio
C 0.77 2
N 0.75 2
0 0.73 2
H 0.32 1

(iii) If Styrofoamor foampolystyrene is not available, nodeling clay (plasticine)
may be used for the balls and painted appropriate colors. However, once the clay
balls are painted, repeated puncturing of themwi th toothpicks will disfigure them
Thus, it is recommended that they be used only to neke pernanent denonstration

nodel s.

(iv) Pipe cleaners or match sticks may be substituted for the toothpicks if
desired.
(v) Akit for teacher use should contain:
2 dozen ball's representing Carbon

2 dozen " Hydr ogen
2 dozen " xygen
1 dozen " Hal ogens
1 dozen " " Ni trogen
1 dozen " : Sul fur

several dozen each straight and fl exi bl e connectors,

Thi s woul d provide sufficient materials for constructing denonstration nodel s
in the classroom The sane quantities |isted above woul d be adequate for |aboratory
use for fromone to four students.
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(vi) The use of nolecular nmodels in the study of chem stry can enhance thestudents'
under st andi ng of and ability to predict the various properties and interactions of
el ement s and conpounds. These ball and stick nodels illustrate, roughly, the
relative bond angl es, sizes and positions of atons within a nolecule in a clear and
sinple form They are not, however, scale representations of bond | engths or atomic
mol ecul ar si zes and shapes. Inorder to denonstrate the mathematical relations of
electronsinagiven nolecule, it will be necessary to enploy a different style
nmodel , that which is described in the next section.

(vii) The color code * used in these nodels is as follows:
Hydrogen - white
Carbon - bl ack
Oxygen - red
Ni trogen - blue
Sul fur - dark yell ow
Flourine - light green
Chlorine - dark green
Bromi ne - orange
| odi ne - brown
Phosphorous - vi ol et
Silicon - light yellow

*Fromthe Portland Project Conmittee, Teacher Guide, Chemistry of Living Matter,
Portland, Oregon: Portland Project Conmittee, (1971, p I/.
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B. SKELETAL MODELS

Bl. Mol ecul ar Mbdel Units*

(1) Tubing

Assenbl ed Vi ew

— 0

) Val ence O uster

.,

(3) connector

Expl oded Vi ew

*Adapted fromGeorge C. Brumik, Edward J. Barrett, and Reuben L. Baunparten,
"“Framewor k Mol ecul ar Model s, " Journal of Chemi cal Education, XLl (1964), pp 221-223.




a. Materials Required

Conponent s
(1) Tubing

(2)
(3) Connector

b. Construction
(1) Tubing

(2) Val ence Cluster

Bend
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Q It ens Required

M1k Straws (Paper or
Plastic) (A

Tenper a (Post er)
Pai nts (B)

o Pi pe C eaners (O

-- Pipe deaners (D)
Fi ni shing Nails (E)

--  Soft Iron Wre (F)

Glue

Di mensi ons

0.4 cm di ameter,
approxi mately 20 cml ong

Bl ack, white, red,
yel  ow, green, bl ue,
orange

Approximately 0.1 cm
diameter, 1.5 cmlong

Approximately 0.05 cm
di anet er

M x a smal |l amount of liquid
or dissolved soap with the
tenpera paints (B) to reduce
Usi ng
this mxture, paint several

their surface tension.

mlk straws (A) according to
the atomthey are to represent:

Carbon - bl ack

Hydrogen - white

Oxygen - red

Ni trogen - bl ue
Sul fur - dark yell ow
Brom ne -
[Consult Note (ii) for

addl tional col ors.]

orange

Cut the straws into various
| engt hs dependi ng upon t he
scal e used and bond represent ed.

Bend a pi pe cleaner (C) into the
shape desired, and glue the

in the nmiddl e Wen the
gl ue has dried, adjust the

j oi nt

angl es of the arms of the

connector to suitabl e angl es.
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4\109°

Vertical

Arm —— ’
D120°

Horizontal /\

Arm
Vertical
Arm —_—
:) g0°
Hori zont al "

Arm

(3) Connectors
Pi pe d eaner

/ (0

CizTzz=

/

Nai | (E)
Soft Wre (F)

/

¥

c. Notes

Make tetrahedral (4 arms) shapes
with the angles of the arns at
about 109'.

Make trigonal bipyramd (5 armns)
shapes. Arrange the angl es

bet ween t he t hree hori zont al
arms to 120'. Adjust the two
vertical arns at right angles
to the horizontal arnmns.

Construct oct ahedrons (8-pointed),
Adj ust the angl es between t he
four horizontal arms to 90'.
Arrange the two vertical arms

at right angles to the horizontal

arns,

Construct strai ght connectors
to represent bonds bet ween at ons
by wrappi ng a pi pe cl eaner (C
around a nail (E). Vary the

I engt h of pipe cleaner used
according to the tightness

desi red.

To make angul ar connectors to
be used to conpl ete various
structures, bend a pi pe cl eaner
(C in half. Then wap soft
wire (F) around the pipe cleaner
and bend the assenbly to a 90’

angl e.

(i) These units can be used to build model s of al nbst any nol ecul e, The val ence

clusters represent atomc nucleii, the intersection of the arnms representing the

center of the atom The tetrahedral (4-arned) val ence cl uster depicts bond angl es
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of approxi mately 109°, for sp3 hybri di zed orbitals or atonms with eight electrons in
their val ence shell. The five-arned val ence cl uster can depict sp2 hybri di zat i on,
wi th 120" bond angl es, for atons engaged in (pi) bonds, as well as d sp3
hybri di zation, with 90° and 120° bond angles for atons with ten atonms in their
val ence shel | . The six-armed val ence cluster can represent sp hybridization with
bond angl es near 180°, or d2sp3 hybridi zation for atons with twelve el ectrons in
their val ence shell. The straight connector depicts O (sigm) bonds between |ike
or unlike atons.

El ectrons, whether bonded or unshared, are represented by the straws, color
coded and cut to scale.

The straws in a conpleted nol ecul ar nodel represent covalent radii of
bondi ng atonms, and van der Waals radii in the non-bond direction.

(ii) Below are charts* to guide the coloring and cutting of straws to represent
covalent radii or van der Waals radii. Any convenient scale may be used to
sinul ate the Angstromunit (A neasurenents of these forces. For exanple, a scale
of 10 cn A produces large nodels ideal for |ecture denpnstrations, while a scale
of 2 cmA yields snaller nodels suitable for student use.

Lengt h of Length of
Strawin cm Straw in cm Col or
At oni ¢ @val ent (Scale: (Scale: of
Bond Radii (A) 10 cm/A) 2 cm/A) Straw
C - single 0.77 7.7 1.5
C- double 0. 67 6.7 1.3 bl ack
C- triple 0.60 6.0 1.2
O- single 0.74 7.4 1.5
O- double 0.62 6.2 1.2 red
O- triple 0.55 5.5
N- single 0.74 7.4 1.5
N - double 0.62 6.2 1.2 bl ue
LN- triple D. 55 5.5 2.1

*Adapted fromthe Portland Project Commttee, Teacher Guide, Chemistry of Living
Matter, (Portland, Oregon: Portland Project Committee, 1971), pp 8-18.
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Length of Lengt h of
_ Strawin cm Strawin cm Col or
Bond At oni ¢ Coval ent (Scal e: of
(single) Radii (A 10 cm A) 2 cnl A) Straw
H 0. 30 3.0 0.6 white
F 0. 64 6.4 1.3 light green
Si 1.17 11. 7 2.3 light yell ow
P 1.10 11.0 2.2 vi ol et
S 1. 04 10. 4 2.1 dark yel | ow
a 1.00 10.0 2.0 dark green
Br 1.14 11. 4 2.3 orange
| 1.33 13.3 2.7 br own
Length of Length of
van der Vaal Straw in‘cm Straw ir.x cm Color
o {Scale:o (Scale:, of
Atom Radii (A) 10 cm/A) 2 cm/A) Straw
H 1.2 12.0 2.4 white
0 1.40 14.0 2.8 red
F 1.35 13.5 2.7 1ight green
S 1.85 18.5 3.7 dark yellow |
cl 1.80 18.0 3.6 dark green
Br 1.95 19.5 3.9 orange
2.15 21.5 4.3 brown
1.5 15.0 3.0 blue
1.9 19.0 3.8 violet
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B2. Single Bond Structures*

&———— (1) Carbon- Carbon

(5) H0 (Vater)

4——~n— (2) Car bon- Oxygen

SOAKXY
SO

e r boréHyetr ogen )

\ (4) CH, (Methane)

*Adapted fromthe Portland Project Conmittee, Teacher Cuide, Chemistry of Living
Matter, (Portland, Oregon: Portland Project Conmttee,19/1), pp 19-28.
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a. Materials Required

Conponent s Q It erns Required Di nensi ons
(1) Carbon- Carbon | Strai ght Connector (A) X/ Bl

2 Bl ack Straws (B) 1.5 cm
(2) Carbon- Oxygen 1 Strai ght Connector (Q X/ Bl

1 Bl ack Straw (D) 1.5cm

1 Red Straw (E) 1.5 cm
(3) Carbon-Hydrogen 1 Strai ght Connector (F) X/ Bl

1 Bl ack Straw (Q 1.5 cm

1 Wiite Straw (H 3.0 cm
(4) CHy (Met hane) 1 4-arned Val ence Cluster (1) X/ Bl

4 Car bon- Hydr ogen Bonds (F,GH 4.5 cm

[see (3) above]

(5) HO (Water) | 4-armed Val ence Cluster (J) XBL
2 Red Straws (K i 5 cm
2 Red Straws (L) 2.8 cm
2 Wiite Straws (M 3.0 cm
2 Strai ght Connectors (N) X/ Bl

b. Construction

(1) carbon- Carbon

-
P

Strai ght Connector (A)

(2) Carbon-Oxygen

(E) 0.74A ‘l [o.mi (D)
-

0 ¢

To represent this single coval ent
bond between |ike atons, cut two
bl ack straws (B) to a scale
representation of the single

bond coval ent radi us of carbon
(X/Bl), Note (ii). For exanple,
cut the straws to 1.5 cmfor

a scale of 2cmA Jointhese
two straws with a straight
connector (A).

To construct this nmodel of a

si ngl e coval ent bond between

unli ke atoms, cut one bl ack

straw (D) to represent the

si ngl e bond coval ent radius for
carbon (1.5 cm for exanple)

and a red strawto represent

t he singl e bond coval ent radi us
for oxygen (E) (1.5 cm. Connect
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(3) Carbon-Hydrogen

0.3A 1. 2A

l

J
C Jr‘ L L Van der Waal s

radi us of H
Nucl eus of H atom

9 0.77/31 ,

Coval ent radius of H

(4) CHy (Methane)

(5) H20 (Water)

these two straws with a straight

connector (Q.

Construct t he carbon-hydrogen
bond to include a representation
of the van der Wal s radius for
hydrogen.  Cut one black st raw
(G to indicate the single bond
coval ent radi us for carbon. Cut
one white straw(H to show the
coval ent radius of H(0.6 cm
plus the van der Waal s radius of
H(2.4cmy. Drawa line around
the white straw at the inter-
section of these two values to

i ndi cate the position of the
hydr ogen nucul eus, then join the
bl ack and white straws with a
strai ght connector (F).

Construct four carbon-hydrogen
bonds (F, G H) as descri bed
above. Jointhemal | together
at the carbon end by sliding
each onto an arm of the four-
arnmed val ence cluster (I)and
pushing all the straws together
so that the connectors do not

show.

Cut two red straws (L)to
represent the van der Waal s
radius of 0 (2.8 cm. These
will represent two unshared

el ectron pairs, Cut two red
straws (K) to indicate the

si ngl e bond coval ent radi us

of 0 (1.5 cm. Use a straight
connector (N to join each of
these with a white straw (M
representing the coval ent and
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van der Waal s radii of H(3.0 cn.
Connect the two red straws and
two O - H bonds with a four-arned
connector (J) asillustrated.

C. Not es
(i) Single coval ent bonds between |ike atons, such as the carbon-carbon bond,
may al so be represented by one
_ straw, appropriately col ored,
c C cut to twice the coval ent radius.
Thus, the carbon-carbon bond
woul d be represented by one black straw, 3 cmlong.

(ii) Unlike thespace-filling nodels of X/ Al, these nodel s do not show nol ecul ar

shape. The shape of the constituent atoms within a nolecule nust be i magi ned;
the scale and orientation of the parts of the nodel showbond | engths, bond angl es,

and bond t hi cknesses in reasonably accurate scale.

