AP Chemictry eeview

Units Exam Weighting
Unit 1: Atomic Structure and Properties 7-9%

Unit 2: Molecular and Ionic Compound Structure and Properties 7-9%

Unit 3: Intermolecular Forces and Properties 18-22%
Unit 4: Chemical Reactions 7-9%

Unit 5: Kinetics 7-9%

Unit 6: Thermodynamics 7-9%

Unit 7: Equilibrium 7-9%

Unit 8: Acids and Bases 11-15%
Unit 9: Applications of Thermodynamics 7-9%

DO NOT WASTE TIME ON QUESTIONS YOU DO NOT KNOW.
Test Tips- MC:

e Aim to answer 37/6D WC questions correctly. Then relax avd go back +o the duestions you skipped
o (ross out ridiculous answers; answers that do vot make sewse (ex: pH of acid/vase)

e Know how +o do stoichiometry/converting

o Pay close attention to units!

WMental Math tips:

e Don't freak out- the vambers given +o you CAN be worked out mewtally
o Work in scientific notation or fractious.

e Kuow how o caleulate with logs!

o When setting up DA, simplify the math

o ROUND—you can approximate answers

Test Tips- FRQ

e TIf\ou get stuck on a part of a duestion and there are subseduent parts that rely on that answer,
assume a wumber (or explanation) and then use that wumber on the subsequent parts. You will lose
the point(s) on the origival part but can still earw credit on the other parts.

o Tf question says “Tuclude units” then the correct units are worth 1 pt.

o (se. Your. Eduation. Sheetlll

o All explanation questions can be answered in 2-3 sentences max. Get to the point.

o ALL parts on the FRQ section are worth 1-2 points. No wmore. Use vour time wisely.
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aid, T: ATOMIG STRUCTURE AND PROPERTIES

44 Mass and molar mass 1.2 Mass spectroscopy 1.3 elemental composition of pure substarces 1.4 Composition of mixtures 1.5 Otomic Structure and electron

corfiguration 1.6 photoelectron spectroscopy 4.1 period trends 1.8 Valence Electrons and ionic compounds

PERIODIC TRENDS: Electronegativity, Tovization eneray, atomic radins
Two main explanations:
e Nuclear charge: Going across the periodic +able, nuclear charge
(wumber of protons) increases. This:
o Causes radius to decrease becaunse electrons are being bound
tighter.
o Causes lonization o ncreases becaunse electrons are being
held on by protons.
e TDistance of valence electrons from vuclens: As you go down the
periodic table, the number of valewce shells ncreases. This:
o Causes the radins to get larger
o Causes ionization evergy o decrease becaunse electrons are
further from nucleus and are therefore vot held on by
nucleus as well.
Tf veither one of those two explanations work (rarely), thew use our
knowledge of electrons and electron configuration as best you can,
Cations are SMALLER than atowms, becanse when an atom loses an
electron(s) there is less electron-electron repulsion or loss of av energy level,
Anions are LARGER than their atoms, becanse whew atoms gain electrons
this caunses more electron-electron repulsion.

MASS SPECTROSCOPY: Shows you relative
abmdance of isotopes. Compare peak height
for percent abundance. The isotope below
would have an atomic mass slightly greater
(but close to) 24. This is becanse the
isotope with mass wamber 2.4 is the most
abudance. The average of all the mass
numbers and their relative abundance is the
atowmic mass for that element.

Relative abundance
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Mass number

600D STOICHIOMETRY
1. Cownvert to moles
2. Wole ratio

OMBUSTION ANALYSIS: This is \ust stoichiometry.
3. Convert +o the C ANALYSS: This is just stoichiometry

units you need
Rewmember ratio within ionic

Geveric Combustion reaction
CH((0). + O, — €O, + H,0

sombound is important ae 1. Find mass of carbon: All of the carbon in carbon dicxide cam from the compound burned
w@l[PFor @mw\;(ﬂ NASO 2. Find mass of hydrogen: All of the hydrogen in water came from the compound burned
. 2 4 R R
has two Na* for every one 3. Find mass of gxg@@m by sulrtraction (mass left over)
SO, 4. Caleulate empirical formula
This method can be applied +o other reactions if i+ makes sense.
DON'T FORGET: PERCENT COMPOSITION/EMPIRICAL AND MOLECULAR
FORMULA
o TDensity = mass/volume -
o The 7o composition by mass for a pure compound does not change. e The o composition by mass for a pure
o 10" nanometers =1 meter compound does vot change.
o Inelectron configuration: e Empirical formula riyme— “lo o mass, mass

o dsub level is one eneray level less than the period.
o TRewove electrons from s sublevel before d sublevel for
fransition metals.

