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The study of Ch€m l.Stry

why chemistry is awesome:

chemistry is : a chemical is:

=4

ok...what is matter?

compare mass and weight:

youy 3ir!

an idea’

energy’?

religion?

a perfect vacuum?
a black hole?




Che m lStS what do chemists do? they all what l<ir;6jnolf2chemist
the branches of chemistry

| = | make aspirin: | ahm a t
nalysis < chemist.
- 4naly _)y }

. lapalyzg: Tam an

L chemist

carbon-based:
ex: plastics

nhot carbon-baseq
ex: mim’ng

crime solvers: l Study the chemistry
T of fruit flies, so 1 am

azichemls’c

physical change:

ex: regction rates

Medicines: | solve crimes using
ex: viagra chemistry of life: w chemistry : 1 am a
i H 4 chemls‘c‘
h hemistry fit in?
- where does chemistry fit in —— §¥ [ make Dlas’clcs. lam a
lc chemist.
physics math  social science chemistry  biology | study physical processes: |
am 3 # Lchemist

| study qold; this is
[— //K # Lchemistry

chemistry is the

Lscience




the “ohec” scientific method e
oh heck | know that \'”b‘

example: N
pain medication study positive control:

%/—\O

| hegative control.

what might each letter stand for?

r ﬁ /hypo’chesis:
— )/

\__

E

law

| T]

supplemental terms: qualitative ,

quantitative




C[aSSl{:lCaJCth O{:ma&el" 3 pure form of matter:

a sample containing more than one substance:

matter a substance that cannot be separated into simpler substances by chemical means:
/ | \ 3 substance composed of atoms of
p
elemen’c, compound, or mixture? two or more elements chemically

united in fixed proportions.

) KE)

gold ocean milk copper qlass

nothing is pure in thjs world. wha‘c can we say about mixtures?
suggest a solution:

classify a drop of blood: classify granite: ¢
43s-gas:
looks pure but isn't doesn't look pure solid-liquid:
onhe fhing visible multiple things visible gas-liquid:
| 3 I liquid-liquid:
solid-solid:

either way it's still 3 mixture...until it is separated we don’t know much about it.


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

purification:

how would you separate these mixtures!

-
-

——water

have:
you have

|

—~
oil/water wet sand sudar/water oils 20!
each
~ want pure:
oil drysand | P each pure pure
sugar oil solute
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physical vs. chemical

chemical property:

physical property: |

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

e 0

4
boiling “melting rising
bu.\.;ing moiqing

light bending or\gservmg shining

|
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extensive and intensive properties

Vhite light

\

density

refractive
index

crys’callme or

amorphous?
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ordanic functional groups

Here are the skeletal formulas of some common types of
organic compounds, known as functional groups.

what types of organic
molecules are there?

AN AN o~ O ~_OH

P | | |
_~_-NH, /\/” e ahod /LNH/ /LO’H

The groups shown above generally contain more hydrogen and less
oxyden 3s one reads across from alkanes to carboxylic acids: they become
more oxidized.

Fach student should be able to recognize and draw these functional groups.
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S i u n itS s.i. units: le systeme internationale

combined Units:

speed acceleration volume

density

density formula:

1


http://en.wikipedia.org/wiki/International_System_of_Units

densi’cy

= mass/volume

g/mL
Gas e ¢ D' 13.5¢ of aluminum has 3 volume of 5.0 mL. Density?
Hydrogen: 0.089 kg;ma ' ® O_-f,
Oxygen: 1.43 kgfmﬂ o 'O

Carbon Dioxide: 1.96 kg/m?3 (j ;

Liquid

Alcohol: 789 kg/mi what is the mass of 2 mL of aluminum?
Water: 1000 kg/m

Mercury: 13534 kg/m?

Solid

Aluminium: 2700 kg/m’

Steel: 7500 kg/m3

Uranium: 18800 kg/m3




billion (109) ——

million (10¢)

unit prefixes

thousand (103)
hundred (102)

ten (10)

tenth (10-1)

hundredth 10-2

thousandth (10-3)

millionth (10-¢)

billionth (10-7) ——

.-'lllillgllllf“'il‘illlll (>

©




temperature

| i l
5.1 unit: Kelvin....why?
- K to °C. K =oC + 27315 25°C =K
Deduct 32, then multiply by 5, then divide

°F to °C
e Itiply by 9, th bng'd by 5, then add
“C= (“F - 32) X 5/9 °C to °F Multiply by 9, then divide by 5, then a
F=*Cx 9/5+32 32

K °C °F
373 - -100 - - 212 Boiling point of water
363 — o (O — 194 Aatsealevel
353 — - 80 — - 176
343 — 2 — 158  58°C (136°F) Highest
O — ZO temperature recorded in
— = 383 — || — 60 = || = 140  the world. El Azizia, Libya,
323 — — 50 — — 122  September, 1922
313 — || — 40 — ||| — 104 Ahotday
Average body temperature
303 — - 30 - - 86  37¢ (98.6°F)
293 — - 20 - - 68
283 — - 10 - - 50
273 — - 0 - — 32  Freezing (melting) point
263 — 4 — 14 of water (ice) at sea level
. 53 —i— 20 -l 4
243 --30 - — _22 Abitter cold day
_4OOF = ROC 233 - I3 - - 40
223 — LF¥s0 — | — 58
2 - —--60 — - 76
203 — —--70 — - -94
193 — —--80 — — =112 -89°C (-129°F) Lowest
temperature recorded in
— 183 = Rl =40 the world. Vostok, Antarctica,
173 = —100 - — —148  July, 1983

‘ ‘ 14



scientific hotation

10,000 _
drawa{et; make it / \

between 1and 10; count ~ always 1-10 10*
to decimj point. always 10

2|12 foler 7

432,000,000,000,000,000,000,000

= -2.86 x10° = 9742 x 104

for big and small numbers

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

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

how do you enter 6.02 x 107

ﬁl’)d change Sigl’) button (+/-) (5 X ’IO"2> X (__,42 X 1O'4> = 2

translate: 3E-0.42

(2 x10N (1 x 101)=?

15




accurate, precise, or both?

