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Chemical Representations

Reprazaniaiional:
chamical formuias, squedlons
|C_H¢+202 3 G0, + 240

A
/ Ghemislry\

Submlcroecopls: H
atoing, molacules S
Maéfosoopic:
?:5 a0 [ﬁj Es eyyrerimentsl
L o i

. Central to biclogy, physics, engineeting,
peology, environmenial scienges, material

SCLEMGE ’

Chemical Industry

— Druga

- Cosmetics:

— Plastics, coatings, malarfals

— Pedrochemlcala

- Agrochemicals

- Food Sciance

— Ele.

. [Hfferant b can be ysed to change unlverse

« All-ancompassing

Chemistry: The “Central' Science?

f\/1



Liguids

Fixed volume, but adopt shape of
zontainer

“Wet”, paurable

Heating = vaporization {boiling}

Cooling -» freezing

Gases or Vapors

M6 fized velume or shape, assume shape
and volume of container

Conling ~ condensation

What is the difference at the
molecular level?

Moleculas are alwsays in miotion: kinetic: anergy

Malacules are atirected to each other
finterrolacu ar forces)

Amount of motion related to substance and
temperature :

Solid

+ AtomnsimolecUles very clozs to sach othar in
crystal |attice

r Fixed positions relative te aach other

+ Molgcular motion: vierational only




Waker Dclaner
Water 2 e
crystal . -

lattice : _,;,f?..-_-éés s

11y aTksure

Energy and Molecules

Energy and phaseas of matter
Moleules are ahways in motion: kinetle shergy
Arnount of motinn related to tempsTature

Solid: crystal [atitee, malacular
motion is pradominantly vibrationz]

LI Linuid; meletules [0 cloga proxdmity,
%g{p‘.-., molesular motlon |5 vibrationsl,
& ; ratatlomal, transletichal

Liquids

Rotational motion: melecutes can rotate in

spate (spinning) QC/Q

Transiational motion: molecubas move
relative to each other




Phase Changes

Mualecular motion (Kinetic Energy, KE}
increases with temperature:

KE o Ty, (Kelvin scale)
KE = % m?
m = mass, ¥ = velocity
{Kinetic Molecular Theory)

Phase Changes: Solid -> Liquid

= Solid: vibrational motion increases with
femperature untll energy overcomes
intermolecular forces to some extent.

+ Lattice coliapses but molecules still in
close proximity.

+ More molecular mofion possible
{rotational, translational)

+ Liquid ensues

MELTING

Phase Changes: Liguid - Gas

« Liguid: motion {vibrational, rotational,
translational) Ineregses with
temperature.

+ Malecules eventually have enough
kinefic energy to campletely overcome
intermolecular forces.

= Molecule escape Info gas phase.

VAPORIZATION
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Volume (V) and Temperature (T}

As Tincreases, malecules mova faster.

To maintain same pressure, number of
aollisions must remain the same, thus v
increases

$ 1 :222 3 I Diractly propartional

AssUmes constant pressurs

Volume (V) and Number of
molecules '

Two samples of gas atthe same P, T,
ana Ve i

same number of collisions
same number of molecules

Properties of Gases

Explain each of the following:

Ballpons hung outside in the sunshine pop.
& hiot gir balloon fses Up i the air.
Collapsing can.

Balloan in liguid nitrogen (video,

Your water hottla shrinks when yeau fly to
Drallas.

Howe wel pull Tguid wp in e stray.

¥. How a siphon works,

e i

i\vm'



. Gas Laws—CQuantitative

« olume and amaunt are directly proportional:
V=0C,xn

mass (g) Yol (k)
1.3 17
2.4 31
5.0 34
g4 43

Gas Laws—Quantitative

+ Prassure and Tampsrature are directly
proporfonal: P=Cyx T

+ Presaure and vulu@e ara [nvarsaly
proporfanall po ?2

» Yolumne and Temperature are directly
propartional V= Cax T

» Walume and ameunt are directly proportional;

V=C nn

Gas Laws—Quantitafive
pocxT P22 V=Cox T
) Voo W=Cen
Vﬂ&
=)

_CpxTxn

W
F

PxW=n % R¥T |deal Gas Equation (Law)

