Today:
Internal energy: AU=qg+w
Heating curves

Begin Calorimetry



AU=qg+w
There are three variables, you’ll be given two of them.

You might not be given numbers. You might be given hints or
clﬂlﬂ.l__g;__s__instead.

exothermic means g <0

endothermic means g >0

AH., might be (+) or (-) . That means q is (+) or (-).

expands or expansion means w < 0 At and g, Qlwq\fs
have the same

contracts or contraction means w >0 S\gn.

If you are given a chemical reaction:
more moles of gas in the products means expansion

w Ll
CH.(g) + H,0(g) — 3 H.,(g) + CO(g)

fewer moles of gas in the products means contraction

4 FeO(s) + 0,(g) — 2 Fe,04(s) w > O

AR = ,-.PA\/
1§V increases, bl
1§V decceoses, w20



What is the sign on g, w, and AU for each of the reactions below:
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AU = g - PAV

If AV is positive (the system volume is increasing against the
surroundings) the system is doing work on the surroundings.

w<0. Linflating balleon on Yhe
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If AV is negative (the system volume is decreasing against the
surroundings) the surroundings are doing work on the system.
w > 0. /
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Question 4 1 pts
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A system had 150 kJ of work done/o'n_it and its internal energy increased by 60 kJ.
How much energy did the system gain or lose as heat? /
AU = +60L)

The system lost 210 kJ of encrgy as heat.

The systemn gained 60 kJ of energy as heat.

Tae system gained 210 kJ of energy as heat.
@ Tcsystem lost 90 kJ of energy as heat.

The system gained 90 kJ of energy as heat.
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What is the cha in_internal if a 1 mol sample of

at STP)is heated with 2120 J of energy while
expanding from 22.4 Lto 30.6 L Wm outside pressure?
arfing - units! 1 L-atm =101.325)J)
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You can also calculate AU from AH using this relationship:

AU = AH - AnRT

We'll talk more about that equation when we get to the second

half of calorimetry.
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Heating curves
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Temperature

Heat Added

Specific heat capacity — how much energy js required to raise 1 gram of
a substance by 1 degree Celsius (or kelvip

The total heat required to heat a sample over a temperature range is
just the specific heat capacjty multiplied by the mass and the change in

AT - leave 1t 1
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temperature:

Ci= 209 1/8°C
i
(Custer = 4.184 1/g°C

Eapor =2.03J/g°C




This works on the parts of the heating curve where the temperature is

changing. (Heat input becomes increasing KE.)
510-P65 are a{ua.,s A Mc AT

Phase changes are physical changes and each one has its own AH. For
water,

Af'l\.faporizatic:n=2260-]/_3__ f/(;”!’_s - ﬂ/W"'YS CZ = ﬁ[—}

er GRAM, 5o mdli-.pl‘f by Mass .
Notice it takes a lot more energy to boil a gram of water from liquid to

gas than it does to melt a gram of ice from solid to liquid. You should

know why this is the case. AH 16 - B o k)/@,
300 ‘\"\N’»\" CASe \joJ m.)\hpl.,' b.f MOle—S.

AHsysion = 334 -J/__g__

For phase changes there is no temperature change. (Heat input
becomes increasing PE.) To calculate the energy required for phase
changes, multiply the mass by the AH for the process you’re working
with.

)/
Each line segment on the heating curve is a separate calculation, then

you add up all the g values for the process. If you are moving to the,
right on thg_ll(_eating curve, the heat values are all positive (heat is being
absorbed by the system).

If you are moving to the left on the heating curve, the heat values are
negative (heat is being released). The heats on the slopes will
automatically come out negative if you use AT = Tfinal — Tinitial, DUt you'’ll
have to remember to reverse the sign for condensation and for
freezing. '




The molar heat of fusion of sodium metal is 2.6 kJ/mol. How much heat
is required to melt a 5.0 g chunk of solid sodium metal?

AH¢ysion = 2.6 ki/mol

molar mass of Na = 22.99 g/mol

| | | mole 4l
504 Na ¥ 72qa," " 0275 m

| mol
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You fill an ice cube tray with 250 g of water at 25 °C and put it in the
freezer. How much heat must the water in the ice cube tray lose to
become ice cubes at -5 °C?
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Calorimetry

In calorimetry typically something hot is added to something cold. If no
heat is lost to the surroundings, then according to the First Law of
Thermodynamics:

heat lost by the hot = heat gained by the cold
heat lost by the hot: g =-mycyATy

heat gained by the cold: g =mcccATc

Suppose we add a piece of hot metal to some cold water.
heat lost by the metal: g =-mucyATy

heat gained by the water: g =mcccATc

Since q is the same amount of heat in both equations,

"mHCHATH = mcccATc

Be careful! The m, ¢, and AT values are different on each side.

ATy = (Tfinal — Tmetal) ATc = (Tfinal = Twater)

The calorimetry equation actually has SEVEN variables in it!

3 on the hot side, 3 on the cold side, and one final temperature that
appears on both sides of the equation.

You will always be given six of them and will be solving for the seventh.
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Question 10 Eoie

A piece of metal with a mass of 22 g at 92 °C is placed in a calorimeter containing
53.7 g of water at 21 °C. The final temperature of the mixture is 55.3 °C, What is
the specific heat capacity of the metal? Assume that there is no energy lost to the

surroundings. ﬂ(r"l“‘

1.3x10%Jglog? l\\”‘\bu—
& 95)g'°C! -\’M
{

- mHCHA-TH - mc Cd A—rc

(125 (553 -92%) = (5311845 )(553 29

- 106.6
Cn ~ 2____--—‘)"
so 1.4 4°

Cn= 9.54 J/j‘c,

'n\l'; anSwes~ 1S uf\m::»‘ $ 'h‘c)
lout 15 the correct anSwer.
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A mad scientist wants a glass of cold water (5°C), but all he has in the
lab is a water bottle at room temperature (500 g of water at 25°C), and
no ice. He realizes he has some dry ice (—78.5 °C) and some copper
pellets, so he decides to put the copper pellets on dry ice until they
reach —78.5 °C and then add them to his water to chill it to 5 °C. How
many grams of copper will he need?

(Be careful — this time the metal is not the hot side of the equation!)

ccu =0.345 )/g°C

#mHCH A-TH - mcCcATc
W“J“’f 15 the hob side, e tal 13 Hae cold side.

v) = 325
- ( 5004)(H1Bu-3e) (5-25%) = ™Me (3u530)(25-P5

41,840 J - ghe = 1,729 G
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Next time in calorimetry:

These calculations assume the calorimeter does not absorb any heat.
How do you tweak the equation to include the calorimeter if it does?

Hint: add it to the cold side:
—MuCuldTy = McCc AT + CeaATc

Also: instead of adding something hot to something cold, measure the
heat given off by a chemical reaction. Hint: the hot side of the equation
simply becomes the heat given off by the reaction:

q = mcccATc

Then if you divide the heat given off by the reaction by the number of
moles of reactant, you get AH for the reaction (kJ/mol).
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