LARORATORY 14.1:

OBSERVE THE VOLUME-PRESSURE RELATIONSHIP OF GASES
(Boyle's Law)

Boyle's Law states that, at constant ' ™
L REQUIRED EQUIPMENT AND SUPPLIES

temperature, the volume of a gas is inversely

proportional to its pressure. In this laboratory Ol goggles, gloves, and proteciive clothing

session, we'll verify Boyle's Law experimentally, 1 palance and weighing cup

using the setup shown in Figure 14-1. (You

0 cali
_can buy a ready-made Boyle's Law apparatus catper

“from Home Science Tools or other vendors, {1 barometer (optional)
but $10 or $12 is a pretty high price to pay for I ring stand
a disposable syringe and two blocks of wood.) 1 burette or utility clamp (to fit syringe)

The apparatus shown in Figure 14-1 uses only
standard lab equipment, and is at least as L
accurateasa ready-made apparatus. ¢ plastic syringe, 10 mLto 50 m. graduated, with cap

7 mineral oil or petroleum jetly (1 dropy

AT (100 mm) support ring

FIHZUIRE 14-L
Measuring gas volume as compressed by a measured mass (] plastic cup (1o it support ring)
. o i 7 l\ [ tead shot {10 pounds of 5 kilograms)
—
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or ’thé'\ft"@éﬁr.h'e_r"(_:h:a_mfiél-;Wéb's_it for yourzip
Sewthe ficte onthe fext page. =

‘stirdy lightweight cantainer.o
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coritainér ceriered Gyer the Syringe plungar v et
mass is addedtothe dontainer o e
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- shot slichas old whsl weights, fishing sinkers. $pools
- of solder, and soon Ideally the miaterizlshould be- -
dense sriotighto Silewthe container fo hold atle: 5t
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Charles' Law states that, at constant pressure,
the volume of a gas is proportional to its
absolute temperature, specified in kelvins.
According to Charles' Law, then, doubling

the temperature of a gas—say from 200 K

K —doubles its volume, and halving

he temperatur® halves the volume. This

; roportionality holds true regardless of the
percentage change. For example, if we increase
he temperature of a 7.5 mL gas sample from
09315 K (20.00°C) to 373.15 K (100.00°C).
we can calculate the volume at the higher
temperature by substituting the known values
n the eguation for Charles' Law.

V- T = V- Th
or
: Qm mL) - (37315 K)=(x mL) - Awa.Hm K)

L]

Solving for x, we find that the gas volume at the higher

“temperature is about 9.5 mL.

“Similarly, if we decrease the temperatureof a 7.5 mt gas sample
rom 263.15 K (20.00°C) to 194.65 K (-78.50°C), we can calculate
he volume at the lower temperature, again by substituting the
known values in the Charles’ Law equation:

mL) - (19465 K) = (x mL) - (293.15 K)

(75

7 Again solving for X, we find that the gas volume at the lower
‘temperature is about 50 3_._

i didn't choose that volume and those temperatures arbitrarily.
- The syringe tused inmy apparatus has a full-scale reading of
10.0 mL, so an initial volume of 7.5 mL at 20°C (about room
temperature) allowed me 10 get near (but not exceed) the full-
seale 10.0 mL graduation when heating the syringe to 100°C.
That's the approximate temperature of boiling water, which
was the highest temperature | was comfortable using for this
experiment. | could have substituted vegatabie oil or another
nigher-boiling liguld arid goiten up to 150°C—the upper limit of
my thermometer's scale—but doing that would add little to the
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1

gpies, gloves, and profeciive clothing

tharmometer

pesker, 150 mb or larger )

ring stand

huretie or utility clamp {to fit syringe)
A" {300 mm) support ring

wirg gauze

ateohol lamp, gas burnen of othar heat source

plastic syrings, 103 il bo 50 mil, graduated, with cap
rrtineral ofl of patroleum jelly {1 drop}

ethianal, isopropanct, of aoetong (sufficient Lo Tl
heaker, neadsd only if you use ey joe)

ice

dry ice (optional, see Substitutions and
sodifications)

" dgthe meiting point of pive yiater whic
“specified 28 27310 K i follows dherator

s terpperatire by one degrés

e LS (1°Cy plso e sés or redices the tampetating

¢
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value of the experiment, increase the danger level, and use up a lot
of vegetable oil for no good reason.

| wanted the temperature of my cold bath as low as possible.

