UNIT 11 — CHAPTER 6 STUDENT NOTES: THERMOCHEMISTRY

Calorimetry — Science of measuring heat

Terms
- Heat Capacity = heat absorbed/change in temperature
EX 1: H,0 C,HsOH
Add 10 kJ of heat Add 10 kJ of heat
10 - 15°C 10-22°C
Heat Capacity = Heat Capacity =
Specific Heat Capacity = heat capacity/gram H,0 = 4.18 J/g-°C
Molar Heat Capacity = heat capacity/mole H,0 = 75.2 J/mol-°C

H,O = 18.0 cal/mol-°C

Heat capacities of common substances

H.0 = 4.18 J/g-°C Aluminum = .897 J/g-°C

Iron = .412 J/g-°C Carbon dioxide = .839 J/g-°C

Steel = .466 J/g-°C Lead =.129 J/g-°C

Terms
- Work- Work = Force X Distance; Pressure X A Volume
- Heat- q=m-Cp- At (Joules)

- Internal Energy — Sum of work and heat E=q+w (-)work done by a gas — expansion
(+) work done to a gas - compression

Coffee-cup calorimetry — uses a simple polystyrene cup to measure heat exchange

EX 2: When 1.00 grams of calcium chloride is added to 50.0 grams of water in a coffee-cup calorimeter, it
dissolves and the temperature rises from 25.00°C to 28.51°C. Assuming that all the heat given off by the
reaction is transferred to the water, calculate the heat for this reaction. (Heat of solution)



Example problems
1) Consider the following reaction: Ba(NO3)zaq) + Na2SOs(aq) ¢ 2 NaNOs(aq) + BaSOus)

Calculate the enthalpy change if 1.00 liter of each reactant at a concentration of 1.00 M is reacted to
form the precipitate and the temperature of the solution goes from 25.0°C to 28.1°C an the density of

the solut|on is 1.3 g/mL. ) I 1ot Ba(NO3), ¢ pow AEA ARTATE
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2) The specific heat capacity of aluminum is 0.900 J/g -°C. K AR= -—T"':Z; - :jf"’_if’“,.‘fé*

a) Calculate the energy needed to raise the temperature of an 850-gram block of aluminum from
22.8°C to 94.6°C.

b) Calculate the molar heat capacity of aluminum.

3) In a coffee-cup calorimeter, 50.0 mL of 0.100 M AgNOs and 50.0 mL of 0.100 M HCI are mixed to yield
the following reaction: Ag*ag) + Cl'(ag) > AgCly

The two solutions were initially at 22.6°C and the final temperature is 23.4°C. Calculate the heat that
accompanies this reaction. Assume that the combined solution has a mass of 100.0 grams and has a
specnﬁc heat capacity of 4.17 J/g °C. Calculate the enthalpy change for the reaction in kJ/mol.
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Thermochemical equation — a chemical equation that shows the enthalpy relation between products
and reactants

EX 3: Consider the following thermochemical equation:
2 Hag) + O2(g) 2 2 H20¢) AH = -508 kJ
a) How much heat is evolved when 4 moles of H; are ignited?

b) How much heat is evolved when 20.0 grams of H0 is produced?

c) How much heat is evolved when 10.0 grams of H, and 20.0 grams of O, react?



Hess’s Law — The change in enthalpy is the same whether the reaction takes place in one step orin a

series of steps.

EX 4: Calculate the heat change for the conversion of graphite to diamond using the following
information:

Hcombustion (graphite) = -394 kJ/m0|e
Hcombustion (diamond) = -396 kJ/mO|e

Cgraphite <4+—» Cgiamond

EX 5: Diborane (B;Hs) is a highly reactive boron hydride that was once considered as a possible rocket
fuel for the U.S. space program. Calculate the Hreaction for the synthesis of diborane.

