
Chemistry by

11DT MonTEOT
H

ort O dOTNAC v

Quentin Turner Chenistry Summary



L1

Mixtures Atoms Isotopes (save element with diffient #neutrons
a

if miform homogeneous ·- e- ne= 9,11.18-3Irg mass-12)
Atomic weight 12n 1 n =1,66053.1827mg

if ronmiform 8 nn =1,67.1827kg 6
↓set by ocurrences

heteogueous w Mp
=1,67.10-27hg Atomic#- 2:58.12u+B,00350+ Ence

132 M4C

chemical properties of Atom set by He
↑SE

Molecular weight (MW)
Alkali Metals

Alkaline earth metals

Chalcogus
Haloges Mw == 1=r
Noble Gases

I
= U

McL

Naming of Lonic Compounds
Book p. 117-123

Cations Acids: adding H
pos. Charge Feet, Fest ironition, iron (III) ion

Arions who end ide: hydro.... - ic acid

nonmetal Molecules Cations: - iur
NHyammonium

C)Chloride +H: HCL Hydrochloric acid

Arious who end ate lite:
Arious () o b

- Manoatomicpolyature-ide #(Cl05chlarakic
-ous CIO2 chloriare

or oxide OH
-

Hydroxide HbHClO2 chlorous acid

- polyatanic with O-ate/-ite: oxanions Amount of Atomsd I

normaler one 0 fewer 1 ron0NOsNitrate status than "afe" z di
=C120 dichloride monoxide

NOz Nitrite
-per/hypo i

+ri NFg Nitrogu trifluoride
ClOc perchlorate ↓etra

/
2105 chlorate one rare 0 even less o 10 deca

1-A PySro Tetraphosphorous DecasulRide
C10i chlorite than ate hanito

"

CIO - hypochlorite

per....ate>-ate site hypo... ite Stochiometry 2Hz + on <2H2O-x - o
--

adding the -hydroge
2H+ -dihydroge Compound Elevent Molecule

Limiting reactant table with non

Gases forgases only
--

P =E = (-1) =CPaJ-)s= se = nEMwE) Mw = RT
Patm = FOmntg efahrommpgas= Pate+Igh PU=MRT PEPa

=760 tor

=1,01325bar R=8,314
=>101,325KPa Pe = ggh
= 101325Pa

R =8,314k=tspa -BarAs
·Pa = atr
-

atM enits!



Pivi=PUF iP n.U canst: i-Rovi=P Envi

p,
-

Partial Pressure: Pot= ↑o ... +F
T Battens law of partial Pressures
V

role praction Pi = .Pot
= Vi = t = role fractionon vander waals equation

for non-idealities
IVurms = R -average molecular (p+ la)(u-rb) =1RTvelocity
root mean squader velocity,depends onT &weight w

m
corrections

correction

forInteractions
for missing
volume

Mol! - pressure: ex:00ound: Con-

PCo2 = 0,0004atm = 0,0405kPa

"Oooo Pt=RE,PatPo

Electrolytes Nonelectrolytes

ac-
H

HOT

Precipitation Reactions -> solubility chart!
Ax+By -> Ay+ BX

Agt (ag) + NO5(ag)+k
+

(ag) + cl
-

(ag) ->AgCl(s) + k+(qq) + NOS-(ar)
=* It and NOSare on both sides -> spectator ions n=ir
-let reaction Agt+ci-->AgCb(s)

significant Figures
Any or Odigit 64,35 H Roundly:it multiplication: to the least sig Rigs
Any O between Digits 740,0035 f

0 on beginning of Number are not sig. 0,00035 2

O at end are sig. if there is a dea. Point 7,600 4 Solubility
1kcal = 4,184.1035

STP
(awteradynamic tables)

Thermodynamics -> Stp = 250/298K
Pressure -> STP= 0%2734
(PV=nRT)



Therrodynamics I
three Laws system types

open matter & energy can
be exchanged w/ surroundly

#Energy is conserved closed energy can be exchanged (but notmatter) with sw
Isolated nothing can be exchayed#

Entropy S LEDisordet is always increasing

#
solid at OK (Tabs) has AS entropy of zero. Endothern 930 heat absorbed by sys

BE if pos: system has gained E(from surrounding)
Exother920 heat released by sys

if eg: system has lost E(to so

Internal Energy E Enthalpy H [
Pressure-Volume work PAV= RTSM

SE= q +
w9-heat added to sys 8

W= Wark done on sys
H =E+ PV W=-PDV=-RTS

f
Por Gases

wSO -> work done of sys
sE= Ex.- Ei W<o -> work done by sys

AH =sE + PSV = 9p &P = karst

v= F.S qp-heat added

chage in Enthalpy is equal to heat ype const
Heat capacity heat flow required to increase

n roles/n grans of substance by T SH-sE = POV 1V-0SH =DE
Cs: How much heat to raise Ig by 1V

rolar GER.areLiul OurAMEd. SHoxn = SHA-1Hi =SH products
-Atreactants

specific
Hess Law

if IT pos: =T(cTi =>q30 SHrxn=SHy +SHz+SHg+...+BH;

using sts to determine store Enthalpy of formation Hesto
C3Hg(g) + 502(g) -> 3COz(g) + 4HzO(l) Enthalpy required to create end of substance from Elements (at sTP)

men+N(gtg(g) -3 + YHz(y) - s+l(csHv] = -(- 1044)

form products) +02(g)
->(O2(g)s+p((02(y)) = - 33445

H2(g) + E02(g) -> MzO(l) st (HOA)] =-28645

strxn =-sHR[Cs48]-5(02) + 3s4p((O2(y)) + 4s+p(MO(l))
- - 22200

shix = 2 pista - Saistiproducts reactants

And Products - At reactants

I SUrx= E Bards Brohn - I C, Betc = stock.coek.8 Bands Farred

spontaneous Process
if process spontaneous in one direction -> Conspontaneous in reverse

