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Calorimetry & Enthalpy

1. For each of the following, define the system and the surroundings, and indicate the direction of
heat transfer.
a) Natural gas is burned in a gas furnace in your home.
THE COMBUSTION RXN) OF THE (GAS IS THE SYSTEM.
THE FURNACE AUD HOME ACE THE SULROUNDINES .
REAT 1S Golnvg T THE SUEROUNDINGS .
b) Water drops, sitting on your skin after a dip in the pool, evaporate.
H20 System
SKIN SuUrrouNDINGS
HEAT TeawnsFereep FRoM SKIN TD SURROUNDINES .
2. If you pour hot tea over a cup of ice, what are all the factors that will affect the final temperature

of the mixture? OUA'NTIT\-l 6F TEA
@-UAwﬂT‘l—f OF ICE
/’—‘TEA-

 Taxce C(AssuMe O°c, BuT CouLb Be CO LoeR )
3. Does a negative AH, mean that the heat of reaction can be thought of as a reactant or a

product?

Provuce T

4. a) What is the difference between an endothermic and an exothermic reaction or process?
How does this relate to the sign of the enthalpy change for each process?

EnpoTHeeMic. ~ HEAT Goes FroM SurrROUNDINGS
TO SYSTeM ~+ AH

EXOTHERM IC. - HEAT Goes PROM SYSTEM T SueROUNNNES
- —AH
b) Would the products or reactants of an exothermic reaction have higher thermal energy on
an enthalpy diagram? Draw such a diagram to represent a generic exothermic reaction,
making sure to label all keys features.
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5. For the reaction
2CO (g) + 2NO (g) ---->2CO02 (g) + N2 (9) AH =-373.3 kJ

a) Which should go at higher energy on an enthalpy diagram, the products or the
reactants? Draw an enthalpy diagram that illustrates this reaction.

Al 2zco + 2NO
AY = -373.3]
2C02 + Nz

6. If equal amounts of heat are added to equal masses of aluminum and copper, both at the same
initial temperature, which will reach the higher final temperature? Explain your answer.

Qu will reach —the hgher Bihal -+ ; AUre
becouse has a Sma“e]—’SPeu ¢ heat.

Cu = 0.287 d/a.’&
A] = 0.900 J/3-°C

7. The nutritional calorie (Calorie) is equivalent to 1kcal. One pound of body fat is equivalent to
about 4.1 x 10'° Calories. Express this energy equivalence in joules and kilojoules.

i 0l & "’loaj.ii"ix 4134 _ 7 010
\cad

1.7 xJO"‘J X _lf:]._ S e K.J
1000 J




8. A 30.5g sample of an alloy at 93.0°C is placed into 50.0g of water at 22.0°C in an insulated
coffee cup. If the final temperature of the system is 26.2°C, what is the specific heat of the
alloy? Assume all heat transferred is done so between alloy and water only.

C = 4,184 'J/ > Heat qeuined bq tho =

Z2b. 2 P s ;s c heat lost by a“u,,

- %l;azo.s-o'oﬂ X 1{0184\-\/3% x H,2%.
w0 Queo = T78.64J

93-20:2 = 6te.°C EIE0N =c=(043 Y 4
( bl 8%)- (3039 alloy) 9:¢
9. Translate the following word statements into complete, balanced thermochemical equations.
a) The complete combustion of acetylene (CzH), the fuel used in acetylene welding
torches, produces carbon dioxide gas and water vapor and releases 1256 kJ of heat
energy per mole of acetylene.

2Caly ¢ B0z —7 HCO, + 240 4dH= 2512 K-/

b) The net reaction involved in the destruction of ozone by chlorofluorocarbons is the
reaction of monatomic chlorine gas (Cl) with ozone (O3) to produce chlorine monoxide
gas and oxygen gas. This requires the input of 54 kJ of heat per mole of ozone.

