: Deﬁmﬁons to know: ' - '
* Exothermic - a chetnical reactioh in wh1ch more energy is released than is rcqmred to break bonds in the 1mt1al
réaction.

" Endothetmic ~ a chemical reactlon in whlch a greater amount.of energy is required to break emstmg bonds in
the reactants than is released when the néw bonds form in the product molecules.

Specific heat — the amount of heat require to raise the temperature of one gram of a given substance by one
degiee

Calorimetry - measuring the amount of heat released or absorbed durmg a physical or chemical process.
Enthalpy of reaction — the difference between the enthalpy of the substances that exist at the end of the reaction
and the enthalpy of the substances present at the start.

Heat of fusion - The amount of heat required to convert 4 unit rass of a solid at its meltmg pomt into a hquld
without an increase in temperature,

Heat of vap_onzauo - The amount of heat required to convert a unit mass of a l1qu1d at its boiling point into
vapor without an increase in temperature, ‘ _
Calorimeter - An apparatus for measuring the amount of heat involved in a chemical reaction or other process.-

, Enthalpy of reaction = (enthalpy of products)-(enthalpy of reactants)
- AH= AH°f(products) AH"f(reactants)

~ The equations below are used to calculate cnergy changes that oceur in chemical reactlons and to classﬁ‘y the
reactions as exothermic or enidothermic. An exothérmic réaction is one in which is a release of heat; heat is

- givenoff. - An endothermic reaction is one in which heat is absorbed; heat is taken in from the surroundings,

© The exothermic graph below shows how exothermic reactions give off heat. A+B are reactants and C+D are

-products 20k} - 40kT = -20. kJ of etiergy are given off during this exothermc reaction, -

ngress of the reacnon

ThlS endothermlc graph shows how endothcrmo reactions absorb or gain heat. Lme before the curve represents
reactants and line after curve represents products. (products)lOOkJ (res tants)SOkJ +50 kT of energy is
_ absorbed or gained. _

ENDOTHERMIC
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Nn- T P
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| - MORE THERMOCHEMISTRY
- Calculating épcci'ﬁc-héat

Heat gained or lost = (mass)(specific heat)(change in- temperature)
Q = mcAT -

Constants and Converstions

1 calgrie (cal) = 4.18 joules (J)

1000 calories (cal) = 1 Calorie (Cal) = 1 kilocalorie (keal)

SpeCIfIC heat -
g = McAT e

where
m = mass : :
c = specific heat constant for a substance
AT change in temperature
g = Heat : :

'Heat !ost by a substance = heat galned by a substance '
' mCAT(Iost) = MEAT gained)
g is measured in Joules or kllojoules
. cuhitsare J/ g°C
Temperatrure units are °C

Specific Heat

Heat lost by one substance

heat gained by the other substance

Example: a metal spoon
.or a china dish gains heat
. from soup or hot chocolate




Specific Heat Word Problem

1. How much heat erergy is required to change the temperature of a ball of
iron with a rhass of 8052 grams from 16.5 ° C to a final temperature of

16.8 °C. The specific heat of iron i5.0.451 Jlg °G.

| FIRST STEP—-—AnaIyze the problem and decide on formula
needed.

This is a specific heat problem——-use q mcAT

SECOND STEP«——List known and unknown
q iron = o 451 J/g° C. : '
M iron = 8052 g
AT =16.8°C—-165°C = 0.3°C : :
Unknown will be ¢ (the amount of heat energy redunred)

THIRD STEP—Plug in values and calculate. Multtply across
the top and lede by the bottom. .

it
0.

. aq_ = c ... 0451 J =
- mAT 80529gx0.3°C

FOURTH STEP-—Check to see¢ if your values seem
reasonable, units are correct for your unknown, and :
signifi icant figures are accounted for. Look for other possnble
errors, such as mlsplacmg a decimal or misreading a
number

c=0.176 J |
g° C



Specific Heat Notes

1. Specrﬁc Heat is the amountof heat (meastired in Joules or calones) needed to raise the temperature of one g
of substance 1°C,
i. Units on Specific Heat - Jig°C
2. Specific Heat is a physical property (a property you can observe without changmg the moleculee of the
substance). The specific heat of 2 substance will always be the same. ‘

3. Examples of Specific Heats:
" a. Water—4.18 Jig°C
© b, Aluminum - 0.802 Jig°C
c. Nickef - 0.444 Jig°C
Which one of the substance will heat faster? Why?