Nonspontaneous -impossible (possible if we add enugy from outside A.B
Reversibleprocess - can be reversed without changing surroundings (T,p, elements etc) evores ofexo
Irreversible Process - surroundings are changed L

remove
&

isothernal expansion: iii.- - ........
sHaxB =stAxc - SH

P-C

work =0

spantaneous & irreversible -> requires work to undo



All spontaneous processes are irreversible to to return to initial state requires work)

Entropy S (E] Echaos heat flow far
measures tendency (or E to spread, disorder in system far isothermal rxn: 1S = fe

grew
=

reversible process

number of Microstates, randomness at P=const xs+
↑

=absolute T

BSExn = 2Bi · S(products) - [XjS (reactants example: is for ice melting:
->

a,p stochiometric cool.I ste(=melting) = 6.103aCo0 smallbiggr)

greu=stfus Tswr =0+oF ss =G10 =22aK
ASuivre = ASsys +b Ssur

#For any spontaneous Process Smir always Increases
issuefeve #) solid,T-rS=0(i =1)
Revesible: ASmir=0 (Spontan: Asmir c0)
Ireversible (Sain> O

Boteran
kp = bolkmanscanst. =1,38.10-23, S

goes up with
s = ki ln(v) TV=#0Microstates xS=kblris VF,Tt, 1 t, melting, wap

also R is related to up R = kB.NAnorognin
= everything that increases
chaos

~CLibDSOetEferYelaCAranProcessissat intheAG pos -> ronsportan
~ xG neg -> <spantaibole z-sSmir pos- X,B stochiometric cool.A

sG =0 -reversible - ASmi=0

1G = SH-T.AS AG =0

for natural elements ↑ is important

order

exo

disorder

ando

disorder

CXO Endo Exo
order

endo

930q0

SHTO SHCO

Gibbs & equilibrium Gibbs redox sa = oprx
F= Faraday's constant

~
atSTP = 96,485ofer xG0= -RT(r(k)

SGP: Free energy to form substive from elements sci - r FEcel ↑= positive unitless lumber

& formation robes of extransferred it
↓alanced sell oxe 2)

*G=Free energy change for any we
T =absoluteT

AG <0, U1 > 1 equil ->products 1G =AG+RT(n(Q) R =(as const
k= exp()xn spontaneous: AGCO a= in quotient

AGC O, K <1 equil. ->redents at equilibrian sa =0 at equilibrium &=V



Lectured Light
0 =cspeed allight

F

N-T=2998.1085
f ↑= wavelength
N Eight=h.0 = tC UEPlaNUsHanstayeL = T

8 = frequency Energy -D photons
color varies with is:

4301r blue
= thus the shorter wavelength-> the higher frequency

530im grees on = 18-M the more energy Light has
630nm red

Et = V 0
x-)

Mistery of hydrogen (HL) Eblue - greens red

RH= Rydberg constant

EH =E= hcR+(E-tr C =1,097.107 ↑ -E =Rx(n)=B(zz - ExMn, 12= Integers
+231x0

BohrModel Orbital Energies
XSO

electron can more between orbits
En=-haRH n =6,62607.18-34J.S:the

oC L- electron has specific "allowed Energies" S
2 R+ =1,097.107

& <but this requires absorption or n=1,2,3,4

l=1

emission of photon Eph=ho -

Energy levels are negative Energy levels specified by "e"

2
EX: Es-E,with EshEn> SExt1F-Ephoton be, electron lowers its

3 Emitting Eng () losing anylet energy (energetisch giustiger
4

by getting closer to the
nucleus (+0-attract)
-

Energy of emitted light is regate
* The further away from the nucleus
are, the rare energy they have

o Quantum Mechanics

Uncertainty Principle = sx.sp1rspronatur
4Quantor - N = Shell = size of orbital
Number

n=1,2,3,4,5,6,7,8
-> = subshell - shape of orbital l =0,1,2,3,...1 -1

1 =0123
S

orbitals

spdf l=0



p d
&rbitals l = 2

l =1 orbitals

M- no mel

or
bitals Me =53, +33

-m =orientation -> depends on l

re = Elbisl]

-> Ms =Spil upon down rotte N
how electrons are in orbital.

