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No recommendation

An AP Exam score of 5 is equivalent to grades of A+ and A in the corresponding college
course. An AP Exam score of 4 is equivalent to grades of A—. B+ and B in college. An AP Exam
score of 3 is equivalent to grades of B—, C+ and C in college. & RFXF AP # ik sS4 /r 1y 2L
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The AP Chemistry Exam has two main parts. Section | and Section [[, that contribute
equally (50 percent each) toward the final score. Section | consists of 75 multiple-choice questions
that cover a broad range of topics. Section [| consists of six {ree-response questions: three
multipart quantitative questions. one question on writing balanced chemical equations and answering
a short question for three different sets of reactants. and two multipart questions that are essentially
nonquantitative. 55 —#B4r(Section [ )R 75 18 20 vE£E, SN R] A 90 0% 5 B Ak 24 mi
AR AN S g JE AR T o I8 B BAT R 1 H A T2 S5 MR 2% 1 D ), TR
B2 WS A RERE T FSE & . 55 80 (Section [1) X A3 MR 53 : Part A5 7081 . 3 1HE
R CHrp— O AR VA 30D« SRV T334 s Part BG40 4348 o 3 T8 il i M ] 240t
Horp— U AR H SR 5 O Rk W 5 #2253 b H Dl o PE R 25, Part B E80AS
VR E 4% . Every Section [| of the exam will contain one quantitative question that is based
on chemical equilibrium and one question that is based on laboratory. The laboratory question may

appear in Part A and be quantitative. or it may appear in Part B and require little or no calculation.
| APLEZBHNFREEH |

The following lists topics and the approximate percentage of the exam devoted to each one.

Note that this is not an exhaustive list of all possible topics, but it is a general guide.

1. Structure of Matter ¥ JF 454 (20%)

A. Atomic theory and atomic structure Jii+~FE FlE 45

Evidence for the atomic theory

Atomic masses( il F-11) ;determination by chemical and physical means
Atomic number and mass number; isotopes( [a]{ii )

Electron energy levels: atomic spectraCJ5i4-6i%) , quantum numbersCiEF-%0) . atomic orbitals (i #i8)

o1 oo

Periodic relationships including. for example. atomic radii. ionization energies(HL B HE) » electron affinities
GEFIfE) »oxidation states
B. Chemical bonding ff27

1. Binding forces

003
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1. Structure of Matter #4544 (20%)

a. Types: ionic, covalent, metallic. hydrogen bonding. van der Waals (including London Dispersion Forces

BB @)
b. Relationships to states. structure. and properties of matter
c. Polarity (Hz)of bonds. electronegativities(Hi )
2. Molecular models
a. Lewis Structures
b. Valence bond.: hybridization of orbitals(Z%fE1ifi) . resonance. sigma and pi bonds

c. VSEPRUYZHL A JF)

3. Geometry of molecules and ions. structural isomerism ([fi] 73 5 #4) of simple organic molecules and

coordination complexes (it i fb & #): dipole moments (i} #% %) of molecules; relation of properties

to structure
C. Nuclear chemistry #%{k ¢
1. Nuclear equations
2. Radioactivity U
3. Hall-livesCF 321

II. States of Matter PEIRAS (20%)

A. Gases S &
1. Laws of ideal gases
a. Equation of state for an ideal gasCHUAL (AR S 5 FL
b. Partial pressures(43E)
2. Kinetic Molecular Theory(4} Tizgli)
a. Interpretation of Ideal Gas Laws on the basis of this theory
b. Avogadro's Hypothesis and the mole concept
¢. Dependence of kinetic energy(#fig) of molecules on temperature
d. Deviations from Ideal Gas Laws
B. Liquids and solids J{& {4 [ {4
1. Liguids and solids from the kinetic-molecular viewpoint
2. Phase diagrams(F[&]) of one-component systems
3. Changes of state. including critical pointsCllfi %t ) and triple points( = fi)
4. Structure of solids; lattice energies(fiA%fE)
C. Solutions &
1. Types of solutions and factors affecting solubility (7 i 15 )
2. Methods of expressing concentration
3. Raoult’s Law and colligative properties ({KE01E) (nonvolatile solutes) ; osmosis(35 5 )
4. Nonideal behavior (qualitative aspects)

