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Big Idea #0 Preparatory Course: Stoichiometry
HE R PR
1. ¥/ FIE The Moles of Substance
-The amount of substance that contains as many entities as there are in exactly 12g of carbon-12.
-HLAL: BEJR mole
Wfi: 4 F molecule, Jiif atom, B F ion, Jiif proton, A neutron, Hi ¥ electron
BT FR An i 27 5 & Avogadro constant: Na 6.022 X 10?* mol™!
Py i S R A R &
N

TN
2. PEE/RJEE Molar Mass
-— BRI A AR BE, fERUE BAE TR TR E
-HLf7: g mol!
-BER RS R R &

S
I
S

3. JRES¥ Percent Composition
mass of C

0% i = " 0
C% in CO2 massofCOZXlOOA)

4. 2K X 54>F3 Empirical Formula and Molecular Formula
-85 Ao TR R T ) B R R R B
o F e R

5. 2% Percent Yield

actural yield I 5277 &
Percent yield = Y qu\ﬁf x 100%
theoretical yield #1277 &

6. YR MEIRE Molarity

mole of solute

Molarity =
Y= Volume o f solution

Bifii: M (mol L)

7. HEAESETTE Ideal Gas Equation
-PV=nRT (P---atm; V---L; n---mol; T---K; R---atm L mol"! K'")
FEFRHEIRGL STP R, AR SR IIAFR N 22.4L

8. A% HT Combination Analysis

CyH, 0, + 0, » CO, + H,0
CyH,0,=Ag; C0,=Bg; H,0=Cg
Moles of CO2=moles of C---moles of C; 2 moles of H20=moles of H---mass of H

Mass of O=Ag-mass of C-mass of H---mass of O/molar mass of O

9. FR#I#%EEF Limiting Reactant
-SSR SE AR SN AN & D

1/24



Big Idea #1: Structure of Matter
MRS
1. JCER A Periodic Table of Elements
a. JCRJAWIER DA Periodic table element distribution

. PERIODIC TABLE OF THE ELEMENTS .
!Mlmml

Scandium Titanium Vanadium  Chromium  Manganese n Cobait Nickel
44.956 4788 50,942 51.99 54938 55845 58.933 58.693 v as38

E
E Y zr ib Mo Tsc R“u Rh  Pd év_g Cd
87.62

Zirconium im Molybdenum  Techneti fium Palladium 7
88.906 91.224 92.906 95.95 98.907 101.07 102.906 106.42 107.868 uuu

72 73 74 75 76 77 78 79

Hf Ta W Re Os |Ir Pt Au Hg

aaell il Mol Wil Mosmll Wicell Mol Wyee

178.49 180.948 183.85 186.207 190.23 192.22 195.08 196,967 Zﬂﬂ 59
104 106 107 108 109 110 111 112
Rf Db S9. Bh Hs Mt Ds. Rg  Cn

e e Chea  Gen  Ger e hen o Uhar s

BE=-FHAREEEE

84> )% Alkali Metal

i+ 4 J& Alkaline Earth
3L 4 J& Transition Metal

H A4 J& Basic Metal

¥4 )& Metalloid

44 )& Nonmetal

X % JL % Halogen

Wi M 1SR TG R Noble Gas
i R 70 &K Lanthanide
WIRILEK Actinide

b. TCRAMRGW Periodic table structure

-89 JE ] period, HLFEEARF; HATE group, fL2EVETUAR{L
FEEBRN, ST ERT

SEETCER IR, AT R IR AR EOR BAEA JE R

2. £JB53E£BHIEM The commonality of metals and non-metals
a. £JBHEM Generality of metals

R 4F T H 334 Good electrical and thermal conductivity

% JE Y6 Metallic luster

HEJE % Malleability

A ¥AYE Plasticity

b. IEL/BHIEM Generality of non-metals
— 5 HL T #%: General electrical and thermal conductivity
JCHE JE AT #8YE No ductility and plasticity
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Jifi 1% Brittleness
Ak Oxidizing

3. [FALE Isotope
a. HAX}FEE Relative abundance
AAM = Z mass number of an isotope X abundance

=a% X A1+ b% X A2+ c% x A3 a% + b% + ¢% = 100%
a% NI ITCRAE HAR T ) &

b. JRE%E Mass spectrometry

abundance %
50 46%
40
30
23% 21%
20
10%
10
315 325 63 65 miz

W 2

UG- 1) B
4. HTF1%4MHEAT Electron configuration
a. BKEEEMN Aufbau principle
B R AL R IE
152 2s% 2p° 352 3p® 4s? 3d!? 4p® 552 4d'0 5p° 6s? 414 5d!° 6p° 7s? 5£14 6d!° 7p°

b. VFRAHZJRE Pauli exclusion principle
(7] — B ) AN B HA E AR e B R

o
X X v

c. HE4FHN Hund’s rule
ALK D= WAl
L R AT BRI FEAS BN, H AR A

d. EHEWHANZEP0E Half-filled, fall-filled, empty orbitals
i AT A T PN e M
Cr, Mo, Cu, Au JNHFFIR I 2 454

e. BHESMAEZIEL Noble gas core method
B2 AR =] — A AR TR 0 B R HE ) LT

3/24



e.g., Na 11: [Ne]3s!