2 B+ 3 Hayq) > BaHgs)

a) 2 B+ 3/2 Oy > B,03) AH =-1273 kJ
b) B2O6(s)+ 3 Oary¢—> B203(5) + 3 H20) AH = -2035 kJ
C) Hag+ % Oy <+——>H,0p) AH = -286 kJ
d) H,0p «—>H,0p) AH = +44 kI
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EX 6: Given the following data:

Qi&gﬁi‘*__> Hag) + % Oz1g) 2 H20y) H: -258.8 kI X 2.7 ~ 5V LK
Giie e —>NiOsg + HiOp > 2 HNO3 HY766 k%2 = H153.2K)
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2 Ny + 5 Oy = 2 N2Os(g)




standard Enthalpies of Formation — of a compound is equal to the enthalpy change when one mole of
the compound is formed at a constant pressure of 1.0 atm and a fixed temperature, 25°C, from the

elements in their states at that pressure and temperature.

- Most enthalpies of formation are negative numbers, meaning that the compound forms

from its elements & is exothermic
- Elements in their standard states have a standard enthalpy of formation equal to zero.

In standard enthalpies of formation calculations, keep in mind:
1) When a reaction is reversed, the magnitude of all Heats remains the same, but its sign
changes.

2) When the balanced equation for a reaction is multiplied by an integer, the value of H for that
reaction must be multiplied by the same integer.

3) Elements in their standard states are not included in the Heat calculated, that is standard heat ‘
for an element in its standard state is zero. ’\F‘c NHy = =96 IR
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EX 8: How much heat is released by 13.3 grams of Al in the equation:

2 Algs) + Fea03(5) 2 A|203(5) + 2 Feg) =-850 kJ
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~ THERMOCHEMISTRY - Chapter 17|
Chemical reactions are driven by two factors:
Energy Factor — Many spontaneous reactions proceeded with a decrease of energy

- Almost all exothermic reactions are spontaneous
- Most phase changes are endothermic, yet spontaneous

H20) =2 H20¢) AH =+6.0 kJ
- Some reactions, though not spontaneous become spontaneous at higher temperatures.
CaCOs(5) = CaO) + COzg) AH=+178.3 ki

(at 1100 K, this reaction becomes spontaneous)

Randomness Factor — Nature tends to move spontaneously from a state of lower probability to higher

probability.
- Nature tends to move spontaneously from a more ordered to more random state.

- Entropy (S) is the measure of the randomness factor.

S = S%nal - Sinitial -S = nonspontaneous; +S = spontaneous



Factors that influence entropy

- Aliquid has a higher entropy than a solid from which it is formed.

- Agas has a higher entropy than the liquid from which it is formed.

- Increasing the temperature of a substance increases its entropy (especially in phase
changes).

Predict whether the S is positive or negative for each of the following processes.

1) taking dry ice from the freezer where the temperature is -80°C and allowing it to warm to
room temperature

2) dissolving bromine in hexane

3) condensing gaseous bromine to liquid bromine
Calculating AS® for a reaction

i AS? = Zsoproducts - zsoreactants\\

Calculate the AS for each of the following reactions:
Coltly = MR aim *A (s rol€s (4) Ermeafy

CoD = AR Mook CaCOsz(s) = CaOys)+ COy)
(D = BB Seak AQ” = (32.87213.0) (th\) =S
*A reaction that results in an increase in the number of moles of a gas is accompanied by an increase in
entropy; if the gas molecules decrease, entropy is a negative number*
0 " i \ 7;‘, -
Calculate AS° for C'fx(C“"\BL = [ og)* 7 OH (%)
Cau (o), = DY a) dissolving one mole of calcium hydroxide in water
Qat =R AS = [ 143+ (22349} -93.4
OoH™ = M AS = (|

b) the combustion of one mole of methane to form carbon dioxide and liquid water
CHy + 207 — (oot ZHO — s
AS = [213.64 1398 [190 2 + 2zosa)] = [-24e.3 L0 EAS
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Free Energy (AG)

Two quantities affect reaction spontaneity: enthalpy (AH) and entropy (AS).