Energy depends on 1 -> 2s.2p I have the same Energy35,3d,3p
l orbital

Fill from bottom up, the go again, two in one box m b

(spia) 11 V I 11111

No ecan have some set of ,d,Me, Ms Pauli Exclusion Principle: Not two electrons can
havethe same set of Quanten Numbers

3 =2p =6d =10f =14 l
s

2 G M bBox
= orbital

10 1-1

Ne

Po

1 - 2

-
-

=D Hands rule: fill up orbital box first, the end spir

Elektrone,configuration place electron spins paralell first in whole subshell

Edelgas ran Reive when rehna, down reile dweller
the add second spir

his In Element, and jeweils Schale, orbital Pscheiler,
schate de d orbitale -1, eschalepartitak-2, (warm? (a) screening fee increases across row in PSE

eAttraction
Bop:Se [Ar) 45'3d104p4 Eep = attraction VE to Nucleus (?)Bsp:P6 [Xe] 6524f145d706p

-T T
1-2 1-1 Ionic Radius

Atomic size ⑱ Estimate radius from Bond lights in ionic solids

Bonding atomic radius - A cations of smaller radius
than parent neutral atomArions of bigger radiusAtomic radius tend to increase down inColourPSECeshellisgetting bigis #ds Fons with some change -> bigger down group (column)

Ions with some #S- -> smaller with increasing left (row)
Ionisation Energy &

Energy to remove el D Electron Affinity eightlich negative Earl
Na->NateletIn) first Energy change when add extra eto form

Trends 12 "In Typically Exothermic: EACO

NaT-s

NalteetIe sUcondForisationEerSieooadydInCetoerin
Trends: Halogus EA<CO, Noble gases EATO (full shell)



Bords Calculating Lattice Energy
Octet rule: Atom wants Ole- it:
1) Ionic

strengh qualified by Lattice Energy
&
lionize

NatCl-

electrostat:c Energy to separate two energy to separate
I

crise

NaCl AtNat +C1 - SH + 7802a
two ions as distance apart ⑧Cr sHlattice

revese Nat +C1- -> NaCl SH - 780 * gas Lattice

Forisation Energy -At Formation

CAtam2H-1)= 13,0 = v
alles auswmmee,(***.-Ecat),=0, each lat out

2)Covalent Electronegativity Electronegative Atoms
HzO Hi t Each atom Howstrong on Atom pulls e - Lage negative EA

sharing Ve
has Noble

gas Use to estimate Bond polarity OFF-Large Fanisation Energy·Coco candyi
Multiple Bands

TrendIncreases across rowtsE4 I want Electrons and resist givingelse

0=0(- x=zz) &Electroneg
NEN DEN-2 Fonic Bond
Trend Bond high decreases with # shared a

SEN >0.4 Polar As Ox Number ofMetal increases
SEN <0.4 Apolar =>More covalent

Dipole Moments
Dipole moment in Ottl-Fo vector from ug to pas =of a polar be linear symmetryM

->

TM2

(M1 =2. - [b]beb =3,34x100Cm
sur MetMn =g

=distance

a = chage
M =Magnitude

3)Metallic Bands
Fe

Weshared with whole solid

↑
or:Value o-e assigned to atom

Lewis Structures Formal Change: Chayes Atoms would have it Band a shared equal
1)Sun of all Ver AVe--E Bonding e-love a
2) Distribute, complete octet for Noncentral Atans first of Number :Chages Atans would have if BandFonic
3) Multiple Bands if Central Atom doesnt have octet shared a given to Atom more EN

exeptions to oclet rule: addedNFOF,Fration Partial Chage: of o
more than 80 on central atom: hypervalent

Resonance Structures
Multiple possible Lewis Structures

or [F AHrxn = Bordson - 4Bed
10 =0 -ak+ 18 - 0 =0

Shapes: USEPR Cratuce shell epair repulsion

distinguish between:

Electron domain Geometry I Molecular Geometry
Includes both bonding and ran bonding pars US. Includes just atoms

slone parrs)
(



Remember: 10
198

-Lone pairs will take 12)

more space then bordy -20

H

MsEH Us,sAEE
- double/triple Bonds
take more space tha

109,5

single words

Cl
c=0!
Cl

190
90

#itermolecular Forces (EMK) (no Bonds)

Eint:-Energy of Interaction between Molecules (Anzichng) Eint set by RT, depends from separation Distance d
EKin := Kinetic Energy of Molecules (Bewegry) If Temp increases -> (hinl*

lEint

3Types of Interactions
-(always present)

(I) Induced Dipole/ Dispersion (I, (I) VdWK
-> always possible

very attractive, but
very short Rage, but Mere makes the diffience
m

only on short distances. 117, i A-
w=5== ->All Atoms, always present
-> depends on polarisability

TemporaryDipol
-ofpresent for polar molecules (#Dipol-Dipol Interaction (permanent), strongest (1.5) Dipole-Induced Dipole

Permanent Dipole is needed for this Interaction
Polar bonds -> Molecule with dipole moment it -

+-
f

Polar molecules have Mot0
-

M o O OF
In1 =9d0Ga-

Hmtm
rector sum of all Land Dipole Moments tooth

Iand I mixed together

#) Hydrogh Bonding /H-Bracker Thats why Liquid water is more dense than ice, because
in Hroza)" state it forms rings 4)H-OFH

only F, 0, N + H Bonds (they are very electronegative n
-
O

- % ·

o-
+

It can attatch to other lone a pairs of IFI, O, N Atoms
H H

Active Hallbrucke: were molefin not anderer gleicher Sorte Hornche, made hav I

Passive Haltricle: Wen es eine andere Modelin saite bracht 10-H
...