5. ZFHT1& Isoelectronic species

TRt BT BN R T (AEERIETATHEN) MR T BT EJE T
-HEBUR T

JRTFPH b - A2

6. JUR A Periodic trends

a. BFMCRBL Shielding effect

- BT At L 6 e — L B R AE TR 1 — 0 % B AZ B B 5] 7, AT 51 EE A 0% HL AT 1)
FEAIK, HISS 7 A% FARr 0 1% F - I 5 |

- [7) & 393 7 2R 1) 5 i 2050 7 A A

b. ZE—HEHE First ionization energy
LSS TREBINZR MR T T HRERE
SRR - B ERE

- Kk Big jump

P Y AT N D ON S

“RBEE- 1= F T4

c. HLfHE Electronegativity
JCR IR TSR S LT I RE T RIAR L
i ol I RN G

7. H—HBERESHE MM Free-Response & AIER

ST LEPI AR — FL S RE Ca L b AYZE — L RER)

First ionization energy is that the energy needed to remove the first electron from ground gaseous atom. The
outermost electron in a is at the XXX energy level. The outermost electron in b is at the XXX energy level. The
outermost electron in a is at a higher energy level which further away from the nuclear. Additionally, shielding
effect of a is larger(similar) than b. In the end, first ionization energy of a is larger than b.

S HEPIAN T R A Ca B b B H B R

Electronegativity is a measurement of tendency of an atom to attract a bonding pair of electrons in a covalent
bond. The outermost electron in a is at the XXX energy level. The outermost electron in b is at the XXX energy
level. The outermost electron in a is at a higher energy level which further away from the nuclear. Additionally,
shielding effect of a is larger(similar) than b and the radius of b is larger than a. In the end, electronegativity of a is

larger than b.

8. HESN SE T Electromagnetic radiation and quantum theory
a. FK, WEEHEE Wavelength, frequency and speed
C=AXv speed = wavelength X frequency
Pt i | g
b. EFZEL Quantum theory

c
E=hXxv=h=-
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h: B 5 % $ Planck constant 6.626 X 10734] s

c. JGHLFi Photoelectric spectroscopy
- € 1# Coulomb's Law

o _ keigz

Q1Q2 NEZHMHE, R NIKENHFR
-6 LA, Photoelectron effect
Ephotoelectron (overall) = BE + KE

BE: 4% i€ Bonding energy; KE: HiEifiE lonization energy

-t HFfENE Photoelectron spectrum (PES)

1s

Relative number of electrons

2p

1000 9(I)0 8(|)0 760 6I00 5(;0 4(I)O
Binding energy (eV)

BE MZEEA, MKE/N CFE7 R B R B R e )

e () B A CER 2

e () FEARER L T O
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Big Idea #2: Chemical Bonds and Intermolecular Forces
Wit 5T IRER T
1. B -F4%2 Ionic Bond
a. X
AERIVIRE TG, AR T,
b, RMETREFSNER
_ KQiQ,
=z
BEFHEA (LAY The charge of the ionst--- E-— F1
B FHIK/ Size of ionst-—- F|
*HL R DR TR, B AU Ae, PR AR EEBOR D

E

2. £JB% Metallic Bond

a. EX

4% J& FH BS T Metal Cation 5 B3 H1 T~ Delocalized Electron 2 [8] ({I{EF 77 .

b. &% Alloy

- R A 4 interstitial alloy

WAL E VIR PR TCERAE TG 3R JE IR N B B3& Y1 (due to large size difference), NI YMEHIRA G 4
-B A4 substitutional alloy

WERAZAL S E AN JO R AL T0 3R R A S I A 15 (due to similar size), NIAERAA S
HEIR A S LB R E ST I .

3. 3448 Covalent Bond
a. EX
KAEAEAES )R J5 % non-metal nucleus 5 % L ¥ paired electrons 2 [H FRI{EH /7.

