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Chapter 5: Thermochemistry

1. The fundamental principle of thermochemistry:
Energy is released when chemical bonds are formed (Release heat / Do work);

Energy is consumed when chemical bonds are broken.

2. The electrostatic potential energy, Eg;
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3. The First Law of Thermodynamics: Energy can be converted from one form to another, but it is

neither created nor destroyed.

4. Enthalpy (AH) (3I#1 AG 38 7 : Free-energy change)

a) State Function: The value of a state function depends only on the present state of the system,
not on the path the system took to reach that state. (2] IR AT RE—FHZIRTSHE,
ZENEARARETARX—RSILRE) (=2 state function fE 2 path function, K
BTRENZNZRISHIERE, tbanT(Work), #v& (Hear), B3R(1))



b) Why is enthalpy defined as H = AU + PAV (Under constant pressure)
i. Primary Purpose: simplify the analysis and calculation of heat changes under constant
pressure
ii. Process: AU (Internal energy)= ¢, (Heat)+w (Work)= q,- PAV, {8 q — path
functions, FNEEEIEHMRSZTML, FrAA T @It E, FrId3IAT H-AU+PAV
— under constant pressure, AH = ¢,

iii. Derivation Process: () w=--PAV:
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¢) Standard State Condition: (F1 & /5 E & Z|#Y Notation H %)

1. latm
ii. Pure liquid or solid
iii. Solution: 1 M concentration

iv. 208K, 25C

d) Enthalpy Change
L. AH= ) Hyproduct — 2 Hioactant

ii. AH <0 : Exothermic reaction, surrounding temperature increases
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iii. AH> 0 : Endothermic reaction, surrounding temperature decreases

Vol
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e) Calculations:
i. Hess’ Law (The application of the First Law of Thermodynamics: &N F Y2 8EE R
FAE, UL X AR, BEMNRNNSETOARLKENE):
Total AH = sum of individual H
A - B: AHyp C - D:AH.p nA - nB: nAH g
B > A: — AH,jp A+C - B+D:AHyp + AHgp,

ii. Enthalpy of Formation (or Heat of Formation)

—

L Conditions: (DThe product(The substance you want to calculate) is at the most
stable state
@The reactants(The elements that compose the substance you want to
calculate) are elements

(3 1mol substances are formed

1. A+ B - C: AH{[C] C - A+ B: —AH/[C]

nA + nB - nC: nAH;[C] Y AH; = AHyyp

iii. Bond Enthalpies
Break bonds release energy; Form bonds absorb energy
e.g. CHy(g) + Cly(g9) = CH3Cl(g) + HCl(g)
O(Method 1 M EH K HE):
AH, o, = [4D(C — H) + D(Cl — CD)] = [3D(C — H) + D(C — Cl) + D(H — CD)]
@(Method 2 RITEEIE MMM BAEE):
AH:., = [D(C — H) + D(CL— CD)] — [D(C — CI) + D(H — CD)]
*(D(@Methods can be used only when all reactants and products are in gas
form (In solids, liquids, and solutions, intermolecular forces between different

molecules must also be taken into account. )

iv. Bond Enthalpies: )} reactants — ), products

Enthalpy of Formation: ), products — ), reactants



5. Calorimetry
a) q=CmAT
b)  qrxn = —CcasAT

Chapter 3: Chemical Reactions and Stoichiometry

1. The number of moles of the reaction
a) 1A+ 2B - 1C + 3D: 1 mol reaction
0.5mol A — 0.5 mol reaction
0.5mol B — 0.25 mol reaction

b) Reaction type:

i. Combination
1i. Decomposition
iii. Combustion
iv. Single Displacement (electron transfer)
V. Double Displacement (exchange of ions)
Vi Redox Reaction

c) Formula Weight: sum of relative atomic mass

d) Molecular Weight: the sum of therelative atomic mass of a molecule. Be included in
the formula weight.

e) Empirical Formula: the simplest whole-number ratio of the elements in a compound.

