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The study of   chemistry
why chemistry is awesome:

yes, we blow stuff up
provide molecular answers
make a difference: cancer… pain… energy…
gateway to great fields- medicine, engineering,…

chemistry is : a chemical is:

the study of matter 
and how it changes

a pure form of 
matter (a substance)

ok…what is matter?

anything that has mass and takes up space.

is it matter?

a perfect vacuum?
a black hole?

religion?energy?

an idea?you? air?yes yes no

no no theoretically, no

mass: how much matter is in an 
object. Location independent. 
Weight is gravity dependent.

compare mass and weight:

o
o
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organic

biochemical

analytical

physical

inorganic

medicinal

carbon-based:
ex: plastics

not carbon-based
ex: mining

physical change:
ex: reaction rates

analysis:

Medicines:
ex: viagra

forensic

crime solvers:

what do chemists do? they all study matter

the branches of chemistry

chemistry of life:

what kind of chemist 
am I?

3

chemists 
I make aspirin: I am a 

_______________ chemist.medicinal

I make plastics: I am a 
____________ chemist.polymer

I analyze: I am an 
_____________ chemist

I study physical processes: I 
am a ____________ chemist

I study the chemistry 
of fruit flies, so I am 

a ____chemist

I study gold; this is 
____________ chemistry

analytical

bio

inorganic

I solve crimes using 
chemistry : I am a 

____________ chemist.forensic
where does chemistry fit in?

social science biologyphysics math chemistry

chemistry is the __________science

basic applied

central

physical
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the “ohec” scientific method

controls:

standards
for comparison

O

HE

C
example:

pain medication study positive control:

negative control:

ex: aspirin

ex: sugar pill

benchmark

placebo: no effect prevents false positives

oh heck I know that

all experiments need these:

supplemental terms: qualitative (___________), 
quantitative (____________), 

a tentative explanation for a set of observations.

A law is a concise  and permanent statement of a 
relationship between phenomena 

A theory is a unifying principle that explains a 
body of facts and/or laws

hypothesis:

theory:

law
no numbers

numbers

what might each letter stand for?
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gasoline;

element, compound, or mixture?

element element (Cu) compound (SiO2)mixture mixture

gold ocean milk copper glass

classification of matter
matter

mixture:

molecule

nothing is pure in this world. what can we say about mixtures?

looks pure but isn’t doesn’t look pure

homogeneous mixture heterogeneous mixture

one thing visible multiple things visible

“a solution” “a mixture”

classify a drop of blood: classify granite:

either way it’s still a mixture…until it is separated we don’t know much about it.

suggest a solution:

gas-gas:

liquid-liquid:

solid-solid:

solid-liquid:

air

soda

vinegar

salt water

brass; steel

gas-liquid:

a substance that cannot be separated into simpler substances by chemical means:

a substance composed of atoms of 
two or more elements chemically 
united in fixed proportions.

a pure form of matter: 
a sample containing more than one substance:

compound

element

substance

http://images.google.com/imgres?imgurl=http://www.germes-online.com/direct/dbimage/50204675/Huidong_Red_Granite.jpg&imgrefurl=http://www.germes-online.com/catalog/13/16/676/300882/sell_huidong_red_granite.html&h=360&w=360&sz=43&hl=en&start=6&um=1&tbnid=oJfBMNSGWt_u_M:&tbnh=121&tbnw=121&prev=/images?q=granite&um=1&hl=en
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• want pure:

• purification:    how would you separate these mixtures?

• oil • dry sand
• sugar

• method:

• each pure 
oil

• each 
pure 

solute

• you have:

• oil/water • wet sand • sugar/water • oils • ???

• decant • filter • distill • chromatograph• crystallize

http://images.google.com/imgres?imgurl=http://www1.istockphoto.com/file_thumbview_approve/783985/2/istockphoto_783985_shovel_in_beach_sand.jpg&imgrefurl=http://www.istockphoto.com/file_closeup/?id=783985&refnum=196479&h=253&w=380&sz=46&hl=en&start=12&um=1&tbnid=kAvByCkvyGyxkM:&tbnh=82&tbnw=123&prev=/images?q=pail+wet+sand&um=1&hl=en
http://images.google.com/imgres?imgurl=http://upload.wikimedia.org/wikipedia/commons/thumb/d/da/SeparatoryFunnel.svg/265px-SeparatoryFunnel.svg.png&imgrefurl=http://commons.wikimedia.org/wiki/Image:SeparatoryFunnel.svg&h=400&w=265&sz=14&hl=en&start=4&um=1&tbnid=aFrWUoqrV6JiAM:&tbnh=124&tbnw=82&prev=/images?q=separatory+funnel&um=1&hl=en
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physical vs. chemical 
chemical property:

physical property:

reacts- new substance(s) formed

no reaction- same substance all along.

burning

rusting rising

moldingflattening

boiling

crystallizing

melting

suggest the property responsible and if it is physical or chemical: 

boiling point (physical) reactivity (chemical) melting point (physical) density (physical)

flammability (chemical) solubility (physical) malleability  (physical) decomposition 
(chemical)

ductility (physical) refractive index (physical) color (physical) luster (physical)

p6

light bendingstretching observing shining

http://images.google.com/imgres?imgurl=http://metalwebnews.org/machinist/Fig2-5.gif&imgrefurl=http://metalwebnews.org/machinist/ch2.html&h=489&w=450&sz=8&hl=en&start=31&um=1&tbnid=Go0tMOEMD8jYeM:&tbnh=130&tbnw=120&prev=/images?q=ductility&start=18&ndsp=18&um=1&hl=en&sa=N
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extensive and intensive properties

melting point

density refractive
index

mass

toxicity

in

in

in

ex

ex

crystalline (shiny) amorphous (dull)

• amount-dependent

• ”extent”
doesn’t matter how much

crystalline or

amorphous?

http://images.google.com/imgres?imgurl=http://particleadventure.org/frameless/images/mass_scale.jpg&imgrefurl=http://particleadventure.org/frameless/masses.html&h=189&w=205&sz=24&hl=en&start=3&um=1&tbnid=pH1olL1fzbG9BM:&tbnh=97&tbnw=105&prev=/images?q=mass+scale&um=1&hl=en
http://images.google.com/imgres?imgurl=http://img.tfd.com/wn/05/BFE0F-mainline.gif&imgrefurl=http://www.thefreedictionary.com/mainlining&h=135&w=135&sz=4&hl=en&start=6&um=1&tbnid=ZvzgG5bzOqErtM:&tbnh=92&tbnw=92&prev=/images?q=mainlining&um=1&hl=en
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melt

boilcondense
deposit

cold

hot

liquid

solid

gas

phase 
changes

freeze

sublime

ionizedeionize

plasma
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organic functional groups

The groups shown above generally contain more hydrogen and less 
oxygen as one reads across from alkanes to carboxylic acids: they become 

more oxidized. 

Each student should be able to recognize and draw these functional groups. 