b. %K bond length 54888 bond energy
->f-4% atomic radius?--- #% distancef--- ##1< bond length?
-FeA N4 number of covalent bond?--- #1% distance|--- #81K bond length

c. %2 bond order

IEHMEAN B% Type of bond
1 1 single 1 Mokt
2 2 doubles 17of2; 14
3 3 triples 11MNokd; 2N

d. M4 polar 53EMK1E42 nonpolar

EF 5+

A-B B5rF(HCL): SR+ 73 E71

A-A B5rF(C12): AR 770 F 2 et 7+

ZEFHT

tEmiE CABHERD « 40 EF RSN M4HESE T o R I T, %7 R+
73 WA 53

VBRI G0 S AR S T 75 B XS R PN B A 2% s AR T

4. ZEE]RPRILH 4R network covalent bond
6/ 24



a. MR

T FF hardness K
V&3 5 MLP. and B.P.
-

b. REWH
Si

5. BR5 &R Lewis-dot structure

a. Hik
F—: ST A, AN R E R R R, R R A R R AR R
1EWIL

Bk BB TN A Pairs 0 (BREL 2D
W= JUPTH R TS H A

A By B FREER A FITE BPIO LT 11 pairs=_F T B H R AR pairs %)
VUL AT AR ETRIET, 2 RIBESOE T E
FTP: WA S\ TR ES, 1 lone pair electron £/ bonding pair electron
N AR TS BT RRE S

Z&545): PCls i 2y i 5 p =X
Step - Pids

4 P A
U
Clep ;. Ttu%] =7 =12 puns
step 3
hd - P-h
C/[L [>-% =10 pon A 07T pouvs
SR . n .
U= r " gttt
A ‘/TPWYEP":

*H B T IR B 1B DL
IR BT, AR N B T T INEORAE BT B (BB T+ BB T8 , BIRER D s
ARG SIS T

b. 4T HIZEIREEH Molecular resonance structure

EHL R IR VB AR E S OL R, BT PR 2 AN IR R A R IR 2 AN S i i 2, oy SRR
resonance form. JL4RZ ] FH XU [A) §7 Sk ——iEH .

-JLHRA bond order 115 AR
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AT
e JR 7 B A4

= bond order

c. JERHEF formal charge
FC=M/ H. 7% valence electrons- 4 FL T4 bonding pair/2-fIU6f H1§- %7 nonbonding pair

6. A THIZEMZE Molecular geometry (2 H TX H S VSEPR Theory; #LHIE L Hydride
Orbital Theory)
a. WEBEAANTE GEHTAEMSF) Physical model judgment model
S\ TR S i a R X
F0 MR TERANE, FEE T OR A LI BT
=0 AR F s AN O R L IO R T v 2
b. ARHABE GEHT ABm #43F) Formula judgment method
H— IR IR IO T
IR AR
FOETHNETH + AR TERRESHWRZOBET < Ails (+&-BT: A-B+, FH+HB -
2
HERRE), WA O NECARJE T, WHATRAE T (R FC AR i T R AR e 5 AR 2 D T < A BR=0)
PO IR A

HL TSR - B =PI0T T
S50 AR T BN G BT IO F T A g 2

c. HBFHEANMEGPOEFION BT E B A Biis 4 How to judge molecular geometry?

WERICT BFHON 0, N ABARMEY, B-FEBCA N T

® 2 yHZM linear, 180 (UIRFM TIHHCH 2, TibA LI BT linear £544)

® 3 5P =¥ trigonal planar, 120°

® 4 JyIEPUTHI{A tetrahedral, 109.5°

® 5 XM trigonal bipyramidal

® 6 y/\[ffK octahedral

RN B F AN 0, WFHATE

® T N3, T T N1, VA Vshaped, 117-119°

® T N4, T N1, =MHEK Trigonal Pyramidal, 107°
B T4, JOHT 2, il Bent, 104.5°

o TINS5, JNHT N, BB Seesaw
B BFEON S, AT N2, T A T-shaped

o Ml Ne6, AT N1, JrHEK Square Pyramidal

d. Z24L3UEABr Hybrid orbital judgment
ARk
SPX Z24k: 1+X=9HL T-XI lone electron pair+o 84
- FEL 3 W
HLF3808 2, sp =4k
HLF38Ch 3, sp? 24k
HFI08 4, sp® 244K
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RN 5, spPd A4k
71809 6, sp’d” Z&4k

7. S FIEIEIAE R 77 Intermolecular forces

a. &% 77 Dipole and dipole forces

LERRE ST )

- ZE - BRI

- [ {5 # permanent dipole F1[& A 84K 2 8] FI4E FH

b. BB aEJ7 London dispersion forces

FEARE T AR SO HU ) AR T A e SO

-1 S induced dipole F1i5 SR 2 8] I1EF] 71

S N Sl AT

Molecule massf--- number of electronf--- quantity of electric chargef--- distortion of electron cloudf---
polarizability}--- induced dipolet--- LDFSt (J& T F#(1--- LDFST)

c. S48 Hydrogen bond
H 5 O, N, F #42AE ke i1 2y Ui

d. ZZJKIE Vapor pressure
-T1--- KE of the moleculet--- number of the molecule which break the IMFS1--- vapor pressure?
-IMFS1--- vapor pressure |

e. WHES5FEAEHZ Solubility and IMFS
FEACURE S S 3 ARALL ) 43 T4 R 00 S T 5 — A

f. Free-Response ZfBHEAR

-ARARAE S AR 2 U RUE T S (CRE RS EEUD)

A LE B I SR (A R TFEOCT B)

These are nonpolar molecule and there are London dispersion forces in A and B. The number of electrons of A is
larger, which means quantity of electric charge of A is larger and distortion of electron cloud is larger. Additionally,
A is more easily polarizable. In the end, London dispersion force of A is bigger than B, which means A have bigger

boiling point.

