
Frewry Ocnen St ROA AP Clemusrer 
QA Srineing ENGiNe 

—~ Her GjAreR C C4.5 T Hee MmocHem(sTRy eT eee 

(10 THERMomErER 

S| Enerey TAMP= FEELING 
VS. = HEAT Emeeoy | 

(ANG. KINETIC ENE;/ It Is THE CAPACITY ~o bo 2, Deinking €iee CdR~ oR ~D THANERER, Het VS. 
Had Bore (wim ice!) ENERGY [5 AN ACSHRACTION oR A Cone re 

OUt VCE TO ORGAN (Ze Q)& THINKING ARUT Haw THINGS ORE - 
“THe Maes FEATURE THIS Concepr IS THAT THE Apwer 

O& ENERGY 16 CONSTANT: (tT canner Ge crearepn 

OR VEST Royer, AInorien WAL % SAY THIZ (¢ 
( CNeGy (IN EQUUS ENERGY OUT. 

Ths 1S THe «= Faest Caw oF THER Mmobyamics 

Luverey as BE TIS FoRmr7ed (Ny A VARIETY OF Who — 

TNS 15 How WE UNbdeeSstans THE NEVER- CeEATED- al— 
Destrorved IDEA. Ars Kina OF Like A ib Ju 
KEEPS CHAYGING Tie Rutes F A GAME Wenever 

ENEuY 1S UNACCOUNTED For., WE SAY IT Nas 
THANS FOKMEQ, ~ THece TIAN S FolmA Tol Give US 
(GH IN Piysicg ANd Chem cn. CHAN GES, 

‘ forms OF ENEMY: KINEDNC (mores) FoTensT AL, 
ELEcrUcaL, LIGHT, HEAT, = AUN, ETC. 0



For CHemical THeremopymamics ave use 7uUe 

ChTEGoRIES FOR EMERyy i Wotuc ANS HEAT 

NAR\AB2ES : i) Par Wore (su | 

GQ Fae Hear — oMga W 

(Wore | ) OIE 
GO) Rereesests A QuanTITyY & ENEGy (N Youres (x) 

om KiLoyoures (LO 
(Wonk (5 A Force ACTING over A Distwece (k ) 

w= FA 
Units N hoe US We wite ONLY Consider 

= Nem Jy CHANGES IN VOL. OF A Gas AT 
yp = ky am CONSTANT PRESSURE O 

4 
“\= koh (I =PAV \ IF m OE Units THIS 

(Py) ( KY a Jourcs 

ke, O%5* w\= kos ) | 
(+3 \(m ) J 6* 

Lear _—_ 

q kere. A Qry. Of Her iw JD or kJ 

Framnensracey HEAT 1S THE fINeTIC CNERGY (N 

A CorrecTON of MOLECULES. [7 Is A Function 

OF MASS AND “TEMPERATURE, ( q=™ AT-C ) 
| HEAT. | 

Hear NATULALLY Moves FROM ob Jeers WITH Ce cy ( 

AH te TEMP TO DBI W/ A cover TEuP. By [ol 
Consdu ° - N crTaN, CON Vee THON, OK IAC ATON. sommes Hee 7 (2)



Ty ZOOS-Ul- OF APCtten, 
Leper AND TEMPERAT UICE Ae Nor THE SAME ng 

C Fest NOTE THAT & (SATHTUE OF WATER AT OPER tas a 
LoT pwte HEAT THs A CUP oF TEM AT IOC, Tene 

IS Ble Mest DECEMOS GN TEM” ANS ON Mss, 

Wele Lone at THIS Mont Closecy IHEN WE 

Discuss CALoRImMEnY, OR The Measurement of (HEAT. 
S eos LETS UNDERSTAND HEAT AT A ADLECULAR Cone. 

Mas Two ASPeers: 
(| ~T He FASTER A COLLECTION OF MoLECULES 

I$ MINING, THE Mone FRAT THERE '9. 

>. Wied [Soars IKEAK , (T A@soRES MHEa7. 

( (Sttees IQnos ae, (T Gives OFF HeaT. 
[We DETECT ‘THIS Ey CNANGES (N TEMP ) 

DEFINING SOME IMPORTANT wUokps : 

Exorermte MEANS AP Kocess Whey GAVES 
of HEAT, = SymRiucany WE shou THIS 
WITH A MINUS SEN ( —4) T2 INDeaTe 
HEAT 1S GONG GUT o€ A SYsTEM. 

