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Thermochemistry: Hot, hot, hot!

Thermochemistry: deals with the _€ 121 g\ bl changes that occur during chemical reactions.

Temperature: measure of the average Ki h {’,J('l {. energy of the particles of a substance

= Temperatureis an ih"l‘@hgi\l% property: amount of matter doesn’t affect it!

- The Kelvin temperature is directly prepoftional tothe 5’1"@(‘@3 ¢. kinetic energy. For example,
doubling the Kelvin temperature doubles the average kinetic energy. -

= As absolute zero is approached (0 K), the particles approach zero kinetic energy.

A Maxwell-Boltzmann distribution shows how the particles at a high temperature have greater kinetic energies
than those at a low temperature. ' '
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Particle diagrams with \IQE/Q 0Y S - can be used to illustrate differing kinetic energies at differing temperatures.
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Thermal energy: internal’energy of an object due to the K'\ 'ﬂ’&fh C. _ energy of its particles

L Low Temperature

. A _
Heat (g): amount of thermal energy "i”f%hfﬁ'é’,(rﬁ(}\ from one object to another

> heatisan €% "k(’.hS E\JP property [depends on how much of a substance you have), unlike temperature.

> Heat always flows froma_ \WGf M ey objecttoa_Cg0 ler object.

In thermochemistry, the universe is divided into two halves:

System +  Surroundlings = Univeise

a. the SU} S’kem : the substance of interest

b. the QMU(lg \4‘1\(}\ LA S : whatever is outside the system



How to calculate heat transferred: mCAT!

q = mCAT

g = heat transferred
m = mass of substance
¢ = specific heat capacity
AT = Tfinei— Tinivat = change in temperature

Increase - A Heat transferred

into object
Decrease | - - - | Heat transferréd

out of object

Specific Heat Capacity (C): the amount of heat (energy) required to raise temperature of 1 g of a substance by 1K {(1°C)

: ]
s Units are ——or—
g°t gk
* Metals have relatively \O\J specific heats - relatively less energy is required to raise their temperatures.
* Water has a relatively \ni Q\r\ specific heat - requires much more energy to achieve a similar temperature
J
change.

quantity of heat supplied
(mass of object)(temperature change)

Specific Heat Capacity (C,) =
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*Note: the mCAT equation can also be used to calculate heat using moles!
q = nCAT

n = moles of substance

)

C = molar heat capacit its
molar heat capacity (un ol °C

**Watch out for units!1** &)

Important: It does NOT matter if you are given °C or K, as long as initial and final temperatures are in the same unit. \

Why? Let’s try an example, ATi \_? - -[I P m“‘e’&( g
>
- O
1. Calculate AT for a sample that started at 2°C and was heated upto27°Cc: AT = AF-7= 5 C Q)/

2. Calculate AT for a sample that started at 135 K and was heated up to 300, K 200,-27FS = '
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When adding a FINITE ( S‘?&C'\ ('\\ € }amount of energy:

s Matter with a low specific heat will change temperature _ o &

e Matter with a high specific heat will change temperature 56-3-9

When adding an unlimited supply of heat {e.g. sitting in the sun)

s Matter with low specific heat will change temperature more ‘f!w“mk H

-

e Matter with high specific heat will change temperature more s low ‘3

Let’s Practice!

1. The specific heat {in J/g °C) of solid aluminum is 0.89, of solid iron is 0.45, of liquid mercury is 0.14, and of carbon

graphite is 0.71.
a) When the same amount of heat is applied to one gram of these substances, which one will reach the highest

temperature? Explain,

Hj(ﬂ Wonld reach 'H«ae, l’“}j"\t’ﬂ” ‘l’emP_ HC... W hat “‘ang l?l’fg Sgggp’g{:{ﬁg Lwe.a\"f‘
Capacity, s the Same ﬁo‘”‘”’“i}/ of added heat will incroate its
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b) If each substance is heated until they are all the same temperature, which substance required the most heat

energy? Explain.

A\m wonld feguire the most sdded heat fff*"fé'fjkf | ble i has Hhe
M Speo‘»@c, heat CGpMJj Gind Hf&:w{}u‘c fé%uiref More heat pec
it of mass o feiCe ihs ’f’m««p,

2. You are given a 45 cm?® sample of copper metal at 300 K and a 30 cm® sample of copper metal at 300 K. Which
sample contains the most heat? Explain,

The 48 CLME Sc‘rmPlg Cobitaind Move heat : Leﬁ“f' 15 Gin w’&?nﬁlfa

Pro\Der‘}j) and the HG Cm3 519;:"9{@ Lae pore ‘\/olmg - o MaSS = Prove heat .
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3. How much energy, in joules, does it take to heat 15 mL of water from 273 K to 305 K? (The density of water is
1.0 g/mL and the specific heat capacity of water is 4.18 J/g °C).

[5mL = {S;l (Since c\én&slgvi f-“)‘?'/‘l“l)

‘r.
cm CAT = (15) (4182 (305 242) R008 E@
CL ) 3 ) w/ 2 s.F, ?S

\

If 0.596 kl of heat aré removed ﬁrom 29.6 g of water at 22.9°C, what will be the final temperature of the water?
(The specific heat capacity of wateris 4.18 /g °C).

5%3’ (2%4,613(4\8 DY‘TMZ 12°C)

aT n?'z 9 = i =-Hg2 2T, 27— 9-4Y59 = { 8.~\ "c,)
(29.0L)(H,18)

5. If 1.82 k! of heat is required to raise the temperature of a sample of mercury 52°C, and the molar heat capacity
of mercury is 28.1 J/mol °C, what is the mass of the sample of mercury?

T =n (28,1 I \(s2¢
L8207 =n ( B 22, )(5200)
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6. The temperature of a 95.4 g piece of copper increases from 25.0°C to 48.0°C when the copper absorbs 849 J of
heat. What is the specific heat of copper?

849 T= (454 5)x (480 - 25.6)

8497

- 95, 2.):
(J){fcb