In my first pass, | put the apparatus in a full-size freezer, which

got the temperature down to about ~20°C. lwas abletodo a

bit better than that, though. As | was working on this chapter, |
happened to receive a FedEx shipment of food packed in dry ice.
Putting chunks of dry ice in a beaker full of alcohol allowed us o
reach a temperature considerably colder than our freezer. You can
purchase small amounts of dry ice locally. Check the Yellow Pages
for "dry ice.”

in this laboratory session, we'll use an apparatus similar to the ons
we used in the nﬂmmma_zm lab. The difference is that in the previous
iab we held temperature constant and changed the pressurs, and
in this lab we hold pressure constant and change the terperature,
Thus, we won't need the container and the masses we usad in the
preceding lab. Instead, we'll record the volume contained by the
syringe at room temperature, and then immerse the syringe in
liquids at varicus temperatures anc record the changes in volume.

s "\
CAUTIONS

Use extreme care with dry ice. At atmospheric pressure, dry
ice sublimates (changes directly from a solid to a gas) at
—78.5°C, cold enough to cause severe frostbite almost
instantly if it contacts your skin. Handle dry ice anly with tongs.
Make sure the alcohe! lamp or gas burner is widely separated
from the beaker of alcohol—across the raom is best, Wear
splash goggles, heavy-duty gloves, and protective clothing.




LABORATORY 14.3: ,

OBSERVE THE PRESSURE-TEMPERATURE RELATIONSHIP OF GASES
(Gay-Lussac’s Law)

Gay-Lussac's Law states that, at constant \.mm a"mw“m COUIPMENT AND SUPPLIES ™
volume, the pressure of a gas is proportional to e v
its absolute temperature, specified in kelvins. 1 goggles, gloves, and protective clothing
For example, if you double the temperature of [} batance and weighing cup
a gas, you double its pressure, and vice versa. L
, 1 aliper

Gay-Lussac's Law can be expressed as the
mﬂcmuﬁ._o_ﬁ 71 barometar {optional)

_UH . ._.N = _UN . ._.H [ ring stand

) ) 7 burette or utitity clamp (o it syringe)
For example, if we increase the temperature of a 7.5 mL gas

sample at atmospheric pressure from 293.15 K (20.00°C) [T 4" (100 rm) support ring (2)
to 373.15 K (100.00°C), we can calculate the pressure at the )

higher temperature by substituting the known values in the Ll wire gauze
Gay-Lussac's Law equation: 0

aleohol iamp, gas burner, or other heal source
(101,325 Pa) - (373.15 K) = (x Pa) - (293.15 K) 7 heaker, 150 mbL

Solving for x, we find that the gas pressure at the higher O plastic syringe, 10 mi to 50 mi, graduated, with cap

temperature is about 128,976 Pa. [ minerat oif or pelroleum jeily (3 drop)

In this lab, we'll verify Gay-Lussac's Law experimentally by [} piastic cup (to fit support rirng}
using the apparatus shown in Figure 14-4, along with some
of the measurements and data we recorded in the first lab
session in this chapter. We'li start with a known volume of \ e
air in the syringe, with the syringe ina water bath at room
temperature, We'll then heat the water bath to boiling, which
will cause the volume of air in the syringe tc increase. With
the gas sample held at constant ﬁm_jvm«mgﬂm in the boiling
water bath, we'll add mass to the container until the syringe
is depressed to its original 7.5 mlL volume reading. Knowing

1 tead shot (10 nounds or 5 kilograms)

the mass required to compress the hotter gas sample 1o its 5

original volume, we can calcuiate the pressure ofthe 75 mL by CAUTIONS

gas sample af that higher temperature. The real hazard in this lab is that the apparatus may topple

or collapse as you add too much mass to the container,

f i e L s S i splashing boiling water everywhere. Take extreme care
mcwmﬁd,mﬁﬂzm .b..x..w Kngﬂnmjmz.m. T with the hot water, make sure that the container remains
eI you are Lsing the same m%wﬁw_”@._waimw1@%.@& bther centered over the syringe plunger as you add mass,

Ceamporénts you Used in Laboratory 1AL ol may use - and use the smallest beaker that allows the gas-filled
. the maasuréments and calcliations you did for that =77 portion of the syringe to be fully immersed, If you have
- “laberatory session rathe? than repiating themhere. -+ 2 third support ring, use two rings to surround the mass
a7 Ottier wumwﬂ.wcfoﬁw.mmm.iomﬁnmmnnm aré mm fted in - container fo provent it *33.:0?:@ Wear splash goggles,
. Laboratory 141, - e e T e gloves, and protective clothing.
e AN J
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