(iii) These skeletal nolecular nodels are based on atomic orbital geonetry, which
deal s with the behavior of electrons in paths, or orbitals, in the space around

t he nucl eus of an atom For a conpl ete discussion of electrons, nucleii, and
orbitals, consult recent chem stry texts, such as Cheni cal Bond Approach Project,
Cheni cal Systens, (Webster Division MG aw Hi ||l Book Company, 1964), Chapter 10.
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B3. Doubl e Bond Structures*

(1) He = o

/ (Et hene)

%
/(2) H,c = 0

(For mal dehyde)

Adapted fromthe Portland Project Commttee, Teacher Cuide, Chemistry of Living

Matter, (Portland, Oregon: Portland Project Commttee, 19/T) pp 28-36.
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a. Materials Required

Conponent s
(D HyC=CHp
(Et hene)

(2) HC0
( For mal dehyde)

(3) CoHe

(Benzene)

(4) HCC=CH
(Al'l ene)

b. Construction
(1) HC=CHy (Ethene)

[\

S N S I N

N

W N NN WwWwN A

=
[ee]

18
12

o o0 o B
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I tems Required

Di mensi ons

5-arnmed Val ence Clusters (A) XBl

C-H Bonds (B)

Bl ack Straws (O

Bl ack Straws (D)

Angul ar Connectors (E)

4.5 cm
2.6 cm
3.0cm
X/ Bl

5-arned Val ence Custers (F) X Bl

Angul ar Connectors (G X/ Bl

C H Bonds (H) 4.5 cm
Red Straws (1) 1.2 cm
Bl ack Straws (J) 1.3 cm
Red Straws (K) 3.0cm
Bl ack Straws (L) 3.0cm
Red Straws (M 1.5cm
Strai ght Connectors (N X/ Bl

5-arned Val ence Custers (0) XBl

C-H Bonds (P)
Bl ack Straws (Q
Bl ack Straws (R

4.5 cm
2.6 cm
3.0 cm

5-arned Val ence Clusters (S) XBL

6-armed Val ence Clusters (T) X Bl

C-H Bonds (U)

Bl ack Straws (V)

Bl ack Straws (W

Angul ar Connectors (X)

4.5 cm
2.6 cm
3.0 cm
X/ Bl

First construct four GH

bonds (B) (X/B2). Then conplete
the H)C=CH, nol ecul e as shown.
Use three 2.6 cmbl ack straws

(O to represent doubl e bond
formation between | i ke at oms.

The central black straw(Q



(A)
(C)

o bond

(E) ' <

(2) HC=0( For nmal dehyde)

T

(1) (n) (9)

) (1)t(N) +(J)

I
=
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represents the abond. The
two outside sections of black
straws (C) represent the two
arms of the bond, the

t hi ckness of which is shown
by the four 3.0 cm bl ack
straws (D). Their length
represents the single bond

coval ent radi us of carbon

Construct this nodel showi ng
double bond formation between
like atoms. First, construct
three C=0 bonds representing
the double bond radii C(J)
and 0 (1), as shown. Make two
CH bonds (H) (X B2).

Use the 5-arned val ence clusters
(F) and angul ar connectors (G
to join the straws. Indicate
the thickness of the 171 bond by
red straws on t he oxygen si de,

bl ack straws on the carbon side.



(Q)

(3) CgHg (Benzene)

—

S—— Cut

0) Modified

/\(F %
\|//|

(0

One cor ner,

expl oded vi ew

(4) HC=CHy (Al lene)

-2 -

+ )

Cut off and discard one

hori zontal and one vertical arm
fromeach of twelve 5-arned

val ence clusters (0) to form

3-cornered clusters.

Make six C H bonds (X B2) (P).
Construct the three | ayered
Use t he
twelve 3.0 cmbl ack straws (R)

nodel as shown.

to represent the thickness of
the bonds (tw ce the single
coval ent radi us of carbon).

Use the ei ghteen 2.6 cmbl ack
straws (Q to represent the
bond | engt hs (twi ce the doubl e
coval ent bond radi us of carbon).
The shared-bond aspect of the
ring structure often pictured:

is represented in the nodel by
thethree-layeredstructure.

Construct four C-H bonds (U).
Use one 6-armed val ence cluster
(1), as well as two 5-armed
clusters (S), to connect the
t he conmponent s of the

H)C-C-CHy (all ene) nol ecul e.
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(v) Pl ace the 6-arned cluster (T)
as shown to indicate that the
nm ddl e carbon atomis bonded

to each of the side carbons.

17

47

o9

a
i)

C. Not es
(i) These four exanpl es of doubl e bond nodel s illustrate some of the conpl ex
doubl e bond forms that can be built. By applying the principles thus illustrated,

it should be possible to construct al nost any sinple or conpl ex doubl e bonded
mol ecul e.

(ii) because the forces holding two nucleii together in a double bond are greater
than those in a single bond, the nucleii are closer together, Thus, the straws
representing the C=C or C=R coval ent di stance are shorter than those representing
the G Cor CRdistance.

(iii) I'n the HO=0 (formal dehyde) nol ecul e, the slightly |onger tubing representing
the bond thickness at the carbon atomthan at the oxygen atomindicates a certain
strain on the doubl e bond. The coval ent radius of oxygen is used to nodel the
unbonded el ectrons, rather than the van der \Wals radius as in the nodel of water,
because the C=0 bond "pulls" or distorts the oxygen electron cloud. C=N bonds
may be constructed just as C=C and C=0 bonds; bl ue tubing represents N
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B4. Triple Bond Structure*

a. Materials Required

Conponent s Qu It ens Required Di mensi ons
(1) HC=CH 2 6-armed Val ence Clusters (A) X Bl
(Acetyl ene) 8 Angul ar Connectors (B) X/ Bl
2 G H Bonds (O 4.5 cm
5 Bl ack Straws (D) 2.4 cm
8 Bl ack Straws (E) 3.0 cm

*Adapted fromthe Portland Project Conmmittee, Teacher Guide, Chenmistry of Living

Matter, (Portland, Oregon: Portl and Project Conmittee, 1971), pp 36-3/.
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b. Construction
(1) HC=CH (Acetyl ene) First make two C-H bonds (C)
q (X/ B2) Then use two 6-armed

val ence clusters (A) and ei ght
~——(C) angul ar connectors (B) to

(E) connect the parts of the HC=CH
.J (acetyl ene) nol ecul e as shown.
The 2.4 cmbl ack straws (D)
i ndi cate the I ength of the
triple bond, and are cut to
represent twice the triple
/ %’_ coval ent bond radi us for carbon.

Bond t hi ckness i s indicated by
the 3.0 cmstraws (E) or twce
the single bond radius for
<— (D) car bon.
[p ()

(c)——=+

c. Not es

(i) Because the forces holding two nucleii together in atriple bond are
stronger even than those of a double bond, the nucleii are closer together. Thus,
the straws representing the C=R coval ent di stance are shorter than those representing
t he C=R di st ances. Nucl eii involved in sp hybridization with triple bond formation
are represented in the nodel by the 6-armed sp val ence cluster.

(ii) I'n the HC=B (acetyl ene) nodel, the central carbon-carbon bond represents
the Obond. The four outside sections of black straws represent two doubl e-arned
bonds.
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B5. Geonetric Structures*

/(

(2)

a. Materials Required

Conmponent s Qu | terns Required
(1) Straws o Paper or Plastic

MIk Straws (A)
~=  Pipe deaners (B)

b. Construction
(1) Straws

1) Straws

e d

Connectors'

Di nensi ons

Appr oxi mat el y
0.4 cmdi anet er

Approxi matel y
3 cmlong

Cut the straws (A) to any
conveni ent length, 5cm for
example. Paint the straws,

i f desired, with poster (tenpera)
paints to which a smal |l anount
of dissol ved soap has been added.

*Adapted fromD. C. Hobson and C. V. Platts, "MIk-StrawMl ecul ar Mdels,"

School Sci ence Review, CLXIII(1966)pp 694-701.
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(2) Connectors Bend t he cut pipe cl eaners (B)
to formright angles.

Insert the pipe cleaners (B)
into the straws (A), as shown,
to formsecure connecti ons.

C. Notes
(i) By selecting appropriate nunbers of straws and connectors, a variety of

geonetric forns may be built.
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C.  CRYSTAL STRUCTURE MODELS

. Crystalline Packi ng Model s*

S

(1) Body- Cent ered
-Cubic Unit Cell

(2) Face-Centered
Cubic Unit Cell

Hexagonal Unit Cel |

*Adapted fromJ. W Coakham W Evans, and H. Nugent, "!ntroducing Crystal Structures,”
School Science Review, CLXXIV(1969), pp 61-71.
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a. Materials Required

Conponent s Qu I tems Required Di nensi ons

(1) Body- Centered 9 St yrof oam or Foam Approximately 4 cm
Cubic Unit Cell Pol ystyrene Spheres (A di amet er

(2) Face-Centered 14 St yr of oam or Foam Approxi mately 4 cm
Cubic Unit Cell Pol ystyrene Spheres (B) di amet er

(3) Cosely-Packed 17 St yr of oam or Foam Approxi mately 4 cm
Hexagonal Unit Pol ystyrene Spheres (() di anet er
Cel |

b. Construction
(1) Body-Centered Cubic Unit Cell Make the spheres (A) from

Styrof oamor foampol ystyrene
I [> (X/Bl) or purchase spheres

froma comerci al source. Use

the nine spheres to represent
the atonms of the crystal
according to the "expl oded"

diagram Pl ace four spheres
inthe top and bottoml ayers,

and one inthe mddle. Use
t oot hpi cks, pi pe cleaners,
mat ch sticks, or cenment to

hol d t he spheres together,

Use t hi s expl oded di agram as
a guide for building the

face-centered cubic unit cell
from 14 spheres (B). Place
five spheres in both top and
bottoml ayers, and four spheres

in the nmiddle |ayer.
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(3) d osel y-Packed Hexagonal Unit Cel | Use sevent een spheres (C) as
illustrated to build the

cl osel y- packed hexagonal unit
cell. Place seven spheres in
the top and bottomlayers, with
three in the niddl e |ayer.

C. Not es

(i) The nodel s descri bed denobnstrate three-di nensional patterns found in
crystals of metals, where the atons are all of one size and the bonding forces
are equal inall directions. As with previous nodels, the use of nolecular nodels
ai ds the student in both understanding the structure and predicting the character-

i stics of the substances studi ed.

(ii) If it is necessary to construct crystal nodel s show ng different ion sizes,
snal | er or larger Styrofoamspheres may be used. For exanpl e, ionic crystal nodels
may be constructed using
spheres 2 cmin dianeter for
ani ons, and 0.2 cmdi anet er

0] for cations,
Ani on Cation
2 cm 0.2 cm

(iii) These nodels nay be al so used to denonstrate such aspects of crystal
structures as coordi nati on nunber, nost cl osel y-packed planes and M|l er Indeces,

(iv) For further discussions on the application of these nodels to the study
of the nol ecular structure of crystals, consult J, W Coakham W Evans, and
H. Nugent, "Sonme Aspects of Crystal Structure, Part |," School Science Review,

CLXXI X, pp 339-350.
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D. KI NETI C- MOLECULAR MODEL

D . Kinetic Theory Model *

(2) Dowel

(3) Marbles

a, Materials Required

Conponent s Qu ltens Required Di nensi ons
(1) Tray 1 Wod (A 1 cmx 30 cmx 30 cm
2 Wod (B) 2 cmx 2 cmx 26 cm
2 Wod (O 2cmx2cmx30cm
(2) Dowel 1 Wooden Dowel (D) Approximately 1.5
x 40 cm
(3) Marbles 250 Mar bl es or d ass Beads (E) Approxi mately1.0-1.5
cmdi anet er
5 Mar bl es or d ass Beads (F) Larger than the others

b. Construction

(1) Tray Nai | or glue the four wood
strips (Band C) to the flat
wood square (A) to forma
tray. Varnishthe tray inside
and out to provide a slick
inside and outside surface.

(2) Dowel Sel ect a dowel (D) to support
one end of the tray.

(3) Marbles Pl ace the marbl es or plastic
or glass beads (E) in the tray.
Use all of themto represent
the nolecules in a solid or
liquid. Use only 40 - 50,

*Adapted froml. D. Taylor, "Kinetic Theory Nodels," School Science Review,
CLXI1(1963), pp 780-783.
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plus the few larger marbles (F),
to represent the nmolecules in

a gas.
c. Notes

(i) To dermpnstrate, two-dinensionally, the kinetic activity of nmolecules in
matter, place all the marbles inthe tray. Rest one end of the tray on the dowel
so that the marbles all roll
to the opposite end, packing
into aregular structure
with each marble, or "nolecul e"
t ouchi ng si x nei ghbors.

(ii) Wien the tray is at rest, none of the "nolecul es" nove, representing the
theoretical condition of matter at absol ute zero. When the tray is gently agitated
back and forth, the "nol ecul es" pbegiin to vibrate and to show "thermal expansion".
They occupy a | arger volume, but generally retain the same relative position.
Cccasionally a few nol ecul es junp clear of the surface, representing the slight
vapor pressure of a solid.

(iii) Asthetray is agitated still harder, with greater anplitude, the "solid"
"melts" with the "increase in tenperature" (increase in kinetic energy). The

mol ecul es slip out of place,
t he vol une i ncreases, and

o © nore nol ecul es junp away from
O
— °© o o ° 4 o the surface.