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

accuracy: The qua[i‘cy, of being correct o precise.
precision: The quality, condition, or fact of being exact and accurate.

qualitative or quantitative?

several arrows 3 3rrows

16


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

unit conversions

1. start with , 3. multiply using 4. cancel your
. 2. estimate steps and - .
what you are given rite the ﬁ'nalpum’cs conversion factors units.
3. 7.25 dollars = quarters
b. 1,285 quarters = dollars
c. 65 miles/hour = meters/second (1609 meters =1 mile; 3600 seconds = 1 hour)

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?




significant figures

4 h

rounding:  ex: 2.25 to 2 sf:

volume?

N\

#sig. figs (sf).  why + — ex: 416+ 3.3 =
o) ex666/333= |
e
infinite sig. ﬁgs.
round 3s you go? |
when measuring: J -
3.004 how many extra digits should | carry along?
why is it important to line up |
level to the meniscus? - 300 N J
[ . ) combinations!
how does this device [ )
minimize parallax?? 500. .
s . 2 ~ J
‘ how many significant figures?s ex: (311 + 5.03) x 53 - |
300.20 //-00690 ;- B
— N
18
A /




percent gccuracy and percent error

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

Vs




5 states of matter

fill bottom of
container
perfectly?

state?

fills all of

container?

compressible?

20
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liquid crystals and;lasmas
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purification methods

still in use

se S
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cla551cal identification methods

still in use

23



3 brief history of th@ Jtom

early ideas

symbol  inventor idea, source

400 BC
{ﬁ RS ‘

400 BC

1000 AD

their evidence:




early evidence for t
.

he atom

é o |\
%‘




thomson’s 1897 cathode ray
tube experiment:

proposes: |

thomson

26



where are the electrons?
Rutherford’s 1907 gold foil experiment

conclusion:

D :

alpha source

Rutherford

b



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

history of the atom

28
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—

cosmology
400 BC

metaphysics chymist
350 BC annotated
1667

/

7

physicaland 2 new system of on the
chemical chemical structure of
essqys 1776 philosophy the atom
1808 1915

cryo-electron microscopy
2017

the structure

of the atom
1914

what is everything made out of?

a history of our understanding of the atom

Imaging the

atomic
orbitals of
Cé/’bOZZ W/f/i Im 2;@5 0[2
fleld- molecule
emission 2013
electron

mICroscopy
2009

29


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

atomic bookkeeping: p*, n°, and e-

term

Jtomic #

Mass #

Isotope

lON

cation

ahlion

average
atomic mass

band of
stability

F-and Neon both have ___ electrons: They are




determination of average atomic mass

solve this problem

element X has 2 isotopes:
isotope 3 isotope b

10 protons, 10 protons
11 neutrons

abundance: 60%

10 neutrons
abundance: 40%

what is the average atomic mass of element X

31



average atomic mass calculation consider the hypothetical element binkowskium (Bn)

p N  3abundance averade atomic mass?
15 15 66%
15 17 34%

- The Band of Stability how many neutrons (S tOO many2

d how to predict the scary elements

130 n/p ratio = 1.51

Each point on the graph
120 | represents a stable atom |

110

100

the “band of stability”

90

80

70
WA ——| |/ Lk
60 n/p ratio = 1.281 A

Number of neutrons

50

40

30

20 e

04 —He— I
¥ _—" nipratio=1.0

0 10 20 30 40 50 60 70 80 90
Number of protons



| ’Awha’c is everythmg made out of?

matter
su bs’ca nce J U up quarks

molecule

d down quarks

a‘co‘elﬁro”m@g gluons

electron
P, N, and E

33



[ | [

introduction to the electron

what do you know about l l 71(2

observation: light passing through
2 slits can create multiple lines.:  how can this be?
this is superposition

what is the 7™
wavelength of
violet light in

nanometers: f

=723 x 101 s
17

\ O\
AW\
XN

iy e S

|

What is the frequency
of green light, which
has a wavelength of
4.90 x 107 m?

34



the electromagnetic spectrum

so much you don't see

Wavelengths (x) in meters

Visible light

Ix 10* 3 x10° 3 3x10° 3x 10" 3%x10°,[3x10" 3x10™ 3% 107"
| | | | | | | | |
| | 1 | | | | | | |
‘ Haidld} Infrqred Ultre_wlﬂlet Gamm‘a
Microwaves X rays |
AM  TV.FM ) ' |
,-l"_h f__\ N t
— | | | | | | | |
10* 10° 10° 10" 10" 10" 10" 10'® 10** 10%

Frequency () in hertz

656 nm

35



where are the electrons?:

’che S’cory of boh¥'s eplphany

ﬂ

g Rohr
‘ 410 424 656
| [ U ——

discharge tube

= 656, 486, 434, 410...what number is
nex’c?? |
ry it for3 > 2

outer inner
ii ii ‘ )
‘ ‘

Rydberg

Balmer




bohr sees the connection
between light and the electron




hydrogen
emission: it all fits

400 nm 700 nm

38



energy of hydrogen photon emission

Planck found the energy of a photon is
proportional to it's frequency:

where his Planck’s constant

frequency is related to wavelength

where s is the speed of light

so hydrogen photon energy can be
re-expressed by wavelength

and since the wavelength of hydrogen
electron emission is known:

the enerqy of hydrogen photon
emission can be calculated directly:

39




shell

atomic orbital theory ctoargon)

electron conﬁgura’cion f

#

electrons

total

atomic orbitals:
“subshells” of paired electrons

paired electrons = orbital \

level

orbital

|/

#e's

Pictures of s and p orbitals

0 00

1. M. Mikhailovskij, E V. Sadanov, T.I. Mazilova, V. A. Ksenofontov,
nd 0. A Velicodnajz, Department of Low Temperatures and

sics and jo, 1, Ukeaine
Phys. Rev. B 80, 165404 (2009)

igor mikhailovskij

nucleus

1
2
bohr 3
shells

after: schrodinger,
mikhailovskij, others

orbitals

40



aufbau order is 3 powerful tool

152 25 2pb 352 3pt 4s? 3410 4pé 52 4410 5pb 652 4f14 5410 6pt 752 514 6410...