O OH

NH2

O O

O

O

NH

O

O
H

O

alkenealkane
alkyne ether alcohol

amine amide carboxylic acidaldehyde ketone ester

what types of organic 
molecules are there?

Here are the skeletal formulas of some common types of 
organic compounds, known as functional groups. 
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s.i. units: le systeme internationale

kilogram
mass

second
time

meter
distance

candela
brightness

mole
amount

ampere
current

Kelvin
temperature

combined Units:

speed acceleration densityvolume density formula:

s.i. units

m
s

m
s2 cm3

g
mL

density = mass
volume

http://en.wikipedia.org/wiki/International_System_of_Units
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13.5 g of aluminum has a volume of 5.0 mL. Density?

what is the mass of 2 mL of aluminum?

= (2 mL)(2.7 g/mL)

density
= mass/volume

density = mass
volume = 

13.5 g
5.0 mL = 

2.7 g
mL

d
1 = mass

volume
; m = vd = 5.4 g

g/mL

0.0000890
0.000143
0.000196

0.789
1.00

13.5

2.70
7.50
18.8
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giga (g)billion (109)

1

million (106)

thousand (103) kilo (k)

centi (c)hundredth 10-2

milli (m)thousandth (10-3)
millionth (10-6)

billionth (10-9)

unit prefixes
mega (m)

micro (m, “mew”)
nano (n)

hundred (102)
ten (10)

tenth (10-1)

deka (da)

deci (d)

hecto (h)
1 L

250 ml

500 ml

100 ml

25 ml
50 ml

10 ml
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temperature
Never negative…better for math.

25oC = ?KK = oC + 273.15

Kelvin….why?

0F to 0C:
°F to °C

Deduct 32, then multiply by 5, then divide 
by 9

°C to °F
Multiply by 9, then divide by 5, then add 

32
°C= (°F - 32) × 5/9
°F = ° C× 9/5 + 32

-40oC = ?0F

-40oF = ?0C

x 9 = -360, /5 = -72, + 32 = -40 0F 

-32 = -72, x5 = -360, /9 = -40 = -40 0C 

K to 0C: = 298 K

S.I. unit: 
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scientific notation
for big and small numbers

10,000

always 1-10 always 10x
draw a line to make it 

between 1 and 10; count 
to decimal point.

= 1 x 104

-2860

= 2.12 x 102 .0097 = 9.7x 10-3

602,000,000,000,000,000,000,000

= 6.02 x 1023

= -2.86 x 103

212

= 9.742 x 10-4

.0009742

(2 x 101)(1 x 101)= ?

(3 x 10-2) x (-4.2 x 10-4) = ?

how do you enter 6.02 x 1023?

2E1x1E1

enter 3E-2x-4.2E-4

entering scientific data on your calculators: 
use the E button: 3 x 108 = 3E8

may be E, e, ee, exp; often requires 2nd button (yuck)

6.02E23

translate: 3E-0.42
3 x 10-0.42

= -1.26 x 10-5 or -.0000126

find change sign button (+/-)

= 200 or 2E2 
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accurate, precise, or both?

accurate:
not accurate

precise:
accurate
precise

not accurate
not precisecorrect

qualitative or quantitative?
several arrows 3 arrows

qualitative:  no numbers quantitative:   numbers

consistent repeatable

ok…but why are they used interchangeably so often??

accuracy:

precision:
:

The quality, condition, or fact of being exact and accurate.

The quality, of being correct o precise.

https://www.google.com/search?q=precision+definition&rls=com.microsoft:en-us:IE-Address&ie=UTF-8&oe=UTF-8&sourceid=ie7&rlz=1I7GGHP_enUS448
https://www.google.com/search?q=precision+definition&rls=com.microsoft:en-us:IE-Address&ie=UTF-8&oe=UTF-8&sourceid=ie7&rlz=1I7GGHP_enUS448
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unit conversions

a.      7.25 dollars = _____ quarters x

1. start with
what you are given

3. multiply using
conversion factors2. estimate steps and 

write the final units

4. cancel your 
units.

7.25 dollars 4 quarters
quarters=

b.    1,285 quarters  = _____ dollars

dollar

x1,285 quarters 1 dollar
dollars=4 quarters

1 mile
1609 meters x 1 hour

3600 seconds

meters=
second

c.  65 miles/hour = ______meters/second  (1609 meters = 1 mile; 3600 seconds = 1 hour)

65 miles

hour
x

d.  Most gases occupy 24 liters per mole at room temperature. Given that carbon dioxide has a molar mass 
of 44 grams per mole, what is the density of carbon dioxide at room temperature in grams per liter?

1 mole
44 grams x 1 mole

24 liters

grams=
liter

29

321.25

29

1.8
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when measuring: 

significant figures
volume?

32.0 mL

why is it important to line up 
level to the meniscus?

to minimize parallax
how does this device 

minimize parallax??

mL

no reflection when aligned

include the known digits 
plus one estimated digit.

# sig. figs (sf).number why

32 2 “non-zero numbers are 
always significant”

0.0323 3 “leading zeroes ar never 
significant”

3.004 4 “sandwiched zeroes are  
always significant”

300 1 “trailing zeroes are only 
significant if there is a 
decimal place”

300. 3

300.20 5 .030690

dump
keep

keep if decimal present
5 sf

how many significant figures??

rounding:

+,-
x, /

5 or >: go up

s.f. based on 
decimal places

keep fewest sig figs

ex: 2.25 to 2 sf:

ex: 4.16+ 3.3 =

ex: 666 /333 = 2.00

7.5

2.3

infinite sig. figs. for counted or defined numbers
ex: 3 oranges… 12 in = 1 foot

round as you go? nope only at end

how many extra digits should I carry along?

at least 1 guard digit, more is ok

combinations?

apply the more stringent rule at end.

ex: (3.111 + 5.03) x 33 =
raw number is 268.653
needs 2 decimal places and 2 sf….
2 sf is more stringent…
answer is 270 or 2.7 x 101
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percent accuracy and percent error

you measure your mass to be 120 lbs,
but in reality it is 150 lbs. What is your percent error?

grade: easy! percent wrong- do second

% accuracy is 120/150 x 100% = 80%

% error is 20%
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5 states of matter

hot

cold solid

Liquid
crystal

liquid

gas

plasma

no

Yes-
But

ordered

Yes

fills all of
container?

