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Structure and Properties of Matter
Elementary, Middle and High school

NEXT GENERATION
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Submicroscopic events
with macroscopic assessments
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Foundations in Chemistry Concepts:
How we do it

1.
2.
3.
4.

Define basic chemistry terms
Discovery Learning: Atomic Structure
Discovery Learning: Periodic Table
Relating to material: Elements in Our Pockets
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Make the students active learners in
studying the foundational concepts.




1. Intro to chemistry with questions

Inquiry
 List as many chemicals as you can
in 60 seconds...

 What is chemistry?

 What are examples of
chemicals?

* Where is chemistry in your
personal life?

* EDIT SLIDE PICTURES AND TEXT



coffee bean .

/ . carbon atom

340 pm

http://learn.genetics.utah.edu/content/begin/cells/scale/

How small is an atom?


http://learn.genetics.utah.edu/content/begin/cells/scale/

h

Subatomic Particles

Proton | Neutron | Electron

| Symbol ‘ @or p*I () or n°| Qore \

Charge +1 0 -1
Orbitals in
. energy levels
Location Nucleus Nucleus around the
nucleus
Mass 1amu 1amu ~0 amu

e~ in Energy Levels

it in each Enerc
ny electrons can f
Only so many E\ementf

Elements 1-20 and larf
Enem‘V | g electrons Level |
Level |
1 &0
g8 e- 2

T e 3 Atoms are like onions...
ons go in these energy | they have Iayers

But Where U = mewae =t
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Periodic Table of the Elements

hydrogen

alkali metals
alkali earth metals
transition metals

B post-transition metals
O nonmetals
B noble gases

halogens

metaloids
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4. Relating to Material: Elements in Our Pockets

Inquiry to Engage: 15t engage the students by asking...
Anyone have any elements in your pocket?

LTE

cricket

Lljiizes

—

H

Hydrogen

2
A

L1008 | 2A

3
Li
Lithium
6.941

-
Na
Sodium
22.990

19

1

Potassium
39.098

37
Rb

Rubidium
84.468

55
Cs

Cesium
132.905

7
Fr
Francium

223.020

8

4
Be
Beryllium
8.012
12
Mg

Magnesium
24.305

20
Ca

Calcium
40.078

38
Sr

Strontium
87.62

SBB a

Barium
137.327

88
Ra
Radium

226.025

o 90 9
‘oe  Ac | Th Pa

3 4 5
[11]:] VB VB
3B 4B 5B
21 22 23
Sc Ti Vv
Scandium Titanium Vanadium
47.88 50.942
39 40 41
Y Zr Nb
Yttrium Zirconium Niobium
88.908 9 92.906
57-71 72 73
Hf Ta
Hafnium Tantalum
| | 17849 180.948
89-103 104 105

Rf Db

Rutherfordium  Dubnium
[2

262]

Lanthanum

rium
138906 | 140115 | 140.908 |

Actinium Thorium
227.028 232.038

Alkali Alkaline
Metal Earth

Protactinium
231.036

18
VIIIA
. . o BA
Periodic Table of the Elements 2
13 14 15 16 17 H e
T ma IVA VA VIA VIIA Helium
Number 3A 4A 5A 6A 7A 4003 |
5 6 17 s 1o 10
Symbol B C N O F Ne
Boron carbon Nitrogen Oxygen Fluorine Neon
Name 10.811 |- 12.011 il e 14.007 v - 15.999 o 18.998 20.180
L 13 14 15 116 7 8 1
6 7 8 9 10 1 12 Al Si P S ‘ Cl Ar
VIB ViiB Vi 1B nuB Alumir Silt Phosph Sulft Chlori Arg
B 7B I's 8 Y 1B 2B 26982 | 28085 | 30972 | 32066 | 35453 | 39948
24 25 26 27 28 29 30 31 32 33 134 35 136
Cr Mn Fe Co Ni Cu Zn Ga Ge As Se \ Br Kr
Chromium Manganese Iron Cobalt Nickel Copper Zinc Gallium Germanium Arsenic Selenium Bromine Krypton
51.996 54938 55.933 58.933 58.693 63.546 65.39 69.732 7261 74922 | 7809 | 79.904 84.80 o
42 43 44 45 46 47 48 49 50 51 52 53 54
Mo Tc Ru Rh Pd Ag Cd In Sn |Sb Te | | Xe
i i Rhodium Palladium Silver Cadmium Indium Tin Antimony Tellurium lodine Xenon
95.94 98.907 101.07 102.906 106.42 107.868 112411 114.818 118.71 121, 127. 126.904 131.29
74 75 76 77 78 79 80 81 82 83 84 85 86
W Re Os Ir Pt Au Hg Tl Pb | Bi Po At Rn
Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
183.85 186.207 190.23 192.22 195.08 196.967 200.59 204,383 207.2 208.980 [208.982] 209.987 222.018
106 107 108 109 110 11 112 113 114 115 116 117 118
Sg Bh Hs Mt Ds Rg Cn [Uut FI Uup Lv Uus Uuo
Seaborgium Bohrium Hassium il il C icil Ununtrium Flerovium L il i il
[266] [264] [269] [268] [269] [272] 277 unknown [289] unknown [298] unknown || _unknown
57 |58 159 60 T61 62 l63 64 65 66 67 le8 6o 70 |71 ]
Lanthanid
sl La [Ce | Pr | Nd Pm Sm Eu [Gd | Tb Dy | Ho Er Tm Yb Lu
Cer i ‘Samarium Europium ‘Gadolinium Terbium Dysprosium Holmium Erbium Thulium Ytterbium Lutetium
14424 || 144913 | 15036 | 151.966 | 15725 | 158925 || 16250 164930 | 16726 | 168934 || 173.04 | 174967 |
92 93 94 95 % 97 o8 99 100 101 102 103
U Np Pu Am Cm Bk Cf Es Fm Md No Lr
Uranium Neptunium Plutonium Americium Curium Berkelium Californium il il Fermium il Nobelium L
238.029 237.048 244,064 243.061 247.070 247.070 251.080 [254] 257.095 258.1 259.101 [262]
r “ r
Transition Basic P Noble 0 o
Metal Metal Semimetal Nonmetal ‘ Halogen Gas Lanthanide Actinide
| S