EN OTHErMic MEANS A Pleoc ess oditicn AS Cones 
Heat. We Stu THIs Gy rt A PUK-—CIGA (+¢ ) 
TO (INDCATE Pear (Sf ENTERING A SYSTEM . 

A+ THE MOLECULAR SCALE, YSOND FoTmAr7un (S 
‘< Exorrermic AND VencnG Bins |S oNberHeRMic. 

Bones Form ING = ExoTHermic 
Kons BREAKING = ENDOTHRMIC (ty Ste Sthont (3) 

MANETS )



‘So Borin Accrowe AT CeDucED Ff Zessuneé DEMO 

— Boies WATER: Constant LODPC. 

- Bajyetng ACETINE > TEMP daPs Fem Axo +1 B.C 

- GIVE STUpENTS TIME 7 ‘on As THEN Discuss 

(See Fire oT HAM Dour) 

O 

Asave - Wace WAIT, WAIT, bvier jaar ATPT! (AT? > Ap -P 

+ ENERGY AvP + 
A 

Eb CREA | apa Banos 
| \-P-P_-P Gane Witt f,O 

A-PR\+ ~*\ Ris I$ THE ENEMGY 
ey Hz /~ (ELEASED 

Hy PdES Her AfFec7r TEMPERATE off 

(, MEAT (5 BccaanGed Pulagy Livy 18 THIS Sb con rusine 7 id, BOWES Forman / BEAN 

Expo THeremic Ctiasge (+4) | txortiteremic Coange (— 7) O 

q A lor opyeet IN Covracr Gy iT# (4 For. THE HOT OR Ter 
A (orp OBJECT. ; cows ter [Mere LEAVES THe 

For THE COL SysTen. AS A Rewer 
_ OS3SGtT HEAT Me AT irs ~ 

Hot cous] OO THE SysreM. TEMP FALLS 

——» As A (eesurr, (TS 4 MEANS —AT l ule [ep <T-. 

TEMP. Rises. 

FO, Mees + AT EleTe>T. A | 

(FwAac) (iw mac) N & YRocess THar APP ERIS 

QA. le A cote. on PHYS. — Stadty SUT CAN REMAIN AT 
CHANGE TAKES PLACE So THE | KQuie neu cnn 

ENERGY OF BowDS Erouens . Ma ite. TEMP. 
EQUALS ENERGY OF BYNDS Forney) EMMIS ComSranr, 
THe THE Systth IS AT Fort ex. WAR AT OPS 0 

EQ uit GRUM. [N THIS CASE THAT FRreeves SLOMLY tN , 

TEMP 1S CONSTANT. od Freezer. 
FuR &&. (ce MéecTING AT OC 

/ 

OJATER Entueg At (Od°C G



Boiling Acetone at Reduced Pressure 
There are two ways to bring a liquid to a boil. First, put the liquid in a pot and set it on 

the stove. This works well with water to make tea or cook pasta. The added heat from the O 
tove gives the water a high enough temperature to begin to boil and the continued 
addition of heat keeps the boiling going. The second way to bring a liquid to a boil does Jk 
not require an input of heat at all. Simply place the liquid in a sealed container and H3C CH3 
connect the container to a vacuum pump to reduce the air pressure inside. When the 
pressure gets low enough, the liquid comes to a boil, no stove required. A 

This second way of bringing a liquid to a boil may not be familiar to most people. The cetone 
kind of equipment needed for this experiment is not found in most kitchens. However, recipes and packaged 
foods are likely to be found in a kitchen and some of these include additional instructions for people who are 
cooking at high elevation. In Sante Fe, New Mexico (elev. 7,000 ft) the atmospheric pressure is about 0.8 
atmospheres. At this pressure water boils at 93°C (199°F). La Paz, Bolivia (the highest capital city in the world) 
has an elevation of 11,980 ft (air pressure of 0.7 atm) and the boiling point of water there is 88°C (190°F). The 
higher you go, the lower the boiling point. This has to do with air pressure. At higher elevation, the atmospheric 
pressure is lower. At lower pressure, water boils at a lower temperature. Boiling is a phenomenon that depends 
not just on temperature but also on air pressure. In order for bubbles of vapor (molecules of the liquid in the gas 
phase) to form inside the liquid the gas pressure inside the bubbles must equal the external pressure. If the 
external pressure is higher then bubbles can’t form until the liquid is at a higher temperature. If the external 
pressure is lower then bubbles will form when the liquid is at a lower temperature. Water can even boil at room 
temperature if the. pressure is low enough. At 17.5 torr (0.0231 atm) water boils at 20°C, which is room 
temperature. 