o When reading a PES graph, the higher the peak, the more electrons
there are i that sublevel, and a larger binding energy means that the
electrons are closer to the nwuclens.

o Tsotopes of an element have the same number of protons, bt different
numbers of neutrons,

o Wetals are on the left side of the zig-zag line and vonmetals are on the

to mole, divide by small, times until
whole..Get the simplest whole # ratio of the
moles (or atoms) i the compound.

The molecular formula for a compound is a
whole # wultiple of the empirical formula
ratio.

right side of this line on the periodic table.
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i, ©r MOLEGULARITONIG STRUCTURE AND PROPERTIES

21 Types of chemical bonds 2.2 Intramolecular force and potential energy 2.3 Structure of fonic solids 2.4 Structure of metals and alloys 2.6 resonance and forml

charge 2.1 VSEPR and Bond hybridization

LEWIS DIAGRAM
VSePe: Avother easy point. Readers are very likely o give the
This is an easy poivt. Review vour molecular geometries and point if:
bond angles! o Al atoms have OCTECTS (9 electrous). This

FORMAL CHARGE:
The molecule with the lowest formal charge is the most likely
structure

does not include hydrogen, beryllium, boron
o The molecule has the correct number of total
Valence electrons

Do wot find unless prompted
RESONANGE: Occurs whew

The number of The number of The number of . R
Formal Charge onan atomJ _ | valence electrons | | nonbonding electrons | 1| bonding electrons more than one valid lewis

[withina Lewis structure " | aroundthat atom around that atom 2| around that atom structure cav be &{rawm

in Lewis structure inLewis structure ‘FOI” a VV]O[COM[@

in the free atom

e The actual wmolecule

STRUCTURE OF TONIC SOLIDS: has a boud length
Strength of Tovic bond increases whew: that is average of
e Tous are highly charged (domivate) the bond lengths in
o  Tons are small +the resonance
structures.
e Do wvot draw nuless
prompted

HYRRIDIZATION

Electron domains

o Bonds (single, double,
triple all are ONE
dowmain)

o Lone pair of electroun

sp: only two domains

sp?: three domains

sp>: four domains

r 3

ALLOYS
o Tuterstitial alloy: whewn atoms with small enounglh radins sits in the “holes” of
the metallic lattice

=)

INTRAMOLECULAR FORGE AND POTENTIAL ENERGY

Repulsion

No overlap:
no attraction

o Substitutional alloy: atom is similar in radins and replaces metal atom sin the
metallic lattice

esee '

Potential Energy

Some overlap:
some attraction

CQQ OR

o

Internuclear distance

The minimum potential energy
represents the ideal bond levgth

Substitutional solid soln. Interstitial solid soln.
METALLIC RONDING DON'T FORGET-
o Electrons are mobile

thronghout the
metallic cations. This
allows metals to
conduct electricity

o Wetals also tewd to
be malleable, ductile,

tharges attract.

becomes.
o H,0,N,CLBrI,F, -- the diatomic elements.

symmetrical = dipoles cancel = wonpolar molecule

and lustrous o Asymmertrical molecules = dipoles DO NOT cavcel = polar wmolecule;

e Covalent bonds are formed between two vonmetals sharing electrous.
o Tonic bonds are formed when a metal transfers electrons +o a wvonmetal and the opposite

e The greater the electroneaativity difference between 2 atoms, the more polar +he bond
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i, Or INTERMOLEGULAR FORGES AND PROPERTIES