4. Variables needed for the equation:

a. Q= heat energy, (measured in Joules)
b. M= mass (measured in grams)
¢. C = Specific Heat (measured in J/g°C
d. AT =change in Temperature (measured in °C)
AT= Blgger temperature — Smaller Temperature
What variable i is it? : _
Nerne ' Vanable Name Variable - | Name | Variable Name Variable
- : Symbol Symboi
KR 1OGJ‘ o , 7 7.215g
2.0.67 JIg°C ' 8. 1.35 JIg"C
3209 ' . BEEEER
4, 2.13 Jig°C 7 10. 25,01_)0 J
[5.585) ' .21g
6.23.0°C o o ] 12.0.045 Jig°C

 Identify all the vanables in the problem ‘
1) What is the specific heat of a substance that absorbs 2.5 x 10° joules of heat when a sample
of 1.0 x 10* g of the substance increases in temperature from 10.0C to 70.0G?

2) oThe séps.eciﬁc heat of ethanol is 2.46 Jlg °C. Find the heat required to raise the temperature of 193 g of ethano! from
. 19°Cto 35°C ‘

How to calculate specific heat problems:
: Formula' Q=mcAT ~

1. Whena 120 g sample of aluminum (A!) absorbs 9612 J of energy, its temperature increases from 25°C to 115°C. Find
the specrﬁc heat of alumlnum Be sure to include the correct unit for specific heat.

2. The spec!fic heat of lead {Pb) is 0.129 J/g-°C. Find the amount of heat released when 2.4 mol of
lead are cooled from 37.2°C tp 22.5°C



Name
o
Potential
- - Energy
' C+D
JL-
b
f
Reaction Coordinate g
A+B <« C+ D+ energy
‘\_‘_, V

Answer the questions using the graph above.

1. Is the above reaction endothermic of exothermic? .

2. Whatletter represents the potential ehergy of the reactants? __

3. Whatletter represents the potential energy of the products?

4, ‘What letter represents the heat of reaction (aH)?

5. thd’r Ie’ﬁer represenfs the activation energy of the forward rediction?

6. What letter represents the activation energy of the reverse reaction? __

7. What letter represents the potential energy of the activated complex? ____

8. Isthe reverse reaction endothermic or exothermic?

9. Ifacatalyst were added, what letter(s) would charige?

. ChemistyFers - 76




. Enerqgy of Reactions 2013

For each of the following graphs, lndlcate the foﬂowmg

a) Determine the AH of each reaction (the difference between begmnmg & ending energy. Show work.
b) Is the reaction exothermic (-AH) or endothermic (+AH) ?

¢) Does it require activation energy (look for the “bump”)? How much? Show work.

d) What is the net result of the change in heat energy? (Temperature does what? Will be opposite ofAH )

RN

1] 80 A 2] 50 3130
2 go| 4+ 2 40 / 2 20
B = / 3 /
® @ I \ @
o 40 & 30 5 10
‘V \
20 20 'I 0
Course of reactii_:n Course of reaction " Course of reactign_‘
4 5 o~ 6
10 b 2000 N 20
2 <2 10 2 4
5 0 | B % 0 7 \
] o a
i -10 4 m 0 \f\ 5 -20 1\
20 / -10 \T— -40 N
* Course of reaction Course of reaction Course of reaction
> > ————
7 e | 8 9 e
45 100 80
2 5 /'\ 2
35 G 60
5 | / 5 % \_ 3 /
o & o
& 25 / g o _f/ 5 40 /
15 .._/ 25 20 — /
Course of reaction Course of reaction ‘Course of reaction
10 11 12
0 =~ 80 0
N N,
= f '
2 9 \_ 2 g0 2 40 \
5 S S
[3] . ] [
5 20 / - 5 40 T /
40 20 -40 ‘l ~—
Course of reaction Course of reaction Course of reaction




EXAMPLES

Drawing Energy of Reaction Graphs

For each of the following examples, draw the appropriate corresponding graph of energy of the reaction.

o) Make sure to label both axis
b} Label the AH of each reaction.

¢} Label the activation energy, if needed.

1. Exothermic reaction without activation

energy
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6. AH is negative without activation energy,
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7. Released energy into surroundings,
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