Yes

no

no

no

no

yes

no

no

no

no

yes

??

state?
fill bottom of 

container 
perfectly?

compressible?

http://images.google.com/imgres?imgurl=http://www.moonraker.com.au/techni/lightning.jpg&imgrefurl=http://www.moonraker.com.au/techni/lightning-marine.htm&h=1001&w=709&sz=89&hl=en&start=1&um=1&tbnid=oOGNIqGBrW4gLM:&tbnh=149&tbnw=106&prev=/images?q=lightning&um=1&hl=en
http://images.google.com/imgres?imgurl=http://www.vanderbilt.edu/exploration/resources/rainsplash_drop_800.jpg&imgrefurl=http://exploration.vanderbilt.edu/text/index.php?action=view_section&id=1102&story_id=268&images=&h=640&w=800&sz=89&hl=en&start=1&um=1&tbnid=L73Dwc8okR-zSM:&tbnh=114&tbnw=143&prev=/images?q=water+drop&um=1&hl=en
http://images.google.com/imgres?imgurl=http://liq-xtal.cwru.edu/LC-Image1.jpg&imgrefurl=http://liq-xtal.cwru.edu/&h=750&w=1000&sz=256&hl=en&start=22&um=1&tbnid=gItLfDcfcu6PBM:&tbnh=112&tbnw=149&prev=/images?q=liquid+crystal&start=18&ndsp=18&um=1&hl=en&rls=com.microsoft:*:IE-SearchBox&rlz=1I7RNWN&sa=N
http://www.mineralminers.com/images/phantom-quartz/polx/phqp178.jpg
http://www.daviddarling.info/images/chlorine_gas.jpg
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liquid crystals and plasmas
Ordered liquids charged gases

Nematic liquid crystal:

Linear alignment

Smectic liquid crystal:

Planar alignment
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purification methods

still in use

layer separation
for immiscible liquids

filtration: for 
insoluble solids

crystallization:
for dissolved solids

vacuum distillation: for 
sensitive liquids, high boilers

spinning band distillation: 
for close-boiling liquids

distillation: for 
volatile liquids

paper 
chromatography

for high schools…

high performance liquid chromatography 
(HPLC): for complex mixtures of liquids, 

solids.

gas chromatography: for 
gases

thin layer chromatography: 
for small amounts of solids

http://images.google.com/imgres?imgurl=http://upload.wikimedia.org/wikipedia/commons/thumb/d/da/SeparatoryFunnel.svg/265px-SeparatoryFunnel.svg.png&imgrefurl=http://commons.wikimedia.org/wiki/Image:SeparatoryFunnel.svg&h=400&w=265&sz=14&hl=en&start=4&um=1&tbnid=aFrWUoqrV6JiAM:&tbnh=124&tbnw=82&prev=/images?q=separatory+funnel&um=1&hl=en
http://images.google.com/imgres?imgurl=http://www.csiro.au/files/images/p8t9.jpg&imgrefurl=http://www.csiro.au/resources/ps244.html&h=209&w=182&sz=13&hl=en&start=46&um=1&tbnid=x94XGIdUPuVodM:&tbnh=106&tbnw=92&prev=/images?q=sugar+crystals+forming&start=36&ndsp=18&um=1&hl=en&sa=N
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still in use

melting point boiling point

nuclear magnetic resonance spectroscopy 
(NMR): chemical structure

mass spectrometry: 
molecular weight

all-in-one
LCMS

atomic absorption spectroscopy: 
empirical formula

classical identification methods 

modern identification methods (L1, honors only)

infrared spectroscopy: 
organic functional groups

10
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a brief history of      the atom 
early ideas

symbol idea, source

aristotle

democritus

inventor

earth, air, fire, and water

greek writings

the atom

no written record?

split the atom

the chemistry of happiness

400 BC

400 BC

1000 AD
their evidence: nothing!

ghazali
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early evidence for the atom

24 g 32 g 56 g

lavoisier

Mg MgS

dalton

mass is conserved atoms combine in small 
whole numbers

+
S
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thomson’s 1897 cathode ray 
tube experiment:

1. Bends “light” 
2. Moves a propeller

3. m/c indicates 1000X smaller than a hydrogen atom

proposes: The Electron

thomson

battery vacuum tube

light…?

+ pole of magnet
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Rutherford’s 1907 gold foil experiment

where are the electrons?

Most particles go right through the 
ultra-thin Gold foil.

conclusion:

1. Electrons are outside 
the nucleus

2. The atom is mostly 
space

But..No idea of electron 
organization

Rutherford

nucleus

http://www.mhhe.com/physsci/chemistry/essentialchemistry/flash/ruther14.swf
http://images.google.com/imgres?imgurl=http://upload.wikimedia.org/wikipedia/commons/thumb/c/c3/Rutherford_gold_foil_experiment_results.svg/200px-Rutherford_gold_foil_experiment_results.svg.png&imgrefurl=http://en.wikipedia.org/wiki/Geiger-Marsden_experiment&h=305&w=200&sz=33&hl=en&start=14&um=1&tbnid=uTSJ6vLwW7uYlM:&tbnh=116&tbnw=76&prev=/images?q=gold+foil+experiment&um=1&hl=en&rls=com.microsoft:*:IE-SearchBox&rlz=1I7RNWN&sa=N
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Democritus
Atomos
Evidence: 
nothing

Ghazali
Alchemist

We can split the 
atom

Lavoisier
Balance:

Indestructible
Conservation of 

mass

Mikhailovskij field 
emission electron 

microscopy (FEEM)
Atomic image 

including orbitals

Dalton: bonds
Atoms combine 
in small whole 

numbers

Thomson
Electrons

Plum pudding

Rutherford
1910

nucleus

Aristotle
Earth, Air, Fire, Water:

Phases!

history of the atom

5

http://images.google.com/imgres?imgurl=http://serc.carleton.edu/images/NAGTWorkshops/earlycareer/balance.gif&imgrefurl=http://serc.carleton.edu/NAGTWorkshops/earlycareer/balance/index.html&h=449&w=489&sz=9&hl=en&start=1&tbnid=MsXnrjnvag2FiM:&tbnh=119&tbnw=130&prev=/images?q=balance&svnum=10&hl=en&lr=lang_en
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democritus

gross

mikhailovskij
rutherford

thomsondaltonlavoisierboyle
aristotle

Imaging the 
atomic 

orbitals of 
carbon with 

field-
emission 
electron 

microscopy
2009

the structure 
of the atom

1914

on the 
structure of 

the atom
1913

a new system of 
chemical 

philosophy
1808

physical and 
chemical 

essays 1776

the skeptical 
chymist
annotated

1661

metaphysics
350 BC

cosmology
400 BC

images of a 
molecule

2013

what is everything made out of?
a history of our understanding of the atom

cryo-electron microscopy
2017

http://www.chymist.com/Imaging%20atomic%20orbitals.pdf
https://archive.org/stream/essaysphysicalch00lavo/essaysphysicalch00lavo_djvu.txt
https://archive.org/stream/scepticalchymist00boylrich/scepticalchymist00boylrich_djvu.txt
http://www.chem.gla.ac.uk/staff/alanc/annotations.pdf
http://pubman.mpdl.mpg.de/pubman/item/escidoc:1824387/component/escidoc:1824385/PRL-olympicene.pdf
https://www.nobelprize.org/nobel_prizes/chemistry/laureates/2017/advanced-chemistryprize2017.pdf
https://www.nobelprize.org/nobel_prizes/chemistry/laureates/2017/advanced-chemistryprize2017.pdf
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98.9% C-12
1.1 % C-13

“red #”average
atomic mass

U-238: if #no/#p+ > 
1.5 run!

band of 
stability

7 p+, 10 e- is____#p+ < #e-anion
20 p+, 18 e- is____#p+ > #e-cation
Na+ has __p+, __e-#p+ = #e-ion
He-4 and He-5 are isotopes#no variesisotope

2He or He-5 has __ p+, __no#p+ + #nomass #
2He# p+; blue #atomic # 

examplemeansterm
Fix  32S:

16S
5 2 3

Ca2+

N3-

a.a.m. = (0.989)(12)
+ (0.011)(13) = 12.011

146/92 = 1.59 = run!