3.1 Intermolecular Forces 3.2 properties of solds 3.3 solds, lquids and gases 3.4 ideal gas law 3.5 kinetic molecular theory 3.6 deviation from ideal gas law 3.1

soltions and mixtures 3.8 representations of soltions 3.9 separation of solutions and mixture chromatography 3.40 solubilty 3.42 photoelectric effect 343 beer-

lambert. law

HEAT CuRvE

Note the temperature does ot change during phase changes.
SOLUBILITY This is becanse the evergy is beivg to overcome TMF. Bonds
Substances with similar TMF S‘l’Y‘@VI@“H/]S will be wmiscible v one are NOT broken &{(/\(M@ P]/]gg@ g]/]gv,@@g[
another. e Use dimensional analysis during phase changes
If one substance has a much weaker TMF, i+ will vot be able o Use a=cmAT for all other points
to overcome the TWMF v the other substance and the two
sulbstances will thew be immiscible. 1 .

g; D
SOLURILITY RULES H )
All sodiam, potassinm, ammoniam and vitrate salts are soluble g "
n water 8 4
A
Time (minutes)

e Common examples: Diamond, graphite, or binary compounds (like silicon dioxide or silicon carbide
e These will have VERY high melting points due +o strong, repeated covalent interactions

INTERMOLECULAR FORCES
e Lowdon Dispersion force (LDF): All molecules experience some degree of LDF. Iu general, the larger the wolecule, the
more electrons that molecule has leading to strowger the LDFs.
e Dipole-dipole interaction: TMF between polar molecular. This force gets stronger as molecules get more polar
o Hydrogew bovnding: generally the strongest TMF. Substances with hydrogen bonded +o an oxygen, vitrogen, or fluorine
(this is ot the hydrogen bond! See picture below) can from hydrogen bonds with another electronegative atom.
These are just a specific example of dipole-dipole interactions)
o Ton-dipole interaction: The TWMF between an ion and polar wolecular. See: “Dissolution process” box
e (Geveral strenath from weakest +o strongest: LDF, dipole-dipole, hydrogen bondivg, ion-dipole
o  HOWEVER, do NOT assuime this is always truel Look at what +the data is +elling vou!
o For example, sometimes a molecule is so large that the LDF experienced is greater than a polar molecule
with dipole-dipole interactions.
e Physical properties tell vou a lot about the strevgth of TMF. Stronger TMF geverally leads +o higher BP, lower
vapor pressure, lower volatility, and higher viscosity in liguids.
e Always list all IMF's  LDF « dipole-dipole «lydrogewn bonding (TMF also includes what is +o the left)

° Covalent bond °
4 4
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SCPARATION OF MIXTURES

Chromatography: Separates mixtures based on difference in

polarity.

o Paper hromatography: The component that is most
similar to +he polarity of “mobile phase” will move up
more (greater Re value)

o Read carefully to determine polarity of mobile phase
oand stationary phase.

o Thin Layer Chromatography: Works similarly. The
stationary phase is typically silica (polar)

Distillation: Separates mixtures based ow differences in boiling

points.

o The substance with the lower boiling point will be
separated ont first.

condenser

distillate

L g
e

water
from faucet

DISSOLUTION PROGESS

Both bonds and TWMF are both broken and formed in the
process of dissolving salts in water. Be able to identify
endothermic/exothermic processes nappeving (more in unit @)

o Spread out 0 O O

OOO salvent
Q@ Q9 4w, Q Q o
Liquid Solvent Q O. Q
Az — O Qo
+ Q9
09 _0
. 0?09
p Q Q
020 = 90
AYH — Soluti
\)OO AHE \.) o O olution

Solute Crystal

*from spark notes of all places

RECR-LAMBERT LAW
o Cawot use for colorless solutions
o The more a color solution absorbs light, the more
concentrated that solution.
o Mou can quantify this relationship.
A = gbe

o If you plot Absorbance v.s concentration, the slope of the
line is (molar absorptivity) x (pathlength)

GASES
On multiple choice

e  Round and estimate your answers

e Know the relationship between pressure, volume, temperature, and moles of a gas
e Use common sewse and get rid of answers that do ot make sense.