Im= 328"

12



Malecular Effusion and Diffusion

Effusian: .
san _,.L__.-/,
T

Diffusion . o
qu 44

a
<
o

Dg e}
] &
Fe sl X
= o av &
20 9

Molecular Effusion and Diffusion

Effuzion & Diffusion ere dependent upon:
+ Temperature (hotter = faster)
» Molecular Size (blager = slower)

Properties of Liquids

Intermolecular attractive forces (IMAF}
Forces between molecules
— “Like dissolves like.” > sirmilar AR
— Sfronger forces

« Lamer molstuiss
» Palar molecules (ke watan

N4



Vapor Pressure

P

pTasTT

When P, = Pay! “boiling”
Bubbles of gasin Yequid

Explain the following...

. How a pressure cooker works,

Why it fakes longer to cook rice or
pasta at high altitude.

How we were able to boil water with
ice.

IZE

Heating Cuive VT—
Liquid water & .
| vapor (vapartzation \-.

o
s T
g1 Linuid weale
. E =5t i r
§ a0t
= 25

ot ] .

05, lese B [leguid werbar meting

] // Healaddad {al)

e



Phase Diagrams

'I .
'|

Temperahra

18



- Measurement, Error, & Uncertainty

Crvearnviow
+ Linits in charmistry
» Graphs

» Scientific notation & Orders of
Magnituda

+ Error and Significant Figures

Units

Wetric system: 51 = Systéme Internationale
Length:
meters {m)
centimelers {cmy 100 em=1m
Millimeters {rmmy 1000 mm =T m
Kilometers {km) 1000 m =1 km
Temperature:
Kelvin (K} =°C +273.15

Units

Mass

Grams {g)

Milligrams fmg)  1000mg =10

Kilcgrams dkg) 1000 g=1kg
Wollme

Liters (L}

Millilitesrs fmil) 1000mL=11L
Time

Sec (&)

L



Graphs

Reading graphs

TiEhl

EERs
= l.\:i%il i i e
Sl e

g T TR
T

Qzone Levels ...

1oz

Froblerm 2 ]
a} VWhai lime of dav are azone levals at theair lowest? :
o} Whattime of day are azone levels ak their highesi?
¢l Eflevals = 84 oph are consldered hamiul, what
percentage of the day hes levels abova *harmful™?




Problem 3

Put the following numbers into scientiffc
notation

a} 346,000,000,000
b} 0.00049100

c) 0.000000005664
d) 340

Problem 3

a) 346,000,000,000 = 3,46 x 1041
by 0.00043100 = 49100 % 10+

¢y 0.000000005664 = 5.664 x 10-°
d) 340=3.4x 10

Significant Figures and Error

E.q. Density calculation:

22 g has volume of 19 mL
Density = 1.157394737 g/mL
Mot truthful valis

Frecision vs. Accuracy




Precision vs. Accuracy

hiag

bias

Back to Significant Figures

* Place holoass: nol significant

v Agtial values or illustrating precision:
significant

E.q.

45,600 ws, 456000

0.0057 we, LO0STI0

Sclantifie notaticn solves saue

2.34 % 10 compared to 23400 x 104

-

Full Disclosure

+ Gignificant figures: cruds approach

+ Standard deviation (statistics) more
appropmate

+ Error values {errar bars on giaphs)
344 L+ 0.04 ml. implies ranga 2,40 — 3,48 mL
If erar were £ 0.1, could only rapart 3,4 = (.1




Atoms and Atomic Theory

Crvengl e

= Atomic Structure {protons, lectrons,
neutrons)

= Isctopas

= The Mole

« Electrons and Atoms; the use of Models

+ Eleciron shells, energy levels

“hstol

Characteristics of Atoms

- Afoma possess mass

v Atons contain pastise nerclei

v ftoms gontain electrons

« Atoms oocipy volume

+ Afome have various properties

« Ateme aftract one another

- Atoma cat sombine wilh ene enother to form
rolaculas

Atomic Structure

+ Atoms
- Nucleus: protens (+) and nautrons ()
— Electrons (-]
+ Protons
— All atoms of same elemant faye same
number of protons
— tumbar of protons in the nueleus defines
the afement
— Atomie number (&) = nuclear charge