@) 0 o0

000000 0,82 00" 9
9556 ST BAReLRE0S

Q Q. QO A

= N\

By sl owing down the rate and anplitude of vibration, the "liquid" can be
converted back toa "solid"'. Slowingthe vibration gently represents gradual
cooling and results in a regular structure. | f however, thevibrationsuddenly
ceases, rapidcoolingis denonstrated. The resulting "solid" shows an irregul ar
structure with many i nperfections.

(iv) For a denpbnstration of a "gas", nost of the nol ecul es are renoved, and

the tray is agitated nore rapidly than for the "solid" or "liquid. Al the
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nol ecul es nove rapidly and

randonl y about, traveling | arge

di st ances before colliding

with one another. Afewlarger
mar bl es, added to the "gas", nove
with snmall, irregular, jerky
notions, representing the

Browni an notion of dust or

snoke particlesinair.

(v) Ifa clean glass tray and overhead projector is available, the nodel may be

projected on a screen for a large class to see.

screen as shadows.

The "nol ecul es" show on t he
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Xl . CHROVATOGRAPHI C APPARATUS

Chr omat ogr aphy, a powerful anal ytical technique of recent devel opment, nay be
performed with relatively sinple apparatus. It is based upon the differential mgra
tion of solutes inaliquid or solid nmediumand maybe used for both qualitative and
quantitative anal ysis of solutions.

A QUALI TATI VE CHROVATOGRAPH C APPARATUS

Thi s section includes chranatographi c devi ces enpl oyi ng paper as the stationary
medi umand briefly describes a fewtechni ques for using these devices to identify the
conponents of a mixture

B. QUANTI TATI VE CHROVATOGRAPH C EQUI PMENT

Thi s section describes a device that allows for the separation of the conponents
of a mixture as well as the recovery of individual conponents for further experinenta-
tion or purification
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A. QUALI TATI VE CHROVATOGRAPHI C APPARATUS

Al. Horizontal Paper Chronatography Device

~«——— (1) Paper
~—————— (2) Support

a. Materials Required

Conponent s Qu Itenms Required Di nensi ons
(1) Paper' 1 Filter Paper (A) Approxi mately 10 cm

di ameter or |arger

(2) Support 1 Petri Dish (B) Slightly smaller
than filter paper

b. Construction

(1) Paper Use a circle or square of
filter paper (A) as the nmedium
for the chromat ogram

(2) Support Sel ect a petri dish or other
shal | ow contai ner (B) just
slightly snaller than the
paper (A) on the support (B).

C. Not es

(i) This apparatus can be set up al npbst instantaneously for rapid, qualitative
work. A drop of a colored solution to be analyzed is placed in the center of the
paper. Then, successive, small drops of the eluting solvent are dropped on top
of the original drop. The
sol ution spreads radially, and
as separation of conmponents
occurs, concentric rings of

color will appear on the paper.
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(ii) As an exanple of a test solution, a drop of black or blue-black, washable
ink may be used. The eluting solvent in this case could be water, nethanol
(nmethyl ated spirits) or 70%et hanol .

(iii) Chromatography paper, white paper towels, blotting paper, newsprint paper,
or other white or light-colored, coarse-grained paper may be substituted for the
filter paper (A).
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A2. Horizontal Paper Chronmtography Device *

(1) Paper \

<«——— (3) Cover

(2) support

a. Materials Required

Conponent s QU Itens Required Di nensi ons

(1) Paper 1 Filter Paper (A) Approxi mately 10 cm
di ameter or | arger

(2) Support 1 Cup or Jar (B Slightly smaller than
filter paper

(3) Cover 1 d ass Jar or Bowl (Q To cover paper and
support

b. Construction

(1) Paper Take a circle or square of
filter paper (A) or suitable
substitute and cut a tongue
across the paper to within

about 1 cmof the center of the

*Adapted from A. V. Jones, "Chromatography for Junior Schools," School Science
Revi ew, CLXXI X: (1970), 298-300.
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paper. Bend the tongue down at
aright angle to the paper (A).

(2) Support Select a small cup or jar (B)
just slightly smaller than the
paper (A). Rest the paper (A)
on the jar (B) with the paper
tongue extended into the jar.

(3) Cover Select a large glass jar or
bow (C to cover the support
and paper. Invert the cover to
encl ose the other two conpo-

nents.

c. Not es

(i) This apparatus,while only slightly nore conplex than that in the previous
section, has the added advantage that, once set up, it may be left to stand for
some tinme. A spot of test solution (e.g., ink or a concentrated extract made from
plant flowers, |leaves , stens, or roots) is placed at the center of the paper (A).
Then the small jar (B) is filled to within about 2 cmof the top with solvent (e.g.,
wat er or alcohol). \Wen the paper tongue is placed in the solvent, the liquid
will soak up the tongue to the test spot, and beyond. The conponents of the test
sol ution separate out, in rings, as the solvent progressively soaks the paper.
Covering the apparatus with a bow or jar (C hel ps prevent evaporation of the
sol vent before it has had tine to soak the paper.

(ii) The experinent continues until the solvent front reaches to within about
1 cmof the edge of the paper, or until it is apparent that it has stopped noving.
The paper is then renoved fromthe apparatus and rapidly dried, using the drying
lanp (IXA3), a fan, or other source of dry heat or noving air.
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Chr cnat ogr aphy Devi ce *

(1) Paper

(2) Support

a. Materials Required

Conponent s
(1) Paper

(2) Support

(3) Cover

Qu

1

Itens Required

Filter Paper (A)

String (B)

Cup or Jar (Q

A ass Bow or Jar (D

(3) cover

Di mensi ons

Approximately 10 cm
di amreter or |arger

Approxinately 0.2 cm
di ameter, 5-10 cm
I ong

Slightly snaller than
filter paper (A)

To cover paper (A) and
support (Q



b. Construction
(1) Paper
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Cut Out

<‘( Slits

(2) Support

(3) Cover

C. Not es

(i) This apparatus is used in the same fashion

=@ ——]

spot s of
.Colored

Substances

Take a circle or square of
filter paper (A) or suitable
substitute and cut several slits
radiating fromthe center as
shown. Punch a small hole in
the center and secure a piece of
string (B) with a knot, to act
as a wck.

Select a small cup or jar (Q
just slightly smaller than the
paper (A). Rest the paper (A)
on the rimof the jar (B) so
that the string wick (C extends
into the jar.

Select a large glass jar or bow
(D) to cover the support and
paper. lnvert the cover to
encl ose t he ot her conponents.

as the precedi ng device. How
ever, the slits in the paper
allow for nore than one col ored
substance or test solutionto
be used simultaneously. The
spots are placed inside the "V
of the slits, which prevent the

colors from merging



A4. Vertical
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Paper Chronmat ogr aphy Egqui pnent

(1) Paper —

(2) Solvent
Container

a. Materials Required

Conponent s
(1) Paper

(2) Sol vent

(3) Cover

Qu

1

!

I
-

7

‘iy

Itens Required

Chr omat ogr aphy
Paper (A)

Beaker, Bowl or Jar (C

G ass Jar or Bow (D)

——— (3) Cover

Di nensi ons

Approxi mately 15 cm
x 15 cm

To cont ai n paper (A)
when rol led into tube

To fit on or over
Sol vent Cont ai ner (Q



b. Construction
(1) Paper
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*--

(2) Sol vent Contai ner

(3) Cover

Qui de
Li ne

Wth a pencil, draw a faint
line approximately 2 - 3 cm
fromone edge of the paper (A).
Use this line as a guide for

| ocating the spots of solution
or solutions to be tested. Make
the spots as small as possible
and about 2 cmapart.

Rol | the paper (A) loosely into
a tube. Secure the edges
together with the paper clips
(B) such that the edges do not
touch or overl ap.

Set the rolled paper (A) into
t he beaker, bow, or jar (Q
and pour solvent into the
container (C to a height of

about 1 cm

Rest a large glass jar or bow

(D) on or over the solvent con-
tainer (C) to prevent evapora-
tion of the solvent.
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c. Notes
(i) I'f chromatography paper is not avail able, white paper toweling or blotting

paper may be substituted

(ii) Wien this apparatus is in use, the solvent front mgrates up the paper, (by
capillary action) resulting in the separation of the components of the test spot.
This is allowed to continue until it has reached to within several cmof the top
of the paper or until it is apparent that the solvent front will nmove no further
(when the rate of capillary actionis inequilibriumwth the rate of evaporation).
The paper is then renoved fromthe apparatus and dried, and the final |ocations of
the color spots may be circled with pencil for easy identification.

(iii) This apparatus is also suitable for performing separation of colorless
subst ances, as |long as the conpl eted chromat ogramcan be treated in sone way to
nmake visible the final |ocation of the conmponent of the substances. For exanpl e,
proteins, while generally colorless, nay separate in this fashion. The dried
chromatogramis then sprayed with a ninhydrin solution, which reacts with the
anmino acids in their final |ocations, making them visible as bluish spots or

smudges.

(iv) It is possible, with this apparatus, to subnit a substance to chronoto-
graphi c separation by two different solvents on the sane sheet of paper. To run

such a t wo- di nensi onal chronat o-

gram a spot of the substance
is placed at the intersection
of two lines drawn on the
paper and treated as described
A *+7 :elpar ation above. wi th one sol vent. At
N V4 the end of the first run, the
of First Run chromatogramis remved from
the apparatus and dri ed.
:\.
spot of
Subst ance
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Fi nal Separation Then the paper is rotated 90°
/l and again rolled into a tube,
__l_g. with the first separation at
Direction of t he bottomedge of the tube.
First Run This tube is run a second tine

wi th a second sol vent. Thus,

° it is possible to effect a
A nmor e conpl ete separation than
is possible with one sol vent
L 4 Di rection
of Second al one.
Run

(v) A conplete discussion of techniques and substances appropriate to chronato-
graphi c separation is beyond the scope of this guidebook. For further information,
texts and resources on biochenm stry, chem stry, and chromat ography shoul d be
consul t ed.
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A5. Vertical Strip Paper Chronatography Equi pnent

(1) Frame

(2) Solvent
Cont ai ner

a. Material s Required

Conponent s
(1) Frane

(2) Sol vent

(3) Cover

Qu Itens Required

2

2
4
1
1

1

1

Wwood (A)

Wood (B)
Wood (Q
Wood or Masonite (D
Thin, Stiff Wre (E)

Cup or Jar (F)

Plastic Bag (G

«+( 3) Cover

Di nensi ons

lcmx 1 cmx 8 cm
lcmx 1 cmx 10 cm
1 cmx 1 cmx 20 cm

6 cmx 10 cmx 0.2 cm
Approxi mately 11 cm

| ong

Approxi mately 4 cm
high, tofit inside
frame

To fit | oosely over
frame
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b. Construction
(1) Frame

(D)

AN NN

(A)

(2) Sol vent Contai ner

(3) Cover

Wth nails and glue, secure the
frame parts (A), (B, (O, and
(D as shown. Secure the wire
(E) to the frane, about 2 cm
fromthe top, with two small
nails.

Sel ect a shallow cup or jar
(F) that will fit inside the
frame. | fnecessary, cut a
tall jar down to a hei ght of
3 -4 cm(I/F2).

Select a plastic bag (G that
will fit |loosely over the
frame. It may be held in
place by clippingit with a
clothespinto aclanp or ring
that is supported about 10 cm
above the frane on the ring and
burette stand (1V/B5) or other
sui tabl e support. Alternatively,
a frame to support the bag may
be constructed out of stiff
(e.g., coat hanger) wire.
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Cc. Not es

(i) This frame may be used to support a strip of chronatography paper or

suitabl e substitute for either ascending or descendi ng chronat ographi c operations

4 d

T

Spot

- —

' Sol vent

For ascendi ng operations, the

sol vent contai ner (F) renains

at the bottomof the frane. The
Paper strip, with one end j ust
touchi ng the sol vent, is hung
fromthe wire with a paperclip
The spot or spots of substance
to be separated is | ocated at
the | ower end of the strip

j ust above t he sol vent. The
appar at us shoul d be kept

covered by the plastic bag (G
during the course of the experi-
ment to keep sol vent evaporation

to a mninum

(ii) Inorder to use the frame for descending operations, the solvent container
(F) is placed on the top shelf (D). The paper strip is then hung fromthe sol vent

Solvent

container, heldin place with a
paper clip or clothespin, and
with a short piece fol ded over
to dip into the solvent. The
spot is located near the top of
the strip, outside the sol vent
container. The solvent front
then noves down the paper in
the course of the experiment.