1 valence
electron
2 valence
+ 1 electrons
AIkaI; + 2 8 Noble
metals __Valence electrons: gases
1 H Alkaline 3 3 4 \6 7 - Group 18
1s earth =S +4 - He
hydrogen tal V15 hal i
101 metals s - alogens| helium
Group 2 Els + 3 - 3 400
i< 2 nonmetal) Group 13 Growp14 __ Group15 Group16 _ Group 17
3 9 4 ] 6 7 8
2s Li Be B C N o 0 Ne
lithium beryllium 2p boron carbon nitrogen oxygen fluorine neon
6.94 9.01 1081 1201 14.01 16.00 19.00 20.18
1 12
13 14 2 15 16 17 18
3s| Na |” Mg 30/ AL [*Si PP |*s |7 Cl |*Ar
S | sodium magnesium Transition metals: 2 valence electrons P| atuminum | silicon phosphorus | sulfur chlorine argon
2200 2431 Group 4 Group5 Group 6 Group 7 Group 8 Group 9 Group10  Gr 26.98 28.09 30.97 3207 35.45 39.95
21 22 Q 23 24 25 26 27 28 9 29 31 32 E5) 34 35 36
Sc Ti v Cr [" Mn |® Fe |7 Co |[® Ni [T Ga [*Ge |* As |™ Se Kr
. o 5 . . . 4 gallium germanium arsenic selenium bromine rypton
scandium titanium vanadium chromium [manganese iron cobalt nickel co p 79.91 83.80
44.96 50.94 52.00 5494 55.85 58.93 5871 63 69.72 7259 7492 78.96 ’
) 40 41 42 43 44 45 46 47 49 50 51 52 53
Zr Nb [* Mo [¥ Tc [*Ru Rh |* Pd In |7 Sn Te |"I [ Xe
yttrium Zirconium |- piobium  [molybdenum techpegjum ruthenium|  rhodium palladium 5 indium tin Antimonyl tefiupium iodine xenon
88.91 9122 9291 9594 2 10107 102,91 106.40 P| 1482 118.69 12175 127.50 126.90 | 43130
71 72 73 74 75 76 77 78 75 81 83 84 86
Lu Hf | Ta Re [ Os |” Ir Pt Tl ;2 Pb | Po 1% At Rn
Lutetium | hafnium tantalum tungsten |  rhenium osmium iridium platinum 6 thallium lead bismuth polonium §  4qtqtine radon
17497 178.49 180.95 183.85 186.21 190.20 192.22 195.09 p 204.37 207.19 208.98 (210) (210) (220)
87 103 104 105 106 108 109 110 13 114 115 116 17 118
Lr Rf |Db [®sg | Bh | Hs |“mt | L Uut| ™ Uugq| ™Uup|™Uuh|™""Uus | ** Uuo
7s fran lawrencium | rutherfordiom | dubnium [ seaborgium |  bohrium hassium | Meitnerium | Darms m 7p ununtrium| ununquadium |ununpentium PTUMY ununoctium
22 262.11 26111 26211 | 26312 20412 26513 (268) G (284) (289) (288) (289) (225) (293)
57 58 59 60 61 62 63 64 65 &1 67 68 69 Tm |70 Symbol:
La [FCe |”pr Nd | Pm [Sm [® By |*6d Tb Dy | Ho |* Er Yb 4
4 lanthanum cerium | praseodymium | neodymium | promethium| samarium| europium gadolinium|  terbium |dysprosium Holmium erbium thulium | ytterbium Manmade
138.91 140.12 140.91 14424 14491 150.41 151.96 157.25 158.92 162.50 164.93 167.26 168.93 |[173.04
89 o1 92 93 94 95 % 97 98 99 101 102 name
0 100
564" Ac [* Th [ Pa [* U Np [*py |” Am|* Cm |7 Bk |** Cf |* Es |*Fm | Md|'** No omic mos
actinium thorium protactinium uranium neptunium | plutonium americium curium berkelium | californium | einsteinium| fermium delevil beli -
227.03 232.04 231.04 238.03 237.05 244.06 243.06 (247) (249) (251) (254) 257.10 (256) (254) o

conclusion:
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‘ ‘ electrons ‘ ‘
aufbau order is infinite

1 s
25 °
2p6 35 7
3 p¢ 4 s °
34" 4 p ° 5 5 °
4 410 5 p 6 6 s 2
iFM 5 4 © 6 p ° ;2
5 6 4 ° 7 p ¢ 8 5 °
5 4" 6 £ " 7 4" 1O8p6 : 9 s ° .
6 g '8 7 [ 14 8 4 9 p 10 s

152 252 2pb 352 3pt 4s? 3410 4pé 52 4410 5pb 652 4f14 5410 6pt 752 514 6410...



electron configuration with Ol’blta[ T)OtaﬁOﬂ

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

- Pauli
PHDC!"P[G::

5‘[..1' .
please give the electron
try it for carbon: conﬁguration with orbital 165:

notation for sulfur

hund’s rule: electrons spread out within
orbital daroups



heisenberg’s uncerta

inty proposal

heisenberg: T N e

et [ HOW CAN WE BE SURE?

44


http://www.thebigview.com/spacetime/heisenberg.au
http://www.aip.org/history/einstein/sound/voice1.mp3

aufbau order; shorthand notation
)

HEE 7 Eﬂ
‘ t w7 EEEEN ¢ gupEEEE s

[
5 " 5 4 -
%P ad 3s
o 5 ; .
2 4 4s 3d
1 Rt s; ;
£ 2 3p L 5d
— b | ] | | & k »
il L3 | \ : 4
5 Ts ‘%‘%
o RN 2 |
.25 \
, = = shorthand
i .
[ I8 5 i notation




principles and rules of electron configuration

principle or rule

bad

good

heisenberg

(e-position uncertain)

aufbau
(build up)

hund’s rule
(spread out)

pauli
(opp. spins)

DINNER WAS READY TWO HOURS AGO! TUST
WHERE HAVE YOU BEEN, YOUNG MAN?/

WELL, THERE'S A LU% CRANCE
1WAS AT SUZIE'S AND A 40%
CHANCE T WAS ATDILLY'S..