In order to really understand what’s going on when a liquid boils a good understanding of heat and 
temperature is required. Molecules and atoms are in constant, random motion. Temperature is a measure of the 
average kinetic energy of molecules, their energy of motion. At low temperature molecules have a lower average 
kinetic energy, which means they have a lower average speed. If no phase changes or chemical reactions are going 
on then when heat is added to a material, its molecules will begin to move faster. Although the molecules are too 
small to see, it is possible to measure the temperature and the temperature rises as heat is added. There is heat in 
everything that has a temperature above absolute zero. For example, when an object with a higher temperature is 
placed in contact with an object with a lower temperature heat moves from the higher-temperature object to the 
lower-temperature object. In order to have heat, it is not necessary to burn some fuel or turn on a stove. 

Although all changes in temperature involve heat moving into or out of a substance, not all transfers of heat 
cause the temperature to change. For example, when the water in the pot on the stove is boiling it has a constant 
temperature of 100°C (212°F) despite the fact that the burner underneath it is hundreds of degrees hotter. The 
burner provides heat to the water in the pot but the temperature of the water does not rise. Why should this be? 
The temperature of boiling water is constant because the heat that is added to the water is consumed in driving 
the phase change from liquid to gas. Instead of raising the temperature of the water, the heat breaks the bonds 
holding one water molecule in contact with its neighbors. All molecules experience a certain amount of stickiness 
(or intermolecular forces of attraction). This stickiness requires energy to overcome. Just as it takes a small effort 
to pull two magnets apart when they are stuck together, it takes a small amount of heat energy to pull two water 
molecules apart. The heat provided by the stove breaks the bonds holding water molecules together and these 
molecules then escape in the vapor phase, taking their additional energy with them. Heat not only gets used up 
breaking bonds but the energy is also carried away by the hot steam. Boiling, and melting, too, for that matter, 
require heat and consume it without allowing the heat to raise the temperature. 

When sufficient heat is added to a boiling liquid its temperature remains constant. This raises an interesting 
question: when a liquid boils because of reduced pressure, what happens to its temperature? In the demonstration 
air pressure is reduced in a flask containing acetone. The acetone comes to a boil due to the reduced pressure but 
no external heat source is supplied. The temperature of the acetone drops—it drops further the longer it boils. 
Boiling requires heat and the heat has to come from somewhere. In this case, the heat is coming from the acetone 
itself. As the heat in its own molecules is used up in the transition from the liquid to the vapor state the 
temperature drops. In order for a molecule to escape into the vapor phase it must move fast enough to break the 
bonds to its neighbors. If the neighbors shove it hard enough then a molecule can join up with others in the vapor 
phase and make a bubble. But the neighbors of the now-escaped molecule gave up some of their kinetic energy 
when they shoved it away. A lower kinetic energy means they are moving more slowly. When molecules move 
nore slowly we can detect that as a drop in temperature. In a way, this is like Dorothy in the Wizard of Oz. She 
had the ruby slippers on the entire time and could have gone home at any moment. The flask of acetone has the 
heat that it needs to boil within its own molecular motions. Acetone can be made to boil at 20°C with a pressure of 
108 torr (0.141 atm). The normal boiling point of acetone (at 1 atm) is 56.5°C. As the acetone boils, its 
temperature can be reduced to about 10°C.



Gane 7 
Questions 

1. Endothermic changes consume heat energy. Exothermic changes give off heat energy. Classify the phase 

changes below as endothermic or exothermic. For each one, write one sentence that justifies your answer. 

Consider the formation or breaking of bonds between molecules in your answer. ( 

a. solid to liquid 

mM ENDO Ele Buss Beenk 
b. liquid to gas rT ut re 

c. gas to liquid 
xo }6—8(C «Eanes Form 

d. liquid to solid 

EXo 
2. When water is boiled on a stove the temperature remains constant at around 100°C. This is despite the fact 

that the electric burner is constantly adding heat to the water. Why does the temperature remain constant? 
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Rh. HEAT LEAVES WITH The EVAPORATED /oLeayes 

3. What happened in the demonstration when the flask of acetone was hooked up to the aspirator and its 

internal pressure was reduced? List all relevant observations. 
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4. When the temperature of a system drops during a physical or chemical change is heat being consumed or ( 

produced? Explain. 
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5. Prior to seeing this demonstffation, crf weld you have said about boiling about whether it was 

exothermic or endothermic? Why? Have you changed your mind? Explain. 
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6. Heat is a form of energy and energy cannot be created or destroyed. Where does heat energy go when it 

enters a system and the system’s temperature stays constant or when it drops? 
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7. Does freezing water give off heat or consume it? Justify your answer in terms of molecular motion. 