(iii) Ifa sufficiently large jar is available, it may be used as a cover in place

of the plastic bag (G.
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B. QUANTI TATI VE CHROVATOGRAPHI C EQUI PMENT

Bl. Liquid-Columm Apparatus

&————— (1) Col um

P

a. Materials Required

Conponent s Qu ltems Required Di nensi ons
(1) Colum 1 G ass Tube (A) Approximately 1.5 cm
out si de di aneter,
25 cml ong
| Cotton or dass --
Wol (B)
1 | -Hol e Stopper (O To fit tube
1 d ass Tubing (D) Approximately 0.5 cm

di aneter, 5-10 cml ong
Silica Gl (E) 28- 200 nesh



b. Construction

(1) Colum
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Fire polish both ends of the
glass tube (A) to elimnate
shar p edges. Push a smal | wad
of cotton or glass wood (B)
about 1 cminto one end as a

pl ug.

Insert the small glass tube (D
into the stopper (C) and push
the stopper into the large

gl ass tube (A), and support the
colum in a vertical position
inahburette clanp (IV/B5) or
ot her suitabl e support.

To pack the colum with the
stationary nedium make a
slurry with several grans of
the silica gel (E) and water.
Pour this slurry into the top
of the colum, and allowthe
water to drain through the
smal | glass tube (D), while the
noi st silica gel is retained
by the plug (B). If necessary,
pour additional slurry into the
col um until about 15 cm of

the colum is packed with
silica gel and about 1 cm of
wat er remai ns on top of the
silicagel. If desired, the
packi ng operation may be

hast ened by appl yi ng slight
suction, by means of the
suction-filter flask (VI/A4)
coupled with a suction punp,
aspirator (V/A8) or other source

of suction.
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c. Notes

(i) The flow of liquid through the colum nay be controlled, if desired, by the
addi tion of a stopcock, or flexible rubber tubing coupled with a pinch clanp
(I1VIM) or glass bead (I11/Bl). Aglass nozzle may al so be added to the free end

of the flexible tubing.

(ii) To use this apparatus, the water remaining on the colum is allowed to
drain until less than 1 cmrenains to cover the silica gel. Then a snall quantity
of a solution of colored material to be tested, in a concentrated form is gently
pipetted on to the medium The desired solvent is then added to the colum, and
the colum is allowed to drain slowy, using either gravity or very slight suction.
As the sol vent noves down the colum, carrying the substance withit,

separationw |l occur, as indicated by col ored zones appearing on the nedium As
addi tional solvent is added to
the col um, the zones thensel ves
«<—>Solvent will nigrate down the col umn;

if sufficient solvent is added,

3000

o each zone, consisting of a

/) ..

/ speci fi c conponent of the sub-

/// Movement of stance tested, may be washed

\\\ Colored Zones of f the colum and recovered
separately.

§\ P y

CAZY

(iii) I'n addition to separating conponents of a substance and washi ng t hem down
the colum with one solvent, it is possible to use additional solvents to wash
down a conmponent or conponents that do not migrate at all with the first sol vent.
To do this, allowthe colum to drain until less than 1 cmof the first sol vent
remains on top of the medium then add the second solvent to the colum and proceed

with the washing as described above.

(iv) Oher interesting results may be obtai ned by reversing the order of solvents
used, in successive runs, with the same test substance. For exanple, al cohol and
water are two solvents that nmay be used, in either order, to separate a mxture

of vegetabl e dyes or ink.

(v One of the chief advantages of the |iquid-colum method of chromatographic
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separati on over paper chronatography is that the conponents of the substance
tested are recovered individually for use in further experinents or in quantita-
tive determ nations. For exanple, a neasured quantity of the test substance, in
a known concentration, is added to the colum, and the sol vent used and the

sol utions recovered are neasur ed. Then the conponents eluted are subnitted to
volunetric or gravimetric quantitative analysis to deternm ne the proportion of
each conmponent present in the original sanple

(vi) Substances other than 28 - 200 nesh silica gel, and sol vents other than
al cohol or water, may be used in |iquid-colum chromatography. Further experi-
nentation, as well as research into the technical literature on chromatography,
is suggested for the devel opnent of this technique. A useful reference for this
purpose is Erich Heftmann, Chromatography, Second Edition, (New York: Reinhold
Publ i shi ng Cor poration, 1967).
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X I. MILTI PURPCSE SYRI NGES

Many chemni cal techni ques and experinents are readily perfornmed using di sposabl e
plastic syringes. Some of these uses will be described in this section, and the devices
have been grouped according to the concepts they illustrate. In addition to those
uses given here, syringes can al so be used in col um chronat ography, ion exchange

devi ces, and other areas in chenmistry.

A. TECHNI CAL DEVI CES

Two iterms of use in the chenmistry |aboratory are included here

B. GAS STUDI ES APPARATUS

I ncluded here are several ways in which syringes nmay be used in studying the
production, collection, and properties of gases.

C._ DI FFUSI ONAPPARATUS

Di ffusion of both gases and |iquids can easily be studied with the aid of plastic

syringes.

D OXxI DATI ON APPARATUS

Thi s section describes a nunmber of devices used in the study of oxidation reactions.

E. ANALYTI CAL APPARATUS

These devices are used in experinments to determ ne chenical formulae, structures,

and nol ecul ar wei ght.

F.  CONDUCTANCE APPARATUS

The variation in conductivity of different solutions can be studied with the aid
of several devices which are fairly easily constructed with di sposabl e syringes.
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A. TECHNI CAL DEVI CES

Al . Dropper/Pipette

a. Materials Required

Conponent s Qu Itens Required Di nensi ons
(1) Syringes 1 Pl asti c D sposabl e Capacity 10-50 mi
Syringe (A)

b. Construction

(1) Syringe Sel ect a calibrated, plastic
di sposabl e syringe (A) with a
vol ume appropriate for the
desired use.

Cc. Not es

(i) I'nthe smaller sizes, disposable syringes make excellent droppers with an

advant age bei ng that the ampunt di spensed i s neasurabl e. Simlarly, they can be
used for the same purposes for which pipettes are used. Inthe larger sizes,
syringes can substitute for burettes in titration experinents. Finally, syringes

may be utilized in calibrating inprovised flasks, beakers, etc., of unknown
capacity.

(ii) Placing a medi umsized di aneter needl e (inside dianmeter approximtely
0.03 cm on the syringe nozzle will allowsolutions to be carefully and accurately
del i vered, drop by drop.
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A2. Punp

~——————(2) Connecting Tubing

a. Materials Required

Conponent s Qu ltems Required Di nensi ons
(1) Syringe 1 Pl asti c Di sposabl e Capaci ty appr oxi -
Syringe (A) mately 20 m
(2) Connecting 1 Pl astic or Rubber Approxi mately 10 cm
Tube Tubi ng (B) l ong, dianeter to

fit syringe nozzle (A)

b. Construction

(1) Syringe Take a pl astic, disposable
syringe (A) with a vol ume appro-
priate for the desired use.

(2) Connecti ng Tubi ng Attach a I ength of plastic or
rubber tubing (B) to the
syringe nozzl e when the punp is
to be used in hard-to-reach

pl aces.

C. Not es

(i) To use the punp, connect the tubing to the object fromwhich gas or |iquid
isto be renoved. Wt hdraw the plunger to draw gas or liquid into the syringe.
Then renmove the tubing fromthe object or container, direct the tubing into an
appropriate contai ner or waste receptacle , and depress the plunger to expell the
gas or liquid through the tubing.
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(ii) Wth two nodifications, the syringe may be used to provide continuous punp-

0
0

~—— Hole

L__ Pinch Clamp

ing action w thout renoving the
tubing fromthe object from

whi ch subst ances are punped.
Make a snmall hole in the base of
the syringe barrel with adrill
or hot wire, and add a pinch
clanp (IVIA4) to the tubing to
closeit off. Inuse, the
tubing is connected to the

obj ect fromwhich gas or liquid
istoberenoved. Then the

pi nch clamp i s removed fromthe
tubing and the hole in the

syringe barrel is covered with

a finger. The plunger is withdrawn to draw material into the syringe. To expell
the contents of the syringe through the hole, the tubing is closed with the pinch
clamp, the hole is uncovered, and the plunger is depressed.
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B. GAS STUDI ES APPARATUS

BL Gas Production and Col | ection Device *

qPp
S

\ (1) Syringe

(2} CTonnect i ng Tubing

\ (3) Reaction Chanber

a. Materials Required

Conponent s Qu I tens Required Di nensi ons
(1) Syringe | Pl astic Di sposabl e Capacity 10-50 mi
Syringe (A)
(2) Connecting 1 Rubber or Plastic 2 cmlong, dianeter
Tube Tubi ng (B) tofit syringe
nozzle (A)
| @ ass Tubing (Q Approximately 0.5 cm
di aneter, 10 cml ong
(3) Reaction 1 Hard G ass Test Tube Capacity 20-100 ni
Chamber or Flask (D)
1 | - Hol e St opper (E) To fit test tube or
flask (D)

b. Construction

(1) Syringe Sel ect a plastic, disposable
syringe (A) of appropriate
capacity.

(3) Connecting Tubing Connect the short piece of

flexible rubber or plastic
tubing (B) to the syringe

nozzl e.

Heat the glass tubing (O suffi-
ciently to bend it to a slight
angl e (about 30°). Connect

*Adapt ed fromPaul D. Merrick, Experinments with Plastic Syringes, (San Leandro,
California: FEducational Science Consultants, 1968), p 19.
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one end of the glass tubing to
the rubber or plastic tubing (B)

(3) Reaction Chanber Seal a hard glass test tube or
flask (D (capacity from20 to
100 M, depending on the desired
use) with a one-hole stopper (E).
Use a rubber stopper if caustic
materials are to be used in the
apparatus. Insert the free end
of the glass tubing into the
hole in the stopper

C. Notes

(i) This sinple reaction apparatus, suitable for either |ecture denonstration
or student laboratory use, may be enployed in a nunber of ways. In the sinplest
qualitativeexperiments, the use of the syringe allows |liquids to be introduced
into the reaction chanber where they react with solids or other liquids. A
nurber of gases can be produced using this or simlar devices. For exanpl e,
injecting a 3%solution of hydrogen peroxide fromthe syringe into a suspension of
dried yeast and water in the testube will yieldoxygengas. Also, injectinga
concentrated sol ution of baking soda fromthe syringe into vinegar will yield
carbon dioxide. Finally, injecting vinegar into water and a pi ece of magnesi um
ri bbon will cause hydrogen gas to be |iberated. The gas liberated will collect in
the syringe, pushing the plunger out as nore and nore gas is given off. Turning

the plunger slightly will assure that the gas is at atnospheric pressure.

(ii) This apparatus nmay al so be used for quantitative studies in the above
reactions. The solid reactants must be carefully wei ghed or nmeasured, and the use
of the syringe allows very precise anounts of liquids to be introduced into the
reaction chanber. The volume of the gas evolved nay be read fromthe syringe. The
change in volume of gas in the syringe nay be plotted against time to give a
measure of the rate of reaction. In addition, the volume of gas |liberated nay al so
be plotted as a function of tenperature and/or the concentrati on of one or nore of
the reactants used

(iii) Inathird type of experinent using this apparatus, solids which give off
gases when heated are placed in the test tube, and the gas is collected in the
syringe. Begin with the syringe plunger fully depressed, and as the gas is evol ved
it will push the plunger back, giving a quantitative nmeasure of the amunt of gas
produced. Inusing this device, clanps to hold both the test tube and syringe are
needed. As an exanple, red lead can be heated in the test tube, and the gas
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of the test tube wi
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It shoul d be noted, however, that this will
I nst ead, potassi umpernanganate can be used, and no spoil age

Il occur. However, some asbestos wool nust be put in the upper

end of the test tube to prevent pieces of the potassiumpermanganate fromentering

the syringe.

(iv) The experiments based on the use of this apparatus are adapted from

Nuf fi el d O Level Chem stry, Col |l ect ed Experi nents, (London: Longmans/ Pengui n

Books, 1967), pp 9,

229-231, 297-299

(v) If a glass reaction chanber is not available or is not desired, a second

>o
> Y

Collecting
Chamber

Connecting
Tubing

Reaction

Chamber

syringe, the sane size as the
first but slightly nodified,
may be substituted. First,
with a hand drill or hot nai

or wire, bore two hol es, approx-
imately 0.3 cmin diameter,
opposi te each ot her about hal f -
way along the |length of the
barrel. Wth adrill and saw
or hot nail, make a slit in

t he syringe plunger as shown.
Push the plunger into the
syringe, and lock it in place
by inserting a nail approxi-
mately 0.3 cmwi de and 5 cm

| ong through the holes in the
barrel and slit in the plunger
Pl ace in the | ower syringe a
smal | piece of material which
will react with theliquidto
be placed in the upper syringe.
Repl ace the plunger in the

| ower syringe, insert the nai
stop, and depress the plunger
until the nail prevents further
noverment. Drawa quantity of
liquidintothe upper syringe
and fasten the two toget her
with the short piece of tubing.
Next, inject all of the liquid
into the | ower syringe and
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| eave the upper syringe plunger in the depressed position. As gas is given off in
the | ower syringe, it will expand and push out the plunger of the upper syringe
until the upper syringe is filled with gas or the reaction stops. Solids and

l'i qui ds whi ch can be used as outlined to produce gases include aninal charcoal and
hydr ogen peroxi de (to formoxygen), netals and dilute acids, carbonates and aci ds.

