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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.




- 246-

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



evol ved col | ected in the syringe
spoi |l the test tube

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,



-251-

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.
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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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