Wk T AR T R S R e BBl

At B HIEWE RUK (A RS> T B AARIRE T

For A and B, A is polar molecule and it have dipole and dipole forces and London dispersion forces. B is non-polar
molecule, and it only have London dispersion forces. Compared to B, A has the larger permanent dipole on the

molecule due to dipole and dipole forces. So, A has a higher boiling point than B.

A 7 T S AR T E A R G AR 5 S U U B BB +HENR DD

A EEB BRI R (A SHEAR: B NRMARRIES T

For A and B, A has hydrogen bonds, and it is polar/nonpolar molecule, which means it has (dipole and dipole forces,)
hydrogen bond, and London dispersion forces. B is polar/nonpolar molecule, which means B has (dipole and dipole
forces) and London dispersion forces. Compared to B, A has the larger intermolecular forces due to hydrogen bonds,

which means overcoming intermolecular forces of A need more energy. In the end, A has a higher boiling point than
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B.

-BE T EY SIS P LE B i

A LB ISR (A NE TS B ML EYD

For A and B, A is ionic compound which means it has ionic bonds. Ionic bond is intramolecular forces. B is
polar/nonpolar molecule. It has (dipole and dipole forces) and London dispersion forces which is/are intermolecular
forces. Because intramolecular force is much larger than intermolecular forces, overcoming intramolecular force of

A need more energy. In the end, A has a higher boiling point than B.

PN T RETS ELAH A
A AJLLAEMRET B (A 5 B #J4 polar 8144 nonpolar)
A and B are nonpolar molecules. It has strong forces with polar and polar molecule. It is easy to resolve.

T TK

*  Ionic compound ¥ T 7K(soluble)

There are interactions between...ion and polar water molecules. These are ion-dipole interactions.
*  Nonpolar molecule % 17K (slightly soluble)

There are week dipole/induced dipole force and LDFS between ... and ...

e Polar molecule T 7K(soluble)

There is dipole-dipole force between. ..

e Hydrogen bond 5§

... can form hydrogen bond with water when dissolves.

*  Nonpolar molecule ¥ T 3ER V%77 (soluble)

... can form strong LDFS, stronger than the induced dipole; the hydrogen bonding is hard to be broken.

8. K& Gas

a. FAS{E Ideal Gas

-5 IAIVE FH 7155 IMFS weaker; 43T/ few molecule; ¥ /5 /5 high temperature; JE5%/) low pressure
-JEARS 4K 72 1deal gas equation: PV=nRT (P: atm, n: mol, R: atm L mol"' k!, V: L, T: K)

- 5 TEER, PiVi=P)V)

b. EE/RS¥ Mole fraction
ny

ny + ng

X4

c. JB/RWi4) &% Dalton’s law of the partial pressure
-/7 J& Partial pressure =/ J& Total pressure
-5y R T 51 Partial pressure calculation method

ng
ng = Xg XNyorqr —— =Xp
Niotal

d. 2 F3EL The kinetic molecular theory
o3 FIBhRE S AR B I EE

31
KE = EKT KE + Emv
27 v Wi 45 -3 /K 2% = 4347 ¥l Maxwell-Boltzmann distribution diagram
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AR area K/n7r+ &

T1--- velocity?--- lower --- fatter

T|--- velocity|--- higher --- thinner/taller
HHIFR T

M?1--- velocity | --- higher --- thinner/taller
M| --- velocityt--- lower --- fatter

e. HELMERE Graham’s law
AR B B 5 BE R 5 AR

f. S EE K% Methods to separate solution GRS EHT)

-751 distillation

Distillation &1 --- phase change fH%% --- IMFS|--- B.P.|--- come out first 5 >k
-ZRJEHT paper chromatography

LiREiy Qe REE R i o] N EER S A= (A0

v

etk

[ ]
v

FERE

LSRR

R R polar R, AR HAMYE polar FTFEM 4 nonpolar #)ii . H1T polar 5 polar 2 [8] f1E FH 7
SH58, i nonpolar 55 polar Z [MJFI{EA 7155, ARG, ARPEE EJ7, dEMMEAE T 7.
BARBBRME, AR EREELE, EREET.