(vi) The above nodification is based on a design by Andrew Farmer, "The

Di sposabl e Syringe--A Rival to the Test Tube?," School Science Review, CLXXlV
(1969), 30-31.
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B2. M cro-Generator *

(1) Syringe
(2) Beaker
a. Materials Required
Conponent s Qu I tenms Required Di mensi ons
(1) Syringe 1 Di sposabl e Pl astic Capacity 10-50 nmi
Syringe (A)
(2) Beaker | d ass Jar or Beaker (B) To accommdat e syri nge
as shown
b. Construction
(1) Syringe Sel ect a plastic, disposable
syringe (A) of a size appro-
priate to the amount of gas
desi red.
(2) Beaker Sel ect a glass jar or beaker

(B) such that the syringe can be
restedinit more or less
vertically.

C. Not es
(i) As an exanple of its use, the micro-generator can be enployed to generate
hydrogen sul phide gas (HS). Sinply place a small piece of ferrous sulphide in the

syringe, and put a small amount of dilute hydrochloric acid in the beaker. Dr aw
a portion of the acid up into the syringe until it touches the ferrous sul phide,
and | eave the syringe resting in the beaker. The gas will collect in the syringe,

above the acid. |If desired, the needle may be reattached to the syringe when it
cones time to bubble the gas through a test solution.

*Adapted fromL. A George, "Two Further Uses for Disposable Syringes," School Science

Revi ew, CLXX (1968), 113.
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B3. Gas Sol ubility Device/ Reacti on Rate Chanber

(1) Syringe

\ (2) Plug

a. Materials Required

Conponent s Qu [ltems Required Di mensi ons
(1) Syringe | Pl asti c Di sposabl e Capaci ty approxi -
Syringe (A) mately 25 ni
(2) Plug 1 Nai | (B) To fit syringe
nozzle (A)

b. Construction

(1) Syringe Take a plastic, disposable
syringe (A) of 25 m or other
desiredcapacity.

(2) Plug Use the nail (B) to conpletely
seal the syringe after a
subst ance has been drawn into
it.
C. Not es
(i) A nunber of sinple solubility experinents may be done with syringes that
can be seal ed airtight. For exanple, the syringe may be half filled with cold
water, with the plunger just above the water |evel. Seal the nozzle, and when
the plunger is withdrawn further, air will be seen to bubble out of the water.
Thi s sane denonstration may be repeated with distilled water, or cold water through
which @), 0y, Ny, etc., have been bubbl ed. A slightly more sophisticated denmon-
stration involves water through which has been bubbl ed for about five m nutes.
When a snall amount of bronmothynmol blue is added, the solution will be yell ow.
Add this to a seal ed syringe, and as the plunger is withdrawn, @y will bubble out
and the color of the solution will change to pale green. Ifthesyringe is shaken,
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the CO will be redissolved, and the solution will once again be yellow The
experiment may be tried repeatedly.

(ii) Asingle syringe can also be used to illustrate the effect of pressure on
solubility. Attach a short length of rubber tubing to the nozzle, and also attach
a clamp or piece of wire to the rubber tube which can be used to cl ose the tube.
Fill the syringe half full of water, and fill the remminder of the barrel with CO).
Shake the syringe vigorously, then hold the tube under water, rel ease the clanp
(or loosen the wire), and note the rise in water level in the syringe. Repeat the
experinment, but depress the syringe plunger while shaking it. There will be a
noticeable difference in the rise of the water |evel.

(iii) The above experinents have been adapted from Andrew Farner, "The D sposabl e
Syringe--A Rival to the Test Tube?," School Science Review, CLXXIV (1969), 35-37.

(iv) Another experinment that can be performed with the seal ed syringe invol ves
the rel ationshi p between reaction rate and pressure. Fill the syringe partially
wi th vinegar and add sodi um bi carbonate. Carbon di oxide will be given off, and
this reaction can be speeded up or slowed down and stopped by decreasing or
increasing the internal pressure with the plunger, respectively. This experiment
is based on Paul D. Merrick, Experinents with Plastic Syringes, (San Leandro,

California: Educational Science Consultants, 1968), p 6.
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B4. Charles' Law Vol une/ Tenper at ure Devi ce *

a. Materials Required

Conponent s
(1) Syringe

(2) Wi ght
b. Construction

(1) Syringe

000

=1

~——————(1) Syringe

[}
]
(»)

e

~———(2) Wi ght

Qu ltems Required Di mensi ons
1 Pl astic Di sposabl e Capacity 35 m
Syringe (A
1 Smal | Eyed Screw (B) To seal syringe
nozzl e (B)
1 Lead Sinker or Wight (Q Appr oxi mately 30 g

Make two small holes in the
bottomof the syringe barrel
(A) with a hand drill or hot

Wre.
Hol es

*Adapted fromPaul D. Merrick, Experiments with Plastic Syringes, (San Leandro,
California: FEducational Science Consultants, 1968), p 32.
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Screw a snall, eyed screw (B)
into the syringe nozzle to sea
the nozzl e and to provide an

attachnent for the weight (O.

(2) Wi ght Hang a | ead si nker (C or other
sui tably sized wei ght (approxi-
mately 30 g) fromthe eyed
SCrew.

C. Notes

(i) Wth the plunger set so that a 35 cc volunme of air is trapped in the
syringebarrel, the device is put into a container of hot water. Water will be
seen to enter the syringe barrel as the expanding air leaves it through the snal
holes (the effect will be nmore visible if a drop of vegetable dye is placed in
t he nozzl e depressi on before begi nning). Varying anounts of water will enter the
syringe dependi ng upon the water tenperature. Good quantitative data can be
gotten by conparing the water tenperature with the anount of water entering the
syringe (or the air volume of the syringe after the water enters). The device
shoul d be removed fromthe water to return the air volume to its original reading
for each tenperature/ pressure reading
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C. DI FFUSI ON APPARATUS

Cl. Liquid D ffusion Device

=

~%———— (1) Syringe

A)
’

»’
[§

v

a. Material s Required

Conponent s Qu Itens Required Di nensi ons
(1) Syringe l Pl asti c D sposabl e Capacity approxi-
Syringe (A) mately 50 ni

b. Construction

(1) Syringe Sel ect a plastic, disposable
syringe (A) of a large capacity
(35 - 50 m, for exanple).

C.Not es

(i) To use this device to study diffusion of liquids, fill the syringe al npbst
conpletely with cold water. Then, draw a small amount of colored solutioninto it
and | et the' syringe stand. Di f fusi on shoul d be compl ete after two or three days.

Col ored sol utions which work well include potassi umpernmanganate and copper

sul phat e.

(ii) This experiment has been adopted fromAndrew Farnmer, "The Di sposabl e
Syringe: Additional Experinent," School Science Review, CLXXVIII (1970), 60.




- 255-

C2. Gas Diffusion Device *

(2) Connecting

/ Tubi ng
e
l
o [~
(1) Gas (3) I'ndicator
Cont ai ner g Container -
q D
a. Materials Required
Conponent s Qu Itens Required Di nensi ons
(1) Gas Contai ner ! Pl asti c Di sposabl e Capaci ty approxi -
Syringe (A mately 25 m
(2) Connecting 1 Rubber or Plastic Appr oxi mat el y 15 cm
Tubing Tubi ng (B) l ong, diameter to
fit syringe nozzles
1 Pinch damp (C VI A4
(3) I'ndicator 1 Pl asti c Di sposabl e Capaci ty appr oxi -
Cont ai ner Syringe (D) mately 25 m
I ndi cator Sol ution (E) Approximately 5 n

(Li mewat er or Litmus

Sol ution)

*Adapted fromAndrew Farmer, "The Di sposable Syringe--A Rival to the Test Tube?, "

School Sci ence Review, CLXXIV (1969), 35.
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b. Construction

(1) Gas Contai ner Sel ect a plastic, disposable
syringe (A) of about 25 m
capacity.

(2) Connecting Tubing Use a length of flexible

tubing (B) to connect the two
syringes together. Make a

pi nch clamp (C) or use anot her
suitable clanp to cl ose the

t ubi ng.

(3) Indicator Container Sel ect a plastic, disposable
syringe (D) with the sane capa-
city as that used for the gas
container. Fill it with the
i ndi cator solution (E).

C. Notes

(i) Place an indicator solution (e.g., limewater) inthe indicator container.
Agas (e.g., @) is collected in the gas container syringe and the two syringes
are connected by the tubing. \Wen the clanp is released, the gas will diffuse
until it reaches the indicator solution and causes a reaction (white precipitate
when CO) neets limewater). The time taken for the gas to diffuse may be measured.

(ii) Aslight nodification of the indicator container will allowa conparison
of gas diffusionratesin air
and in a partial vacuum This

Hol es, i s done by naking two hol es
. \ opposite each ot her near the
CC’:\ ot; mout h of the syringe barrel
< with a hand drill or heated
nail. Then one hole is nade in
@o @ the plunger, as shown. The
\ Hol e hol es shoul d be nade so that a

nail can be pushed through the
barrel and plunger.
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To repeat the above experinent with a partial vacuum the nail is renoved

=

Partial —__|
Vacuum

Indicator

fromthe indicator syringe

and several m of indicator
solution are drawn into the
syringe. Then the tubing

closed by the clanp, is attached
to the syringe. Wth the clanp
in place the plunger is pulled
back, to create a partia

vacuum and the nail is pushed
through the syringe barrel and
pl unger to hold the plunger

in position. Gas is collected
inthe other syringe and

allowed to diffuse to the

i ndi cator solution, and the

tine taken is conpared to the
results of the first experiment.
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D_ OXI DATI ON APPARATUS

D. OxidationIndicator: Menbrane Type *

(1) Syringe
/ / Assembly

(2) Menbrane

a. Materials Required

Conponent s Qu |t ens Requi red Di nensi ons
(1) Syringe Assenbly 1 Pl asti c Di sposabl e Capacity 25-50 n
Syringe (A
1 Nai | (B) Approximately 0.2 cm

di aneter, 4 cmlong

(2) Menbrane 1 Thi n Sheet Rubber (C) Approxi mately
5 cmx5cm

1 Rubber Band or Thin
Wre (D)

b. Construction

(1) Syringe Assenbly Take a mediumto | arge capacity
(25 - 50 m) plastic, disposable
syringe (A). Cut off the end
C@O O ,O of the barrel near the nozzle.

{ (») Then, with a hand drill or hot

‘\ nai |, make two hol es approxi -

Cut Hol es mately 0.3 cmin di ameter

opposi te each ot her near the
mout h of the barrel.

In the sane fashion, make one

@ 0 @ hole in the stemof the plunger,

near the plug, as shown.

*Adapted from Paul D. Merrick, Experinents with Plastic Syringes, (San Leandro,
California: Educational Science Consultants, 1968), p 6.
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Insert the plunger into the
syringe barrel, and push the
nai |l (B) through the holes in
the barrel and plunger to fix
the plunger in position.

(2) Menbrane Cut a 5 cmx 5 cmsquare of
thin sheet rubber (C) (froma
toy ball oon, for exanple).
Stretch it over the open end of
the syringe barrel and secure
it in place with a rubber band
(D or length of thin wre.

C. Not es

(i) This sinple device will give a visual indication that oxidation is taking
place. For exanple, if wet steel wool or a piece of cotton soaked in al kaline
pyrogallol [Note (i) XIl/D4lisinsertedintothe barrel of the syringe and the
pl unger fixed in place with the nail , as the material reacts with the oxygen in
the air the pressure inside the syringe will gradually be |owered. This can be
seen since the rubber sheet will be pulled further and further into the syringe.
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Di spl acenment Type *

a. Material s Required

Conponent s
(1)Syringe
(2) Beaker

b. Construction

(1)

Syringe

(2) Beaker

C_ Notes

(i) Place a portion of wet steel wool

— (1) Syringe

\/

S
-
it

N

Qu

| Pl asti c Di sposabl e
Syringe (A)

Itens Required

1 Jar or Beaker (B)

“—————— (2) Beaker

Di mensi ons
Capaci ty approxi nately
35 m

To support syringe

Sel ect a plastic, disposable
syringe (A) of mediumto | arge
50 mM). No
nodi fi cations are necessary.

capacity (35 -

Choose a smal | glass jar (B),
beaker, or other contai ner
that will support the syringe,
as shown.

(it nmay have to be washed in vinegar

to renove the anti-rust coating) in the syringe barrel and position the plunger

*Adapt ed from Paul
California: Educati onal

D. Merrick, Experinments with Plastic Syringes,

(San Leandro,

Sci ence Consul tants, 1968},

p 2.
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so that some predetermined air volume is trapped in the syringe. Pl ace t he syringe
into a snall amount of water in the beaker so that the nozzle is under water. As
the steel wool reacts with the oxygen in the air, pressure inside the syringe will
drop and water will be drawn up into the syringe barrel. Dyeing the water with
non-fast vegetable dye will nake the visual display nore evident.