Ow Free response

e Use the eduations given to you on your equation sheet! And watch our units.

o (lse the correct v constant

e Mw=dRT/P “dirty pee”
e Do NOT use 22.4 L=1 mol unless at STP
o Otherwise, use PV=RT.

Q" 9
° 9o \
\-;J M '\‘)
/ J
Q2 t </

Q

Tewmperature is a measure of
the average kinetic energy of
particles in a gas, but this
does ot mean each particle
has the same speed (as
showv by vectors)

o Use moles in stoichiometry. Seriously, this equation is you best friend.

DON'T FORGET

e The more molar wmass a gas has, the slower it wmoves at a given temperature.

e Temperature = Average Kinetic Eneray  (Gases at the same temperature have the same average kinetic everay.)
e When collecting a gas by water displacement: Pioral = Parygas + Puater vapor

e Real gases behave most like av ideal gas at high temperature and at low pressure.

o The more polar a gas is and the larger a gas is, the more it will deviate from ideal behavior.
o  Conseduently, small, vonpolar gases are the most ideal.

e Wolecular solids have low melting/boiling points, and they do not conduct electricity.
e Tonic solids have high melting/boiling points, and don't conduct electricity as a solid, but DO conduct as a liguid or (aq).
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Ui, b KINETICS

5.1 Reaction rates 9.2 ntroduction to rate law 5.3 concentration changes over time 5.4 elementary reactions 9.5 colision model 9.6 reaction energy profie 5.

introduction to reaction mecharisms 9.8 reaction mechanism and rate law 9.9 steady-state approximation 5.10 muttistep reaction energy profie 5.1 catalysis

collide)

GOLLISION MODEL
1. The reactants come into contact (the

2. Collisions are met with a certain minimum
everagy, known as activation energy, €,

2, A collision has a correct wmolecnlar
orientatiow.

RATE GONSTANT, ¥
The units for the rate constant is determined
by the overall order of the reaction.

liters( overallorder— 1)

moles(everallorder—1) . (the unit for time)

INTEGRATED RATE LAWS
Zero Order First Order Second Order
[a] = -kt + [Ac] In[A] = -kt + In[Ao] L _ +L
A1 T [A0]

[A]

In [A]

—|<

Time

lime Time

e The graph that vields the straight line
determines the order of the reactant.

e The slope of the straight live is the rate
constant, k.

e For first order reactions, if you plot [A] v.s
time ou get a half-life

1y, = 0693
T Tk

DETERMINING RATE LAW

Rat

e =k [AT{P]"

kis the specific rate constant. The faster a reaction, the larger the k
value. Rate constant wits will change, see “rate constant” box
[A] and [B] represent the concentrations of reactants A and B in wol/L
X and y can oy be determined by analyzing experimental data.

°  EBxpovewts are usually positive integers. Rarely are fractional or

negative integers
First Order: Tf doubling the initial [concentration] of a reactant causes the initial rate o double.
Second Order: if doubling the ivitial [concentration] of a reactant canses initial rate o quadruple
Third order: Tf doubling the initial [concentration] of a reactant causes the initial rate o increase &
Fimes *uncommon™
Zero order: I doubling the initial [concentration] of a reactant does vot change the iitial rate

Best way of determiving order: 2=\
o where Z is hiow you manipulate the concentration and v is how the rate is affected. The
rate order will be w.
o For example, if vou triple concentration and rate increases by q times, then n has +o be 2. So
+he reactiov is second order.

2'=q,nis 2.

PATE LAW FROM MECHANISMS

WMechavisims can be showw for reactions that do ot happew in a single
step.
Rate law com be determined (from coefficients) for the slow step
o TIf the slow step contains an intermediate, you must use steady
state approximation

DON'T FORGET

1. Ways to speed up a reaction: (1) Add a
catalyst. (2) Twuerease reactant
concentration. () Tucrease surface area.
(4) Increase pressure of gases. (5) ncrease
tewmperature.