M. Reactions fL2E I (35%~40%)

A. Reaction types [z 281
1. Acid-base reactions; concepts of Arrhenius. Bonsted-Lowry and Lewis; coordination
amphoterism
2. Precipitation reactions (JJLIE S )
3. Oxidation-reduction reactions

a. Oxidation number

complexes;
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M. Reactions fL2R I (35%~40%)

b. The role of the electron in oxidation-reduction
¢. Electrochemistry(H1 k) : electrolyticCHL i) and galvanic cells(JE ) 3 Faraday's laws; standard hall-
cell potentials; Nernst equation; prediction of the direction of redox reactions
B. Stoichiometry {b2¢ i1 2
1. Tonic and molecular species present in chemical systems: net ionic equations
2. Balancing of equations. including those for redox reactions
3. Mass and volume relations with emphasis on the mole concept, including empirical formulas Cig faj 20 and
limiting reactants
C. Equilibrium {k27 - i
1. Concept of dynamic equilibrium (2 2% ¥ ). physical and chemical; e Chatelier's Principle;
equilibrium constants
2. Quantitative treatment
a. Equilibrium constants for gaseous reactions: K, . K,
b. Equilibrium constants {or reactions in solution
(1) Constants for acids and bases; pK; pH
(2) Solubility product constants (G % B %0 and their application to precipitation and the dissolution of
slightly soluble compounds
(3) Common ion effect ([78S F80U%) : bulfers(ZEmiE ) s hydrolysis K i)
D. Kinetics 8l 117
1. Concept of rate of reaction
2. Use of experimental data and graphical analysis to determine reactant order, rate constants and reaction rate

laws

&

Effect of temperature change on rates
Energy of activation(JE4LHE) 5 the role of catalysts (4L 7))

5. The relationship between the rate-determining step and a mechanism
E. Thermodynamics # Jj°%

1. State functionsCIR e 50

2. First law: change in enthalpy(§8); heat of formation: heat ol reaction; Hess's Law; heats of vaporization

=N

and fusion; calorimetry CE AN 1)
3. Second law: entropy(fi) ; free energy of formation: free energy( [1Hifi§)of reaction: dependence of change in
free energy on enthalpy and entropy changes

4. Relationship of change in free energy to equilibrium constants and electrode potentials

IV. Descriptive Chemistry iR #Ak2%: (10%6~15 %)

Knowledge of specific facts of chemistry is essential for an understanding of principles and concepts. These
descriptive facts. including the chemistry involved in environmental and societal issues, should not be isolated from
the principles being studied but should be taught throughout the course to illustrate and illuminate the principles.
The following areas should be covered:

1. Chemical reactivity and products of chemical reactions

2. Relationships in the periodic table; horizontal. vertical and diagonal with examples from alkali metals (B 4>

&) alkaline earth metals(fi, 43 )& ) « halogens (5 Z)and the [irst series of transition elements (L PR ICE)

3. Introduction to organic chemistry: hydrocarbons and [unctional groupsCF HERD (structure, nomenclature(fiy

%) s chemical properties)

005
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V. Laboratory SERAEAKMMI (% ~10%)

The differences between college chemistry and the usual secondary school chemistry course are especially evident
in the laboratory work. The AP Chemistry Exam includes some questions based on experiences and skills students
acquire in the laboratory:

1. Making observations of chemical reactions and substances

2. Recording data

3. Calculating and interpreting results based on the quantitative data obtained

4

. Communicating effectively the results of experimental work

Chemical Calculations {h"#’ﬂ‘ﬁ%&ﬂ‘] IS

The following list summarizes types of problems either explicitly or implicitly included in the preceding material.
Attention should be given 1o significant figures, precision of measured values, and the use of logarithmic and
exponential relationships. Critical analysis of the reasonableness of results is to be encouraged.