11 10

F- and Neon both have ___ electrons: They are _____________.10 isoelectronic

atomic bookkeeping: p+, no, and e-
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determination of average atomic mass
solve this problem

isotope a 
10 protons, 
10 neutrons 
abundance: 40%

isotope b 
10 protons 
11 neutrons
abundance: 60%

Solution:

(0.4)(20) + (0.6)(21) = 

20.6 amu
a.a.m = sum of (abundance)(mass #)

what is the average atomic mass of element X?

element X has 2 isotopes:
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average atomic mass calculation consider the hypothetical element binkowskium (Bn)

P  N abundance        average atomic mass?
15 15 66%
15 17 34%

how many neutrons is too many?:
how to predict the scary elements

In general

n/p >1.5 = unstable = radioactive

All elements >82

the “band of stability”

30.68 amu



33

d: down quarks

u: up quarks

electron

neutron

proton

P, N, and E

atom

molecule

substance
matter

g: gluons

what is everything made out of?
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what do you know about   light?
how can this be? light travels in waves. 

Long wavelength     Low frequency

Short wavelength   High frequency

observation: light passing through 
2 slits can create multiple lines.: 

this is superposition

s     =      w     f
Speed of light = wavelength x frequency

3 x 108 m/s per second  = s-1= Hz

dangerous

safewhat is the 
wavelength of 
violet light in 
nanometers; f 
= 7.23 x 1014 s-

1?

s = wf

f

s
  w =

1-14

8

s 10x  7.23

m/s 10x  3
  =

= 4.15 x 10-7 m

= 415 nm

What is the frequency 
of green light, which 
has a wavelength of 
4.90 x 10- 7 m?

6.12 x 1014 s-1

introduction to the electron
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safe dangerous

often constan
t

the electromagnetic spectrum
so much you don’t see

656 nm
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hydrogen emission spectrum

wnm = 656, 486, 434, 410…what number is 
next??

Balmer Rydberg

where are the electrons?:

the story of bohr’s epiphany









−

=

22

nm

outer

1

inner

1
01097.0

1
w

Try it for 3 → 2

elements emit unique sharp lines

w = 656 nm
Balmer formula

Rydberg constant

outer inner

Bohr



37









−

=

22 n

1

2

1
01097.0

1
w

bohr sees  the connection
between light and the electron

electron emission creates light

3456
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38

+P

2

3

4

3-2 emission: 
656 nm

700 nm400 nm

-e1

-e

-e

5

-e

486  (4-2)nm

434 nm 
(5-2)

-e

410 nm

absorption: no 
light

1

2

3

4
5

hydrogen 
emission: it all fits
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energy of  hydrogen photon emission
Planck found the energy of a photon is 

proportional to it’s frequency:

s = wf
where his Planck’s constant h = 6.626 x 10-34 J s

frequency is  related to wavelength

E = hf

E = hs/w 
so hydrogen photon energy can be 

re-expressed by wavelength

s = 3 x 108 m/s

and since the wavelength of  hydrogen 
electron emission is known: 

the energy of hydrogen photon 
emission can be calculated directly: 

where s is the speed of light

wnm= 1

.01097 ( 1
inner2 − 1

outer2)

Ehydrogen = 2.18 x 10−18joules
1

inner2 −
1

outer2
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atomic orbital theory (to argon)
atomic orbitals:

# 
electrons

totalshell

level
orbital # e’s

electron configuration

“subshells” of paired electrons
paired electrons = orbital 

1
2

3bohr

after: schrodinger, 
mikhailovskij, others

nucleus

shells

orbitals

1

and p

2 s 1

2 8 s

3 s
and p

1s orbital
s2

2s orbital 2s2

2px orbital 2py orbital 2pzorbital
2p6

3s orbital 3s2

3px orbital 3py orbital 3pzorbital

3p6

igor mikhailovskij
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+1
Alkali
metals

Alkaline
earth
metals

+2

Transition metals: 2 valence electrons

+3
+4, 
-4 -3 -2

-1

Noble
gases

halogens

1 H
hydrogen

1.01

11
Na

sodium

22.99

12 Mg
magnesium

24.31

3 Li
lithium

6.94

4 Be
beryllium

9.01

19

K
potassium

39.10

20 Ca
calcium

40.08

37 Rb
rubidium

85.47

21 Sc
scandium
44.96

22 Ti
titanium
47.90

23 V
vanadium
50.94

24 Cr
chromium
52.00

25 Mn
manganese

54.94

26 Fe
iron

55.85

38 Sr
strontium

87.62

39

Y
yttrium

88.91

40 Zr
zirconium

91.22

41

niobium

92.91

42 Mo
molybdenum

95.94

43 Tc
technetium

96.91

44 Ru
ruthenium

101.07

55 Cs
cesium

132.91

56

Ba
barium
137.33

71 Lu
Lutetium

174.97

72 Hf
hafnium

178.49

73 Ta
tantalum

180.95

74 W
tungsten

183.85

75 Re
rhenium

186.21

76 Os
osmium

190.20

87 Fr
francium

223.02

88 Ra
radium

226.02

103

Lr
lawrencium

262.11

104 Rf
rutherfordium

261.11

105 Db
dubnium

262.11

106

Sg
seaborgium

263.12

107 Bh
bohrium

264.12

108 Hs
hassium

265.13

27 Co
cobalt

58.93

28 Ni
nickel

58.71

29 Cu
copper

63.55

30 Zn
zinc

65.37

31 Ga
gallium

69.72

32 Ge
germanium

72.59

13 Al
aluminum

26.98

45 Rh
rhodium

102.91

46 Pd
palladium

106.40

47 Ag
silver

107.87

48 Cd
cadmium

112.40

49 In
indium

114.82

50 Sn
tin

118.69

33 As
arsenic

74.92

14 Si
silicon

28.09

15 P
phosphorus

30.97

51 Sb
Antimony)

121.75

77 Ir
iridium

192.22

78 Pt
platinum

195.09

79 Au
gold
196.97

80 Hg
mercury

200.59

81 Tl
thallium

204.37

82 Pb
lead

207.19

83 Bi
bismuth

208.98

109

Mt
Meitnerium

(268)

110Ds
Darmstadtium

(281)

111 Rg
roentgenium

(272)

112 Uub
Ununbium

(285)

113Uut
ununtrium

(284)

114Uuq
ununquadium

(289)