2. The taller the “hill” (or activation energy)
the slower the reaction.

2. Tu reaction mechanisms:

Tutermediates are produced in one
step and used up i a later step.
Catalysts are used up v one step,
and produced in a later step.

k
Step1:  NO,(g) + NO,(g) ——> NOs(g) + NO(g)  (slow)
ks
Step2:  NOj(g) + CO(g) —— NO,(g) + COx(g)  (fast)
Overal: NO,(g) + CO(g) — NO(g) + CO,(g)
Catalysis ENERGY PROFILES

Energy

Catalysts increase the

rate of reaction by Single Step

providing a new
. transition state
mechanism,
N R Energy
The vew mechavism will o
activation energy
l/]ﬁ\/@ a starting materials €
o loweroverall ||| | T 7
1 1 hal, h. L
activation energy b+ g sroducts
avdfor || | T
(@) ‘Hl@lﬂ@l’ ‘Fr@ﬂm@wc\{ Reaction coordinate
of collisions
Multi-step
....................... S
E, (no catalyst) S T"‘s't‘;it:"“
| E, (with catalyst) g i i
3 ntermediate
AT BRI | TR S ) 51 Products
IAG =

Reaction Progress Reactants

Reaction progress
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i, (Or TUERMOCUEMISTRY

6.1 endothermic and exothermic processes 6.2 energy diagrams 6.3 heat transfer and thermal equilbriom 6.4 heat capacity and calorimetry 6.9 energy of phase
changes 6.6 introduction enthalpy of reaction 6.1 bond enthabies 6.8 enthalpy of formations 6.9 hess’s Law

ENERGY DIAGRAMS

Potential Enerdgy

acmvation

Reac I;_|r1l,%

nergy

releaced Prodiscts

Reaction Progress

Exothermic
reaction

HEAT CAPACITY

acivanon

o g=cmAT, units for heat (q) are usually v joules

= e The higher a substavce’s heat capacity, the less the

E . temperature will change

= I\':’U'J““E e For solutions:

L% — hoorber o wmake sure o plug the mass of the entire solution
o often times, you will be told +o assume the specific

Reaction Progress

Endothermic
reaction

heat of the solution is just that of water

ENTHALPIES, AHC
e Units are typically kJ/moly,
o ol is very important! You veed +o be wmindful of coefficients

o Kuow your enthalpy definitions: heat of formation, heat of combustion, heat of vaporization, heat of fusion
o AH=a/moly, * be sure +o be mindful of uvits

CALORIMETRY

The measure of heat transfer

CWMAT=cmAT
metal and water

o heat lost by the metal is gaived by the water!

Wake a solution

o if the temperature of the water increases, this means the
dissolution process is EXOTHERMIC
o if the temperature of the water decreases, the dissolution process

HEAT CURVE
*ook at “heat curve” box from unit 2.

Also applicable here @

HEAT OF FORMATION

e If heats of formations are given to vou,
use the equation below +o find heat of
reaction

A‘Hor w= Z A‘Hfo roducts™ A‘Hforem ants
is ENDOTHERMIC X e o

COFFEE-CUP CALORIMETER

7\
|

ROND ENTHALPIES
e  BREAKING BONDS/FORCES ALWAYS REQUIRE ENERGY (Evdothermic) (+)
e  BONDS/FORCES FORMED ALWAYS RELEASE ENERGY (exotherwic) (-)

e When determining what the overall process is assign the positive (endo) and negative (exo) values
accordingly, the sum of the bond enthalpies
o Overall process is endothermic if the sum of bonds/forces broken > sum of the
bonds/forces formed
o Overall process is exothermic if the sum of the bond/forces broken < sum of the
bond/forces formed

DON'T FORGET

e Exothermic reactions: (=) AH; feels hot; heat is a product; temperature goes up...(endothermic is +he opposite.)

o Hess's Law: Doubling a reaction? AH will double. Reversing a reaction? The sign for AH changes. Adding reactions?
Add the AH's.
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i, [t EQuILIRRIUM

