I A laborator y experiment from the
HO W can fr eeZIng Little Shop of Physics at

ma ke Something Colorado State Univ ersity
war mer? ~

Reach for the sky.

Overview

Necessary materials:
We normally think of water as feezing a 0j C
(32 jF). But this is anversimplibcgion. Water ¥ Sodium actate reusalte heat pack
can becoola to a much lower tempeature ¥ Thermomeer

that this Water, or ary othe liquid, tha is still

!iquid a a tamperature bdow its fleezing point The heat pack is thekey dement. Theseare pretty
is upeooled easy to bPnd; loolof Oeusatie heat pack.O Tie

Water can becoolel to a tenperature as lov as pack is blié with a solution osodium acete.
-40 iC (40 jF). Whe sud supecoola liquid When you pop thedisk in thepack, thesolution

is inducel to freeze, it actuallywamsupuntil it freezes releasing het. But you can mé the result
reaches its feezing point. And, as it éezes it ing solidby addinghest. T hisis a simplematter of
gives of hest. placing thepack in a pan on thstore and boiling

_ _ it for 20 mirutes
This xperiment use a het pack as theentral

element. And tha® thekey. The supecoola
liquid in the packs feezes when you start the
process goingAnd this feezing maks theheat
packs wamer! A freeing liquiddpsyour hands
waim.

Theory

You knaw tha an icecubewill cool yur drink. When theice cubemdts, it absorbs hat energy from its
suroundingsWater moleculesfrozen in the form of iceare tightly bound.Water moleculesin the form of
liquid aren@ So to tun a
liquid into a solid mans
breaking bondsand tha
takes energy. As theice
mdts, it cools df its sur
roundings

Now; think about feezing
When you makeice
cubes you put liquid wa
ter in thefreezer. The
freezer cools thewaer,
taking energy out. When
water mdts it takes in
energy; when it freezes it
must giwe off energy.

Once thekdispopped, the he&tfemes



This taking in and giving bbf energy is a ery important pocess ér theearth. Icecan mét in oneplace
(taking in hat) Bav to anothe placeand fieeze there (giving of heat). Not only has war moved from
oneplaceto anothe, so has théeat energy.

The heat packs contain a sodium aate solution thafreezes d@ 60 |C, kut tha easily supecools At room
temperature, the sodium actte is well below its fieezing point, lut it is still liquid. Wha you OpopO the
metal disk, yu create a small egion of rapid expansion and coolind@ his brms a sinlg crystal offrozen
sodium actate which OsedsO theest of the pack; yu can wich the crystals gow outwad from thesin
gle crystal. But the&key thing to wéch is this: As th@ack feezes it gives of heet, as it nust. Someof the
liquid freezes waming thepack to 60 jC. Nw thefreezing contiues; thepack will stg & 60 iC, the
freezing point, as this happsg giving up het as thefreezing proceeds The pack will stg a 60 jC until it
is all fozen.

Of course you can mé the solid sodium adate again by boiling thepacks on thetore When you do
this you put het in. And this het is releas@ when the pack feezes agin. You can uséhe packs to mee
heat from oneplaceto anothe. You put het in using thestose in your kitchen; theliquid stoes this het
which is then releasel when the pack feezes The heat that warms yur hand ultimaely camefrom
somened stoe!

Doing the Experiment

This can baloneas a ery short activityin which studets simply inducéreezing and the watch the
process or you could do a marinvolved experiment involving deailed measuements

Wed start with thesimpleversion. Fist, theusual satg note

SAFETY NOTE: The contents of the packet arenOt taic; this is food-g rade sodium ace -
tate. But when the packet freezes, it gets quite hot. (It is a heat pack, after all!) It can be
hot enough to be uncomfor table, and may cause minor b ur ns if you arenOt careful.

The short ersion ofthe experiment goes likethis:

¥ Pass out thdneat packs Ask yur studets to tél you what phaseof mater is in thepacks Have them
notethe temperature.

¥ Now have them wach the packs clode and pop thalisk. L& them obseve for a fev minutes

¥ Have your studats eplain what they se

Here® thecrucial piee
The packs are free zing, but they warm up and giv e off heat energy as they do so.
This can beahebasisdr a good discussion sfip&cooling phasdransitions and reergy.

If you want to do mag measue the tempeature as a function ofime. And then try this with an insulke
pack. As theacks feeze, they sty a the freezing point. If you insulée a pack, it will stawam for a
longe time. To freeze the pack, all ofthe heat releasal in thefreezing nust bereleasel. If thereis insula
tion, this taks longe!

Summing Up

Thisisa quickand dramatic experiment that you canuseasa springboad from somegreat discussionsf
the physics bkind thetransport ofenergy in theatmosphee.

For More Infor mation
CMMAP, the Center for Multi-ScaleModding of Atmospheic Processs:http://cmmap .colostée.edu
Little Shop ofPhysicshttp://little shopphysicscolostie.edu
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