Problem 1
Complate the following table of sotopes.
. -
Symbal #F‘ #n nurnn;‘:t N’:I‘:I?Ef
]
Al 12 |13 | 13| 26
6 BE- 3T a7 BA
Rb ar 43
17 18 1T+ 8=
3501 1? 35
Atomic Weight

Weighted average of all naturally
gesuing isctopes

« Mass number = n + p, wholé number,
particular isctope
« Atamic weight, decimal,
— Combinetion of all sotopes naturally feund
— Haz i ba determined axperimentally

Atomic Weight

063 % N 14.00307 aimu
QA7 % BN 1500011 amu

0.3333{14.00307) + 0.0037(15.0001 1) = 14,0067

=14 (H amu

.



Problem #3

al How many tires are thera in 4.5 malas aof
tires?

by Haow mainy moles of 14 5 Wb's do you have if
yau hawve 5.6 X 10 M & W'sT

oh  How many moles of Hellum do you have if
you have 1.3 x 10% atoms of Halium?

di How many atoms of calelum do you heva if
you have 6.0 males of calsium?

Problem #3

a) 4.5 moles of tires % 8.02 X 102 =
b} 5.5 X 10M M & M's

¢ 1.3 % 102 atoms of Hellum

d) 6.0 moles of caleium

Electrons and Atoms

+ Electronic structure

« The Bohr Model (flawed but functional)

- How do scientiats [chemists) use
models?




Law versus Theory

Discusa each of the following terms fas s
typically done In society) Glve an
example of each.

a) Law

B} Theory

Scientific Perspective

+ Law- gencralization based Upon
obseryation {measurement) to which
there ate no exceptions
~ Loy of gravity
~ 5z Laws
~ Mewton'a Laws of Motion

» Mo theoretlcal framework, empiricaily
beged

Scientific Perspective

- Theory: mods that describes underlying
ceusa of physical bahaviar (iew)

— Pradlctive
- Gogs hayond laws rem which Formulatad

— Teslubla feuparimant)
Examples

— Klnefiz Molecular Theory
— Atomic Theory

How do models ft?




Bohr Model

Line spectra
Light through & prism = continuous
Spectrum:

Bohr Modei

Line spacira
Light fram gas-discharge tube
through a prism = fine spectrum;

Line Specira (emission}

Wil light




Electronic Energy Levels

Filling order
AE

P ki

Elecironic Energy Leveis

« Inner shell versus outer shell electrons

« Inper shell: not involved [n formation af
chemical bonds

« Oyter sheil: invelved in formation of
chemical bonds

« Cufer shell = valence electrons

11



Problem 4

a} 5, 16 electrons

&)

Problem 4

by Na, 11 electrons

Problem 4

b} Na, 11 eigctrons

13

W\



Probability Density Functions

3
2p P

Mode: area ed
@ alasiran
density

Link 1o Ron Brneharts pags

lons and lonic Compounds

lon: gained or lost electrons fo be a
charged species (NEWVER PROTONSH

Cl+e > CF anjon: wohy
17t 7
17 & 18 &

Ma -» Ma*+&  calion: +ohp

Hat wilh O+
11 p* ilp
”2_ 11]2— BaCl
Frohlem 5

Complate the following table of ions:

Symbal 1 #p #e
Al
Br

16 18

12 10




Nuclear Chemistry

Overylen

+ Radinactivity
w Alpha, beta, and gamma radietion
— Puositron amlzsien and K-caphire

« Half-life

Fission antd nucleaf weapans

Huclear power

+ Mass defoct

+ Fuszion : -
Radiatlon and humans: henefits and risks

bl Chom |

Nuctear Stability

Strong nuclear force: holds nuclel
together, neutrons invelved

As 2 T more and mare neutrons are
needed to balance increasing number of
profans,

Neiron fo proton ratio: g-

Rad lna:nip =1

I TR, A
2

WU T W T B PO P
AR o W A e
et i




Alpha Emission

Commaon when £ = 83
Mo nyclous: 2 protons + 2 neutrons

238 q 24
el ;He + Z'Th.