46



it's 3ll about the valence electrons

(outer shell)

lose 1 ...or share

lose 4

the biq idea:

stable
or dain 4 qain 1

gain 3

atoms want full outer shells. lose 2

(almost always 8 electrons) lose 3
electron l r) 2
2 valence
+ 1 electrons
Alkali _',2 " g Neble
metals Valence electrons: goses
' H Alkaline s 3 Ne 7 _ Eroup 18
[l — 9
15 | g | maral ose i e I
= & = vdrogen | metals e gl + - halogens | helium
Group2 - 400
L Group 13 Group 14 Group 15 Group16 _ Group 17
P 5 6 7 8
2s Li Be " N B C N o I 10 Ne
L ” ‘E L lithium beryllium O e X N u l e 1 e r S e S 2p boron carbon | nitrogen oxygen | fluorine neon
694 9.01 C I ) ) . r) r) r) 1081 1201 | 1401 16.00 19.00 20.18
i L2 13 14 c: |15 16 17 18
W8 36| Na [ Mg 3" Al |*si|® P S [7 ¢l |®Ar
sodium | magnesium Transition metals: 2 valence electrons P| aluminum | silicon | phosphorus | sulfur chlorine | argon
L] 2299 2431 Group3 Group 4 Growp5 Growp 6 Group7 Group8 Group9 Grop10  Groupll Growp 12 26.98 2809 3097 3207 35.45 39.95
19 20 21 22 |23 24 25 26 27 28 Np: |29 30 31 32 33 34 35 36
4 Ca Sc |*Ti v Cr | Mn |* Fe | Co |® Ni |®Cu | Zn Ga |*Ge |¥ As |* Se |* Br |* Kr
S um | caleim |34 . ) ) ) ) ) 4p| salium | germanium | arsenic | - seleriam | bromne D
potassium scandium | titanium | vanadium | chromium [manganese iron cobalt nickel copper zinc P 7991 83.80
39.10 <98 44.96 47.90 50.94 52,00 5494 55.85 58.93 58.71 63.55 65.37 69.72 2ss) 74.92 78.96
38 39 40 a1 a2 43 44 45 6 47 18 49 50 51 52 53
neon: 7 Rb Sr Y ) Nb |* Mo |* Tc |™Ru Rh [* Pd Ag |* Cd In [* Sn Te [T [ Xe
. . Bs rubidium | Strontium yttrium Zirconium | piobium | molybdenum tecpegiom ruthenium|  rhodium palladium silver cadmium 5 indium tin Anfimonyd teiiypium iodine xenon
SO l u m . = 8762 4d| sgor 9122 9291 9594 G 10107 [ 10291 10640 | 10787 | 1240 | 9P| 11482 11869 TEze) B 1259 13130
. 2
Stable@ |55 Cs I® Ba Ty [PHF P Ta |° W |PRe |°0s |7 Ir | Pt |” Au |® Hg STl ez pp | 84 P° - % R_n
cesim | pgriyn (g5 | Lutefiom | hafnium | tanfdlum | - tungsten | - rhenium | osmium | iridium platinum | gold merciry | ¢ thallium lead bismuth S atine | radon
u r) S a e . 65 | 13201 | 15733 17497 | 17849 | 180.95 18385 [ 18621 | 19020 | 19222 19509 | 196,97 | 20059 Pl 20437| 20719 | 20898 (c10) (210) (220)
87 Fr‘ 88 103 L 104 Rf 105 Db 1065 107 Bh 108 Hs 109Mt 110 Ds m Rg 112 Uub 13 Uut 114 Uuq llSUuP 116 Uuh 117Uus 18 ULIO
. r
francium | radium ] : ) ; ) ' ] -
utherfordm
Wl l l lose 1 7s 6\d|lawrenciun herfordi dubnium | seaborgium |  bohrium hassium Ununbium 7P ununtrium| ununquadium [ununpentium ununoctium
] 22502 22802 26211 26111 26211 | 26312 26412| 26513 (268) (281) (272) (285) (284) (289) (288) (289) (295) (293)
o
*e . L 7 58 59 60 61 62 63 64 65 @3 67 68 6 1m]|70 Atomic Symbol:
La [FCe [PpPr |“Nd [ Pm [¥Sm|® Ey |“6d Tb | Dy |¥ Ho[*® Er m{7 yp e
o as
™ -|:| . 4 | tanthanum | cerium | praseodymium | neodymium | promethium | samarium| europium inium| terbium [dysprosium | Holmium | erbium | thalium | ytterbium |7 | [52 o B | fomoce
& & 13891 | 14012 14091 | 14424 | 14491 15041 | 15196 157.25 15892 | 16250 16493 | 167.26 16893 [173.04 Sc
dim f6—  name
89 91 92 93 94 95 96 97 98 99 1 101 102 scan
e 5¢ Ac [® Th [ Pa V] Np Pu Am | Cm Bk cf Es [©Fm Md ™ No ., 44.96 € atomic mas:
& actinium | thorium | protactinium | uranium | neptunium | plutonium | americium [ curium | berkelium | californium fermium nobelium Tt 0] rowmere
™ = 22703 | 23204 | 23104 23803 23705 | 24406 | 24306 (247) (249) (251) (254) 257.10 (256) (254) O metalod

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

electron dot structures: P
a quick look at valence electrons

®

ho...always spread
out valence electrons

try H,O,N,C

valence electrons are the key to
understanding:

fortunately, it is nicely cateqorized in our next topic:
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The electron: fact sheet

exists
* s IOCaJCGd:
« Outside the nucleus
e Inshells
In subshells (s p d f)
In orbitals
With opposite spins

is an elementary particle,
doesn’t have much mass (10-2¢ g; 1836x lighter than a proton)