Cotton wool or other absorbent material soaked with al kaline pyrogall ol
[Note (i) X1/D4] may be substituted for the wet steel wool.
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D3. Oxi dation Rate |ndicator *

(1) I ndi cat or

a. Materials Required

Conponent s Qu Itens Required Di nensi ons
(1) I'ndicator 1 Respi ronet er BICL/MII1/D (1)

b. Construction

(1) Indicator Construct thisitemaccording
to directions given forthe
Respirometer, BIOL/VI11/DI(1).

C. Not es

(i) Begin operation of this device by fastening the plastic tubing to the
reservoir and to the nozzl es of the syringes. Fill the reservoir with water which
has been col ored with non-fast vegetabl e dye. Itens which react with oxygen in

the air, including wet steel wool, white phosphorus, or alkaline pyrogallol (soaked
cotton wool), are placed in the barrel of one syringe, where they react, renoving
oxygen fromthe trapped air. This results in a lowering of pressure which causes
the colored water to be drawn fromthe reservoir into the clear tubing. The
second syringe serves as a control, containing only air. The rate of the reaction
can be judged fromthe speed with which the water colum noves toward the syringe.

*Adapted from Paul D. Merrick Experinents with Plastic Syringes, (San Leandro,
California: Educational Science Consultants, 1968), p 11.
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«— (1) Syringe

/(3) Glass Tube

//

o
4 (2) Connect i ng Tubi ng
(& )3‘3 /&—“(4) Wat er Cont ai ner
\/ = /

a. Materials Required

Conponent s Qu Itens Required Di mensi ons
(1) Syringe 1 Pl astic D sposabl e Capacity 10 m
Syringe (A) or nore
(2) Connecting Tube 1 Rubber or Plastic To fit syringe
Tubi ng (B)
| d ass Tubing (O 0.5 cm dianeter,
2 cmlong
(3) dass Tube 1 d ass Tubing (D) 2-3 cm dianeter,
10 cmlong
| | - Hol e Stopper (E) To fit large tubing
Cotton (Cotton Whol) (F) --
(4) Water Container ! Pan or Tray (G Capaci ty approxi mat el y
Lliter

*From Paul D. Merrick, Experinents

with Plastic Syringes, (San Leandro, California:

Educati onal Science Consultants, 19

68), p 10.
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b. Construction

(1) Syringe Sel ect as many pl astic,
di sposabl e syringes (A) of
t he same capacity (approximately
10 m) as desired.

(2) Connecting Tubing Connect the short rubber or
plastic tubing (B) to the
syringe nozzle. Connect the
free end of the rubber or
plastic tube to the short piece
of glass tubing (().

(3) dass Tubing Seal one end of alarge dianeter
gl ass tube (D) with a one-hole
stopper (E) and insert the
glass tube (C) into the hole
in the stopper.

Push a smal |l wad of cotton (F)
(cotton wool) into position
near the top of the glass tube,
bel ow the stopper.

(4) Water Contai ner For the water container, use a
pan, tray, jar, or beaker (Q
i nto which the desired nunber
of syringe assenblies can be
filled.

c. Notes

(i) An al kaline pyrogal | ol solution nust be prepared for use with this apparatus.
Put 10 g powdered pyrogallol [1, 2, 3 -- trihydroxybenzene, CgH3(OH) 3] and 2 g
sodi um hydroxi de (NaOH) pellets into a small flask or test tube. Add about 30 m
H)0. Tightly cap the container and shake it until all the solid dissolves.
Avoid stirring the container to introduce air, as the al kaline solution wl|
rapi dly absorb oxygen and becone usel ess for the experinment.

(ii) For experinmentationin stoichiometry, several of these syringe assenblies
need to be set up. Each shoul d have an identical amount of the pyrogall ol
solution (or other reducing agent) in the syringe. Pl ace al | the devices open
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end down in the water container. I nject varying anounts of the pyrogallol (for
exanple, 0.5, 1,1.5. . . 10 nl) into the glass tube where it will be absorbed in
the cotton. The pyrogallol will then react with the oxygen in the air in the
tube, and continue to react until either the pyrogallol or oxygen is consuned.

As oxygen is renmoved fromthe air, pressure in the tube will fall, and water
will be drawn up into it fromthe trough. The height of the water in the tube
then beconmes a neasure of the ambunt of oxygen consumed, and will be seen to be
proportional to the amount of pyrogallol used, wuntil the upper linit is reached.

(iii) If glass tubes are not avail able, syringe barrels may be substituted.
A short piece of plastic or
rubber tubing is used to
connect the upper syringe
Uoper and | ower syringe barrel,
~ Sﬁpinge which is used in an inverted
position.

Lower
Syringe- -
Barrel Only

o om(e) ([T
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E. ANALYTI CAL APPARATUS

El. Air Conposition Device *

<t (1) Syringe and (2) Water
Tubing k‘”\{' Container
B —
>ﬁ ﬁkﬁ/\ \
7 =~ - AY
(&) &
a. Materials Required
Conponent s Qu ltems Required Di nensi ons
(1) Syringe and 2 St oi chi onmetry Devi ce (A) Xl'1/D4, Conponents
Tubing (1), (2), and (3)
(2) Wwater Container 1 Pan or Tray (B) Approximately 1 liter
- Li mewater (Q -
2 Model ing O ay (D) Smal | wads
(Pl asticine)
2 Candl es (E) Approximately 0.5 cm

di ameter, 5 cmlong

*From Paul D Merrick, Experinments with Plastic Syringes, (San Leandro, California:
Educati onal Science Consultants, 1968), p 20.
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b. Construction

(1) Syringe and Tubing Prepare two syringe and tubi ng
(A) assenblies, as described for
the St oi chi ometry Device
(X1/DY).

(2) Water Container Support each candle (E) in a
snmal | wad of nodeling clay (D),
éﬁ about 5 - 10 cmapart on the
bottomof the pan or tray (B).
The clay wad nust be snaller
than the di ameter of the gl ass
tube used.

&S

Pour sufficient linewater (C)
into the pan or tray to cover
the wad of clay and 1 cmor so
of the candles.

c. Notes

(i) To investigate the proportion of oxygen in the air, an al kaline pyrogall ol
sol ution, prepared according to instructions inX1/D4, is required. Each syringe
shoul d contain an equal amount of the pyrogallol solution (5 m, for exanple).

(ii) When the syringe assenblies, with al kaline pyrogallol solutionin each
syringe, and the candles in the |inewater have been prepared, |ight one candl e.
After a few seconds, place one of the syringe assenblies over each candle. Al ow
themto stand for about five minutes after the burning candl e goes out to allow
the limewater torenmove CO) fromthe air inits tube. At this tine, |imewater
will have risen into the tube to conpensate for the | ost ). Mark this level of
limewater with a wax pencil or felt-tipped narker.

Using a syringe punp (see Xl I1/A2), renove air fromthe other tube until the
limewater rises to the sane level in the second tube as it had in the first. Mrk
this level, also. Now, inject al kaline pyrogallol fromthe syringes onto the
cotton wads. This will react with the oxygen in the air, and renove all of it if
enough pyrogal lol is used. The water |evel in each tube will have risen. The
amount of rise in the first tube (the one containing the candle) will be conpared
to the amount of rise in the second tube. Al so, the change in trapped air vol ume
in both tubes shoul d be noti ced. By doing this, it will be found fromthe first
tube that the burning candl e renpves only about 25%of the oxygen in the air, while
the change in volunme in the second tube will showthat air is about 21% oxygen.



E2. Gas Reaction Chanber *

a. Materials Required

Conponent s
(1) Syringe

(2) "T" Tube

(3) Tubing

(4) danp

b. Construction

(1) Syringe

(2) "T" Tube

*Adapted from Nuffield O Level
Pengui n Books, 1967), p 237.
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Qu Itenms Required

2 Pl asti c Di sposabl e
Syringe (A)
1 d ass "T" Tube (B)

3 Rubber Tubing (Q

3 Pinch danp (D)

Di mensi ons
Capacity 50 ni

Approximately 0.5
dmdi anet er

To fit syringe nozzle,
approximately 8 cm
| ong

| VI Ad

Select two 50 ml plastic,

di sposabl e syringes (A). Secure
the syringes in a horizontal
position by appropriate supports.

Use a glass or nmetal "T" tube
(B) with three outlets. If
avail abl e, a three-way val ve
(stopcock) may be substituted
for the clanps and "T" tube.

Chemistry,_Coll ected Experinents, (London:Longnans/
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(3) Tubing Connect the two syringes to

~ the "T" tube with two short
pi eces of rubber tubing (C).
Use a third piece of tubing (O
to connect the apparatus to a

source of gas.

(4) Canp Use three pinch clanmps (0)or
ot her suitable clanps to cl ose
each section of tubing.

C. Not es

(i) To determ ne the nunmber of gram nol ecul es of hydrogen chloride that react
wi th one gram nol ecul e of anmonia, set up the apparatus as shown in the main
illustration. Using the correct conbination of open and cl osed clanps, fill one
syringe with dry ammoni a gas, enpty it, and repeat one or two nore times to "flush"
the syringe. Followthe sane procedure with the other syringe using dry hydrogen
chloride. Then, fill the first syringe with 40 cc of the dry ammonia and fill the
second with 50 cc of the dry hydrogen chlori de. Wth the two syringes open to
each other but closed to the atnosphere, inject the hydrogen chloride into the
syringe of ammonia. The two gases will react, formng ammoni um chl oride. That
about 10 cc of hydrogen chloride remains unreacted i s shown by passing the gas over
danp i ndi cat or paper. Thus, 40 cc of ammonia reacts with 40 cc of hydrogen

chl ori de.
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F.  CONDUCTANCE APPARATUS

FI . Conduct ance Device *

(2) Receiving

Syringe \. y

a. Muterials Required

Conponent s Qu ltems Required Dinmensi ons
1) Injectin 1 Pl astic Di sposabl e Capaci ty appr oxi -
) Sy:inge g Syringe (A) mately 35 m
(2) Receiving 1 Pl asti c Di sposabl e Capaci ty appr oxi -
Syringe Syringe (B) mately 35 m
i 2 Insulated Wre (C Approximtely 0.3 cm
(3) Wre (9 di ameter, 50 cml ong
i 1 Pl astic or Rubber To fit syringe
(4) Tubing Tubi ng (D) nozzles, 2 cmlong

b. Construction
(1) Injecting Syringe Use a 35 m plastic, disposable
syringe (A), with no nodifica-

tions, for this conponent.

*Adapt ed fromAndrew Farner, "The Disposable Syringe--ARival to the Test Tube?,”
School Sci ence Review, CLXXIV (1969), 32- 34,
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(2) Receiving Syringe

A,

Hole
(3) Wre
Q\\\\ Epoxy Glue
Seal
(4) Tubing
c. Not es

Take a 35 ml plastic, disposable
syringe (B) and with a hand dril
or hot wire make two hol es
approximately 0.2 cmin di ameter,
opposite each ot her near the
base of the barrel

Renove about 1.0 cmof insul a-
tion fromeach end of both

wires (Q). I nsert one bare end
of each wire through the hol es

in the syringe barrel (B). Sea
the hol es with epoxy glue, taking
care to see that no epoxy covers
the bare wire inside the syringe
barr el

Connect the two syringes to-
gether with a short piece of
pl astic or rubber tubing (D).

(i) This apparatus may be used to investigate the variation of conductance as two

‘\\\?attery

Ammet er

solutions are mxed. The wires
are connected in series to a
1.5 volt cell and an anmeter as
shown. One liquidis placed in
t he receiving syringe, another
inthe injecting syringe, and
the current is neasured on the
amreter. Then the solutionin
the injecting syringeis gra-
dually fed into the receiving
syringe, and any changes in the
current are noted. Conductance
the reciprocal of resistance,
may be cal cul ated fromthe
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current and vol t age:

= E
R =1

o] —

mhos =

(ii) Solutions which nmay be tested in this apparatus include water in the
receiving syringe and salt solution or HJ solution in the injecting syringe;
dilute H)S04 in the receiving syringe and Ba(QH o solution in the injecting syringe;
and dilute HJ in the receiving syringe with NaOH in the injecting syringe.