Gibbs Free Energy (AG) — represents that portion of the total energy change that is available (i.e., free) to
do useful work.

(+) energy must be supplied

(-) energy is released for work



Gibbs-Helmholtz Equation: AG =AH -T - AS
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Sign determines spontaneity:  AG (-) reaction is spontaneous KewiN
AG (+) reaction will not take place *AS prost fie ConverTed
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AG =0 system is at equilibrium
Two factors tend to make AG negative:

1) A negative value of AH

2) A positive value of AS (many physical changes, the entropy increase is the major or driving
force i.e., melting ice)

n AR Al
Standard Free Energy Change (a0 AS = 06
Standard conditions — gases at 1 atmosphere and solutions 1.0 M and 25°C - [\ ﬂ' - ,.o‘{ ”
Q 2+ [\H ,,547_ 1
For the reaction: CaSO4(s) 2 Ca?*(ag) + SO04%(ag) Ao
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Calculation of AG® at other tem_peratures than standard

a) AHO

To a good degree of approximation, the temperature variation for AHC and AS° can be neglected. This

means that to apply the Gibbs-Helmholtz equation to temperatures other than 25°C, you need only
change the value of the temperature.

Calculate the AGP at 230°C for the reaction of one mole of Fe,0; with hydrogen. The products are iron

metal and water vapor. ﬁ?zQ‘j + 2. — 2.Fe +34,0
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Calculate the AG® at 335 K for each reaction below and teII ifitis s.ﬁ)ontaneous r Ronspontaneous ~
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Effect of temperature on spontaneity

AH® | AS® | AGP=AHO—T - AS°
I (-) (+) always (-) Spontaneous at all temps reverse rxn always nonspontaneous
| always (+) Nonspontaneous at all temperatures

| (+) (+) (+) atlowT, (-) at
high T
v | (-) (-) (-)atlow T, (+) at
- highT

*If AH® and AS° have opposite signs, it is impossible to reverse
the direction of spontaneity by a change in temperature. Both
terms AH? and T - AS° reinforce each other

At what temperature does AG® become zero for the reaction:

) Fea0s(g + 3 Hag = 2 Fegs) + 3 H0pg)
(z)‘;f\‘fn;(r A(‘ :(f:/ Gwesg use ¢> - A\H ~ ( A"’} o /&4 T 8S

$ A= 9395
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Temperature for spontaneity: T=AH/ AS°

H20() = H20(y

At what temperature does the following reaction occur:

Effect of pressure and temperature

G =AG"+RTInQ T = degrees Kelvin

R=8.31X10%kJ/K

Q rules

1) gases enter as their partial pressures in atmospheres
2) aqueous solutions enter as their molar concentrations

3) pure liquids and solids do not appear

Consider the reaction: Zni)+ 2 HYag) 2 Zn*ag) + Hayg) @ 25°C

Calculate
a6 Als= [(ix-11DH(Ix c.c‘»)j -
b) G when Pz = 750 mm Hg, [Zn®] = 0.10 M, [H] = 1.0X 10* M
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Show by calculation whether dissolving lead (1l) chloride is spontaneous when
b = 1.0 M, [CF AP » [l F(2x 9D\ - (3417 £ 2120
a) [Pb2*] = 1.0M, [C] =2.0M At - [Cos(LI( 8 on (1-0) - (2)
b) [Pb?*] = 1.0 X 10°5 M, [CI] = 2.0 X 10°M in |
o FIP6™]=1.0 [cr] o 2 Mgz +£30, 18D
\7\ M =¥T.36 - L( NS | 2_\‘»5)( ﬂ(l LML% (2.0m0 ) Hnon5Pe “raneovS
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Free energy change and the equilibrium constant, K

For spontaneity: AG® must be negative (-)
K must be greater than 1
AE° must be (+)

AG° and K are related: AG°=-RTInK (must be at standard conditions)

Using AGY tables in appendix 1, calculate the solubility product constant, Ksp, for PbCl2at 25°C.