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

March 6 1929
000 1790 1810 1869 20t

QJ Joho Newlands’ *Law of Octaves’, 1865
) R -
= - D
> | < s S =
) = o) ,E - " —
-0 =8
qu‘g Df/.fc?f/l/f Li Be B C N O F Na Mg Al 8i P 8§ « 2
strumentatio Newland’s law of octaves ' . "
¥ particle large hadron
gecelerator collider

contributors

/V/ecfe/eev

Volta Newlands — famous lecture 1869

Stark

L. Group [ i 1| v v VI vio Vi
Lavoirsier Period
1 | H-1
2 | Li=7 [Be=9.4| B=11 | C=12 |N=14 | O=16 | F=19
A 3 |Na=23 Mg=24[A1-27.3] si=28 | P=31 | 5=32 [CI=35.5
-+ 4 | K=39 |Ca=40| 7=44 |Ti=48 | V=51 | Cr=52 [Mn=5§| =300~
- 3' ) 5 |Cu=63|zn=65| 7=68 | 2=72 |As=75 |Se=78 | Br=80
& dncient copper 6 |RD=85 |Sr=87 [?Yt=88| Zr-00 [Nb=94 |Mo=0| 2=100 [RrrI0tRI-10¢
E 2000 BC 7 |Ag=108Cd=112In-113[Sn=118[Sh=122Te=125J=127
8 (Cs=133Ba=137|"Di=138 |?Ce=140
9
10 7Er=178 [TLa=180 Ta=182[W=134 e
11  |Au=199Hg=200TI1=204 Ph=207/Bi=208
. 12 Th=231 U=240
ancient lead early elemental
2 Vi

by the 1860s. elements were being
predicted based on properties of modern periodic table

summary
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http://upload.wikimedia.org/wikipedia/commons/f/f0/NatCopper.jpg
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http://www.thevillapassalacqua.com/images/uploads/volta.jpg
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http://www.lbl.gov/images/PID/seaborg-106.gif

ordanization of the periodic table

valence electrons:

(‘]’12?‘(19

orbitals

it's about t

blocks

he electrons:

Aalngij_egMetals halodens wik_dm

periods qroups or families: alkali ls

1valence
electron )
+'[ 2 valence
electrons O
Alkali +2 L y L ) U J 3 Noble
metals Valence electrons: — s
Group . _ 3
i . < AN Group 18
o Allaline metals: nonmetals metalloids R AT S P T G
15 | g | 20 | g < “, 1|7 He
ydrogen | atals E]12+3 4 -3 )] halogens helium
(b is2 nonmetal) oo Group 13 Group 14 Group 15 Group 16 Group 17 )
9% 3 Li 4 Be N J L L 5 B 6 C 7 N 8 0) 9 F 10 Ne
ki beryllium 2]3 boron carbon nitrogen oxygen fluorine neon
6.94 9.01 10.81 1201 | 14.01 16.00 19.00 2018
11 12 z .
5 | Na |7 Mg 5| Al JEsi =P s 7ol A
sodium magnesiu Transition metals: 2 valence electrons mU[ﬂP]e Charges P aluminu silicon phosphorus sulfur chlorine argon
22.99 24.31 Group 3 Group 4 Group 5 Group 6 Group 7 Group 8 Group 9 Group 10 Group 11 Group 12 26.98 28.09 30.97 32.07 35.45 39.95
4s 19 K 20 Ca 21 Sc 22 Ti 23 \V4 24 Cl’ 25 MD 26 Fe 27 CO 28 Ni 29 Cu 30 ZI’) 31 Ga 32 a 33 AS 34 Se SSb Br Sé-k Kt],
! Il g romine rypton
potassium cidum Sd scandium | titanium vanadium chromium|manganese iron cobalt nickel copper zinc 4}7 giam germant arsenic SaIAI 79.91 83.80
3910 40.08 44.96 47.90 50.94 52.00 54.94 55.85 58.93 58.71 63.55 65.37 69.72 72.59 749 789
50 =
37 Rb 38 SV 59Y 40 ZF 41 Nb 42 MO 43 Tc 44 RU 45 Rh 46 Pd 47 Ag 48 Cd 49 In Sn 51 Sb 52 Te 53 | 54 xe
5s i strontium 4d yttrium Zlrconium niobium molybdenun fec]yg%iﬁ}m ruthenium) rhodium pa”adlum silver cadmium 5 indium tin Antimon§l) tellurium iodine xenon
88.91 91.22 92.91 95.94 3 101.07 102.91 106.40 107.87 11240 | =P 114.82 118.69 27.60 126901 13130
85.47 87.62 121.75
55 CS 56 Ba 71 Lu 72 Hf: 73 Ta 74 W 75 Re 76 Os 77 Ir 78 Pt 79 AU 80 Hg 81 Tl 82 Pb 83 - i 84 FO 85 At 86 Rn
6 cesium barium |54 Lutetium | hafnium tantalum tungsten | rhenium osmium | iridium platinum gold mercury | o thallium lead bismuth poloniu e -
> 13291 137.33 17497 | 17849 | 180.95 18385 | 18621 | 19020 | 192.22 195.09 96.97 | 200.59 P o0437| 20719 | 20898 @ity (210) (220)
8 Fr |es 05 [0F RF [105 pp 10659 107 Bh | Hs | g 005 | ™ Rg |2 Uub T Ut | Uag| ™ Uap | Uuh | ™ (o
7s francium radium lawrencium | oratortin dubnium | seaborgium|  bohrium hassium | Meitnerium| pamstdtum | roentgeniunp  Ununbiu 7P ununtriur ununguadiom [ ununpentiu ununhexium “”“’{9{2?5‘ ununoctiu
22202 22802 262.11 261.11 26241 | 26312 26412 26513 (268) (281 (272) (285) (284) (289) s 289 (295) (293)
58 59 61 62 65 oo 67 68 70 Atomic I
7L Ce Pr éoNd Pm Sm |® Eu |Pcd T Dy Ho Er ¥ Tm Yb o | symbol
Liquid
41\ Y lanthanum|  cerium | prscoymim | neodymium| promethiund  samarium| europium |  gadoliniu terbium | dysprosium Holmium|  erbium thulium | ytterbium 71
138.91 140.12 140.91 144.24 14491 150.41 151.96 157.25 158.92 162.50 164.93 167.26 168.93 173.04
9 9 9 9 9 (S
o Y Ac [oTh |7 Pa [P U |2 Np [ py |® Am|® Cm |7 Bk |® CF |® B [00Fm | Md [ No .
(0)
actinium | thorium | protactinium uranium | neptunium| plutonium | americium|  curium berkelium | californium| einsteinium| fermium | mendeleviuth nobelium O @ rome
227.03 | 23204 231.04 238.03 237.05 24406 | 243.06 (247) (249) (251) (254) 25710 (256) s |103 O wedod
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periodic table feature

check

OXygen

silicop,

PERIODICTABLE OF THE ELEMENTS

metal?

