V. THE MULTI PURPCSE SYRI NGE

The purpose of this chapter istoillustrate some of the nmultiple uses to which a

syringe may be applied. The syringe devices are therefore grouped according to the
concepts they are intended to illustrate.

A Al R PRESSURE APPARATUS

The devices in this section are all concerned with varying air pressure inthe
syringe.

B.  SPECI FI CGRAVI TY APPARATUS

The syringes inthis section are used in one way or another to determine the
specific gravity of solids and Iiquids.



Al. Hydraulic Press
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A. Al R PRESSURE APPARATUS

a. Materials Required

Conponent s QU

(1) Support

(2) Syringe Assenbly 1

h, Construction
(1) Support

2
2

Items Required
Wod (A)
Wood ( B)

Pl astic Disposabl e
Syringe (Q

Pl astic Disposable
Syringe (D)

Rubber Tube (E)

Fine Wre (F)

-] (1) Support
/ (2) Syringe
Assembly
Di nensi ons

20cmx 5 cmx 2 cm
17 cmx 5 cmx 2 ¢cm

10 cc capacity
60 cc capacity

20 cmlong, 0.5 cm
di amet er

5 ¢cm | ong

Nai | the two shorter pieces
of wood (B) to the ends of

one of the longer pieces (A
in upright positions. Before
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Hol es nailing the last piece (A

/\ into position across the top

AN
P 5 X of the support, two holes

nmust be drilled in it. These

hol es must be slightly |arger
indianeter than the barrels

of the syringes used. Make

: (B) > \ these holes about 10 cm apart.

N\

(2) Syringe Assenbly Attach one end of the rubber
tube (E) to the nozzle of

the larger syringe (D). Wap
one piece of wire (F) around
this joint to seal it as
tightly as possible. Wth-
draw the plunger of this
syringe hal fway to fill it
with water through the end
of the rubber tube, Try to
elimnate as many of the air
bubbl es from the syringe as
possi bl e,

Hol di ng the free end of the
rubber tube so that no water
can escape, run the end of
the tubing through. the hole
in the support and put-the

[ arge syringe into position.
Put the barrel only of the
smal | syringe (C) into posi-
tion, and connect the end of
the rubber tubing to the
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nozzle. Again, use the wire
(F) to make the junction
tight. Push the plunger of
the large syringe down until
the water rises in the snall
syringe and is about to run
over. Insert the plunger of
the small syringe now and
push down, and a mininum of a
air should be trapped in the
system

C. Not es

(i) The lifting power of the hydraulic press may be felt by exerting a gentle
downwar d pressure on each syringe sinultaneously with both hands. The | oad on
the snmaller syringewill |ift the plunger of the | arger syringe, even when the
load on the latter is felt to be greater than that on the snaller syringe.



AZ. Vacuum Appar at us

a. Materials Required

Conponent s
(1) Fixed Syringes

(2) danmp and Tube

b, Construction

(1) Fixed Syringes
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(1) Fixed Syringes

Q Itens Required

!

Nai |

/

Pl astic Disposable
Syringe (A)

Pl astic Di sposabl e
Syringe (B)
Nails (C)

Pl astic Tube (D)

Screw C anp (E)

Syringe (A)

—J=D

(0
-

25 cc Vol une

-~ (2) d anp and

Tube

Di mensi ons
35 cc capacity

10 cc capacity

4 cmlong

20 cmlong, 0.5 cm
di anet er

CHEM | VI A5

Use a drill of a slightly

| arger diameter than that of the
nails (C to carefully make

hol es through the barrel and

pl unger of the plastic syringe
(A), Wen the nail (O is
inserted through these hol es,
the plunger should be held in

a position such that the volune
in the syringe is 25 cc.
Simlarly, prepare the second
syringe (B) so that the vol ume
is held at 5 cc capacity when
the nail is in place.