-Lb#%1H Retention Factor

RF1--- attraction?
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Big Idea #3: Chemical Reaction
= B
1. X Bi2EZE] Types of Reaction
W& [ ¥ synthesis reaction
53 [ ¥ decomposition reaction
-B #: )2 ¥ single displacement reaction
-8B 53 fi# ;< N double displacement reaction
*rh 1 2 B neutralization reaction
*VTLIE I VL precipitation reaction

2. RN EERESE FRMFFER Chemical Reaction Equation and Net-Ionic Equation
a. MWERMNFEAKEF Balance of Chemical Reaction Equations

FEAE AL Ji 5 S A 459 2% FL 51 4E 7 Electronic Conservation B

-TEB N s B L5 12: Observation Method it~F (JGAC C FHAC H & J5HC 02)

b. BFRMNFEXKFE Writing of Net-Ionic Equation

PR oRBRUAN Sy R E S B TR K

HEEY) . MER BRI (NSSR. S9AUKEE) SRR, . AU, AERA BT ARES
By, HEK

c. FMEF Spectator Ions
A 5N R ES T (BT R IT R BRI )

3. &AL JE R BL Redox Reaction

a. 84t Oxidation Number

-HO6 AL B i B A S A B

N ER=X IR
— A EH I R R
=R =8k, POk
ZPUNERAR TS 4y ik — e W
IR AR s 1 kIR IR IR AR
= ICEBERRA; IE— I R R

b. EAE R [ BI4FE Redox Reaction Characteristics

THRE, BEAFIL, EUH, 1EMX
THIr, REHBT RNEMNIN oxidation; FEYT, 133 HLT A5 [V reduction
c. 3 X B Half Reaction
SYSANAE R S AN Y E S S
e.g. reduction: 2H"(aq)+2e™---Hx(g); oxidation: Fe(s)+2H"(aq)---Fe>"(aq)+Ha(g)
Sum redox: Fe(s)+2H'(aq)---Fe>" (aq)+Ha(g)

4. JR A Galvanic Cell
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Iron Platinum
(anode) (cathode)

Salt bridge +

( NO;~ Na* x

Fe(s) —> Fe?*(ag) +2e” Fe3*(ag) + e~ —> Fe?*(aq)

~18 I AR T s ST AR LA AR 2k B O B L, AT DL KA A R R AR B PR RE I e
-An Ox; Red Cat (— R A4HZLH)
(anode oxidation; cathode reduction)
-E5#r salt bridge
R PIAST ooRT R A B ORI A

Rule: anion---anode; cation---cathode

5. i} % Electrode Potential

a. B JR L # reduction potential (B FHIEES )

-H7R: Ereductions H07: vlot (v)

FRAEIE R 3 B reduction

AR (298K) —hr#ERTE (latm) B7J9 1.0molV/L HIKREE TR, AbsiEid J5 Hi %

FRUEIE i AL A A 8 T S MU R Mg m, H MbrdEd i e 0, Afi&E N, AEeEAIE

b. &AL ELF oxidation potential (KR HEFHIEES)
TER A N, A AL F A T A v I8 i FL A PR 314

E° . idation=-E° .
oxidation— =L reduction

c. 5 BB Galvanic Cell and Electrode Potential
EOCell:Eooxidation+E0reduction

CRAH TR N IR  5, FDL T K e 50

6. % 1T H HBE Gibbs Free Energy
AG = Egy X Q = —nF X By
Q=nF
F---J2:437 25 % 4 96500¢-mol-1
N--- 2 B[ BE R B (e NAREED
WIERAG<0, W4 H KM% Spontaneous reaction
WHRAG>0, NINIEH &% W Non-spontaneous reaction

7. Hf#H Electrolysis

EFfRIAF, Ecen /DT 0

-anode---cathode; cathode---anode (K72~ M4 anode, X3 [ 75 Hijth Ay cathode, 7KH 45 T f°A cathode,
XL 77 it anode)
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Workpiece \

(Anode) Electrode

// (Cathode)

Electrolysis product Electrolyte

(NaNO))

8. 4% Electroplating (MM AINIF )
Moles of electrons=It/F
BfL: [---A; t---s; I---amp
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Big Idea #4: Kinetics

eIV Pk
1. 6% )R BI# 2 rate of reaction
a. “FIJEZE average rate of reaction
Rate A = —AIA] Rate B = ﬂ
At At
b. R B # instantaneous rate of reaction
Rate A = —diAl Rate B = M
dt dt

2. BmEITTE rate law
a. R FEER

Rate = K[A]¥[B]¥
b. —Z% Jx B. First-order reaction

5 !

g E Slope = -k

< et

: <

£ 5

v

Time, t (s) —» Time, t (s) —»

I A
-rate law: rate=K[A]'
~— R s

c. 2% 2 MW Second-order reaction

1L
[A]; mol
slope =k
1
¢ [Alo
time, s
SRR R E, ZHI[A] 5
-G R UL B OB AL S R M Ds !
d. B4 X B Zero-order reaction
o
°
5
8

o

Time —

3. ¥ ZEH Half life
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0.693 1 .