115Uup
ununpentium

(288)

5 B
boron

10.81

6 C
carbon

12.01

7 N
nitrogen

14.01

8
O

oxygen

16.00

9
F

fluorine

19.00

2

He
helium
4.00

10 Ne
neon

20.18

16 S
sulfur

32.07

17 Cl
chlorine

35.45

18 Ar
argon

39.95

34 Se
selenium

78.96

35 Br
79.91

36 Kr
krypton

83.80

52 Te
tellurium

127.60

53 I
iodine
126.90

54 Xe
xenon

131.30

84 Po
polonium

(210)

85 At
astatine

(210)

86 Rn
radon

(220)

116Uuh
ununhexium

(289)

117Uus
ununseptium

(295)

118Uuo
ununoctium

(293)

57

La
lanthanum

138.91

58 Ce
cerium

140.12

59

Pr
praseodymium

140.91

60

Nd
neodymium

144.24

61
Pm

promethium

144.91

62 Sm
samarium

150.41

63
Eu

europium

151.96

65

Tb
terbium

158.92

89 Ac
actinium

227.03

90 Th
thorium

232.04

91 Pa
protactinium

231.04

92 U
uranium

238.03

93 Np
neptunium

237.05

94

Pu
plutonium

244.06

95 Am
americium

243.06

96 Cm
curium

(247)

66

Dy
dysprosium

162.50

67 Ho
Holmium

164.93

68 Er
erbium

167.26

69 Tm

thulium

168.93

70 Yb
ytterbium

173.04

97 Bk
berkelium

(249)

98 Cf
californium

(251)

99 Es
einsteinium

(254)

100Fm
fermium

257.10

101 Md
mendelevium

(256)

102 No

(254)

Nb

Gd
gadolinium

157.25

64

nobelium

0

1s

2s

3s

4s

5s

6s

7s

3d

4d

5d

6d

4p

5p

6p

7p

3p

2p

4f

5f

Symbol:
Solid
Liquid
Gas
Manmade

name

Atomic mass

Atomic 
number

Sc
scandium

44.96

21

metal nonmetal
metalloid

m
e
ta

l

no
nm

e
ta

l

1 valence
electron

2 valence
electrons

Valence electrons: 8

4 5 6 73

(H is a nonmetal)

bromine

Group 1

Group 2

Group 3 Group 4 Group 5 Group 6 Group 7 Group 8 Group 9 Group 10 Group 11 Group 12

Group 13 Group 14 Group 15 Group 16 Group 17

Group 18

to
71

to
103

1s2

2s2 2p6

3s2 3p6

4s2 3d10 4p6

5s2 4d10 5p6

6s2

4f14

5d10 6p6

7s2

5f14

6d10…

aufbau order is a powerful tool

conclusion: the periodic table is based on this pattern.

1s2 2s2 2p6 3s2 3p6 4s2 3d10 4p6 5s2 4d10 5p6 6s2 4f14 5d10 6p6 7s2 5f14 6d10…
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11s2

electrons
aufbau order is infinite

1 s 2

3 d
10

2 p 6

4 f

5 g

2 s

3 p

4 d

5 f

6 g

3 s

4 p

5 d

6 f

7 f

4 s

5 p

6 d

5 s

6 p

7 d

6 s

7 p

8 d

7 s

8 p
9 p 10 s

8 s

9 s

14

18

2

10

2

2

14

6

10

2

6

6

214

6 2

6

6

10

10 6

2

2

10

2

18

14

1s2 2s2 2p6 3s2 3p6 4s2 3d10 4p6 5s2 4d10 5p6 6s2 4f14 5d10 6p6 7s2 5f14 6d10…

6h22 7g18 8f14
9d10 10p6
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electron configuration with orbital notation

6C:

hund’s rule: electrons spread out within 
orbital groups

1s2 2s1

2p2
X

1s2 2s2 2p2

no! yes!

1s2 2s2 2p6 3s2 3p4

16S:

3Li:
orbital  notation
electron 
configuration

Pauli 
Principle:: 

Electrons pair up into atomic 
orbitals with opposite spins

1s2 2s2

tells us where the electrons are in an atom in great detail

please give the electron 
configuration with orbital 
notation for sulfur

try it for carbon:
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heisenberg’s uncertainty proposal

electrons are part matter, part 
light…lets say where they 

probably are

heisenberg: einstein:

God does not play dice 
with the cosmos

Heisenberg is wrong

http://www.thebigview.com/spacetime/heisenberg.au
http://www.aip.org/history/einstein/sound/voice1.mp3
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aufbau order; shorthand notation

12Mg: 1s22s22p63s2

21Sc: 1s22s22p63s23p64s23d1

[Ne]3s2

[Ar]4s23d1

[Ne]
[Ar]
[Kr]
[Xe]
[Rn]

shorthand
notation

[He]

1s2 2s2 2p6 3s2 3p6 4s2 3d10 4p6 5s2 4d10 5p6

6s2 4f14 5d10 6p6 7s2 5f14 6d10…
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principles and rules of electron configuration

pauli
(opp. spins)

hund’s rule
(spread out)

1s22s11s22p1aufbau
(build up)

heisenberg
(e-position uncertain)

goodbadprinciple or rule

1s2  2s2  2p2

1s2 1s2

1s2  2s2  2p2
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it’s all about the valence electrons

+1
Alkali
metals

Alkaline
earth
metals

+2

Transition metals: 2 valence electrons

+3
+4, 
-4 -3 -2

-1

Noble
gases

halogens

1 H
hydrogen

1.01

11
Na

sodium

22.99

12 Mg
magnesium

24.31

3 Li
lithium

6.94

4 Be
beryllium

9.01

19

K
potassium

39.10

20 Ca
calcium

40.08

37 Rb
rubidium

85.47

21 Sc
scandium
44.96

22 Ti
titanium
47.90

23 V
vanadium
50.94

24 Cr
chromium
52.00

25 Mn
manganese

54.94

26 Fe
iron

55.85

38 Sr
strontium

87.62

39

Y
yttrium

88.91

40 Zr
zirconium

91.22

41

niobium

92.91

42 Mo
molybdenum

95.94

43 Tc
technetium

96.91

44 Ru
ruthenium

101.07

55 Cs
cesium

132.91

56

Ba
barium
137.33

71 Lu
Lutetium

174.97

72 Hf
hafnium

178.49

73 Ta
tantalum

180.95

74 W
tungsten

183.85

75 Re
rhenium

186.21

76 Os
osmium

190.20

87 Fr
francium

223.02

88 Ra
radium

226.02

103

Lr
lawrencium

262.11

104 Rf
rutherfordium

261.11

105 Db
dubnium

262.11

106

Sg
seaborgium

263.12

107 Bh
bohrium

264.12

108 Hs
hassium

265.13

27 Co
cobalt

58.93

28 Ni
nickel

58.71

29 Cu
copper

63.55

30 Zn
zinc

65.37

31 Ga
gallium

69.72

32 Ge
germanium

72.59

13 Al
aluminum

26.98

45 Rh
rhodium

102.91

46 Pd
palladium

106.40

47 Ag
silver

107.87

48 Cd
cadmium

112.40

49 In
indium

114.82

50 Sn
tin

118.69

33 As
arsenic

74.92

14 Si
silicon

28.09

15 P
phosphorus

30.97

51 Sb
Antimony)

121.75

77 Ir
iridium

192.22

78 Pt
platinum

195.09

79 Au
gold
196.97

80 Hg
mercury

200.59

81 Tl
thallium

204.37

82 Pb
lead

207.19

83 Bi
bismuth

208.98

109

Mt
Meitnerium

(268)