11 Introduction to equilbrium 1.2 Direction of reversible reactions 1.3 Reaction Quatient and equilbriom constant 14 Cakulating the. equilbrivm constant 1.5 Magnitude
of the Equilbriom constant 1.6 Properties of the equibrium constant 1.1 Calculating Equilbrium concentrations 8.8 Representations of Equilbriom 1.9 Introduction to le

chatlier’s prirciple. 110 Reaction Quotient and le chateler’s principle 1411 Introduction to solubility equitbria 142 Common-ion Effect 743 pH and Solubilty 1.1 Free

Eneray of dissolution

CQUILIRRIUM EXPRESSION
ICE TARLES
e When figuring out concentrations at equilibrium, TCE tables are most useful, aA+bB —cC+dD
e Two types of equilibrinm problems (C]° [D]°
o Mouare given k value —=
* Do not forget to write what “x” is equal to [A)® [B]
o Mou are asked to find k value o K=K, K, K, K, K
" Given wmethods to help you find out entire TCE table: e Uulike rate coustant, k, equilibrium
percewt iovization, pH, total pressure at equililbrinm, given constant is umitless
an equilibriam value; given in a graphical representation

GRAPHUICAL REPRESENTATION REACTION QUOTIENT, @
e Mou canviot assume vou are at equilibrinm! If you are given amount

) —— ) T ——— for species, determive Q +o predict ow reaction will proceed.
; ;/ é ;/ o () expression is set up the same as equilibrium expression
£\ ; £ ; o Q> K too many products; eduilibrium will shift backwards,
g ‘ H, g ‘ H, o Q<K too many reactants; equilibrivm will shift forwards
o 1 d” o QH o Q=K equilibrium has been established; no changes
Time —= %]‘imc -
LE CHATELIER SOLUBILITY CQUILIBRIA, Kep
e (Chavnges to concentration and pressure ABE) = A ) + VB )
o These are really just Q v.s. K problems..see “Reaction Quotient” Ke= (A (BT
box e TIusoluble salts still dissolve +o some degree
e (hawges to temperature canses K to change so have a wmeasurable Ksp value
o TIf temperature is increased, the endothermic direction is favored Ton ratio Ksp espression
o If+temperature is decreased, the exothermic direction is favored 14 Ksp= x?
12 Ksp=4x>
DON'T FORGET 1:2 Ksp=2 7x*
e WMagvitude of k 23 Ksp=109 x°

o K>3, wmostly products are present at equilibriam

o Ked, wostly reactants are present at equilibriam

o K=1 same amount of reactants and products presewt at equilibriam,
o Use [ ] for concewtration and () for pressure

e when in doubt, just set up an TCE +able
o X=wmolar solubility, the higher the molar
solubility, the more soluble the salt.

e WMavipulating K:Reversing a reaction? 1/Ke Doubling a reaction? (Kea)?
Adding reactions? Wultiply the K's together

e Catalysts and ivert gases DO NOT shift an equilibrinm.

e Changes in pressure (cansed by changing the volume of a container) can shift
an equilibrinm ONLY TF the # of gas particles are differevt on each side

PREDICTING A PRECIPITATE

o Q>Ksp; a precipitate will form

o Q<Ksp; no precipitate will form; ions stay in
solution

o Q=Ksp; system at equilibrinm

GOMMON TON EFFECT
o A solidis less soluble in a solution that contains a common ion.
o Just set up av ICE table, instead of starting with an iitial concentration of 0 for both iows, you will have aw initial
concentration of the common ion (becanse it was already there in solution). Solve for x as vou normally wounld.
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Ui, % ACIDS AND RASES

8.1 ntroduction to acids and bases 8.2 pH and pOH of strong acids and bases 8.3 wek acid and base. equilbria 8.4 Ocid-base reactions and buffers 8.5 acid-base

titrations 8.6 molecular structure of acids and bases 8.1 pH and pka 8.8 Properties of buffers 8.9 Henderson=hassebaich equation 8.10 buffer capacity

STRONG ACIDS AND BASES
o Completely ionize in solution
o Strong acids: HNOs, HCl, HBr, HI, H,S04, HCIO,

o Strong bases: alkali metal hydroxides and heavier
alkaline-earthh metal hydroxides.
o [H+] and [OH-] is aoing to equal the concentration of the
acid and vase, respectfully. Keep in mind the ratio of
H+/OH- v the formula