4. L% )R B E % Reaction mechanism

a. 270 B Elementary reaction

~FE S — 35 LR T P OB

AEFETT RN, W) R B reactant coefficient £ 5 W 2K Jl] reactant order

-] =) Intermediate 5L catalyst

MR AR E LB HAT, BB AERIENE — 2R R, XAt S IE =y, JFRER
SN HTA B INEIPT,  A&528 ONE H Hedn — 38 () PP R AN 2 B =0

TEALTR 2 RE 8 I ERAL 2 S SO ZE DL, A IOBE AT 2B N 5T, S0 S, ARAEAL 2% I S RiT J o &
AL AR

b. HE 7 FE 512 Rate law and mechanism

SR 2P IR rate-determining step

EZANHTC RN, BB L.

- S AR T R

RSN I F T R A A AP R T R RS0  Z A )

5. At FE £ Collision theory
SR A TR B R 5 I RE & sufficient energy 5 1ERfI1) 77 1] correct orientation A" RE W% & 4

6. LML 22 R BLTE Z ¥ [ Factors which can effort the reaction rate

- EE R /7 Concentration and pressure

P=CRT

number of particles in a given volume 1 --- enhance of successful collision 1

-R AR surface area

R AL OV R

- temperature

T t --- KE t --- more molecules have greater energy which is larger than Ea --- efficient collisions t --- rate of

reaction 1

AL catalyst

Uncatalyzed pathway

Catalyzed pathway

Energy

Products

Reactants

Extent of reaction ——

A fast; B: slow

7. 53 6 EIE Spectrophotometry
-H )
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T T W00 5 A I A2 o AE AR R K A B — i YA B DG RS RS, XA SR AT 8 RN E B AT I T
-BA LR SEf8E Bear’s law

A=abc

A: WG SE Absorbance

a: JE/RI Ot 230 Molar absorptivity

b: #$42KZ path length

c: TR concentration of solution (¢ -5 W B RS IE B
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Big Idea #5: Thermodynamics
R
1. J% Enthalpy AH
a. EX
B T A R AEA S ST i WA R ] L
- A H%ex>0 endothermic M #4
- A H%ex<0 exothermic Jif#4

b. &
-FRUE SR SIE AR BE IR FATHIRE molar heat of reaction
Angn = ZAHf(products) - ZAHf(reactants)
-HERETH % bond energy
AHf”)xn = ZAHf(bond broken reactant) — ZAHf(bond formed product)
-LE AT B specific heat capacity

AHTQXTL =

i e O S HANEPEE ) Hess’s law

L2 BT R N, AHC,, 0 = AH, + AH, + AH,
A—B AH=x

B—A AH=x

2A—2B AH=2x

q = cmAT

= |

c. AR ME Enthalpy of solution

-R RS E

Step1: break the bond between cation and anion AH<0 bond enthalpy=lattice energy (Lattice energy [ HL#E
B e

Step2: separating the solvent molecules A H>0 not break hydrogen bond, just weaken

Step3: creating new attractions A H<0 ion-interaction(ion-dipole force)

-G

Step2+step3=hydration energy, — %} negative
AH, 1tion = AHigttice + AHypyaration

AHyattice < AHpydaration AHS, 1tion <O TBH
AHygttice > AHpyaration  AHopption >0 HH
2. /& Entropy AS

a. X

PRI RERELFEE AT, S MUK T (BRAL: J-mol™t K™Y
-Solid<liquid<gas

-Small particle<large particle

-THSt

b. &

Asgxn = ZAS(products) - ZAS(reactants)
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3. TAHTE HEE Gibbs free energy
a. X
2 BT AMEE D ) RE B (B kj - mol ™)

b. BARMERMEIEH KX spontaneous reaction and non-spontaneous reaction
-AG° < 0 spontaneous(favored) reaction

-AG° > 0 non-spontaneous(unfavored) reaction

-AG® = 0 at equilibrium

c. BT, BRETE5HEAYH HEEKZX R relationship between enthalpy, entropy and Gibbs free energy (%
i B HEEZR)
AG=AH —-T-AS
AG AH AS
H & - - +
FEAK + + -
High T Entropy driven + +

LowT Enthalpy driven - -
-S5REFLR

R A WA

AF B AR 1

-5RERR
[7) 1= D9 48 B3
[ G 9K

d. % f: combination reaction AH < 0
Even AG < 0, the reaction does not necessarily, because the reaction also needs enough energy to overcome the
activation energy. Sometimes it needs to spark the substance to give more power to react.

BOHIB B Vs RE

4. IAHZE=KES The three laws of thermodynamics
-2 — %€ & First law of thermodynamics
HARF T — VIV LA Re R, REREATREHANE, WA RN K HAEEW NS N
R, BAEREEMFEI IR PR R R S B R A,

g1 =q, q=c-m&n-AT
S TR O NEEE) Second law of thermodynamics & The principle of entropy increase
AL ARG IR RA H L, e R AR, fE AT fE g .