10
-H...-*

(iv) Ion -Dipole
O-HO d

H↓Rot o(l= +-o sengthnon-Dipole > H-Bonds > Dipole-Dipole - Induced DipoleI n
0-H

&H H O

X/

-> solubility



Properties of Liquids
Surface Tersion (E]

Viscosity (I]

O O proarin ⑰0000o

O
00
⑤ & layersal fluidinthedidre 000 00

doo the outer are stick to wall (Vdwk) Eint is strong: liquid balls up Maximizes Molecular Eint

Intermolecular Attraction it liquid high surface tension -high ourtrace

Vapor Pressure Ewin vs Eint

alected by PLT &istribution lint Molecules which can escape

T = konst: (Prap = Psat)
s

blueArea: Molecules that have enough
Energy to evaporate allowt

*E *dtubellybyblendspeed red Area: Molecules enough toens
↑

F Konst:
evaporate at higher Temp.

-less strong
TP Evin- Eirty, more leave MeO

To Ekinb Eintr, gas conduses

Phase changes Gas
&Hfus-heat of fusion evaparate
*Hrop-heat of vaporisation sublime canoe

atronsH sub-heat of sublimation deposition

-
Stoub = Atuap +sHus fusion/melt

Atrap> stpus solid 1

freezing "liquid T=Tabsolut

PhaseDiagram
solid-liquid->gas: endotheric In Prap=-Stopac R=8,314

C=

Critical Point: highest T, P where

- distinct liquid Phase exists
Large Intermolecular Forces

In vap
=high Torit

(exeptto H2O
E ~steigly flap equation farweareSoofsardorficoeaideaten vorrally increases with increasingon

*

vacuum

↑boiling increases with increasin P

↳ boiling when Prap=P #

olcrit
T

-> gereally if water behaves strangely
-> thats why ice scating works! -> first answer: cause of H-Bondingsice scate exerts so and pressure
so that the ice heath the ironWantsor turns liquid and you slide on a small l() = (En -Ez)film of water!

<T

bonesThermodynamics of solutions
chage in AGibbs Free Energy Stlsoin: (i) (solvents -> n.solvent Atsolant

Defire: solvent + solute-> solution (ii) (solutem -> M.solute All solute

Cosysmitted gelosterstof-> Losny (iii) n.solvent+M solute -> solution Attmix

(solvent1 + (soluten -> Solution DAsol
Solution spontaneous if AGson <O &ton- Allsolvent+AHsolute+Sthmix totalEntalpy change

or AGson = 6HTAS so. Itdependsheenteractions



Endother exother

At sole can beor O and since SG-SH- TAS
Entalpy changes during solvation

if Stsoln <O if sHsoI >O
Typically solution forms -Tossol must be sufferently leg
for any solute concentration

to compensate for post, to
make AGsole <O

otherwise solute will not dissolve
pare pure
solvent

-->
solute Process will depend on T, more

Likely at increasingT.
Miscible "mirable" But if Al is very pos, the SH may not

be enough to compensate -> will not dissolve
-> insoluble

Solubility SE)adilule= wasser Factors affecting solubility
Max. Amount of solute in solvent at givent (i) intermolecular

=>saturated Soln-solute+ solvent some solution strong solute- solvent interaction favour
5

cristallize
&

ids: Ions dissolve more easily in polar solants
↳ Dynamic equilibria above solubility concentration

supersaturated sole- contains more than max amount of capable Liquids: polar liquids diss easily in polar liquids
at given T ron-polar liquids are immiscible with polarig.
(ii)Pressure General: if similar Intermoles. Interactions up soluble

solut of (g) in a (l) depends on Pg
Sg= gas solubility-molar concentration? (iii) Temp3g= k.Pg 1g -gaspartialpressure:

p. vector in

Fon solubility in to XipT" sson>O
↳need to calculate each time ParHeys Law staff and temp lived

Gas solubility intohitT& Asso - O

Concentration

role
=

moles solute -Mass solute↓fraction total roles
useful for gas mix mass" total mass

x100

M Molarity =

moles solute Depends on value
ppe parts permillion: Masssolute onin

Litres solution
=C of solution

Depends on Mass
i Molality =

Moles solute
of solvent ppt parts per billion =

mass solute<103
kg solver total mass

-> useful ifTvariable
be kg does not increase
With T

Colligative Properties solute affects properties of liquids dilution c-concentrated, d-diluted

If depends only on amount of solute - colligature formula Mc. Uc=Md. Va

(1) Boiling PointI (B) Drap X Liquid boils when Prap=P

n =ncality bsp. volatile solvent + non-volatile solute

*Top = Typsole -Tpr=ik6M k6= Molal 6p
elevation last.