1. Percentage composition
Empirical and molecular formulas from experimental data
Molar masses from gas density. [reezing-point and boiling-point measurements
Gas laws. including the Ideal Gas Law, Dalton’s Law and Graham's Law
Stoichiometric relations using the concept of the mole; titration calculations
Mole fractions; molar and molal solutions

Faraday's laws of electrolysis

© N e g W

Equilibrium constants and their applications. including their use for simultancous equilibria
9. Standard electrode potentials and their use; Nernst Equation
10. Thermodynamic and thermochemical calculations

11. Kinetics calculations

453k 18 2,35 T AP b E RTI4TN I, R RS AT SR > BT
SR o T DA B2 2 o0 o P b A 80 LA 0 8 AR P A L B )R A A 1A AP e
SRV 5 RS R AT 5 MR AN HE A LA S I AP A5 K, AU 70~ 80 27 iR 42
IS s 2R IR T AR TR L A LT SO AE LA S 3 007 3% DA B 58 IR 2 20 AL, D ik A2 2 L[] = R
FT A 45 20 R 105 . AP A I LR 6 B ) 5 HA RS (L

|§$E&§H

SNSRI = B UK, B NN A 2T A JEAR A S SRR SRR R A Y
O P A T AR (1 S s 2 B AR T AR T B A LA E i A SRR R A )
20 3] pE RS T LA A AR 2 R IRRTE 2 1Rk i 22 PR AN W B 3 2 7S KA K278/ s A T Al
L0 HaXRER ) TR SR 2.

EsoIRes

E
|

ARG T AP (i 9 A TS B B R L AP BB LA . IR R
B R sE 15 P ) L AR S R SR R T

|
| rrEExes uzmaam



a4

| &t —4HIEM AP (LFZXWE |

O RAT AAE College Board BL 48 3|11 4E () % i Bkl . & HL4F . College Board 2373 JIF multiple-
choice LRI TiAH4F1Y free-response AT SHbRifl#B 22 8 post k. IXEAE AP Hid K ) B ot
BRI, SOAE R 2T AN S — 5 A2 5 L T AP A e % iR

& TR TR LATE 9 FUBTE B E . AR 2 B IR 2 A3 I & B o LATAE B A7 B DR &2 25k > A
B, XFF freeresponse #4r» JiH T B R AR SCEEMIPEbRifE. WURAR 1A 17 AR PEI0 I
— 2 TR A T DAE I — RN 0 T

O MR AR B2 AE College Board #1 ETS FISE, TEA4HN 7S WL www. collegeboard. com, 5 #
AT 609 - 771 — 7300 F A 12 B — 3y BOBT Y B ARG &

PR R | 3822 Advanced Placement Chemistry”™ (s #2868 . R SEBE LT
(s

&> College Board B 451 X ANFuiHAE T AP %R 0 A5 B R UE & %X i /b i, ARikn]
LA L 09 35t v 75 60 25 ) S sl A AR AL

O AP A BN A7 58 AP AL2#HEA R45 3 00, (A3 — & 1 30 AP SR (0 2F B2 ATy
Hiks
| [ ||
L S |

O NHFE A RABE 2K T — A2 15 70, FREE N R T, PRy 2R —
KA BRI s A5 HE S K AL AR 3 P R 3 — AT 20 AR A B . AN EHHO AR
IH. R E R HNEILF A A RS,

O N AWRETTE S — A BAEE A AL RS G, ALl ek RS T
IR E R R AR S 12 PR BB A 60 AR A b SRS — A
A SR B A ER S R D AL 4 A 2 AR I .

-2 AP k2 EH
,. : |
FRAE B AR Z2IFBE B, BRI 2% 20 SR S b i 2 P 3k 2 ) AT .
PE F R 2 T Y AR RS T YRR R AR S 3 2 h HEN G R A

I =sar—8 |
LB |

REFAERES AT E

ITIESE . A B LA TP B AR IR AT AR IR — 2 S HEBE L AN R AR 22 U 4
AWt % 22 2] 7RO T AR FR IR 12 S T HRI R AT . S ST — K B A 33X PR SR
et Ia], SUIRBORT J) A2 2 |

007



008

£31H

F5 o P A LR I R R R %y AP A7 5 IR A F L B o R B R 2
AT, WIS 1A 5V 22 A 1 15 o B A2 L A% AR R T DAL T XA 5 g 5 33
oy

EGE AP LS EE

BLTE 400 I A T IS TR T A BT G AP A B I
(directions) s SRR URTE S IS K AEAS T S ALY T B & 1 R I BRI £ S IR I - 5 1 0T 5 i
et 2 TR, O AR R LA . RS AP i R0 SC I T 3 1 i A
A 5 A R B 2 L 2
Il