AS >0

-5 =& ¥ Third law of thermodynamics
MRGUEIE THNRERERN, RAG%SETUERENE S SR TE.
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Big Idea #6: Chemical Equilibrium
12 P
1. 3h1ZAF4F Dynamic Equilibrium
a. T[RRI Reversible reaction
A = B at the same condition
-Ato B -—-1E X N J7 [ forward; B to A ---1¥i [ W J7 [7] reverse

b. ALZEFH Chemical equilibrium
PG Gl A D

Attainment of Chemical Equilibrium

[Products]

Concentration —

* Y product Fl reactant PSR FATBRE A1, HEA BN dynamic equilibrium JRZ

o {EFHPIRA T, Rate f=Rater, AT 0

PHRHIE (S E)AR)

o ARSI ST R T N

o G IRWIRMVIEFARSE

o Fh: P, SIBNABERET, RBhATAT, RSEEHT R T R

o E: BUHSMIRERFEATZ., SERIFAE, KN

o AR LEPETR A KA, IR, AR, SRR AR, SPEDIRAS B SR

2. P EZE Equilibrium Constant
a. HEEPHEE Chemical equilibrium constant (Keq)
FE ]IS NP EPIRS I, ARFEAL A S Sy R a5

ERIRE  [C]°[D]?
aA+bB = cC+dD Keqz}i&%ﬁqE:[A]a[B]b

*2 Keg KTEET 10° 0, RBATHEAE—AN 58 228
HEARMT BT R, WSS solid,  WHIRE N 1

b. /XMF Reaction quotient (Q)
FEARATIGOL T, 38 m] AR IR AL s B T R =

ERRIIE  [C]°[D]?

A+ bB = cC +dD = =
cdrbE=ctrdd 0= vk [AFBP

I 5 P
Q=K---equilibrium; Q<K---shift to right; Q>K---shift to left
IAKAERS, SO AN S KA S HJT [ 5)

c. TMmETE HESLETFEHE Gibbs free energy and Keq
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AG® = —RTInK,,

d. WEREB/UTREEFET4 L Solubility product (Kyp)
AyBy = aA’*(aq) + bB* (aq) K, = HMYFTPINE FIRER = [AP*]2[B*]°

Ko /)N, ARG GBS 0T
- IS T 5 T AR~ 1 A
o Q< Kyp--—-AMEAIYEH unsaturated solution (no precipitate)
* Q= Ky---1EHIEW saturated solution
o Q> K- MANYE WY supersaturated solution (precipitate)
-BE IR B A# E Molar solubility
TE S s JEE IRV A FEE 2 WA VANV R R ) IO () P o )
5 ©%1 K =K molar solubility
Step 1: fRIEMZ N TTRER, WAERREON 1 BHL SRR EE A xo RIEELE], At AR R

Zn(0H),(s) = Zn*?(aq) + 20H Y (aq) WZn(OH),#KE N x, Znt? Ay x, OH 1H 2x
Step 2: 5 Ky

Kyp = [Zn*2][0H]?
Step 3: R x A H 25 H 1) K 2 Kgp 20H
7.7 x 1077 = [x][2x]? = 4x3
Step 4: fiirth x BIw] . GnSRPpTskoN 2x, Tk 5130,
[Zn(0OH),] = x = 2.7 X 10~%mol /L

e. PEEERZEIMN Transformation rules for equilibrium constants
L P L 6

AT e R — A R T O

ARTTARTN, - o R

3. BE4EPEE/ALEFEE S EE Le Chatelier’s Principle
a. ¥E Concentration

Increase [reactants] decrease [products]---£5 %

Decrease [reactants] increase [products]--- /& #%

*AN A [ A

b. FE%& Pressure

Increase pressure---"< &5 /b 177 M55
Decrease pressure---"T 447+ 2 177 [ #
i AAS 5 AR

c. IBFE Temperature
WS T - 34 endothermic--- /2 8 ---Keq T 51
MRS T - exothermic--- 45 F% ---Keq FFAG

4. [FBFZBL Common Ion Effect
This is when the equilibrium position of a process is altered by adding another compound containing one of the
same ions (anion or cation) that is in the equilibrium.