For ideal sole
i =Vant Hot Ractor

i = 1 for non-electrolytes.
#ofIons produced for electrolytes "iars" pson-Xsolvent Purpure (N= moreactional solventex: Nacli-2, MgCl2 i =3

Water: ifwe add NaCl Top T

3 solv-solv sol, actual compacult
Ideal Gas: No Intermoles. Interactions = PV=nRT if solute- solvent>solu-soln Prap >Prap

bigger than ideal case
solv-solv

sole, actual coRaoult

US

Xip solute- solvent > solu-solu PrapIdeal Soln: All Intermoles. Infidentialto 3 < Prap
int less than Ideal case

solute-solute =solvnt-solvent-solute"solut



(C) Freezing PointI (D) Osmosis
n =ncality semi-permeable membrane only passes solvent, not solu

*Typ = Tjoh-Tee-iky of solute
-> Osmotic flow: tries to equalize concentrations

kp= Molalfost -> Osmotic pressure: p needed to contract as How Idepression

ekp+20
=1,86* i =Vant Hot Ractor wants equilibrium

=># electrolytes
equation is for dilute sole that are ideal
- At higher concentration typically oxideal

OsmoticPressure
Hr= inRT (1 =Mr can use it to

#= iMRT M =Molarity determine Mu
i = Vathof factor
#electrolytes H= iMRT (M=(L)

=Gasm =Mw
Two son HFT isotonic

stel hyperton
in

hypotonic

Lectwedo Reaction Rate

xn rate - change of concentration (C). AlarhyorMosesas positionst

example: ren rate - rate of appearance - rate of dissapearance A -> B

rxN = s (B]
=

- SCA) A (C) concentration [C] Instantaneous -a [C] C->B
rate

rale At st
in Molarity *

Average rate X

Average on rate Instantaneous on rate · awage rale
Instantaneous vale

#B=(BJx-LBSt B st-O =d[B] Ableity
tz-t+ dt > t cE

here: average-Instantaneous rate

-here on rate does not

depend on [C]!

Rate = Instantaneous Rate at givet, (5]
-> Black Box Cookie Factory Analogy
only one Machine

I

nitial rate - Instantaneous Rate at t=0 aA+BB ->UC+OD 1.Evie coef
Rate Laws find ant by experiment Rale: =-IdAz-tA(B = kd-da

k= rate law constant

Rate Law = k (AT? [B]T
n,e,... = reaction orders (10.1.1, 2...]
- 14 + 9, p,U...

ifmore reactants only reactants Units of K - depend on the order!
n - [A]"(B]"[C]P....

5.Mn+
+(M

=E,k=zOverall reorder = n+1+p... Isumoperparts (k] =M

↑An order unitofK
How to find out? iate = laets). [CjM+1+P:-D

O As

EXP [AS(n) &BJ(M) Initial rate law (Mrs) Rate-Or1)wak=4.CATY(B E A
t

l 0,1 0,1 4.18-5

#1 =k.04.0,27
I ⑤

2 Co,l 0,2 4.10-5
*.O. 0,11 2 A

3 0,2 C,1 16.10-5
n=21 -r=0v(1 = uxorder

M.S

3 rs
+x1or:res-atot4Ine. 4=t912Matrt =4 D order n = 2
-



-(t) =rate =k2A]Mmc012 L
Oth order 1st order 2nd order
M=0 n=1 n=2

LA]E 2n(A)(t) CASt CAS(t) = 2ASo-ext ((+)
A

s s

-
[A)o

-U "cot
an

-

Dt ·att
(A)t= -kt+ CAJo Le [ATt=-kt+InCA)o

O 1
A- B: rate = tas-in A-sB: rate = ECA=k[A] A-Brale= tA=k[A]*

te = 2AJo t1 = (n(2)0
=0,639 tl -

N

2K 2 U 2 kCAjo
prop

to initial concentrative Does not depend an initial concentration Inversely prop
to initial concentration

Like rochet burning fuel at constant ate&mdescluss?
rate. EE depends on intral amount
of And (Alo, but not on how
Much fuel is left (Alt

women Chemical MN: Collision Model
A+BC ->AB+C

xn rate PP. collisions per I dependsanointationhere 0=0 - 00+second
0.0

collision prequency depends on concentrations,
at higherT, molecules more faster, therefore collide more afte

~ are forcefully
NE -Large Ea-bigger Energetic hill

2 -Molecules carry egy into- ↓Eneg-> exo on via motion
in "Transition state"

- Molecules have distribution of Evin·torFree * Epos->endo #To react molecules need Ex Ea

we
coordinate

COL

SEisrelevantfortEAEO orareresea

Ea =[x]



rate = k(A)*. [B]
"
-> rate honstant is 1(k)

dependent on
Arrehius

A =(collisions per).ItractionsofcollisionintentC - const
k(t) = A.exp(E)e -Fificationsandairplanes

slope--E
↑

↓he barrier/monfall
C T

actually depends out too,
but so little, that we neglect it Eati

c#
(E)

R=
gas constant

l(k) = -E+
+ le(t) 1m() =(E -E)

Rule of thumb: Par typical EasT=DrM rale doubles if DT= +10°

Role of SE

E-
V AtBC-> AB+C

but backwards: A + BCA- AB+C Ea is an exp functions

*Aitie- AsiEaPud=sE+EFwd Iso small changes inTmake big diffrences
v -rxe much slower

Reaction Mechanisms "I"unimolecular A-> Products
describes order bonds break

Sore thing happens owrite on als elementary on are band breaks/forms
"2" Bindecular AtA -> Products

each on has a molecularity->#moles participating "3 "Termolecular AtATA -> Products
Likelyhood ↳ less likely to be an elementary onincrease

are for 3 molecules to collide, or even P

Overall on 2HetOz-2H2O
Global ox

if rn is elementary
He-> 2H * Intermediate -3
-

& Felementary -formed in Steph m,n,p = Stochiometric coeff
rxns SH +0z-> CH+ H = consumed in stepe