R
EulR—X ||

S
[

BERAHR

YL AR AE L BE B 2 A U A R .
WETENY M

PRle B 2B B L RO PR U IR B |

PR BRI [ree-response,

PR B — L AR K

BLEFx

L5 7] % 5 e 2 DA Bt HERS 1] SR O — AN AR AF I B R . AN SRS % & 0 LB R
ZFEFIERI AR

PR T A AT AT AP B .

wER

TEAR 18] B £ FH— 10 /K SR s B h e (375 s g =22 808Dl ARG E d kg
i E=VN
WURRAE R FE 57 1 B I e MR R ) ORI L2



s 8 0= o6 o

Chapter | JE FZ5H Structure of the ALOM «++++werreeemrmrssniinr e 001
1.1 R EAHR B, Fundamental Parts Of the ALOm srererrrrrrremrerimaeieiiiaiaieae. 001

1.2 JELFZ5K ALOMIUIC SEIUCTURE wrrerrsrsrsrssssssnssssssss i tss it sttt biiiis st sttt 006

1.3 %%ﬁ%ﬁfﬁaﬂ Quantum Mechanics Model «+reererereeeraeeeieee 010
1.3.1 & = & ¥ Duality of Wave-Particles covevoremerermmaimeeionnenrnniiiee. 010

1.3.2 =+ B 7% Principal Quantum Number — seoeerssssers 012

1.3.3 8% Azimuthal Quantum Number ---eeesorsereesemsmnmnmiin. 012

1.3.4 #EFHK Magnetic Quantum NUMBDETr  serrrrrrereees i 012

1.3.5 B8 F# Spin Quantum Number — cecereersesraranimanaranreare. 013

1.3.6 i F4k Shape of Orbitals «ceceeerrrrerorciiiitimiiiaiiiniinertntarttnee. 013

1.4 #4458 Electronic Structure of the Atom  «eeesserersssrtriimie. 014
14,1 A 74 7208 72 Pauli Exclusion Principle «ereeseseessmser, 014

1.4.2 AN Hund's Rule ceocerersemiise e e 015

1.4.3 8 F# A Electronic Configuration «esesesesersrsssrmrermtiitn e 016

1.4.4 HréF Valence Electrons ««oeeeeerrereeemiminniniiiniree 017

1.5 U525 Practice EXEICISEs ««eeereesammrmmmmmmmiiittimiiis ittt 018
Chapter 2 JTTZEEHIFE The Periodic Table --ococvoeorierrimn. s 022
2.1 JCZJEWIZE The Periodic Table seerererereri e 022

0.0 i 2 TSOLOPES ++eesseeseosnmsnssessemsaessssss s 023

2.3 JLEJEWIMER Periodic Properties of the Elements ceeeeeerererimmin. 025
2.3.1 BT AA4F Tonic Radii «orrereereresrrsrsmsei 027

2.3.2 B A Tonization Energy «ooerreceressr e 027

2.3.3 B FEFEE Electron Affinity «ecveeereeeemimiiiiiiiiiiiiteiiia i, 028

2.3.4 B M Electronegativity coceceeseesesetattamamiiai sttt 029

2.4 PRI 452 Practice EXEreises «rorrrrerrr ettt sevesenssans 030
Chapter 3 ﬂ_/‘ 5‘-_ ﬁ F_‘Z%D ﬁ*iit Chemical Reaction and Equations ....................................... 033
3.1 B2 Chemical FOTMUIAS  «eeeeereeseemm ettt 033

3.2 {24 Nomenclature of Compounds «reeeresssessimesuniasiunsaintonsmostsanson e 033

3.3 ST ReACUON TypPes ««eeeeeeerseneeesssmmmmmtmmiuarsretiiiis sttt 035

3.4 IR Balancing Chemical Equations =+ ssesreeresssesssminmmmn 038

001



3.5 TRIGZRT Practice EXEICiSEs «+ecreeereemetnttntuimtitiettmetrutaneateneeentereneeneneenennens 041
Chapter 4 BHFEMEBEFHAY lonic Bond and Ionic Compounds ««««««-+«+rveverremrrmiiinnnninii. 045
4.1 B HH TOnIc BOnd ceeeeemeeme et e, 045