(2) Canp and Tube . Connect the two syringes with
the length of plastic tube (D).
Be certain the connections
between the nozzles and tubing
are tight. Also, the tubing
must be flexible enough to
allow the clamp to close it off
completely while, at the sanme
time, it should be elastic
a anp enough not to collapse as
Here pressure in the system becones
lower. The clanp (E) will close
off air flow through the tube
nost easily when the tube is

doubl ed over against itself.

c. Not es

(i) To use this piece of equipnent to create a vacuunin, the larger syringe (A,
first fix the volume of the air inthe syringe (A)at 25 cc using the nail to hold
the plunger in position. Connect the clanp and tubing to it. Depress the plunger
in the smaller syringe (B) conpletely, then fasten the syringe to the tubing, and
close the clanp. Now, open the clanmp and withdraw the plunger in the smaller
syringe. This will extract air fromthe larger syringe. Fix the plunger of the
smal l er syringe with the nail, and reclose the cl anp. Renove the smaller syringe
fromthe tubing.

The extraction procedure may be repeated f ive or six times in succession in

order to produce very |ow pressures.

(ii) After one or nore extractions, the reducedpressure in the large syringe my
be det ermi ned by hol di ng t he syringe under water and renoving the clanp fromthe
tube. Water will riseinthe syringe until the trapped air is once again at
at nospheric pressure. Note the volune of the trapped air.

| f
The vol une of air finally trapped above wat er = Vy
The pressure of air finally trapped above water = Py
(Where Py = atmospheric pressure)

And if

The vol une of same mass of air prior to contraction =V
(Where Vi = volune of syringe)
The pressure of same mass of air prior to contraction = P



Then
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The pressure of the vacuumcreated i s given by

P = PoVo

(iii) Inatypical experiment (results i ndi cated bel ow) five extractions reduced

the pressure in the large syringe to 0.5 atnosphere pressure.

Pressure in
At mospher es

)

1.0
0.9

0.8

0.7

0.6

0.5

0.4 |

No. of V2 | V1 Py
Extractions cc | cc At mospher es
1 25 23 0.92
2 25 19.5 0.78
3 25 16.5 0.66
4 25 14.5 0.58
5 25 12.0 0.48
6 25 10.5 0.42

Nunmber of
Extractions
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A3. Elasticity Device

N

(1)S\/ringe

a, Material s Required
Conponent s

Qu Itenms Required

Di mensi ons
(1) Syringe 1 Pl astic Disposable Size can be variable
Syringe (A)
b. Construction

(1) Syringe Pl ace a finger over the air
outlet to seal the air in
the tube.

c, Notes

(i) Wth a sealed syringe, elasticity of air may be felt by pushing down or
pulling out the plunger. 1In either case, if the syringe is airtight, the plunger
wi || be pushed or pulled back toits original position by the air trappedin the
syringe:

(ii) It isof interest toreplace the air inthe syringe by water in order to
conmpare the elasticity of water with that of air,
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A4. Gas Expansi on Device ©

(1) Syringe Unit

@
1

-

o
J

a. Materials Required

Conponent s Qu Itens Required Di mensi ons
(1) Syringe Unit 1 Pl astic Disposable Si ze can be variable
Syringe (A

2 Beakers (B) Approximately 250 m

b. Construction
(1) Syringe Unit

Any si ze syringe (A) may be
used, but one approxi mately
10 - 15 cc in capacity is
. convenient, Fill one beaker
(B) with hot water and the
other with cold water.
C. Not es

(i) After the syringe has been filled with suitable gas (e.g., air) it is
placed in the coldwater bath for several nminutes. It is then renmoved, enptied
of any water which may have entered through the open nozzle, adjusted to a vol ume

of 5 or 10 cc, and placed in the hot water bath, As the gas expands,
| eave the syringe.

bubbl es wi | |
After the bubbling has ceased, renove the syringe and pl ace

@romAndrew Farnmer, "The Disposable Syringe: Additional Experinents," School
Sci ence Review, CLXXVIII (1970), pp 59-60.
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it back in the cold water bath. As the gas contracts, water will enter the syringe,
and the anount of water entering serves as a measure of the expansion of the gas.
Quantitative data on gas expansion can be obtained by using the sane gas and syringe
and varying the tenperature of the hot water bath, or by using the sane syringe and

hot water bath and varying t he gases.