sl
Bp ——— 2p Hp unstatie
146 n an 144t

ey A 0
an Th S He + Fa

Problem 1

Determine the praducts and write
reactions for the alpha decay of the
following:

al ™Ra

b) #2Po

Beta Emission

1

i 1
Dﬂ—‘rvE‘F 1p

1
fa i 14
g -1 & T

Bp T
in ™n
230 i 0
o Ra— g t g Ao
aap Eap

1421 141 n




Half life

Way of exprassing rates of radioactive
decay
t,, = time required for half sample to decay

HaM It

Haif life

Shorter half life: more radicactive, less
stable nucleus, shorter life

Longer half life: less radioactive, mare
stable nucleus, longer life

Radio-dating of arifacts

Problem 3

a) ¥ has a half life of 8.04 days. {f you
start with a sample of 20.0 mg, hiow
much | left after ~32 days?

by About how long would it take for the
sample size to dwindle down to < 1
my?

Yo



Fission: Harnessing the energy

Sub-critical: not ensugh free neutrons to
maintalt reaction

Critical: just encugh free neutrans to
maintain contreled fiszsion (nuclear
power plant}

Supercritical: so many neutrons reaction
goes out of control (atomis Bomis)

Sustainability

Nuclear Power: Controtled
Fission Reactions

Fia |

Maturat abundance: < 1%

Fuel grade: ~3%

Weapons grade: ~7%

?C}



Reactar Core

MNuclear Fusion

Nuclear Fusion

The s
H+ H= *H+ Je
H+ *H— iHe
IHe + IHe— iHe +21H

a 1 £ 1
iHe + H—> ;He+ e

9%1—



Tissue Affected

External: gammma iz the most damaging
Internal: Alpha (size)
Radon gas .
“eRnig)— ;He + iPo(s)

S0Er (B mimiss Ca inthe body

116{
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Periodic Table

« Metals

Nonmetals

Iain Group

Moble gases

Transition matals

+ Lanthanides & Actinides

Metals

Nonmetals

L"-'L_? fl {:‘; ff’i {

N
SN

'4



Lanthanides and Actinides

lonic Charges of Main Group

Main Group lons

+ Group 1and I catiohs that carrespond to
group number
—Ma*, Mg®, 82t _

« Group 11 Al (Ga): Group number: AR

+ Group [V na manatomic iong

» Growp W, W1, VI anions that are 8 — group
number: N* 5% Br




Periodic Table

Scientific Theory

—Prinalplas that explain observatlons
grzociated W laws

—Testable and tostad
Prerlodic Table
- Mendeleay & Mayar
-~ Empirlcal obaetvations
— Atomie Theory came much later

L.

Periodic Properties. Atomic Size

Atoms are not bitliard balis,

Radial Electron Density {Atomic Radius}
Effective Muclear Charge, 2.4

Z =number of protons

Zy<Z

Shietding or screaning by inner shelt
glectrans

Atomic F{a&“ius\

W

f\ A | Muzlear charga 15
h\,ﬂg"‘ll ! | screened by inhar shel
&t | ! elacirang

L=l




Problam 2

lonic Slze in an Isoelectronic Series

Isoalactronic Saties:
M- % F~ Me Na® Mg? AR

} size depreaass M.>

Sata electron eanfiguralan
Increasing £

Pariodic Fraperties; lonization Energy
\onization Energy;
Mo+ energy = M te

b

fonization enargy, 1,

M* +anargy = M +e I,

A3 2t I T Phoioelectic effect:
]1 = El'm:h




lonization Energies

Atorn | 1y [ Tg | [, || T |
Ma 33 d380 | BBz | @94 [ 1225 [ 1ERD | 2015
I"-"Ig 7B 1450 | 700 | A0S0 [ 135 | 17988 | 21,704
Al 57H 1220 | 2TE0 | ALAGO | 14,500 | 134300 | 235,300
8 185 130 | REM) | JA6D 16100 | 18500 | 23,600