M + 03 = W&+ 02 AH =454 ¥]

¢) The production of sulfuric acid rain can be broken down into three key steps. Firstis the
combination of solid sulfur with oxygen gas to produce sulfur dioxide gas. This produces
297 kJ of heat per mole of sulfur. The next step is the combination of sulfur dioxide gas
with oxygen gas to produce sulfur trioxide gas. This reaction produces 98 kJ of heat per
mole of sulfur dioxide gas reacting. Finally the sulfur trioxide gas combines with water
vapor in the air to produce sulfuric acid. This produces 227 kJ of heat per mole of
sulfuric acid produced.

Scs) + 0265) oy 802(3) AH = -297 K_J

2302aq) + D26 23 MM = -Gbr) (2 x-@
30363) + #ZO@'? HzS0y AH = 227 KJ




10. Pure liquid octane (CgH1s, d= 0.702g/mL) is ‘l'Jsed as the fuel in a test of a new automobile drive

train.
a) How much energy is produced (in kJ) when a tank full (20.4gal) is combusted?
AHcomb= -5. 45x10° kJ/mol)? (Start with a balanced equation for the combustion of one

mole
of octane to make carbon dioxide and water.)

3,785412L = 1gal
20,4908 x 3.73S412L _ 7721 x IbcomL _ 77200 mL
I gap L
72,200mL x 0.7629/mL = 542I04 L, Y el
e !

14 269/wef Callrs —
Y74 el Cablig x SHZeIO%) 2.5 0K Pg= — 25916y ]
ng that all the energ

b) The energy delivered at the wheels at 65mph is 5.5x 10* kJ/h. Assurfi
is transferred to the wheels, what is the cruising range of the car (in km) on a full tank?

| LS mi
PR LS o e B i R

Y g et
5,51 101K “’\ o 1000m
| o H‘c[ y 103 Km\
11. Consider the following reaction: ;

2 Mg(s) + Ox(g) --> 2 MgO(s);  AH=-1204 kJ
(a) Is this reaction endothermic of exothermic?

EXoTHeRMIC

(b) Calculate the amount of heat produced when 2.4 g of magnesium reacts at constant pressure.

24cMg o Ime#Mg . —1z64 k) - 'f’dﬁ
37 24,3 g ; Tmot Mg~ T NV

(c) How many grams of MgO are produ@ed during an enthalpy change of 96.0 kJ?

mafd Mgb M,
Qpibie) s’ SRS, m 1o 43 aMaD
-1204 k) |mo MO —

(d) How many kilojoules of heat are absorbed when 7.50 g of MgO are decomposed into
magnesium and oxygen at constant pressure?

w = O3l md Mﬂo Liigode]: 12|
H0. 35 oy . MO-?MSD

4




12. Lightweight camp stoves often make use of a mixture of Cs and Cs liquid hydrocarbons (a fuel
called “white gas.”) How much heat is produced by the complete combustion of 3.00 L of CsH12
(I) given that the enthalpy of combustion is approximately -3540 kJ per mole of CsH1z (1)?
(Given: density of CsH12 (I) = 0.625 g/mL)

3.00L = 2000 L x O:bZSj/ML = 13755C6HIZ
'72,I7j/m,,_(
= 25,98 mpf CsH)p

ZS.QXMM’ Csu,z % -:—35—40—&)- -
|masP

13. Some cold packs used to treat athletic injuries have a small pouch of ammonium nitrate, that
when squeezed, dissolves in the surrounding water. This dissolving pulls in heat from its
surroundings, to lower the temperature of the pack, according to the following thermochemical
equation:

NH4NO; (s) > NH4NO; (aq) AHyn = +25.7 kJ
What is the final temperature in “C in a squeezed cold pack that contains 25.0 g of NHsNO3 (s),
dissolved in 125 mL of H-O (I), at an initial temperature of 25.0°C? Assume no heat is lost to the
environment, all heat transfer is between the system and surrounding water, and that the density
of water is 1.00 g/mL. Also assume that the specific heat capacity of the dissolved ammonium
nitrate in water is the same as that of water.
+25.7)

25.031\1}1‘4'\)03 = oh3pEM K = +g.03lg
B0 Nty Nos),, 0 e

B3.03 K[DSJ = wy vC o+ AT
3,02 x103] = I5C9q ‘("-’3“-)/3.ﬂb - AT