↳ does not show up
in Gobal ox

at+ BB -> pC + BD rate = k(T). [A]Y. [B]" ->iP elementarym=x, 1= B
x(T). CAT4. [B]P

you calt know it me is elementary
↳ cherist discuss

or given an elementary on, ran order depends
on Molecularity



stachiometric coefProcess to determine on Mechanism 46. assured elementary

rate law? raten = kn(A]", ratez = ke(IJ(B]
->Experiment Example: Proposed Mechanism ↳ system of equations to be solved.

k1
->Propose idea slow 2A->I+C

3
one men will be rate limiting

consumed, elementary
->Check -

-

xl
-> one step is so slow, it set an order

fast It B E A+D for the Global on rate

coef
2A+I+B -> AtD+I+C I-A,-I

if water is limiting: A is my stochoneris

fast·
A + B ->C+D 3Global exe rate overall

= k.. [A]". (B]
O

-check with experiments it consistent or not
Catalysts
substances that increase on rate Catalysts affect h
get consumed but reproduced in sub-step Increase A better orient molecules for ox
so dont show up in Global k= A.exp (ER) (cowerEa = lower energy ofTransition state

Types of catalysts
E Ecatalyst c Ea Mostly lowers Ea Homogeneous: reactants, products &

- uncatalyzed on catalysts are in the same
· catalysts can lead to multistop phase
~xes -> Multiple peaks ex. enzymes

· slowest step has highest peak Heterogeneous :reactants, products &*EEEER- in curve (hardest to get over catalysts are in differt
phases

&

on coordinate
ex. solid catalyst for gas of

Lewee2 Equilibrium
Ex: vapar Pressure or Acid-Base or AtB KCE equilibrium constant for molarity concentrations
system reaches steady state Kord kc [mitless]
equilibrium if rateford ratepard if elementary or: stochiometric is not constant (c(T)!coel.

assume elementary re

end [A)?CB]P=kowd [C]". (DSUES eud=
(c)"CDS"= Productsa kc =equilitonis
[A]"(BJB constant

unitless!
↓

-.

equilibrine requires closed system (products & reactants can't escape) use (EY(A)

·
[A)
-

Y[B] -) [B]
Reactions in both directions still occurring, but at the same rate equilibrium Equilibriu
so concentration doesnt change

1.Does not Matter ifwe start with pure reactants or pure products t it
In all ons behave like elementary ons near equilibrium -> so unlike rate laws

we don't need to know on mechanism

M=IPclU(pp)o
a) partial present

Pi-FiRT=CiR kp = kc(RT)de/seEttorgaseousToroduceTR kc+ kp

uitless ↳:mit(bar]to calculate use bar

kedlp mitless because:

Actory far substance in Ratio of Pressure or concentration ai = tiCideal mixture C - to reference concentration of pressure Activity of1
ai=

Vic troductsare can ignore pure liquids& pure solids



if KJV Equil. to right mixture is mostly products &=Mometer Instand

if K <1 Equil. to left mixture is mostly reactants Q -Upto to move towards

equil. Q = kc

concentration! Concentration

rate = rate & equil. but [reactants] # [Products] Q<K: Rad rn Farms more products
a > K: And on farms more reactants

reverse AB ke BXA.kz= tr k=equil. Constant

times. A B Ko 3A43B:kc= (k)3 homogeneous equil, all substances some phase

Multistep
A= 13 k

AxC:ks=kkz heterogeneous equil substances diffrent phase
BEC ke

Pure solids &pure liquids
In heterogeneous equilibria -exclude pure liquids & pure solids: PUClz(s) < Pb2(ag) + 2C1- (ag)
L because concentration of pure()or(s) is constant, have activity of 1 kc =(Pb4)[Cl

-j
For saturated solutions of low-solubility ionic solids: kc=KSpE solubility Productal concentrationsalibriumProduct I

gives it

Bow book

Le Chatelier- Principle *in
formany solids

if sys. & equil is disturbed by concentration

chage in T, p, concentration

equilibrium is shifted to counteract

can ignore pure solids (parel

Change in T
Treat heat (T) as product/reactant

Endothermic AtT=B Exothenic AFTB Change in Pressure Ex.Na(s)+3Hz(g) - 2NMs(g)
T: rxn moves right it run moves left system shifts equil to counteract. 1 x = - 2 higher Pressure:->shills
↑: rr roves left TX re nones right PF. equil. to side with less roles

right

because Ea is inexpt) -> larger Eas more PI equil, to side with more moles kotomoand ↑strongly affected by
chage in Temp.