(iii) This device, with one nodification, nay al so be used to investigate the
variation of conductance as a

— gas i s bubbled into a sol ution.
To Gas Supply The injecting syringe is renoved

and repl aced with a section of
pl astic or rubber tubing that
connects the renai ning syringe
to a gas source. For exanple,
the syringeis filled with a

i mewat er sol ution, and the
current is noted on the ammeter.
Then CO, is passed through the
i mewat er, and the change in
current as well as the change in color of the solution can be seen. Phenol pht ha-
lein can also be added to the limewater initially, and the color change fromred
to clear will indicate the neutralization has occurred.
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F2. Constant Vol unme Conduct ance Devi ce

(3) Injecting
Syrl nge

(4) Wre ~——

a. Materials Required

Conponent s
(1) Cont ai ner

(2) Extracting
Syringe

Qu
1

Itenms Required
Jar with Lid (A

Pl astic Disposable
Syringe (B)

Rubber or Plastic
Tubing (C)

(2) Extracting

Di nensi ons

Capacity approxi -
mat el y 200-250 n

Capacity approxi -
mately 20 m

Dianeter to fit
syringe nozzl e; | ength,
about 1 cmshorter
than jar hei ght
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(3) Injecting ! Pl asti c Di sposabl e Capaci ty approxi-
Syringe Syringe (D) mately 20 nm
(4) Wre 2 Insulated Wre (E) Diameter 0.3 cm
50 cm | ong

b. Construction

(1) Cont ai ner Puncture four holes in the jar
Holes for lid (A). Mke the two outside
Wires . .

hol es about 0.5 cmin dianeter

to accommodat e the syringe

(B,D) nozzles. Make the two
\ i nner holes about 1 - 2 cmapart

and 0.4 cmin dianeter, to

‘ accommodat e the insul ated wire

o e o 6O

Hol es for (B).
Syringes
(2) Extracting Syringe Push the nozzl e of a plastic,

di sposabl e syringe (B) through
one of the outer holes in the
jar lid, Attach the rubber or
plastic tubing (C to the
syringe nozzle fromthe inside
of the lid.

(3) Injecting Syringe Push the nozzl e of a second
pl astic, disposable syringe (D)
t hrough the ot her outer hole
in the jar lid.
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(4) Wre Strip 5- 7 cmof insulation
fromone end of each wire (E).

Syringes

Push each stripped end of wire
through the inner holes in the
jar lid, fromthe outside of the
lid. Allow about 8 - 9 cm of
each wire to extend fromthe
inside of the lid.

C. Notes

(i) I'n order to use this apparatus to investigate variations in the conductance
of a solution as its conposition (but not its volume) is changed, the wires from
the container nmust be connected, in series, toa 1.5 volt battery and an ameter.
[ See diagram Note (i), XII/FI.] A solution, such as water, is placed in the con-
tainer. A second solution (concentrated salt solution, for exanple) is placed in
the injecting syringe and the lid placed on the jar. Current is neasured; then a
neasur ed anount of solution fromthe injecting syringe is added to the contai ner,
the solution mxed well, and volune of solution equal to that added to the con-
tainer is withdrawn with the extracting syringe so that the el ectrode depthis
unchanged. Current is again measured, and conductance cal cul ated as described in

Note (i), XII/FI.

(ii) This equi pment is adopted from Andrew Farner, "The D sposabl e Syringe--
A Rival to the Test Tube?," School Science Review, CLXXIV (1969), 34-35.
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Bl BLI OGRAPHY

A nunber of texts have proved to be extrenely val uabl e references to the
I nexpensi ve Sci ence Teachi ng Equi pment Project, and these are |isted bel ow.

Aneri can Peace Corps, Science Teachers' Handbook,
(Hyderabad, India: Anerican Peace Corps, 1968).

Thi s handbook cont ai ns many i deas for inprovising
sci ence teachi ng equi pnent.

Associ ation for Sci ence Education, The School Science

Revi ew, (London: John Murray).

A quarterly journal containing articles on
sci ence experiments and equi pnent in all the
sciences at all school |evels.

Associ ation for Sci ence Education, The Science Master's

Book, Part 2 (Chemistry) Series 1-4, (London: John Mirray).

These materials, selected fromThe School Science
Revi ew, describe apparatus and experinents for a
wi de range of chemistry activities.

Coulson, E. H, A E J. Trinder, and Aaron E. Kl ein, Test
Tubes and Beakers: Chemistry for Young Experinenters, (Garden
Gity, New York: Doubl eday and Conpany, Inc.,1971).

Thi s book describes sinple apparatus and experinments
for youngsters in a hone | aboratory.

Bowker, M K., and AL R D. Hunt, Making El enentary Sci ence
Appar at us, a Handbook for Teachers in Tropi cal Areas, (London:
Thomas Nel son and Sons, Ltd., 1968).

Thi s book outlines instructions for construction
and use of inexpensive, el enentary sci ence appar at us.

The Portland Project Conmttee, Teacher Cuide, Chenistry of
Living Matter, Energy Capture, and Gowh, (Portland, Oregon, U S A :
The Portland Project Comiittee, 1971).

This guide i s one of a three-year sequence integrating
bi ol ogy, chemistry, and physics i nto one secondary
sci ence program Student guides are also available.

Ri chardson, John S., and G P. Cahoon, Methods and Materials
for Teaching General and Physical Science, (New York, Toronto, and
London: MG aw Hi Il Book Conpany, Inc., 1951).

Thi s gui de describes i nvestigations and | aboratory
techni ques for secondary | evel physics and chemi stry.
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Uni ted Nations Educational, Scientific, and Cultural Organization,
UNESCO Sour ce Book for Science Teaching, (Paris: UNESCO 1962).

Thi s book, recently revised, contains many sinple
i deas for teaching-science at a. relatively
el ementary |evel.

Inaddition to the above texts, the materials froma |arge nunber of projects in
the files of the International d earinghouse on Sci énce and Mat hematics Curricul ar
Devel opnments at the University of Maryl and have al so been particul arly val uabl e.
Further details of these projects may be found in:

The Seventh Report of the International C earinghouse on

Sci ence and Mat hematics Curricul ar Devel opments, 1970. (Coll ege
Park, Maryland, U S A : University of Maryland, 1970).

This is a source of information on curriculum

proj ects throughout the world, and indicates
material s avail able, project directors, publishers,
etc. The Eighth Report will be available in late
1972,
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ALPHABETI CAL | NDEX

Page
Al r Conposi tion Device CHEM 266
Al cohol Burner, Mdified CHEM 40
Al cohol Burner, Sinple CHEM 38
Ameter, Hot Wre PHYS/ 255
Ameters (See Gal vanonet ers)
Anest heti zi ng Chanber Bl O/ 261
Aperture/ Slit Conbination PHYS/ 113
Aquari um Breeding BI OL/ 1 47
Aquarium Jug or Carboy BIOL/ 146
Aquarium Pl astic Bag BIOL/148
Aquarium Quickly Made Denpnstration BIOL/145
Aspi rat or BIOL/I O3
Aspi rat or CHEM | | 7
Baer mann Funnel Bl OL/ 114
Bal ance, Conpression Spring PHYS/ | 2
Bal ance, Current PHYS/ 261
Bal ance, Equal Arm PHYS/ 24
Bal ance, Extending Spring PHYS/ 9
Bal ance, M cro- PHYS/ 22
Bal ance, Pegboard PHYS/ | 7
Bal ance, Rubber Band PHYS/ 5
Bal ance, Sinple Beam PHYS/ 8
Bal ance, Single Pan PHYS/ 32
Bal ance, Soda Straw PHYS/ 20
Bal ance, Spring PHYS/ 36
Bal ance, Spring Lever PHYS/ 2
Bal | - and- sti ck Mbdel s CHEM | 93
Basket Sieve CHEM | 27
Bat h, Sand CHEM | 88
Bath, Water or Steam CHEM | 89
Battery, Sinple PHYS/ | 85
Beaker CHEM | O
Beat i ng Sheet BIQL/I D
Beehi ve Shel f CHEM | 73
Bel | Jar CHEM I | |
Berl ese Funnel BIQL/ 117

Bi-metal Strip CHEM 59
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Bird Trap, Potter

Bl owpi pe for Charcoal Bl ock
Bottle, Specific Gavity
Bottle, Wash

Bot t om Sanpl er

Box Trap, Sinple

Bul b Hol der with Bul b
Burette

Burette and Ring Stand with Attachments
Burner, Candl e

Bur ner, Char coal

Burner, Fuel System for Gas-
Burner, Gas

Burner, Modified Al cohol -

Bur ner, Sinple Al cohol -
Butterflly Net

Cage, Ant Cbservation

Cage, Cockroach

Cage, Cylinder

Cage, d ass

Cage, d ass Jar

Cage, Housefly

Cage, Jar

Cage, Wre

Cage, Wboden Frane

Candl e Bur ner

Car bon Di oxi de Production Chanber
Cart, Elementary

Cart, Heavywei ght

Cart, Lightweight

Cel I, Cheni cal

Cells, Dry Cell Holder with
Centrifuge

Centrifuge, Hand Drill

Chanber, Transfer

Char coal Burner

Charles' Law Vol ume/ Tenper at ureDevi ce
Chemi cal Cell

Chr omat ogr aphi ¢ Devi ce

Chr omat ogr aphy Appar at us, Li qui d- Col umm

BIOL/I 26
CHEM 191
CHEM 69
CHEM | | 4
Bl OL/ 82
BIOL/119
PHYS/ 191
CHEM 61
CHEM 90
CHEM 35
CHEM 36
CHEM 43
CHEM 49
CH EM 40
CHEM 38
Bl OL/ 94

BIOL/I73
BIOL/1 63
BI OL/ | 67
BIOL/I 76
BI OL/ 159
Bl OL/ | 65
BI OL/1 69
BIOL/ 185
BIOL/180
CHEM 35

Bl OL/ 269
PHYS/ 61

PHYS/ 75

PHYS/ 66

PHYS/ | 77
PHYS/ | 80
CHEM | 53
CHEM | 49
Bl CL/ 226
CHEM 36

CHEM 252
PHYS/ | 77
Bl OL/ 255
CHEM 237
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Chr omat ogr aphy Devi ce, Horizontal Paper
Chr omat ogr aphy Devi ce, Horizontal Paper
Chr omat ogr aphy Devi ce, Horizontal Paper
Chr omat ogr aphy Equi prent, Vertical Paper
Chr omat ogr aphy Equi pent, Vertical Paper Strip
Circuit Board

C anp, Woden Pi nch

C anp, Woden Screw

Cl eaner, Test Tube

d ock, C assroom

d ock, Water

Col | apsi bl e Heat i ng St and

Coi|l with Cores, Miltipurpose
Conposition of Air Device

Conduct ance Devi ce

Conduct ance Devi ce, Constant Vol ume
Condenser

Cone Sieve

Cover Slip, dass Slide and

Crystal | i ne Packi ng Model s

Cul ture Fl ask

Current Bal ance

Decade Resi stor

Def | agrati ng" Spoon"
Denonstrati on Ther nonet er

Dessi cat or

DiffractionHol es

Di f f usi on Chamber

Di f fusi on Device, Gas

Di f fusi on Device, Liquid

Di sh, Petri

Di ssecting Needl es

Di ssecting Pan

Distillation Apparatus, Condenser
Distillation Apparatus, Sinple
Doubl e Bond Struct ures

Dredge

Dr opper

Dr opper

Dr opper/ Pi pette

CHEM 224
CHEM 226
CHEM 228
CHEM 230
CHEM 234
PHYS/ | 95
CHEM 78

CHEM 80

CHEM | 79
PHYS/ 52

PHYS/ 44

CHEM 88

PHYS/ 235
CHEM 266
CHEM 270
CHEM 273
CHEM | 38
CHEM | 26
Bl OL/ 30

CHEM 217
Bl OL/ 214
PHYS/ 261

PHYS/ 209
CHEM | 77
CHEM 57
CHEM | 81
PHYS/ | 37
Bl OL/ 258
CHEM 255
CHEM 254
CHEM | | 3
Bl OL/ 39
Bl OL/ 51
CHEM | 38
CHEM | 36
CHEM 207
Bl OL/ 60
Bl OL/ 49
CHEM 66
CHEM 242
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Dry Cell Holder with Cells
Dryer, Electric Lanmp

Dryi ng Tower

Dynano/ Mot or

El asticity Device

El ectrol ysi s Appar at us

El ectroplating, Mrrors and
Enzymati ¢ Reacti on Chanber
Expansi on Devi ce, Gas

Ferment ati on Tube, Bal | oon
Ferment ati on Tube, Dur ham
Ferment ati on Tube, Syringe
Filter

Filter Fl ask, Suction-

Fl ame Test Wre

Fl ask Generator (Gas)

Fl ask, Light Bulb

Fl ask, Suction-Filter

Fl asks, Vol umetric

For ceps

For ceps

Fuel Systemfor Burners, Gas
Funnel , Baer mann

Funnel , Berl ese

Funnel, G ass Bottle
Funnel , Separatory

Gal vanonet er, El enentary Myving Coi |
Gal vanoneter, El ementary Tangent
Gal vanonet er, Movi ng Coi |

Gal vanomet er, Repul sion Type

Gal vanonet er, Tangent

Gal vanometer with Mil tipurpose Coils, Mving Coil

Gal vanoret er wi th Shunts, Moving Coi |
Gal vanonet er wi th Shunts, Tangent
Gas Bur ner