=] 42 | 10k | 2210 | 48R0 | G370 § EA.500 | 5400

{Other Pariodic Trends

+ Physical properties
+ fon formation

= Rea

clivity

{Other Periodic Trends

3 | Akali metats

4] -vary raaciive wilh Oy, watar
IR -y, 401l mGtals




Maolecules, Compounds & Chamical
feactions

Orrenview
+ Compounds
- Farmulzs
— lanl: Cempaung s
— Molecular [zovalend) compeunds
+ Melerular weightimolar mass
+ Covalend Bonds
- Bondirg mcdels; Lawis, WIEFPR, abo
- Malsasar geametty and chemical properiss
+ Chamicat reactions
- Ba'ancing equations
-~ Maler refatianahipa

Chemical Representations

Sukrnicragcapic:
akars, motacules

%2 oo
B e —

Compounds

+ Atoms are typically bound together in
mzlecules

+ Mable gasss axist as individual atoms,
muoet other elements found as
compaunds

Muare stable

— Fanrming a bond: rateases energy, less
stabls to more stable

— Bresking @ bond: raquiras energy. more
stable to less slable (misconceplion)

-




lonic Compounds

+ |anic compaineds are made up of ians
held together by alectroatatic forces:
ichic bond=

« Cation (+) & apion {-}

» Cation (metal) + anion {nonmetal:
rronatamic ar polyatomic)

Ma® + T - MaCi

Crystal Lattice—NaCl

MaCl: rafio of atorms in the lattice

lonic Compounds

+ Drigsociate when they dissolve in water
AT 3 -
Nat| Na*iﬂ-‘l] + Cl [aqh




lonic Compounds

Balance anian with cation e a neutral
charge:

magrasium oxidea:
fg®* with O g

afuminum chicride:
AP with - AICL

Problem 2

Whrite the ionic formufas for each of the
forllennirig:

al The compeound that magnesium
makes with chlorine

k) The compound that Fe™ malkes with
axygen

e} Sedium flucride

d} Cesium oxjda

e] Copper {|) sulfida

IF'robfem P

Wit the ionic formulas for each of the
feallinicy;

a] The compound that magnesium
makes with chiorine

b} The compound thal Fe™ makes with
axygeEn

¢l Scdium fuoride MaF

db Cesium oxide

e) Gapper {} sulfide i




Froblem 3 Write the icnic forrmulas for each of
tha followaing;
a1 Magnesium phosphate

b1 Ammanium carbonats

) Sodium sulfile

Problem 4 Writa the names for the
I‘GHDW"'IQ:

a) Maho,

bt K50,

o) FePO,

Covalent Compounds

+ T ot more nenmsdalz typically bond in
covalent bonds

Sharlng of electrons {nat always acgual

sharing)

* Bglecaylar farmula: acival stoms in molasule
(rather than ratla)

v Myl glucese

CH,; O formaldehyde

Molecular formula care’alas 1o malad ratio

7L



Froblem 6

a} How many moles of H are in 5.0 moles
of BH,?

by How many moles af Gl arain 120
males of C,H,ClL7?

Problem 6

a1 How many moles of H are in 5.0 males
af BH,?

by How many molas of Ol arein 12.0
moles of G,H,CL7?

a) 1HmAn,

T MR, T

Covalent Bonding

» Sharing of valence eleclrons
+ Man-matals
= Mary models
- Lewis sfreciures: numb<r and ypes af bords
- W5EFR [walenzz sheli electron paic repulsion}:
emgirical madel thal predists molecular geomelny
— Valencs Bond mocsl descrihes nature of bonds
ared predicts reactivily
— Maolezalar Drkilal ik se-y: gold standard of
urderstanding bonding, bus requires high levsl of
mathamatics {ea culuz. groua hecry)




Bonding

Wyhy do honds farm?
A+ B vg, A—B

higher £ Igiezr E BOMDy
H+Cl vs @
rreferred

Valence eleciions

e | Pe- | de | de | Be- | Ge- | Ve~ | A=

H Ha

Li [Be | B [C[MN|[O F | Me

Ma | Mg | Al [ SF F 1 Cl ; Ar

lLewis “dot” structuras

F =
7 valense electrons S valence electrons
F Fo e
| [N
Svalence elactrons B valence electrans
Pz 2lectrons in singly BT pairlng:
G