WEAK ACIDS AND RASES
o Ouly partially ionize, <o exist in equilibrinm (Ka, Kb)
o Set up an ice table. If finding [H+] or [OH-], make sure
to identify what x is whew solving TCE table
o The smaller the Ka/Kb value is, the weaker the species
(percent ionization is smaller)
o o dissociation =
[H +]or [OH—]
initial concentration of species

RUFFERS TITRATION
o Contaivs a weak acid/weak base and i+'s
conjugate. ©

o IfBuffer solution is HA/A-
o With addition of a strong acid
. WA o HA o
o With addition of a strong base
» OH-+HA > H,0+ A
o Mou can ONLY use Hewnderson-Hasselbalch
Eduation for a buffer solution
[A™]

K, + lo
PR4 g[HA]

pH =

RELATIVE STRENGTH OF ACIDS
o Length of bond length; longer bowd length
com lead to substance being wore acidic
(Thivk H¥ v.s HI)
o Wore oxygews/ more electronegative
atoms on an anion makes it more acidic
since the protou is “more ionizable”.

Eduivalence point: When wmoles of analyte= wmoles +itrant

o Cav use MV4= MV, ONLY when ratio is 11

o Otherwise use stoichiometry
End point: When the solution color changes. This is ot necessarily the
same as eduivalence point, but the goal is to get these points close +o
each other.

o pKa of dicator should be equal o pH at eduivalence point

£~ Burete

s |
\ Titrant -
[
i d

concentretion
3 volume
=
Anal:sl‘a./r\'frund.-
krown Volume
unknown Concentration
Conicel Flask

DON'T FORGET

o The stronger the acid, the weaker its conjugate base.

o Acd-Base reactions favor the direction of the “strong side” to the “weak side” . If K1, thew the reactants are strovger.
o @roup I cations, NH4*, and NO5™ salts are always soluble in water. These are usually the spectator ions in a chewical

reaction.

o pH=—log (H1] (H7I=10""

o When vou take the -log [OH-], this gives you pOH. Subtract from 14 +o aet pH
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ACID BASE TITRATION

STRONG ACID WITH STRONG BASE TITRATION

WEAK ACTD WITH STRONG BASE TITRATION

o Equivalevce poivt pH=7

o Strong acid in excess: Find woles of H+ in excess
over total volume

o Strong base in excess: Find moles OH- in excess
over total volume

SA(aaq) + SB(adq) — ventral salt (aq) +H,0(1)
Net iovic: Ht+ OH — H,0

50.0 mL of 0.10 M HCI
is titrated with 0.10 M NaOH

—

10}

Strong Acid
|- titrated with a
pH Strong Base

0 10 20 30 40 50 60 70 80
mL NaOH

50.0 mL of 0.10 M NaOH
is titrated with 0.10 M HCI

"°I' strong Base

gl titrated with a
pH Strong Acid

—

0 10 20 30 40 50 60 70 &80
mL HCI

pH

14
12
10

HA+ Of =24 + 4,0
Weak acid is excess thew a buffer solution
(HA/A-) is formed, use H-H edquation
Point Cis very important. Tt is the half-
equivalence point and i+ is where [HAI=(A-]
so pH = pKa
Eduivalence point is going to have a pH higher
than 7 becanse the salt present at +his point
is slightly basic.
If strong base is v excess, find pH by excess
(OH ]

H O

1a-

o N

| |
0 10 20 30 40 50 60 70 30 S0 100
Volnze of 0.10 A NaOH Added (ul)

WEAK BASE WITH STRONG ACID TITRATION

B+ H0' =2 HB* + H,0
Weak base in excess the a buffer solution
(B/HB*) is formed, used HH equation
Point Cis half equivalence point, pH=pKa
Eduivalence point is going to have a pH slightly
lower than 7 because the salt present at this
point is slightly acidic.
If strong acid is excess, find pH by the [H207]