©2014 Todd Helmenstine
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Minerals are everywhere in our products

G ) — Tungsten in
= : yRsumin lightbulb
Silica and Aluminum wallboard bl
lithium in in can
glasses \ | Titanium, chromium,
iron, cadmium and
Copper, nickel others in wall paint
and zinc in coins Silver and gold Tantalum in /
I Jeeiy 'ceII phone Nickel and cadmium
ﬁ in batteries for laptop
o S . <4
o Titanium, zinc, - ,
p iron, copper and — @
¥ others in cosmetics ! P ¢ ‘
Lg:l: 7 } !

Lead, platinum, hafnium,
gallium, indium, tantalum
and others in laptop

Lead in
solder

N 4o (e
= Copper and

Iron, chromium, zinc in brass Iron in
manganese, nickel belt buckle pen .|nk
and others in steel ;

Salt in food

~_ Zinc and manganese
in batteries for radio

© 2011 Pearson Education, Inc.



Economically useful mineral resources

Silver: Poland Iron: Ukraine, Russia, Australia
jewelry, currency, steelmaking, metallurgy, auto Chromium: Kazakhstan
Indium: Canada electronics, photography parts, paints and dyes chemical industry, Titanium: China

LCDs, solar cells metalworking

airplanes, aerospace,
missiles

=y

;-*"‘ Zinc: United States, China ‘{)
coatings and alloys, auto
_ parts, batteries, paints

-

- Tin: China
steel plating for

Phosphates: Morocco,
Western Sahara

~ fertilizer, industrial and

- home chemicals

> Lead: China

batteries, solder, X-ray
¢ shields, TV tubes, formerly
—— / V— line additives
Tungsten: China IR e g =
metalworking, b .
machinery, lightbulbs

Nickel: Cuba, Australia
alloy for stainless steel,
aerospace applications,
batteries

* Uranium: Australia
nuclear power, medicine

Aluminum: Guinea |
packaging, building,
transportation

Platinum: South Africa
catalytic converters,
chemical industry,
capacitors

.

o

Cobalt: D.R of Congo
alloys for jet engines,
carbides for tools,
chemical industry

Copper: Chile
electric wiring,
plumbing, machinery,
alloys and coatings

Tantalum: Australia
electric circuitry, auto
parts, steelmaking and
alloys

Gold: South Africa
ingots for monetary value,
jewelry, coins, dentistry,
medicine

© 2011 Pearson Education, Inc.



Let’s look at Tantalum

Atomic Number: 73
Atomic Weight: 180.94788

Melting Point: 3290 K (3017°C
or 5463°F)

Boiling Point: 5731 K (5458°C
or 9856°F)

Density: 16.4 grams per cubic
centimeter

Phase at Room Temperature:
Solid

Element Classification: Metal

Period Number: 6 Group
Number: 5

(b) Capacitor containing tantalum

http://images-of-elements.com/tantalum.php
http://education.jlab.org/itselemental/ele073.html
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Central Case: Mining for ...
, cell phones?

\/ o - —7—Region of
Democratic Republic 7 - 2§ e
of the Congo 7 % 24 Tl

Atlantic
Ocean




Foundations in Chemistry Concepts: How
we do it

Define basic chemistry terms
Discovery Learning: Atomic Structure
Discovery Learning: Periodic Table

> W

Relating to material: Elements in Our Pockets

Make the students active learners in
studying the foundational concepts.

Edit slide so that it is a summary of pictures from our work (Atomic Structure
Activty, PT, and Coltan)
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2. Atomic Structure Activity

Activity:

Formative Assessments:

* Worksheets, Answering
guestions verbally.

SAMPLE NOTECARD:

Add-picture-of-cards-:

Atomic

#p* # ne # e Atomic #
P Mass

20



Now organize what you have

Ot()jjgc ﬁle:

* Organize the 20 simplest atoms THREE different ways.

2nd Energy Level: 1 e~ in 1 orbital

ZpH | |I 2p ZpH | |I

2s|| @

1st Energy Level: 2 e~ 1 orbital

1s e | e

21



3. Discovery Learning: Periodic Table
Objective:
* Organize the 20 simplest atoms THREE different
ways.
* By atomic #
* By # of energy levels
of e~
* By # of e"in the
outermost energy level
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