4.2 BTG Tonic COmMPOUNAS o e e 046

4.3 R Solubility Rules ««oeeeetreintiiiii e 047

4.4 Ak2FuK 5, )) Chemical Driving Forces «seeseetieeimiiiiiiiiiiiiieciie e 047

4. 5) i%}ﬁé,ﬁ}j_] Practice Exercises ........................................................................ 048
Chapter 5 HMEEFMEN1LEH Covalent Bond and Covalent Compounds «-«+veeeeererieiiiii.. 051
5.1 EHE Covalent Bomd  ceeereeeere ettt e e et e e 051

5.2 PR HTEEH] LLeWis SUTUCTULE v vt verrrretttmtmttmtenterennetontnnrnrsenserenneresneeenenenans 051

5.3 A faf Formal CRAT@Es wor e 054

5.4 FEPEZEH] ReSONANCE SEIUCTUTE #orverrreeenntrtittneeneanentmnentateaestrenteseeaneneeneneenernenes 055

5.5 JEEEMITE AL Covalent Bond FOrMATION — «eeeeeeeeeeeemmentmmtnteataeereiaseneeneneaneneanns 056
5.5.1 F#H b Molecular Orbital Theory — seevereemi 056

5.5.2 HEHYE A Model Of BOnd  crerreeeerremneene ittt e et et 056

5.5.8 SR Borid OFdBE: - e o romno s somine o scasivies somsion s 50685 5 s6siss 5 55550 5 5450065 5 smmrms o scssses o wrsreme 058

5. Oy T IUT IR Molecular (GEOIMIETTY *ort st e ettt et e e 059

5. ZALFUE RS Hybrid Orbital Model cevreereermemmeccei e 061

5.8 HANEEMAERAS FAE Covalent Bond Polarity and Molecular Polarity — «+eeeeeeseeeee. 066

5.9 JLANHE WA T45H) Structures of Some Common Molecules — ==+seeessrmsernreemennecnnns 068

5. 10 iﬁ%}é‘éﬁ;;‘] Practice EXEICISES  weterereernetnemuttmiteneteeetteeeteraneneeneesneensenesnnennessnsns 070
Chapter 6 wii—l—é# Stoichiometry ........................................................................ ()74
6.1 @%fﬂ?%{i‘ Factor Label Method  sve«- o somanm s ssuss s seai 5 5,5555.8 § 55555 § rorsinis # sioroions 5 simereie » oo 074

6.2 '#‘?Hﬂ[ﬂ?‘*ﬁ(% Common Factor Label «ceeeeceeettiiiiiiiiiiiiiiiiiiatrieieniereiereennecennns 075

6.3 L2 Stoichiometric Calculations ««s«es s eeeeememmemnentmteieane e ieeanearenenens 077

6.4 iﬁ'ﬁ[ﬁéﬁ\;j Practice EXerClSEs «oeeeeerrrenttitetetimieteiertareneenseneennseeensenenesssssnnsansenaes 082
Chapter 7  ZfI GAaseSs  «v et teermtrmtmtamttitet e ettt et e et et e et et e 084
7. 1 i@fg%{q&kﬁ% Ideal GAS AT oo« omwonn s wwesais s srsvsioion s sisioais § wsiaisfs & Siiie 5 SEue 5 o708 § 6.580me stwemme siaese 084

7.2 43 FiEEhit Kinetic Molecular Theory — «+teeessessseeesmtmnmiinniiiniiiiiiieinerneennnans 088

7.3 GEIRWY R Dalton's Law of Partial PreSSUres «ececeseeeereememeenemeneneemneeeeenanon. 090

7.4 KEEMERTUEEE Graham's Law of EUSION  +oreetrerrenemetmmerememeneaeiseneneeenienennns 091

7. 5 ilﬁ:/ﬁﬂi I{Qal Gases ................................................................................. ()92

7.6 ZTURIIEE GAs MOASUICIIIOIILS  #re v rerenreenentn ettt et et teteaet et s ea e e teseeen s enenenans 093

7.7 URJTZR2] Practice EXOrCISES «eeereeeeee ettt ettt et te et et eneaeeaneeanns 094
Chapter 8 i&w Iliquids .......................................................................................... 100
8.1 A =S H 4 Comparison of Gases, Liquids and Solids «««+eveeerrrneerunnneernnnn. 100