[+ Gives Of Htar AS ones Folk. 

This demonstration is based on demonstration 1.1 on pg. 5 of Chemical Demonstrations, Vol. 1 by Bassam Z. 

Shakhashiri. ( 

I made a video of this demonstration a few years ago. View it here: https://youtu.be/BxB2uVtL4rU. 
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Student Worksheet for the Demonstration 

Exothermic Dehydration of Sugar 
Table sugar is a carbohydrate known by the scientific name sucrose. Its formula is 

Cy2H 22011. It is a disaccharide made of linked molecules of glucose and fructose. A ale GHOH y 
disaccharide is a carbohydrate with two linked sugar molecules. Starches are composed of [on n ae 
many linked sugar molecules and are known as polysaccharides. on CHLOH 

Carbohydrates are so named because their empirical formulas may be written as a H OH OH H 
combination of carbon and whole number multiples of molecules of water. Sucrose for sucrose molecule 

? example can have its formula re-written as C,9(H,0),4. 

Concentrated sulfuric acid is 98% pure H,SO, by mass. Its 
concentration may be expressed as 18 mol/L. Sulfuric acid is the 

of re ag chemical manufactured in the largest amount worldwide. Annual production is likely 
near 160 million tons. It is mainly used to dissolve ores in mining and phosphate rock in 
the manufacture of fertilizers. Because it is a diprotic acid (meaning it has two hydrogen 

Sulfuric Acid ions, or protons, per molecule) sulfuric acid provides the equivalent of 36 mol/L for the 

concentration of H*. This is 45 times the H* concentration of 5% table vinegar. Besides 
being an acid, H,SO, is also a powerful dehydrating agent due to its highly exothermic enthalpy of solution. 

The heat of reaction in this demonstration may be calculated by a Hess’s Law combination of reactions: 

Combustion Cy9H2701; + 1202 — 12CO, +11H,0 AH = -5641kJ of Sucrose 

Combustion of ( om ston of C+0,—> CO, AH = —393.5 kJ 

Questions 

1. Use Hess’s Law to combine the reactions given above to produce a reaction in which sucrose is converted 
completely into elemental carbon and water. (a) Write the resulting balanced chemical equation. (b) What 
is the overall change in enthalpy (AH)? + T H b 
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C2 HexO, + 12C + [CHRO 0 / ANE 
2. Forty grams of sucrose are used in the demonstration. How much heat does the process of converting sugar 

into carbon and water produce in this demonstration? 
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( 3. Consider the following physical process and its accompanying change in enthalpy: 
H,SO,(D — H,SO,(aq) AH = -41 kJ 

This equation shows the hydration of sulfuric acid. When sulfuric acid dissolves in water a large quantity of 
heat is released. This is why chemists are told to ‘do as you oughta, add acid to watah’. When you add ‘Gh 



dense acid to water it sinks to the bottom and any boiling of the water that may occur does not lead to 

spattering hot acid all over the chemist. In this demonstration your teacher poured about 40 mL of 98% 

sulfuric acid into the sugar. How much heat is released when this much sulfuric acid is diluted with water? 
The density of 98% sulfuric acid is 1.84 g/mL. 
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4. Combining your calculations so far, how much heat is Listes you 
witnessed? 102 ‘ (-%. 2) = ject 2 kJ~ 

5. Water has an enthalpy of vaporizati of 140.7 kS)mol Given the amount of water produced in the overall 
chemical change in t onstration de € whether enough heat has been released in order to 
vaporize all water. Prove your answer -r with a calculation and if it was not enough heat then calculate 

what unt of water actually can be vaporized by the heat released during the demonstration. 
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6. This demonstration is known as the ‘carbon souffle’. Using your best writing,.and _referenci. 
scientific details, write a description of what happens in the demoristration Explain what you saw using 

as what you know about thermochemistry. Also, explain why cS MERA TNE. He a food 

preparation. 

In case you missed the classroom demonstration there is a video I made which you can watch: 
https: //youtu.be/xV3d94FrjzE. This demonstration is based on demonstration 1.32 on pg. 77 of Chemical 
Demonstrations, Vol. 1 by Bassam Z. Shakhashiri. 
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