-105-

B. SPECI FI C GRAVI TY APPARATUS

. Vol une Det er m nat or

0

Db )

(1) Syringe ————

S
@\

AN

NS

a. Mterials Required

Conponent s Qu Items Required Di mensi ons
(1) Syringe 1 Pl asti c Di sposabl e Size can be variable
Syringe (A
1 Beaker (B) Approxi mately 250 m

b. Construction
(1) Syringe Choose a plastic, disposable

syringe (A) with a barrel
capacity large enough to hold
the obj ect whose volume is to
be neasured, Fill the beaker
(B) about one half full of
vat er .

C. Not es

(i) Use this apparatus by placing the object whose volune is to be neasured
into the syringe. Replace the plunger and depress it until it alnpst touches
the object in the bottom of the syringe. Hold the syringe so that the end of it
is under water in the beaker. Draw enough water into the syringe to cover the

obj ect by withdrawing the syringe plunger. Find the difference between the



-
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original syringe readng and the final syr inge reading. This indicates the vol ume

of water drawn into the syringe. Note the apparent vol ume of water in the syringe

(that is the volune of the object and t he water conbi ned) and subtract fromthis

the vol unme of water known to have been drawn into the syringe.
indicates the volume of the object.

The resultant va
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B2. Specific Gravity Device

(1) Syringe
a. Materials Required
Conponent s Qu Itens Required Di mensi ons
(1) Syringe ! Plastic Disposable 35 cc capacity
Syringe (A)
b. Construction
(1) syringe Use the syringe (A) with no

modi fication except to renove
the needl e, as usual.

c. Notes.

. (i) To determine the specific gravity of aliquid, sinply draw up 25 cc of
the liquid, and find the nass of the liquid plus syringe. Subtract the nass
of the enpty syringe fromthis total to find the mass of the Iiquid. Divide
the nmass of the liquid by 25 to obtain the specific gravity.

(ii) If theliquid shouldleak fromthe syringe, sinply seal the nozzle of
the syringe with a nail. Renenber to add the mass of the nail into the
cal cul ati ons.



B3. Hydroneter

(1) Weighted Syringe

P

=
¥

a. Material s Required

Conponent s Qu Items Required Di nensi ons
(D) Weighted Syringe | Plastic Syringe Barrel (A 35 cc capacity
6-8 Metal Washers (B) Slightly less wde

than the barrel

b. Construction

(1) Weighted Syringe Pl ace enough washers (B) in
the syringe barrel (A to
cause it to sink tothe 25 cc
mark when placed in water.
Seal the nozzle by heating it
until it nmelts shut.

C. Not es

(i) For use as a hydroneter, the syringe barrel nmust be calibrated. Use a
graduated cylinder (CHEMII11/B2) to make the calibrations. Note the water vol une
inthe cylinder before and after the syringe barrel is placed init. The difference
of these two val ues indicates the volune of water displaced by the syringe. By
this neans it is possible to indicate a displacerment value for each reading on th
syringe. The following table was created for the syringe under test.
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Scale on Vol ume of

Syringe Water Displ acement
cc cc
20 27.2
21 28.6
22 29.2
23 30.4
24 31.5
25 33.0
26 34.5
27 36.1
28 37.5
29 38.4
30 39.6

Wei gh the syringe (and its washers), and then place it inthe liquid
whose density is to be determ ned.
H(i)
| f
V = The volume of liquid observed to be displaced
M- The mass of the syringe and washers
Then ‘
M= The mass of |iquid displaced
My = The density of the |iquid displaced