Ebim, 38 AgCl RN N H20 Al NaCl 71, HARSELE H20 Fiaff.
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Big Idea #7: Acid and Base
FR R
1. BRWEE FE 1 Bronsted—Lowry Acid—Base Theory
A7 BT 4F 2 Bronsted acid: proton donor HEH &2+
A7 BT Bronsted base: proton accepter 252 5% T

2. FHEERHEXT Conjugate Acid and Base Pair

conjugate pair

HNO3(aq) +OH—I(aq) = NO; (aq) + HQIO(I)

conjugate  conjugate

acid base
base acid
I J
conjugate pair
-SLHE RN
R Acid---F:Hif conjugate base; Bl Base---IEHEFR conjugate acid
- LB R 55

The stronger the acid, the weaker its conjugate base; the stronger the base, the weaker its conjugate acid.
- YT Amphoteric substance
W ERFRBSE,  SCREERA S B I B3 Ho0, HCO5', HSO4', HPO4»

3. KK TR Ionic Product of Water
H,0(l) & H*(aq) + OH (aq) K, = [HT][OH™] = 1.0 X 10~ *(at 273K or 25°C)

4. TRBHHEEEE Acid and Base Ionization Constant
a. MBHLEH B Acid Ionization Constant

TR LB H Ka
HA(aq) < H*(aq) + A~ (aq)
_ [H*][A7] .
Ka_W K, " —-[H*] T —pH !
-pKa

pK, = —log [K,]
Small pKa, stronger acid; large Ka, greater acid strength.

b. B#HL 2 H % Base Ionization Constant
B HE B 4 Kb
A™ + H,0(l) & HA(aq) + OH (aq)
HA][OH™
[47]
-pKb
pKp = —log [Kp]
Small pKb, stronger base; large Kb, greater base strength.

c. KEE TR SRS HEE X R The Relationship between the Kw and Ka/Kb
Ka+Kb=Kw pKa+pr=14
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5. EBFEEEME FIREIRSL pH Value and pOH Value
a. B TIREEE pH Value
pH = —log[H*] VL 10 NJE, [HY]NEE [HY] =107PH
~FRA A ) 31
pH=7 V£ neutral; pH<7 ABTE acidic; pH>7 N IE basic

b. SEME FIRE pOH Value
pOH = —log[OH*] LA 10 Y€, [OH*]NVHEL [OH*] = 107POH

c¢. pH{E5 pOH fE¥4L

pH = -log[H;0%]

[Hs0*] = 10H

| |

pH + pOH = 14 [Hy0*] [OH] = 1 x10-14

pOH = -log[OH]

[OH] = 10°0H

6. Z&1% Buffer
a. BXZEr Acidic Buffer
Weak acid HA---OH'; Strong conjugate base A™---H"

b. XA ZH Basic Buffer
Weak base B---H"; Strong conjugate acid BH---OH"

c. S pH ERTHE Calculation of pH Value of Buffer Solution
- fl R — 05 ZE R LR 757 #2 Henderson-Hasselbalch Equation
[A~] conjugate base
[HA] weak acid
[BH*] conjugate acid
[B] weak base

pH = pK, + log

pOH = pK,, + log

- % Most Effective Buffer
[A-]=[HA], pH=pKa, *fT—JCHR59ERM moles A& A 1 — %

7. ICE Chart

This is the conjugate acid
of the base that you're ~ Water = conjugate acid
titrating \‘ hydroxide = conjugate base

4

analyte that you're

titrating \’




8. FSMRIRBRIEAL Weak Acid and Strong Base Model

a. J9MRITE Weak Acid in Excess (ZBH¥55 Buffer)

-f# Ff§ Henderson-Hasselbalch Equation 1% pH

[A~] conjugate base
[HA] weak acid

pH = pK, + log

*Vtotal=Vacid+Vbase

b. FIERHIEPL T A Weak Acids Are Neutralized by Strong Bases
-1 pOH

HA(aq) + OH (aq) -» A~ (aq) + H,0(])
H ICE 1% pOH

pOH = —log./K, X Initial concentration of conjugate base
-7Kfi# Hydrolysis (W #5375 R Bl 14D
SHRRTRGH AL, TR S EE
A GGIKAR, T KR, BESBOKME, WS ENE

c. 5EBIT & Strong Base in Excess
A ICE 15 pOH
SJE, HARHRA s strong base

9. EHEBRKAXTEE Relative Strengths of Oxoacids
HCl < HClO, < HClO; < HClO,
ARHEZ,  acidic
*  The larger the number of O, the more stable is the anion due to resonance.
*  The negative charge of the anion is spread over a larger area, thus making it more stable.

10. 7§ %€ Titration

{H,0} = {OH}
12 -
10 |-
8 - =
PH . |PH = PKy i [ buffered
half-equivalence Leg ons
4 pdint
2
0 I R I S
f—=0 .5 1 1.5
equivalent fraction of base added

FR7R A HIIEHL Choice of indicator: pH=pKa

11. %% 5 R Commonly Tested Chemical Equations
a. MV Buffer Solution
HC,H;0, + OH™ & C,H;0,” + H,0 C,H;0,” + H" & HC,H;0,
NH;-H,0 + H* & NH,” + H,0 NH,* + OH™ & NH; - H,0
b. 7Kf# Hydrolysis
F~ + H,0 & HF + OH™ CO5*™ 4+ H,0 & HCO3~ + OH~

C,H;0,” + H,0 & HC,H;0, + OH~ NH,* + H,0 & NH; - H,0 + H*
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