block

valence
electron
5

charge

I Metal v.ﬂ.
etal 8,
Gas
Elemant — Hydrogen o . 18
Liquid Metalloid
Atomic number ——— 1 9— State & 2 Nonmetal
e i Hallum
2k Symbol —— H matter] 7] sold ecently ) 54 sA | "y
Atormnic mass ——_1.008 @ Synthetic discovered Ane:
Earjlim Eovon catn | mmgn | cwme | Fusin vazn
4 5 & 7 E a w l
5.0 :0| ol W9 o9 ;9 9
amz w1 nm Wi 15888 1358 H1m
Magnemm \ 4 Muram SHien Meghou: | s s Arn
u 38 48 sB 8 7B 88 18 N vl vyl sg| vgl vel =of
Mg Al Si P 5 a Ly
k3 A0ED T8 E LY 10EE 35453 e
ceem  (Mscomm | Teowm | vastem | vemun | Manganes ¥ okt nackal Coppr > Glum | Gamanum | Amak | Soknem | Bomn | Bypes
m n ) n M = r ar n n EL n E EE) El S £ l
(.!Eu SI:EIJ 'I'IE 'l’D ErEu Hnﬂ F!D CnEu Nil:r EuEU In EaD G!Eu lsD S!D Br 5 Krc
10T s | anas ETTH s 3 SEBE s Er ELHE ] EES 7254 s E Y R a2
srontemi (M vmom | mreswm | Mobum | Wehtsann | Tettan | it | Ricaum | mbsm | Sher cmum i iam m Aoy | Tdwun | wons Haren
LY El # ] a & 7 “ £ - a [l an £ 51 52 5 =« pff
SrD '(D Zl'E NbD Mnﬁ Tl::-J RMD RhEu PdU lgm ] [||ﬂ Sn@ Sbﬂ T(@ [@ I!o
742 R v 2.0 " i 10.0F M2 QLT 107358 man 1A nane 171 70 nurs 126004 e
Earkm ritarum | Hafekm | Tantsan | Tw Rikm | Combn [ Wb | Pl Gall wwary [l Thalum Lead thath | Pakoin | Atatine Tadon
5 3 b T o = i ” ] » &0 a B’ & B & B
ﬂaﬂ La@ ltlfﬂ Taﬂ 'll’l:r N!EI] &ﬂ [rﬂ F‘tﬂ luD] Hg 'llﬂ Pb@ Biﬂ Pe@ kl:ﬂ R"0
nrm 1EE 174 13ME 18234 136307 193 wman? = 196067 s
rain  (fsanim Diteun | Sabegim | Baim | Hammo | Mameun unswim | Unindian
L] o o] e e b e e e # m ® m % M
Rs i l:D Rf © Db ia © Bh Hs ] [ 0] Ds @ UuuG) Uub Uuq@
fr] il IK‘i ﬂs gﬂ ﬁ g:m ﬂﬁ I!Hi I;E il e
it ke 14, 16,
Ceim Neogmum | fmmetem | Snawm | Bnpem | Gidinun | Tatm | Opposm | Homem | Etn | Tl | fmbon | s
) y it Pl ) 61 7 &1 & s & & & i @ n n
Lanthanide series [ m) Pr g ] Fm Sm@ Eu g G 0 T (m) ) Ho =) Er O Tm ) b a Lu o
LTI I 1T W 451 L I T T I =T 1625 1eam0 | eam | eeaw T (T
— Thotin | Prociniom | banun | Gepusum | ek | dmakm | orom | Bekiem | caronun | Bnestim | femem | Mestrbsim | Rotetim | Lawrondam
inicle series 'l o [ a " ® | m o ] [ 18 1w o 133
'H|ﬂ Faﬁ Uﬁ Npc I’n"‘:l AmO Cln® Hk@ Cf@ BG) FmG) MHO NI‘II:'-J Lr®
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period

largest

most
electro-
negative

most
massive
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Lanthanides: 1.0~ 12
Actindes:  10-12

periodic
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atomic radius (nm)
- ~ thesize of an
-4 gtom increases
as with each

P@T[Od iC trends electronegativity

(paulings)

B shell, but
decreases in a
shell with
charge.

Larthanides: 1.0~ 12
Actindes:  10-12

Ceprit 209 e Wl S,

melting point group 1

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

similar chemical properties

;‘ £} dnoib yuiod bunypw

Size of Atoms and Their lons in PM
Group 1 Group 2 Group13 _ Group 16 Group 17
" >

u' [ 1 e u uif Be se|” . 8fo o|F 3
£ 3 2. 259510 BTo7o[010
7 - . o 134 90| " a7 126 | 71 119
Na* Mg2* ol st e ry TS ETy =
° 8 P Na @Na Mg Mg |Al Alls 0 cal
(3 G S Tl ¥R 00 Mo Rl Co i C S 8 Ge™ At Se Fir
K" Ca S¢ T o o Q ? 9 f '_?,‘ 9 ‘0 Qo lo Q o P OOO 16 154 130 ¢ 118 (102 170|199 167
® e . L4 Q0000 (o] Q 5o K K[ cal calGa”_ Galse | 6r 5
o S s B WSV N M R ke RSO A OGP e S e T
R s v M @
Q009200009 Q9 9
. . L] (] o 0 0 Kb Mo et Ra'e RITORES AR O Q = 196] 114 174| 76 126 [ 11 184 11 182
- s - . QO000Q o O Rb Rb| s’ sefi i fre e’ (1 I
o Bt Het* © me e e e oe W R B e me e
e e QP000:0000 Q000 \
- T W R b A S 2 19294
e .