14 ‘
|
125
10 B-C-p
8 -
pH 3
6
E
4
2 A\
0 |

0 10 20 30 40 50 60 70 30 %0 100
Vohnze of 0.10 A HCL Added (L)




i, Tt APPLICATIONS OF THERMODYNAMICS

9.1 Introduction of Entropy 9.2 Obsolute entropy and entropy change 9.3 Gibbs free. energy and thermodynamic favorabilty 9.4 thermodynamic and kinetic control

9.5 Free erergy and equilbriom 9.6 couple reactions 9. Galvaric (voltaic) and electrolftic cell 9.8 cel potential and free energy 9.9 cell potential under nonstandard

conditions 9.10 electrolysis and faraday’s law

ENTROPY, §

e Weasures the degree of disorder or dispersal of

evergy. When matter is dispersed, AS is
positive.
e Eutropy increases whew:
o TIwcrease in # of moles of gas
o Solid to liguid +o gas
o Solid to adqueons
O

Decrease in pressure (@as) or increase

v volume
o Twerease in temperature

electricity

* Electrode:
compartments (two half cells)

ELECTROCHEMICAL CELLS

Galvanic Cell

Electrolytic cell

Reduction occurs in cathode

* Thermodynamically favored,

« AG°is negative f
« E°%is positive ‘
* Produces

energy in the form of |

s in separate

Oxidation occurs in anode

“Red Cat” “An Ox"

Electrons flow from
anode — cathode

* Thermodynamically unfavored,
* AG°is positive
* ECisnegative
* Must be forced to occur (with
electricity)
« Electrodes in the same compartment
(1 cell)

(alphabetical order)

GIRRS FREE ENERGY

*  A°G <0 (vegative): Process is
thermodynawically favored

*  A°G>0 (positive): Process is
thermodynamically umfavored

*  A°G=0, the system is at equilibrioam

AG® = AHP - TAS®
-RTInK

= -nFE°

COMPARING ENTHALPY AND ENTROPY TO DETERMINE GIRRS

A

AS® AG’ is negative

(favorability) at:

Neaative Positive All temperatures
Positive Negative No temperatures
Neaative Negative Low temperatures
Positive Positive High temperatures

FREE ENERGY AND EQUILIRRIUM

STANDARD REDUCTION POTENTIALS (SRP).
o Cell potentials, E° are embedded in problewms.
o Flip the more vegative cell potential. Sum potentials +o get the overall

AG°=RT In ¥ E%ell. Galvavic cells should have a positive Eell value because they are
AG® K thermodyamically favored.
AG° =0 K=1 NONSTANDARD CONDITIONS, NERST EQUATION
AG° <0 K>1 RT
AG® >0 K<l E ;,=E _FIHQ
. Value of Q Sigm of 1 Q Final Voltane
7Z+ ZIOAVI S: mq;l_arrld OSMdI+;°w5' Foand i Q=1 0 B =€°-0 Stays the same
lﬁﬁ_mﬁ_\\;[ " &, nderstan 15 Q<1 Negative Tl = E° - (-#) increases
a i Q1 Positive Tl = B - (+#) decreases

DON'T FORGET

e Electroplatina/Electrolysis Calculation:

o Al and AS are usmally NOT given in the same unitsll when using AG° =AH—TAS®, make sure they match uvits,
o When using AG° = “RT WK, the value for R is &.214 J/wmol K so the answer for AG will be v the units of Joules.
o “kinetic control.” High activation energy is a common reason for a process +o be under kinetic control.

e LEO says GER .. Oxidation always occurs at the anode n both a battery and an electrolytic cell,

e Salt bridge: Cations flow o the cathode, and +the avions flow +o the anode.

e While a battery is discharged, the cathode gaivs mass and the avode loses mass.
e Ifvoureverse areaction, the sign of € changes, but if you double a reaction, € .t POES NOT changell
o The half-reaction with a wore (+) %4 is the reaction that takes place at the cathode. . GER.

e When adding the two half reactions together, the electrons MUST cawcel out.
arams = (Molar Wass of the metal) (amps) (seconds)/(n)(F) or a=(WMW)(I)(+)/vF
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