110Ds
Darmstadtium

(281)

111 Rg
roentgenium

(272)

112 Uub
Ununbium

(285)

113Uut
ununtrium

(284)

114Uuq
ununquadium

(289)

115Uup
ununpentium

(288)

5 B
boron

10.81

6 C
carbon

12.01

7 N
nitrogen

14.01

8
O

oxygen

16.00

9
F

fluorine

19.00

2

He
helium
4.00

10 Ne
neon

20.18

16 S
sulfur

32.07

17 Cl
chlorine

35.45

18 Ar
argon

39.95

34 Se
selenium

78.96

35 Br
79.91

36 Kr
krypton

83.80

52 Te
tellurium

127.60

53 I
iodine
126.90

54 Xe
xenon

131.30

84 Po
polonium

(210)

85 At
astatine

(210)

86 Rn
radon

(220)

116Uuh
ununhexium

(289)

117Uus
ununseptium

(295)

118Uuo
ununoctium

(293)

57

La
lanthanum

138.91

58 Ce
cerium

140.12

59

Pr
praseodymium

140.91

60

Nd
neodymium

144.24

61
Pm

promethium

144.91

62 Sm
samarium

150.41

63
Eu

europium

151.96

65

Tb
terbium

158.92

89 Ac
actinium

227.03

90 Th
thorium

232.04

91 Pa
protactinium

231.04

92 U
uranium

238.03

93 Np
neptunium

237.05

94

Pu
plutonium

244.06

95 Am
americium

243.06

96 Cm
curium

(247)

66

Dy
dysprosium

162.50

67 Ho
Holmium

164.93

68 Er
erbium

167.26

69 Tm

thulium

168.93

70 Yb
ytterbium

173.04

97 Bk
berkelium

(249)

98 Cf
californium

(251)

99 Es
einsteinium

(254)

100Fm
fermium

257.10

101 Md
mendelevium

(256)

102 No

(254)

Nb

Gd
gadolinium

157.25

64

nobelium

0

1s

2s

3s

4s

5s

6s

7s

3d

4d

5d

6d

4p

5p

6p

7p

3p

2p

4f

5f

Symbol:
Solid
Liquid
Gas
Manmade

name

Atomic mass

Atomic 
number

Sc
scandium

44.96

21

metal nonmetal
metalloid

m
e
ta

l

no
nm

e
ta

l

1 valence
electron

2 valence
electrons

Valence electrons: 8

4 5 6 73

(H is a nonmetal)

bromine

Group 1

Group 2

Group 3 Group 4 Group 5 Group 6 Group 7 Group 8 Group 9 Group 10 Group 11 Group 12

Group 13 Group 14 Group 15 Group 16 Group 17

Group 18

to
71

to
103

(outer shell)

neon: 
stable☺

the big idea:

atoms want full outer shells.

sodium: 
unstable:
will lose 1

(almost always 8 electrons)

lose 1

lose 2

lose….

complex: unfilled inner shells

lose 4

lose 3

or gain 4
gain 3

gain 2

gain 1
stable

…or share

chlorine
unstable: 
will gain 
one…

…or share

http://wiki.chemprime.chemeddl.org/images/3/35/110px-Electron_shell_010_neon.png
http://wiki.chemprime.chemeddl.org/images/7/7b/110px-Electron_shell_017_chlorine.png
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electron dot structures:
a quick look at valence electrons

Ne Li Be
no…always spread 

out valence electrons

Be

try H,O,N,C

CNH O
valence electrons are the key to 
understanding:

Chemical reactivity
fortunately, it is nicely categorized in our next topic:

The Periodic Table

X
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The electron: fact sheet 

exists
• is located:
• Outside the nucleus
• In shells
• In subshells (s p d f)
• In orbitals
• With opposite spins

is an elementary particle.
doesn’t have much mass (10-28 g; 1836x lighter than a proton)
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1790

BC: some 
metals
known

23 elements 
discovered 

by 1790

1810
9000

BC

March 6
1869

1929 2011

what is the world made out of?      the development of the periodic table 

ancient copper
9000 BC

ancient lead

quantitative 
instrumentatio

n

Lavoisier

Volta

Volta’s pile
Newland’s law of octaves

Stark
(just kidding)

Newlands
Mendeleev

famous lecture 1869 Seaborg

large hadron
collider

1st particle 
accelerator

70 elements 
by 1860

natural elements isolated 
and organized by 1900

recent efforts: 
synthetic elements

de
vi

ce
co

nt
ri

bu
to

rs
re

su
lt

s
su

m
m

ar
y by the 1860’s. elements were being 

predicted based on properties of 
others

modern periodic table

early elemental 
symbols

fire

cavepersons

http://upload.wikimedia.org/wikipedia/commons/f/f0/NatCopper.jpg
http://images.google.com/imgres?imgurl=http://serc.carleton.edu/images/NAGTWorkshops/earlycareer/balance.gif&imgrefurl=http://serc.carleton.edu/NAGTWorkshops/earlycareer/balance/index.html&h=449&w=489&sz=9&hl=en&start=1&tbnid=MsXnrjnvag2FiM:&tbnh=119&tbnw=130&prev=/images?q=balance&svnum=10&hl=en&lr=lang_en
http://www.thevillapassalacqua.com/images/uploads/volta.jpg
http://images.google.com/imgres?imgurl=http://etc.usf.edu/clipart/4200/4286/voltaic-pile_1_lg.gif&imgrefurl=http://etc.usf.edu/clipart/4200/4286/voltaic-pile_1.htm&h=700&w=291&sz=17&hl=en&start=9&um=1&tbnid=tTyyqzDZkpOk3M:&tbnh=140&tbnw=58&prev=/images?q=volta's+pile&um=1&hl=en&rls=com.microsoft:*:IE-SearchBox&rlz=1I7RNWN
http://www.lbl.gov/images/PID/seaborg-106.gif
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organization of the periodic table
it’s about the electrons:

valence electrons; orbitals

+1
Alkali
metals

Alkaline
earth

metals

+2

Transition metals: 2 valence electrons

+3
+4, 
-4 -3 -2

-1

Noble
gases

halogens

1 H
hydrogen

1.01

11 Na
sodium

22.99

12 Mg
magnesium

24.31

3 Li
lithium

6.94

4 Be
beryllium

9.01

19
K

potassium
39.10

20 Ca
calcium

40.08

37 Rb
rubidium

85.47

21 Sc
scandium
44.96

22 Ti
titanium
47.90

23 V
vanadium
50.94

24 Cr
chromium
52.00

25 Mn
manganese

54.94

26 Fe
iron

55.85

38 Sr
strontium

87.62

39
Y

yttrium
88.91

40 Zr
zirconium

91.22

41

niobium
92.91

42 Mo
molybdenum

95.94

43 Tc
technetium96.91

44 Ru
ruthenium

101.07

55 Cs
cesium
132.91

56
Ba

barium
137.33

71 Lu
Lutetium

174.97

72 Hf
hafnium
178.49

73 Ta
tantalum
180.95

74 W
tungsten

183.85

75 Re
rhenium
186.21

76 Os
osmium

190.20

87 Fr
francium

223.02

88 Ra
radium

226.02

103
Lr

lawrencium
262.11

104 Rf
rutherfordium

261.11

105 Db
dubnium

262.11

106Sg
seaborgium

263.12

107 Bh
bohrium

264.12

108 Hs
hassium
265.13

27 Co
cobalt

58.93

28 Ni
nickel

58.71

29 Cu
copper

63.55

30 Zn
zinc

65.37

31 Ga
gallium

69.72

32
Ge

germanium
72.59

13 Al
aluminum

26.98

45 Rh
rhodium

102.91

46 Pd
palladium

106.40

47 Ag
silver
107.87

48 Cd
cadmium

112.40

49 In
indium
114.82

50 Sn
tin
118.69

33 As
arsenic
74.9
2

14 Si
silicon
28.09

15 P
phosphorus

30.97

51 Sb
Antimony)

121.75

77 Ir
iridium
192.22

78 Pt
platinum

195.09

79 Au
gold
196.97

80 Hg
mercury

200.59

81 Tl
thallium

204.37

82 Pb
lead
207.19

83 Bi
bismuth

208.98

109Mt
Meitnerium

(268)

110 Ds
Darmstadtium

(281)

111 Rg
roentgenium

(272)

112 Uub
Ununbium

(285)

113 Uut
ununtrium

(284)

114 Uuq
ununquadium

(289)

115Uup
ununpentium

(288)

5 B
boron
10.81

6 C
carbon

12.01

7 N
nitrogen
14.01

8 O
oxygen

16.00

9 F
fluorine

19.00

2
He

helium
4.00

10 Ne
neon

20.18

16 S
sulfur
32.07

17 Cl
chlorine
35.45

18 Ar
argon
39.95

34 Se
selenium

78.96

35 Br
79.91

36 Kr
krypton

83.80

52 Te
tellurium

127.60

53 I
iodine
126.90

54 Xe
xenon
131.30

84 Po
polonium

(210)

85 At
astatine

(210)

86 Rn
radon
(220)

116 Uuh
ununhexium

(289)

117

Uusununseptium
(295)

118 Uuo
ununoctium

(293)

57
La

lanthanum
138.91

58 Ce
cerium
140.12

59
Pr

praseodymium

140.91

60
Nd

neodymium
144.24

61 Pm
promethium

144.91

62 Sm
samarium
150.41

63 Eu
europium
151.96

65
Tb

terbium
158.92

89 Ac
actinium
227.03

90 Th
thorium
232.04

91 Pa
protactinium

231.04

92 U
uranium
238.03

93 Np
neptunium

237.05

94 Pu
plutonium

244.06

95 Am
americium
243.06

96 Cm
curium
(247)

66
Dy

dysprosium
162.50

67 Ho
Holmium
164.93

68 Er
erbium
167.26

69 Tm
thulium
168.93

70 Yb
ytterbium

173.04

97 Bk
berkelium

(249)

98 Cf
californium

(251)

99 Es
einsteinium

(254)

100Fm
fermium
257.10

101 Md
mendelevium

(256)

102 No

(254)

Nb

Gd
gadolinium
157.25

64

nobelium

0

1s

2s

3s

4s

5s

6s

7s

3d

4d

5d

6d

4p

5p

6p

7p

3p

2p

4f

5f

Symbol:
Solid
Liquid
Gas
Manmade

name

Atomic mass

Atomic 
number

Sc
scandium

44.96

21

metal nonmetal

metalloid

m
et

al
no

nm
et

al

1 valence
electron

2 valence
electrons

Valence electrons: 8

4 5 6 73

(H is a nonmetal)

bromine

Group 1

Group 2

Group 3 Group 4 Group 5 Group 6 Group 7 Group 8 Group 9 Group 10 Group 11 Group 12

Group 13 Group 14 Group 15 Group 16 Group 17

Group 18

to
71

to
103

alkali metals

alkaline earth metals

periods groups or families: 

halogens noble gases

metals: nonmetals metalloids

charge

multiple charges

blocks

= columns

left of the 
staircase

right of the 
staircase

“on” the 
staircase

1-8 +4 to -4 1s-7p s p d f = rows group 1

2 7 8
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s block

p block
alkali metals

f block

noble gases
alkaline earth metals

d block

halogens

periodic table feature 
check

metal? No Yes oid

block p d p

valence
electron

s
6 2 4

charge -2 Varies +4, -4

period 2 6 3

largest x

most 
electro-
negative

x

most 
massive

x
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periodic trends

biggest

F

smaller

si
m

ila
r 

be
ha

vi
or

highest:

F

ionization energy: energy to remove an electron
highest: F

Fr
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si
m

ila
r c

he
m

ic
al

 p
ro

pe
rt

ie
s

atomic radius (nm)
electronegativity 

(paulings)

electron affinity 
(kJ/mol

periodic trends

increases as valence shell 
becomes closer to full, 
decreases with shielding

ionic radius (nm)

the size of an 
atom increases 
as with each 
shell, but 
decreases in a 
shell with 
charge.

the energy released when an atom gains an electron increases toward 
fluorine but is very group-specific

m
el

ti
ng

 p
oi

nt
 g

ro
up

 1 m
elting point group 17
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name that trend
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what is a chemical bond?

bond types:

C-Clcovalent
nonmetals

Na-Clionicmetals-nonmetals

Fe-Femetallicmetals

exampleit is  a ____ bondif the bond is between __________

which elements do not form chemical bonds?

the force that holds 2 atoms or 
ions together

the noble gases to obtain noble gas configurations

why do elements form bonds?

covalent network 
solid

diamond,  
graphite, glass 
(SiO2)…

type of bond?
Na-Cl          F-F          P-O Cl-Mg-Cl O=C=O Na-OH            Fe-Fe             C-C (graphite)

some added detail:  polarity of covalent bonds

bond type

H3C-CH3
(same nonmetals)

H3C-OH
(different nonmetals)