(Number of the atom)(Molecular weight)

f)  Percentage Composition: * 100% = percentage of

Formula weight

the element

g) Limiting Reactant: the substance in a chemical reaction that is completely consumed first

Chapter 4: Reactions in Aqueous Solutions
1. Solubility

a)  Water doesn’t dissolve 0il < Since the attraction between water molecules(H-bonds) is
significantly greater than water and oil (Dipole-introduced dipole forces)(like dissolve like)

b) e.g Sesame sauce: water and sesame switch as solute — depends on which is continuous

c) The greater the magnitude of intermolecular forces between solute and solution, the more
solubility.

d) Temperature and pressure affect solubility

*Gas: higher temp, lower pressure, lower solubility



e) Rules:

L Most Ag, Pb, and Hg salts are INSOLUBLE, except for their nitrates (NO3) and
perchlorates (C10y)
1. Most hydroxides (OH ™) are INSOLUBLE except those of alkali metals and Barium

(Ba)

111 All nitrates (NO3') and perchlorates (C10; ) are SOLUBLE
V. All alkali metals and ammonium (NH;") Compounds are SOLUBLE

Reaction efficiency

Surface area influences reaction efficiency — use solution, not solid

*All reactions happen along the surface

3. Electrolytes: dissolve in water to form a solution that conducts electricity (electrons move freely)

Strong: completely dissolve; weak: portion dissolve

eg HCl(g) » H*(aq) + Cl™(aq)
HAc(l) & H*(aq) + Ac*(aq)

strong (strong acids, strong bases, soluble salts)

weak (MEEE B4 (weak acids, weak bases, water))

H,C,04(aq) & H*(aq) + HC,0; (aq) weak (gases, elements, oxides (Na,0, CuO...))

Chapter 10: Gases

1. Units of Pressure: mmHg / torr / atm / Pa (1 atm = 760 torr)

2. Boyle’s law: V o< = (constantn, T)
Charles’ law: V o< T (constantn,P)
Avogadro’s law: V o< n (constant P, T)
. nT
General Gaslaw: V o< -
Ideal Gas Law: PV =nRT
o P M _ PM M _ PM
3. Gases densities and Molar Mass: —=— — “—=— - d="=I0_-"2
vV RT vV~ RT v vV ~ RT
4. Partial Pressure
b RT
=n, —
k kY

5. Total Pressure

RT
P, = (n1+n2+n3+---)<—) =Nny—



6. Ideal gas
a)  Definition: the molecules of an ideal gas do not interact with one another;
the combined volume of the molecules is much smaller than the volume the gas

occupies.
b) The relationship between real gas and ideal gas
i A real gas behaves most like an ideal gas at high temperature and low pressure.
ii. A real gas with asmaller formula weight behaves most likeanideal gas at the same

temperature and pressure.

7. Kinetic-Molecular Theory of Gases
a) Random motion
b) Negligible molecular volume
c) Constant average kinetic energy

. . . Va molar mass B
d) Average kinetic energy proportional to temperature (same temperature, —= = |[—————)
Ve molar mass A

8. Distributions of Molecular Speed

Upp = the speed u,y, = the average Urms = the speed of a
exhibited by the largest (mean) speed of all molecule whose kinetic
number of molecules the molecules energy is equal to the
average (mean) kinetic
energy of all the molecules

Fraction of molecules

0 5 % 10 10 x 10
Molecular speed (m/s)

a)  Ump: The speed isexhibited by the largest number of molecules.

2RT

ump = M

b) Upms: The speed of a molecule possessing a kinetic energy identical to the average kinetic
energy of the sample.
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C) Ugy: the average speed of all the molecules.
d) Therelationship Up, < Ugy < Upms is always true for an ideal gas.
e) Maxwell-Boltzmann Diagrams

i Same temperature

Mucgpr b s

ool
e

rd

by

,,%»Ms

M s

ii. Same particle

e
zﬂ/ ST L

Nisdhec Zompalre
v

ld

L ™)

[(m , , m
= 2kT
P,(v) =4n (ZﬂkT) ve

9. Effusion

a)  Definition: The escape of gas molecules through a tiny hole
b) Graham’s law

iii. Equation:

n_ VM,
Ty \/ﬁl

At thesame pressure, the smaller the molar mass of a specific gas is, the greater the rate
of leaking of the gas. The higher the temperature is, the greater the rate of leaking of the

gas. . .
B . Lighter 235UF(,, molecules
C) Appllcatlon: pass through holes in the
porous membrane faster
than heavier **®UFg

molecules
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10. Diffusion: The spread of one substance throughout a space or throughout a second substance.

Chapter 14: Chemical Kinetics
Others

1. Notation:
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2. Effective digits:

a)  Multiplication and Division: The result should have the same number of significant figures
as the factor with the fewest significant figures.
e.g. 2.5 x 3.42 = 8.55, whichshould be reported as 8.6 (two significant figures).

b) Addition and Subtraction: The result should have the same number of decimal places as the
measurement with the fewest decimal places.

e.g. 12.11 + 0.3 =12.41, should be reported as 12.4 (one decimal place).