8.2 ﬁ:f"l‘éj’ﬂf}zﬁj] Intermolecular FOrce  crerertrrmmmiiiii i i s 101

002



8. 2.1 {BW—1E# 48 1 Dipole-Dipole Attractive Forces — «eesreeremmerrennnen 101

8. 2.2 A Z # London FOrces sreeesesrrererrtae i 102
8.2.3 4% Hydrogen Bonding «:seeeeeseermmiiii e 103

8.3 WKRIMIBIYE R Physical Properties of Liquids — «eoeeessesrrmreersemesemmiiii, 105
8.3.1 FHTK A Surface Tension «eeeereeerererariiiii i 105

8. 3.2 KEJE VISCOSITY =verereesserseettutnte ittt ittt ittt eaes 107
8.3.3  FAJE Vapor Pressure ««eeeeeoeeseemmimmmmmm ittt 107

8. 3.4 i Boiling Point «eeeeeeseererri 110
8.3.5 K # Heat of Vaporization — «rerersersesrrsiriiiiiiiiiiiiiiiaiiine. 110
8.3.6 HHEBH-mH A HFE Clausius-Clapeyron Equation ««-seeesereeerarnerieaeess 110

8.4 iRJGZ2] Practice EXercises «eereeererereremriitiiiii ettt 111
Chapter 9 A SOIIAS v rereesreee ettt ettt 115
9.1 )@ A Metallic Crystals  seseseesrsermr 115
9.2 B AR Tonic Crystals coreemeeemem 115
9.3 I EA Covalent Crystals seeeeeveeseeeii e 116
0.4 AP T-fiA Molecular Crystals  «reeesessssssmmmmmmmim e 118
8.5 BRI AMOTOhOUS SUDSEANEESE o nrwses asssts ions s es s soiis s 550 ¢ 4 § 503 118
9.6 MIZSHIME Phase Changes and Phase Diagram — «ooeeeseesreereeeeeessmmiiiii, 118
0.7 TRIGZ3) Practice EXEICISEs «reeeeeesesrmmmtmmtmemmmtititteite et 121
Chapter 10 TATE SOIULIONS - v vx v emrrrres ettt 126
10.1  IEWIIGE X Definitions of SoUtons ««+-s««srsesrresssmrrsssimasisisitsinis s s 126
10, 2 EIEITE I SOlULION Process «eserersrsesse sttt 127
10,3 JKVEWE AQUEOUS SOIULIONS «++erereserssrmmessiimtiie sttt 128
10. 4 AW HE Concentrations of SOlUtIONS  «ereerererrrrreriiiaiiiiiiiiiiiiiiiiiiiieeeenes 128
10,5 W R ) AT 5 (520 Effects of Temperature and Pressure on Solubility  «++ 131
10,6 FBIIHECE Colligative Properties of Solutions  «re-ssserreessemmmeemmmiineeiieen 132
10.6.1 2 A JE FE (% Vapor Pressure LOwing «+eeeeeessrsrrremmmmimiisiiies 132

10. 6.2 # & #7% Boiling Point Elevation ««eoseeeesesereer . S s v besieds 133
10.6.3 4 [E & B 1K Freezing Point Lowing «-vesresrmerrenesendeh S i s bt 1 st 26 134
10.6.4 5% E Osmotic Pressure  «e--eeeeeeessesmrsemmiiviidsbonin, e P A T W 136
10,7 HLIRIRE I HOELE Colligative Properties of Electrolytes «eoseressmrmenins 138
10. 8 FERVPERGWIKRN 78k Vapor Pressures of Volatlle Liquid Mixtures ==ssssveeeeeess 139
10.9 IG5 %3] Practice Exercises sreeeesssemsrnaseisni Bk ifliens vadSsrad sk bsstsmsiv e 140
Chapter 11 {22 4% Chemical Equilibrium «-----oooooveees B, ......... . 145
1.1 814 F-# Dynamic quhbrmm e v ..... LA i s 145
11.2 Pt The Ethbnum LB i ot o s 146
11,3 Efim s quhbrlum COMSEATLE sevsereensesennnnnes SOUR ST S S 147
11,4 RV T Reaction QUOTIENT  eeesressseeesent ettt 148
11,5 i Equilibrium Calculations  eeesseesessssmmmmimmremtniiii s 149

003