606 QOOQQQ

lectron affinit : °
electro Nl [ & | [ ]
N4 l” Y LR ¥3 .3 2 |
(k)/mo [jl i'_ Trends for :1_ ; {(:
, : | lonic Charge 6
" He Na [ Mg S
A . Jr— - R P A
2 o ® 19 | 20 34
] - B LA Se
g = Bl A
- e e 2 -« ¥ Rb | Sr.
CIEC I v e ey g Lo m ol - = =
Magnitude of electron affinity (kJ/mol), B S < f}l
s-, p-, and d-block elements =
e I ) S P P Er Y 8.

“ T P U Np P Am Cm Bk Cf Es Fm Md No Lr

M sblock [ pblock [ dblock M fblock

the enerqy released when an atom qains an electron increases toward
fluorine but is very qroup-speciﬁc
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name that trend

Actindes:  1.0-12

Lanthanides: 1.0~ 1.2
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introduction to chemical bonds @)

what is a chemical bond? which elements do not form chemical bonds? why do elements form bonds? Y

if the bond is between itis a___ bond

l
example some added detail: polarity of covalent bonds

bond type

H.,C-CH;

(same nonmetals)

H.C-OH
(different nonmetals)

H,C-H
or (an exception)

type of bond?
Na-Cl F-F P-O Cl-Mg-C O=C=0 Na-OH Fe-Fe C-C (graphite)



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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H |na HIA IVA VA e P He - 9 » L Q@ 9 B N o
de 0 el E N - v 29 I 9
| > Lk, 14 1 L0 "7 1 :
La [Mg ATNSI s | &k - ° %9 o * °
(g 20 21 2 29 30 ] 2 33 i3 35 /.. > @ g B B
K |Ca|Sc]|Ti CulZn|Ga|[C sIS Kr - < o ® 9 " \
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3 = ™ rm 3 35 T & & = S5 34 » @ @ @ @ Q G 9 B 8 9
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Cs| Ba L_a Ill Aul|Hg| Tl % Bi l"u At |Rn mﬁltl ng Pol nt 80’I OC w9 9 vl
Ra| Ac|Rf - : N

metal*-nonmetal-

chemical equation for table salt dissolving in water:

Na-Cl (s) > Na*(aq) + Cl-(aq

(aq)?

sharp blow |

aqUGOUS

repulsion

hames and formulas

properties of ionic bonds (salts)

bond lattice enerqy 787 kJ/mol

oppositely charged ions  not individual molecules

dissolve in water

)

formula: switch the

cation | charges
anion name charge numbers
Na Cl sodium chloride Na*! |- NaCl
Mg F magnesium fluoride Mg*2 F- MgF,
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3 couple of things about ions

ions are not always from single atoms: many ions have multiple charges e« titanium

ions cah be | jons cah be

acetate  CHyCOO" |_TABLE OF POLYATOMICIONS ] oxalate €07 PERIODIC TABLE OF IONS
arsenate  AsOs* i HPO, | p Cl0,
arsenite  AsO;" hydrogen carbonate HCO~ | periodate 104 e KEY on
benzoate CsHsCOO™ | hydrogen oxalate HC:04 permanganate MnO number=|26 Fesr"chargz
1 borate BO:* hydrogen sulfate HSO:™ | peroxide 0y iron (ll)ion 17 18
i bromate  BrOs hydrogen sulfide HS phosphate PO symbolal s Fa2¥ T'I‘:"::’ P
H carbonate  CO5* hydrogen sulfite HSOs™ | pyrophosphate PO, ron (1) H | He
12 chlorate  CIO; hydroxide OH sulfate S0 2 5
ydrogen 2 chioride  CI hypochlorite Clo sulfite 2 13 14 15 16 hydride| helium
3 4 chlorite Cl0, iodate 10, thiocyanate 5 6 7 8 9 10 3 s
» Li* | Be?* chromate  CrO,* monohydrogen phosphate HPO.> | _thiosulfate B C N | 0| F | Ne CcO nﬁ u l"atl @) n 2
lithium | beryllium| cyanate CNO nitrate NOs POSITIVE POLYATOMIC IONS boron carbon | nitride | oxide |fluoride| neon
2 T 2 cyanide  CN° nitrite NO: ammonium  NH,' m 3 5 3 7 )
S Na*|Mg2* Cr07 orthosili Si0* i H,0" AR+ s p¥ s | ol Ar
sodium |magnesin| 5 a 5 5 B 8 9 10 1 12 |aluminum | silicon | phosphide| sulfiide |chioride| argon
3 1 [20 |21 D 4113 135128 3] 2 g 2925 £o3+] 27 24| 28 nizt| D 2430 3 D) 3 3 [ (%
»e + 2+ 3+ |4 L Vv cr Mn Fe Co Ni Cu 2+ 3+ a+ - 2-
K Ca Sc: titanium iron () | cobalt () | nickel () | copper ()| Zny Ga Ge' As® | Se Br Kr
sotassin calium | scandiom | Ti3¥| V¥ Cr2H - Mn® Fe?*| Co¥* NPl Cutl i | galium jum| arsenide |selenide|bromide | krypton
titanium jum (V) chromium iron {1} | cobat 1) | nickel (i) | copper ()
37 38 39 a0 TNpSH ) R % 524 |37 L 79 0 g+ 51. IR 52
Rbt| Sr2+| Y3+ | ZrAt |niobumv) MoS*| Tc7* Rh3* |pasdum)| Ag+ | Cd2t| In3* | sy Te| | Xe ],] )
. ’ i e [T T i okt R 7S (b 4+ P b3 L7 M «th l «t l I -t
ytrium | zirconium | Ny technetium | RU%*| rhodium | PA™* | siver | cadmium | indium ‘g\qm Sh>* |telluride | iodide | xenon W y a re ese elements PO yva enty¢
55 56 57 72 73 74 75 76 77 78 pih+ |79 3450 Hg2+[BT TIF |2 pp2H|® B3* Bpo2] 86
Cst | Ba2*| Lad*| HF*Y| Ta| WO+ Re’t| 0s*| I+ |plati gold (1) |mercury (i){thallium (1)| lead (W) |bi i At | Rn
cesium | barium |lanthanum| hafium | tantalum | tungsten | rhenium | osmium | iridium PtZ [ Hgt | T PhAH  Bidt| Po¥*asttide| radon
i gold () | mercury I lead (IV) | bi
E I
Frt | Ra%*| Aci*
— francium| radium | actinium 58 59 60 61 52 Gm34 53 py3+[* 65 66 67 68 69 70 yp34[ 71
Y'OC < Ce3t| Pr*| Nd3*| Pm3 imll  Gd3*| Th3*| Dy3*| Ho3*| Er¥*| Tm3+|stetimm| Lu3+
cerium i i i SmZ Euz(*” gadolinium| terbium ium| holmium | erbium | thuium | YD3*| lutetium
A I ¥ J
. 90 91 pa5+[92 6+ (93 9 pyd+ 95 Am34 6 97 K348 99 100 101 g2 10224 102
C]’)e[ f Hcal name Th* |ptactsiem(yfuranium w| Np** i Cm3* |beteiumm|  CF* | ES3* | Fm3*|nmiein ! Lt
thorium [ Pa®¥| T 4% |neptunium| T Pyb¥ T AMH curium [T B4 ium| fermium | M d3H No3* i
i V) plaoniemV) | amerkm] .