H3C-H
(an exception)

introduction to chemical bonds

Ionic Ionic metallic network 
covalent solid

nonpolar
covalent

polar 
covalent

Ionic polar
covalent

or

nonpolar covalent

polar covalent

nonpolar covalent

http://www.chemistryland.com/CHM107/Water/PeriodicTableMetalNonmetal.jpg
http://www.chemistryland.com/CHM107/Water/PeriodicTableMetalNonmetal.jpg
http://www.chemistryland.com/CHM107/Water/PeriodicTableMetalNonmetal.jpg
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properties of ionic bonds (salts)

names and formulas

MgF2Mg+2 F-1magnesium fluorideFMg

NaClNa+1 Cl-1sodium chlorideClNa

formula: switch the 
charge numbers

charges
nameanion

cationaqueous

Na-Cl (s) → Na+(aq) + Cl- (aq)
H2O

metal+-nonmetal- oppositely charged ions not individual molecules dissolve in water

chemical equation for table salt dissolving in water:

(aq)?

ionic compounds are _______brittle

melting point 801 OC

bond lattice energy 787 kJ/mol
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a couple of things about ions

carbonatepolyatomic ion =

CaCO3
formula

Ca+2 CO3
-2charges

Calcium carbonatechemical name

limestonerock =

Ca(OH)2calcium hydroxide

NaCNsodium cyanide
Other examples:

ions are not always from single atoms: many ions have multiple charges
ions can be __________________polyatomic ions can be __________________polyvalent

why are these elements polyvalent?

Unfilled inner shells
Close energy levels

how to name them? Include the charge.

Ex: 22titanium

1s22s22p63s23p64s23d2

Fe(CN)2iron (II) cyanide
TiCl2Titanium (II) chloride
TiCl4titanium (IV) chloride
formulaname Formula: NaCl. Name?

Sodium chloride

NOT sodium(I) chloride

configuration?
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metallic bonds

metallic bonds are in general
examples:

malleable
Fe, Na, Au

alloys
metallic mixtures

substitutional interstitialtwo types of alloys:
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how does electron sharing work?

F F FF

electron dot structures: the outer shell

neon:
8 valence electrons

H O N C

write the electron dot structures of H, O, N, and C:

# bonds: 1

Ne

8 electrons (except H, He)
Paired (Pauli), spread out  (Hunds).

# lone pairs:

2 3 4

0 2 1 0

atoms share electrons to: fill their outer shells
covalent bonding:

a bond based on           _________ electrons
sharing

http://www.biochemj.org/bj/412/0399/bj4120399add.htm
http://www.chemistryland.com/CHM107/Water/PeriodicTableMetalNonmetal.jpg
http://www.molecularmodels.ca/molecule/modelfiles/2-3-ol.html
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common chemical formula types

molecular formula structural formula skeletal formula condensed formula

C3H8

C2H6O
(2 isomers)

C3H6O2

(1 isomer)

H

H
H

H H

H

HH

C
C

C

OH

H
H

H

HH

CC

H

H
H

H H

O
HC

C

O
OH

OH

OH

OH

OH

H

H

H H

C

C C

CH3CH2CH3

CH3OCH3

CH3CH2OH

- - - - - - -
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the diatomic elements

combine them to form octets (except H, which only needs 2); 
multiple bonds are possible.

H H

Br

O

(Same for Cl, I, F

N N

H. BrONClIF

Br

O

H-H

Br Br-

OO =

N N
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covalent network solids

Similar to metals but with nonmetallic elements. 

graphite buckminsterfullerene diamondquartz graphene

1 2 3

1

4 5

Germanium

name some 
others:

B

BN

ReB2

SiC

Si

Ge

Boron

Boron nitride

Rhenium diboride

Silicon carbide (moissanite)

Silicon

a continuous network of covalent bonds

https://en.wikipedia.org/wiki/Germanium
https://en.wikipedia.org/wiki/Boron
https://en.wikipedia.org/wiki/Boron_nitride
https://en.wikipedia.org/wiki/Rhenium_diboride
https://en.wikipedia.org/wiki/Silicon_carbide
https://en.wikipedia.org/wiki/Silicon
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Fe-Fe100-500

chemical bonds and intermolecular forces
bond or force example

ionic bond Na+-Cl-400-4000

covalent bond C-C (molecules) 

ion-dipole force

dipole-dipole force

hydrogen bond force
F,O,N-H--:F, O, N

london dispersion force
(induced dipole)

Na+--OH2

HO-H--OH2

CO2--CO2

N2--N2

strength (kJ/mol)

150-1100

40-600

10-200

5-25

0.05-40

intramolecular

intermolecular

If the ionic bonds breaks but do not form new bonds the substance is _____________
If the ions are in solution and the ionic bond forms the substance has ________________
If the substance has no intermolecular forces it must be a _____________
If the substance has intermolecular forces that are fixed it must be a___________
If the substance has fluid intermolecular forces it is a ____________
Why is HF nearly a liquid at room temperature but HCl is a gas at room temp? ______________________
What is the strongest intermolecular force in N2___________ CO2___________ H2O__________   HF_____   
CH3OH_____________  CCl4__________

liquid

dissolved
precipitated

gas

only HF has H-bond forces

solid

LDF DD
HBF DD

HBF HBF

networked  substances
(no individual molecules)

network covalent bond C-C (diamond)300 – 5000

metallic bond

substance bonds/forces 
present

metallicFe

covalent
LDF

CH3CH3

covalent
H-bond 

force
LDF

H2O

ionicNaCl

NCdiamond
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naming binary molecules

H20

NH3

N2H4

• Dihydrogen monoxide
• (water)
• Nitrogen trihydride
• (ammonia)

• Dinitrogen tetrahydride
• (hydrazine)

naming: covalent vs. ionic

NaCl
CO
AlCl3
SO2

FeO2

SiO2

Sodium Chloride
Carbon monoxide
Aluminium Chloride
Sulfur dioxide
Iron (IV) oxide

Silicon dioxide

is first 
element a
Metal?

no

yes

covalent: use, mono, di, etc.

ionic: don’t use
mono, di, etc…is 
it polyvalent?

no

yes

don’t use (I), (II), etc.

do use (I), (II), etc.
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Lewis structures

8e-

H HO+ + OH H O HHor
2e- 2e-

Lewis structure of 
water: Single

bonds

Double bond – two 
atoms share two pairs of 
electrons

O C O or O C O

8e- 8e-8e- double bonds

Triple bond – two atoms 
share three pairs of 

electrons

N N
8e- 8e-

N N
triple bond

or

a quick and informative look at valence electrons
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1. If only X,H,O,N,C apply rules, done. (try CO2, CCl4, even Cl2CO; fails for a 
few like CO and NO3

- )

Otherwise:
1. Add up valence electrons
2. Create framework around a central atom; which can have up to 2-6 bonds 
(incomplete or expanded octet); add electrons to center or create double bonds 
until valence electrons match
3. Minimize formal charges by forming double bonds; note that only Al and 
higher can form expanded octets
.

how to determine the shapes of lots of molecules

v v

v v v v

v v v v v

v v v v v v

VSEPR

valence shell electron pair 
repulsion theory