Catalyst effects on equilibria
Q=NusS3=Ekp QcK

catalysed on reach sa0= -RT(r(k)
2)*meat equilibria laser

k=exp()
but I does not change due to cat.
cat meat cat mcaf

Read "Kewd Yowd"kbwd

Gibbs
~at STP

SGP: Free energy to form substive from elements T =absoluteT
& formation 1G =AG+RT(n(Q) R =(as const

*G=Free energy change for any we a= in quotient
at equilibrium &=V

AG <0, U1 > 1 equil ->products
xn spontaneous: AGCO

AGC O, K <1 equil. ->redents at equilibrium (c =0



Sample Problem given: <Hz]i, LIz]i, (HEJequil.
search: Kc

He +I2 K2HI
initial
concentration 1.10

-3 2.18-3 O 1) Change in (cH): 1,87.103-0 = 1,87-3
2) relate change to other as participants

Change is 60,93510310,3350311,87.103 (,87-103tHI) (endt =0,935.10mteconcentration

equil. 0,065.1031,065-10-3 1,87.1873
(1,87.103)(d) = 0,935.103r2

concentration

3)fill out equil concentration (t(z) = 1.103-0,935.103 = 0,065.1034

kc = (HI]Z [[z] =2.183-0,935.183 =1,065.10*

[tz]"[[z]Y

Sample Problem give (He], (I2], rc = 50,5 lat given T)

He +I2 K2HI
initial
concentration 1 2 O 1)use stochiometry to determine the range: for each(inal of

H2 that reacts, one nolz is consumed and two raltI produced

change is -> -> *2x 2)use initial (c) and change in [C] by stochiometryconcentration

for equil. concentration

equil.
concentration

1 - x2-x0+ 2x3)xc =I = rex -> solne x = 0,335

Acid-Base Equilibria (S-5 Reaktional always six par, neurale

AcidE gives It in water increases (1300] concentration HCl+H2O > ClO + H30P

BaseI takes H in water increases [OH0]concentration NHz+H2O Y NH +OHO

Autoionisation of water HCl(g)+NHz(g) I NHuCl(s)

HzO + H2O E H3OP+OHO kc=[10Y'LOH"= kw = 1.0.10% (25)= LONYCHOF
LignorepureNET)]

when LM30%=LOHO] solution is neutral strong acid: gives up all it to form AgOt, fully ionized
if (Azot] increases, LOHF] decreases yea ↳ weak acid: partially ionized, my of HANA

HoO"] >COH "acidic"

I
For bases HA without acrdidy: conjugate Base is stranger, accepts

(H30] <COHT "basic"
always (Mso]. (Ott] = 1.187

have it so gaw is left

) genericacidand " GGW regel (Bircher)
HAcap + HeOcel - ACal +HsOTcan) Kacid=CAT [HgOt] search reactals on SB-Chart

Acid Base conjugate conjugate 2HA] draw
immaginary liveBase Acid He left away be pure

C
gives HT

away
7

takes
H

↑

d
GGW right

-/queric
Base

L

-

Gaw left
&lagt HzOCE HBYan+OH-cag UBase = [HBt]COH]
Base Acid conjugate conjugate [B]

gives
Htama,

Acid Base each Base has a conjugate acidT 7

takes
H

Acid has a conjugate base
the strange the acid, the weaker the conjugate base be



pH-Scale p23=-lag3]

pH = -logno [HzOT] c (tbo(oN) = 117 pkw =-log 3kw] = 14=- log (OH] (A0Y] = 14

pH 7 = neutral if (H3OY] = 1.10
-3 pOH=-logLOHt], pH=-log (HsOT]

pH >7 Basic
the [Ot1] = 1.10-11

pH<7 Acidic
73-11 =-1)

pH + pOH=14

A b

ka = CATCHgOT] pka = - log(ka)
2HA]

The larger Ka, the strange acid
The smaller pka- the stranger acid

up = <HBt]COHS
pUb = - log(Kd)

[B]

The larger UD, the strange base

A B
The smaller pkp -> the stranger base

pH = pks Acid half ionized
when pH = pha

pH< plis Acid mostly exists as Al
-log (MsOY=-log / (ACHOT = (HA] = (A

PH <pls Acid mostly exists as HA

A pris small B

PKB Big

Plis Big B
I strong acids are immediately converted

A into ASO and their conjugate pair
Plb small

respectively, so the strongest acid
in an aqueous son can ever only

Common-Ion effect be MgOT Same goes for bases and OH

CHsCOOM (ag) +HeO(l) <CHyCOO-(a() + H3OY(ag)
add strong electrolyle: CHyCOONG CommonFon effect
CHICOONa(ag) + HeO(l) >CH3COO(ag) + NaT(ag) Wherever a weak electrolyte and a strong

electrolyte containing a common too, are
I shifts equilibrium left,decreasing [AsOt together in a soln, the weak Electrolyte
- equilibrium constant does not change, ionizes less, than if it were alone in a

only relative concentration of products & reactants solution



Buffers
Protect against pH disturbances and maintain pH (over a ray)

CHOY = 4s tHASsets pI weak conjugate acid/base pair protects against (M30% or COHT
as long as Disturbance is

CHsCOOH +H2O <CHC000 +HyOt small relative to CHAJLAS
I small pH change

CAscoo0+O*<CHsCOOM +H2O Disturbance extra HyO
~

CHC00H + OHO <CH100- +H2O Disturbance extra OH-
--

calculate Byter
can true Buffer with common-ion effect (add MA) to increase (A

PH =pka +log (Base to effectively resist pH changes in both directions

CHA]=CAT E pH=pKa
Blood is buffer too, using HeCOs, HCOs

Brousted - lowy acid-base theory
A bransted lorry acid is any species thatcan

donate if to anothermolecule. Brousted base is
the H accepter. Doesnt need to bewater

Sample Problem: given: (H200H] = G,1M, pH1 = 2,38, ag.soln calculate Ka.