Gas Burner, Fuel Systemfor

Gas Col | ection Device, Plant

Gas Col I ection Device, Seedling

Gas Di ffusion Device

PHYS/ | 80
CHEM | 85
CHEM | 83
PHYS/ 217

PHYS/ | Q2
CHEM | 45
PHYS/ || 6
Bl OL/ 263
PHYS/ 103

Bl OL/ 247
Bl OL/ 248
Bl OL/ 249
PHYS/ | 28
CHEM | 29
CHEM | 76
CHEM | 65
CHEM | O7
CHEM | 29
CHEM 68

Bl OL/ 48

CHEM 72

CHEM 43

BIOL/I4
BIOL/I7
CHEM |1 O
CHEM | 32

PHYS/ 266
PHYS/ 246
PHYS/ 285
PHYS/ 249
PHYS/ 272
PHYS/ 292
PHYS/ 296
PHYS/ 276
CHEM 49

CHEM 43

Bl OL/ 265
Bl OL/ 267
CHEM 255
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Gas Expansi on Device
Gas Cenerator, Flask
Gas CGenerator, Kipp's

Gas Generator, Sinple, and Col |l ecting Appar at us

Gas Production and Col |l ecti on Devi ce
Gas Reaction Chanber

Gas Sol ubility Devicel/ Reacti on Rate Chamber

Gauze Wre

CGenerator, Mcro-

CGeonetric Structures, Mdels

d ass, Measuring

d ass, Watch

d assware, Light Bulb

G asswar e Techni ques and Accessori es
G appl i ng Bar

G appl i ng Hook

G owt h Chanber, Pl ant

Heat i ng Shel f

Heat i ng Stand, Col |l apsible
Hol der, Multi-purpose Design
Hol der, Test Tube

Hydraul i ¢ Press

Hydr oret er

I ncubat or, Egg

I ncubat or, M croorgani sm

I ndi cator, Displacenent Type xi dati on
I ndi cator, Menbrane Type Oxi dation

I ndi cator, Oxidation Rate

I nocul ati ng Needl| es

I nsect Collector, Night Flying

I nsect Spreadi ng Board

Interference Strips

Jar, Bell

KillingJars

Ki netic Theory Mdel
Ki pp' s Cenerator
Kynmogr aph

Lenses and Prisns, Optical
Lens with Hol der

PHYS/ | C3
CHEM | 65
CHEM | 67
CHEM | 63
CHEM 245
CHEM 268
CHEM 250
CHEM 82
CHEM 249
CHEM 215
CHEM 64
CHEM || 2
CHEM | 9
CHEM |

Bl OL/ 87
Bl CL/ 85
BI OL/ I 55

CHEM 83
CHEM 88
CHEM 73
CHEM 76
PHYS/ 96
PHYS/ | O8

Bl OL/ 200
Bl O/ 219
CHEM 260
CHEM 258
CHEM 262
Bl OL/ 218
BIOL/| G5
BI OL/ 99

PHYS/ | 38

CHEM | | |

Bl OL/ 96

CHEM 220
CHEM | 67
Bl OL/ 234

PHYS/ | 21
PHYS/ | 30
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Light Bul b d assware

Light Bulb d assware, Rack for

Light Bulb d assware, Stand for

Li ght Source

Li qui d- Col umm Chr omat ogr aphi ¢ Appar at us
Liquid Diffusion Device

Magneti c Fi el d Apparat us

Magnetic Field Apparatus with Milti purpose Coils
Magneti zi ng Coil and Magnets
Magnet s

Magnet's, Magnetizing Coil and
Magni fier, 111 um nated Hand
Magni fier, Water Filled

Magni fyi ng A ass, Water Bulb
Manonet er

Masses, Box of

Menbr ane-type Oxi dation Indicator
Measuring d ass

Metal Sheet Shel f

M crobal ance

M cr o- gener at or

M croscope, Adj ustable

M croscope, Gl ass Stage

M croscope, Hand-Hel d

M croscope, Match Box

M cr ot ome, Hand

Mrrors and El ectropl ati ng

Model , Kinetic Theory

Model s, Bal | -and-stick

Model s, Crystalline Packi ng

Model Units, Mol ecul ar

Mrtar and Pestle

Mot or / Dynano

Mot or, Sinple

Movi ng Coi | Gal vanomet er

Movi ng Coi | Gal vanonmeter with Ml tipurpose Coils
Movi ng Coil Gal vanoneter with Shunts
Mul ti purpose Coil with Cores

Mul ti pur pose Design Hol der

Mul ti pur pose St and

CHEM | O7
CHEM | CO
CHEM | 02
PHYS/ 1| ]

CHEM 237
CHEM 254

PHYS/ 238
PHYS/ 241
PHYS/ 231
CHEM | 25
PHYS/ 231
BIOL/7

Bl OL/ 2
BIOL/ 3

Bl O/ 251
PHYS/ 30
CHEM 258
CHEM 64
CHEM 74
PHYS/ 22
CHEM 249
Bl OL/ 24
BIOL/I 4
BIOL/I9
Bl OL/ 21
Bl O/ 35
PHYS/ 11 6
CHEM 220
CHEM | 93
CHEM 217
CHEM | 98
CHEM | 20
PHYS/ 217
PHYS/ 212
PHYS/ 285
PHYS/ 292
PHYS/ 296
PHYS/ 235
CHEM 73
CHEM 98
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Needles, 1 nocul ating
Net, Butterfly

Net, Dip
Net, Lift
Net, Pl ankton

Optical Screen wth Hol der

Optical Board and Accessories

Oxi dation Indicator, Displacenent Type
Oxi dation Indicator, Menbrane Type

Oxi dat i on Rate | ndi cat or

Pendul um Sinpl e

Pestl e, Mrtar and

Petri Dish

Pi pette

Pi pet t e/ Dropper

Pi pette, Transfer

Pl ankt on Net

Pl ant Growt h Chanber

Pl ant Press (Fiel d Type)
Pl ant Press (Laboratory Type)
Press, Hydraulic

Prisns and Lenses, Optical
Pul se

Punp

Rack for Light Bulb G assware
Rack, Banboo Test Tube

Rack, Wboden Test Tube

Rat e | ndi cator, Oxidation
Reacti on Chamber, Gas

Reaction Rate Chamber/ Gas Sol ubility Device

Rectifier, Silicon

Rectifier (2 Plate), Sodium Carbonate
Ref racti on Model Appar at us

Rel axi ng Jar

Reptile Hook

Resi stor (Carbon), Variabl e

Resi st or, Decade

Resi stor (Nichrome), Variable

Respi ronet er

Bl OL/ 218
Bl OL/ 94
Bl OL/ 54
BIOL/ 71
Bl OL/ 65

PHYS/ | 24
PHYS/ 119
CHEM 260
CHEM 258
CHEM 262

PHYS/ 50
CHEM | 20
CHEM 113
CHEM 67
CHEM 242
Bl OL/ 224
Bl OL/ 65
BI OL/ I 55
BIOL/140
Bl OL/ I 42
PHYS/ 96
PHYS/ | 21
PHYS/ 49
GHEM 243

CHEM | OO
CHEM | O3
CHEM | O
CHEM 262
CHEM 268
CHEM 250
PHYS/ | 68
PHYS/ | 62
PHYS/ | 26
Bl OL/ 98

Bl OL/ | 32
PHYS/ 202.
PHYS/ 209
PHYS/ 204
Bl OL/ 270
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Respi r onet er

Ring and Burette Stand with Attachnents
Ri ppl e Tank

Ri ppl e Tank Accessori es

Sand Bat h

Scal pel , Razor

Scal pel, Strapping

Sci ssors

Screen, Hand

Screen wi th Hol der

Screw C anp, Woden

Sei ne, Two- Man

Separatory Funnel

Shel f, Beehive

Shel f, Heating

Shel f, Jar Cage

Shel f, Metal Sheet

Shunt s, Tangent Gal vanonmeter with
Shunts, Mving Coil. Galvanonmeter with
Si eve, Basket

Sieve, Cone

Sieve, Soil Organism

Si ngl e Bond Structures

Slide and Cover Slip, dass
Slit, Adjustable Single

Slit/ ApertureConbination
Slits, Fixed Single and Doubl e
Slits, Multiple

Snare

Soi | Organi smSieve

Sour ce, Light

Spatul a

Spatul a, Test Tube C eaner or
Specific Gravity Bottle
Specific Gravity Device
"Spoon', Deflagrating

Spr eadi ng Board, Insect

Spri ng Bal ance

Spring Bal ance, Conpression
Spri ng Bal ance, Extendi ng

BI OL/ 273
CHEM 90
PHYS/ 81
PHYS/ 90

CHEM | 88
Bl OL/ 43
Bl OL/ 41
Bl OL/ 45
Bl OL/ 56
PHYS/ | 24
CHEM 80
Bl OL/ 68
CHEM | 32
CHEM | 73
CHEM 83
BIOL/161
CHEM | 74
PHYS/ 276
PHYS/ 296
CHEM | 27
CHEM | 26
BICL/IIO
CHEM 203
Bl OL/ 30
PHYS/ | 36
PHYS/ 113
PHYS/ | 34
PHYS/ | 33
BIOL/ 130
BIQL/IIO
PHYS/ I 1]
CHEM | 78
CHEM | 79
CHEM 69
PHYS/ | O7
CHEM | 77
Bl OL/ 99
PHYS/ 36
PHYS/ | 2
PHYS/ 9
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Stain Bottle

Stai ni ng Vessel

St and, Col | apsi bl e Heati ng

Stand for Light Bul b d assware

Stand, Mul ti pur pose

Stand with Attachments, Ring and Burette
Steamor Water Bath

Sterilizer
Stick Mbdel s, Ball-and-
Still, Water

St oi chi onetry Devi ce

St rappi ng Tri pod

Strip, Bi-netal

St roboscope
Structures, Double Bond
Structures, Geonetric
Structures, Single Bond
Structures, Triple Bond
Suction-Filter Fl ask
Sun Di al

Swi tch

Tangent Gal vanonet er

Tangent Gal vanoneter, El enentary
Tangent Gal vanoneter with Shunts

Tank, Ripple

Techni ques and Accessories, G assware
Tenper at ure/ Vol ume Devi ce: Charles' Law
Terrarium d ass

Terrarium Sinple

Test Tube C eaner or Spatula

Test Tube Hol der

Test Tube Rack, Bamboo

Test Tube Rack, Woden

Test Wre, Flane

Ther moret er, Denonstrati on

Ther nost at

Ti mer, Ticker Tape

Tower, Drying

Transforner, Iron Wre Core
(6 volt output, 120 volt nains)

Bl OL/ 33
BI O/ 31
CHEM 88
CHEM | 2
CHEM 98
CHEM 90
CHEM | 89
Bl OL/ 215
CHEM | 93
CHEM | 41
CHEM 263
CHEM 86
CHEM 59
PHYS/ 93
CHEM 207
CHEM 215
CHEM 203
CHEM 213
CHEM | 29
PHYS/ 41
PHYS/ | 93

PHYS/ 272
PHYS/ 246
PHYS/ 276
PHYS/ 81
CHEM |
CHEM 252
BIOL/153
BI OL/ 151
CHEM | 79
CHEM 76
CHEM | O3
CHEM | G
CHEM | 76
CHEM 57
Bl OL/ 207
PHYS/ 56
CHEM | 83
PHYS/ | 40
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Transforner, Sheet Iron Core
(12 vol t output, 120 volt mains)

Transformer, Variabl e Qutput
(120 volt nains)

Trap, Funnel

Trap, Piling

Trap, Potter Bird
Trap, Sinple Box

Trap, Soil Insect
Triple Bond Structures
Tri pod, Strapping
Tripod, Tin Can
Tripod, Wre

Tweezers

Units, Mol ecul ar Model

VacuumAppar at us

Vascul um

Vertical Paper Chromatography Equi prent
Vertical Strip Paper Chromatography Equi pnent
Vivarium

Vol t net ers ( See Gal vanonet er s)

Vol urme Det er mi nat or

Vol une/ Tenperature Device: Charles' Law
Vol urret er

Vol uret ri c Fl asks

Wash Bottl e

Wat ch d ass

Wat er G ass

Water or SteamBath
Water Still

Wng Tip

Wre Gauze

Wre Tripod

Wor mery, Box

Wor mery, Jar

PHYS/ | 47

PHYS/ | 53

BI OL/ 76
8L/ 73
BIOL/I 26
BICL/I19
BIOL/II2
CHEM 213
CHEM 86
CHEM 84
CHEM 87
CHEM 72

CHEM | 98

PHYS/ 99

BI CL/1 36
CHEM 230
CHEM 234
Bl OL/ 191

PHYS/ | Cb
CHEM 252
Bl OL/ 244
CHEM 68

CHEM | 41
CHEM || 2
BI OL/ 90
CHEM | 89
CHEM | 41
CHEM 54
CHEM 82
CHEM 87
BIOL/I71
BIOL/| 68
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