Froblem 8

[ R L

Covalent Bonding

+ Sharing of electrons

Covalent Bonding

v Eharing of electrons

H:0:H
ke Ne

13



Froblem 9

Worite the: Lenwis struclure for gach atom in the
greug of atoms given. Then figure out how
they might band togather eovalently to fonm
A ztabla compound [ocletidyed),

a) G, Gl F, i, H{central C gt

b} M, 2H's, Cl [central M atom)

c) Pand H (use as many H's a8 you naad)
dl 2C'sand g H's

e) O, F,Hcentral

Praoblem 9

a)

Froblem 9

k)

13



Froblem 8

&)

Multiple bonds

Same atams form double and triple bonds
GyH,

Multipie bends

17



Mulfipie bands

tripla bonds
CZHZ

Multiple bonds

G5H,

Hﬂéié ‘H

Multiple bonds

LM,
A

H:C cH

)

19



Problem 10

Cwaw the Lewis structure for each of the
atoms in the farmula below. Then
draw the Lewis structure for the
molecute.

a) HCN (central C)

By CH.O {central G

o) GGl

d) HMNO (central N}

Froblem 10

&l

Prablem 10

a)

21



Problem 10

d)

Praoblem 10

d}

| Molecular Geometry {(VSEFPR)

Walence Shell Electran Pair Repulsion
Eledron bonding pairs repel each qgther

Adopt geomatry to maximize their separalion
dlstance,

Treat multiple bonds as if thay wers single
glegtran pair.

GH,  lefrengdral 1':'3'51./ i
l ! 2.
O

23



4 electron pairs

. yooo
4 bonding: tetrahedral ' ]
H—?—H
H
1 banding (1 nonbanding):
tiggana| peramia H——-H
f
H
2 bondling 2 nonberdingl 1 y_p
*bent” or nonlinear -
Problem 11

Givan the following Lewis structuras,
pradict the thrae dimensional molecslar
geotretrny,

al H—l}l—ff‘:i: by :55::]“:?;':
:F:f: : ,Cflt

~roblem 11

2

b

- 25



Prablem 12

g

g jFarmula| B | MB |2-geom|Mdec | Bod
r=gicns j a0, L]
o sz o O finga | liear 13
. Trg Trig. 120%
3 'AX*-" 3 o plaa- | plarar
Trig. Benl 12
3| ax, [z ]
4 ﬂ:i 0 : Teba- | Tals-| 1028
Mg hedal | rawel
i Talre- | Tiig. 108,6"
4 | A%y | 3 Rl
Talrz- Bara 1048.50
4 (A%, [2] 2|

FPolar and Nanpolar Covalent Bonds

Equal sharing of electrons:

c—C

lonic bends:

ma*

Cl-

SEE

Complete transfer of elactrons

27



Froblem 13

Which of the following pairs of atoms is
the mare electronegativea?

Forf
Sroar S
SaorCs

Problem- 13

Which of the Fallewing pairs of atoms s
the mare electronegative?

Problem 14

Indicate tha palarity of the Ellewing bands
using the &+ and &- symbaolism.

a) o0
by M-F
c) Br-F

29 0\\)\



Chemical Equations (Reactions)

Ma eoshicas. Drslg'la‘eﬂh'- loled ruambsr
a_m.me ili21 o Wy rralezuled wal ress

Ralig of H:H is

N + SH > 2NH,E 13 produss

\J;—_-»\ medeaylz
regclands PREEEEE Y Tosal mclesules of
proguz fored: 2

UWIQI‘GIBS_lhB Designales lhe
alams af M i1 aloms gfdn ——

eath malecle  apch mslele QED (@

)

Chemical Equations

CH, + 0, & CO, + H0
[N — . )
reactants pradircts

Humber ard Iypa of aloms on sach side musl ba
eqlal (halance)

CH, + 0, 3 GO, + H,0

1G L X¥
4H IH
20 10

Chemical Equations

CH, + O, » CO, + HO
—_— -~
réBcdd ris produns

Nurnber and type of aloms oh 2ach sde must be
anual ipalance)

CH, + 0 » CO, +2H,0

10 1C
aH 4 H
20 40

31