HC00N + H2O X HC00- +MsOT, pH=2,38
- 2,38

ka =2130*][+(200-] pH=-logno (MsOt]
= 2,38 (F) (Ng0T] = 10 = 4, 2. 183U

[HCOOH]
~*

ignore antionization
HCOOt I HsOt Ac00

-

of water initial concentration was 0,
[C]init 0,1 I O O so this must be the change

in concentration of tg0
delta (c) - 4.2.183 * 4.2.183 +4,2.18-3

equil. (C) 0-4.2.18314,2.103 4.2.10' =>ha flson) (HC00Y = M,2.10%(4,2.103) = 1.8.1

Sample 2 given: (HCNJ = 0,2M, calculate pH

HCN+t2O X IN+HgOT kc = (CNY(Hoo4,g.18
HCN < Igot CN- by substitute concentrations with X

initial (c] 0,2 Y O O ka =x.x
=4,g.1870

0.2 - x

delta (c] - X +X + X
=A solve ParX: X=9,9.10M = (HOT]

equil. (c) (0,2-x), x X

=pH = - log (H30T] =- (ag(9,9.15) =500



Electrochemistry (Redox) (to the Lion says GER
or Numbers Atomwith higher EN takes In Son of of Numbers equals let change
Atoms in elemental farm: O -H

+Ox NumberH +

=80-H000H
Monoatemic lous: iania change +40 N+V X

Reduction,takes e
-

Nonmetals in ionic/molecular compounds negative of Number
id, I ↓Oxidation,gives e

0-I exept 05
H + exept bonded to retal-I ng(s) +Ec(ay)-gcE cap) + f2(a)
F- I always

Cl, Br, I-I exept bonded to Hydrog Mg oxidized My reduces +1; Mg is reductant
H reduzed: Hoxidizes Mg; H is oxidizer

Procedure for aqueous sole

1)Divide an into oxidation half reaction
and reduction hall reaction

2) Balance Elements other than H and O

Balance O atoms by adding AO as needed

Balance it atoms by adding
it as needed

Balance change by addly as needed

3)Multiply two half on by Integes to

equate et lost & Gearedby adding he

4) Add half on and if possible cancel

5)
species appearing on

both sidesby adding I

Check to make sure atoms and

charges are balanced.

What it sole is basic?

1)Balance hall runs as it they
occur in acidic solv

2) Count Number ofHin each

hall on, and add some number

oof to each side

-> neutralize Iwith CH-
-> equal HT and OH on some

side farm H2O
-> cancel out any 120 that is on both sides

3) Multiply two half on by Integes to

equate et lost & Gearedby adding he

4) Add half on and if possible cancel

5)
species appearing on

both sidesby adding I

Check to make sure atoms and

charges are balanced.

·

2



Voltaic Cells

Redox is spontaneous if SGCO

Spontaneous if the other metal is below it

zn(s) + cnY(aq) -> zn-(aq) + cu(s) -

Redox Regel (Bircher
search reactants on Redoxtable

draw imaginary line
-

N

-
on is spontaneous

1

L
run is not spontaneous

any metal can be oxidized by element below it

Electrodes
Solid Metals connected to external circuit

In cu-En example, electrode materials participate in the but not always EMF= Maximal Poletial

In Anode losing mass (gets dissolved) (n Cathode gaining mass Difference between
two electrodes

Electrolyte
Liquid with ions that can conduct electric current
To maintain charge neutrality, ions need to move in electrolyte

Salt bridge
Tube containly electrolyte solution,allowing ion migration
Electrolyle can be a gel to stay in tube
Arious move toward Anode, cations have towards cathode



Energy and Batteries

1V = 16c0reg5(errgy Ihad I
Voltage is a potential Energy differce per change when we

Godlifefor meand
compare two points in a Circuit. Here we are comparing Arode
cathode to mode on a one volt battery

Cell Potentials

Cell Potential:

Ecell = Erred(cabnode) - Ered Canade)
reduction is reverse of oxidation, minus because
oxidation actually occurs at made

EceR = Voltage of cell at STP
- to be useful Ecell>0 (by convection)
-useal means etflow spontaneously from Anode to Cathode to do work

-Electrons have higher Potential at Anode and How to Cathode (SHEC
Edell is "intensive" quantity - does not depend on size of system

Ered = Potential Energyavailable if reduced
- Hall cell potential cannot be measured directly
because we need full cell to measure something

- But can Determine Ered for any half reaction by measuring with SHE (standard Hydrogn Electrode
-All half-cell potentials listed as reducing potentials, but half-rans are reversible,
depending on what half-cell it is connected to. More positive Eved means greater
tendency for reduction

voltaic cell = Galvanic cell



Oxidizing and reducing agents standard Hydrogn Electrode
SHE. at STP

can operate as Anonode or cathode

·Depends on other hall-cell

GibdS

sci - r FEcel if
Eell >0, AGO

sa=oprx
F= Faraday's constant spontaneous
= 96,485ofer
↑= positive unitless lumber

robes of extransferred it chech units it-aV =0
↓alanced sell oxe

kc
=Et

Big Picture
- By combining half-cell runs, we can design battery
- Lithium is mostly oxidized; Ejed = -3,051
↳ makes sense -> used in normal batteries

- is instead of extracting work,we apply external potential (Voltage)
-

recharge batteries by "reversing" chemistry
Related topics: fuel cells, electroplating, corrosion