Cha rges how to name them?

Formula name formula Formula: NaCl. Name?

polyatomic ion = titanium (1V) chloride

Ticl,

sodium cyanide

Other examples:

iron (11) cyanide
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calcium hydroxide




‘“‘Sea of electrons’’

Positive ions

metallic bonds are in general

alloys

examples:

metallic bonds

electron sea

two types of alloys:
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COV3 leht bond .ng; how does electron sharing work?

atoms share electrons to:

3 bond based on electrons

electron dot structures: the outer shell

-
| &L 8 electrons (except H, He)
X

Paired (Pauli), spread out (Hunds).

neon:

8 valence electrons

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

# bonds:

# lone pairs:

22222
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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

common chemical formula types

molecular formula

structural formula

skeletal formula

condensed formula

Ho c___
H H
H. _O. H
~c” el CH;OCH
CzHéO H H H H_ /H /O\ /\OH 3 3
. H. ¢ __H
(2 isomers) -C CH5CH,OH
H_ ,OH
N2 OH
C3H602 H\C/i\c.\\OH _______
(1 isomer) H H A-"‘OH
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the diatomic elements
H. BrONCIIF

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

1 2 3 4 5

: o 8%9%8%908

, a8 alal
ot ATILRENE A
2 y  a® a9
838383838

Similar to metals but with nonmetallic elements.
graphite quartz buckminsterfullerene  graphene  diamond
B SiC
BN i

hame some
others:

ReB, Ge
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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

chemical bonds and intermolecular forces

substance  bonds/forces

bond or force strength (kJ/mol) example present
e, < :;o::'.:f.o
neﬁwgrlfed lsubs’clancclas hetwork covalent bond 300 - 5000 C-C (diamond) °.§g§f%§g:é’.
(noindvidual molectles) jonic bond 400-4000 Na™-Cl- t e;'f‘i;éii':
metallic bond 100-500 Fe-Fe L
intramolecular covalent bond 150-1100 C-C (molecules)
ion-dipole force 40-600 Na+--OH,
hydrogen bond force 10-200
F,ON-H-—F, O, N HO-H--OH,
intermolecular
dipole-dipole force ) 5-25 CO,--CO,
london dispersion force
0.05-40 __
(induced dipole) Na=-N; -
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 3 |
If the substance has intermolecular forces that are fixed it must be 3 |
If the substance has fluid intermolecular forces it is 3 P R
Why is HF nearly a liquid at room temperature but HCl is 3 gas at room temp? oc Moo Z>E\o\_?{<z
What is the strongest intermolecular force in N, o, 'H,O HF T T s .

CH,OH ccl,_ |




H-0

N, H,

haming binary molecules

is first
element 3
Metal?

DO/V covalent: use, mono, di, etc.

\
yes

ionic: dont use
mono, di, etc...is
it polyvalent

naming: covalen’c VS. lonic

NadCl
CO
Alcl,
SO,
FeO,
SiO,

_NO » don't use (1), (1), etc.
= do use (1), (1), etc.

yes
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| ewis structures

1 18
1A 8A
=-H 2 13 14 15 16 17 He 2
2A 3A 4A SA 6A 7A
«Li | *Be- : : : B | «C+ | :N- | -0+ | :F+ | :Ne:

a quick and informative look at valence electrons . . - - -
“Na | -Mg-| 3 4 5 6 7 8 9 10 11 12 | -Al-|-Si-| -P- | -S- | :C1- | zAr:
3B 4B SB 6B 7B | 8B | 2B g - oo = =
K |-Ca- -Ga- | *Ge- | «As- | -Se- | :Br- | :Kr:
“Rb | -Sr- In- | -Sn- | -Sbe-|-Te-| :T- | tXe:
-Cs | -Ba- “Tl- | -Pb- | «Bi-|-Po-|2At- | :Rn:

= Fr sRa-

Lewis structure of
water: Single
bonds

Double bond - two
atoms share two pairs of
electrons

Triple bond - two atoms
share three pairs of
electrons
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how to determine the shapes of lots of molecules VSEPR.

1. If only X,H,O,N,Capply rules, done. (try CO,, CCl,, even Cl,CO; fails for 3 .
few like CO and NO) ) 7% valence shell electron pair

o o o ! A ‘e \ 1T n ] l | h
e B e AV mhe — O C- et C repulsion theor
F— A= =Q- - - Gmc=gihne O Y
N C ) : . C ‘.- *;C [_ ' Number of Electron- Molecular Geometry
Othe rwise: ' ‘ Electron Pair No Lone 1 lone 2 lone 3 lone 4 lone
Dense Areas | Geometry Pairs Pair Pairs Pairs Pairs
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 5
until valence electrons match q
3. Minimize formal charges by forming double bonds; note that only Al and R
higher can form expanded octets 3
.- =
Group 4A Group 5A Group 6A Group 7A Group 8 ] 5 ' T v
SiFs PFs SF, CLFy XeF> 1 ; g
; |
o i e

SiF(,Z_ PFG_ SF6 BYFS xer‘
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