OER-Based General Chemistry Content for Engineers Keyvani/CU Boulder

1. Screencasts
1.1 System of Units/LearnChemE (CC BY-SA 4.0 DEED)

https://www.youtube.com/watch?v=rFS9wtB4KMO
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Figure 1 - System of Units by LearnChemE is Iicensed under CC BY-SA 4.0- LearnChemE

1.2 Unit Conversion (practice)/LearnChemE (CC BY-SA 4.0 DEED)

https://www.youtube.com/watch?v=mgR6egNSoJc

How many moles of water are in 1 cup?
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Cheaper to drive in US with 20 miles/gallon or in Germany with 6 Liters / 100 km

and that's how they report it over there. So there's
a couple different conversions you have to make,

Figure 2 - Unit Conversion by LearnChemE is licensed under CC BY-SA 4.0- LearnChemE




1.3 Unit Conversion (Example)/LearnChemE (CC BY-SA 4.0 DEED)

https://youtu.be/laMyHmqgsTUo

Units conversion

A sample of oil has a density of 0.85 g/mL. What is the mass of 3.00 barrels of oil in
kilograms if a barrel of oil is 42.0 gallons? You are given that one gallon is equal to 3.8754 L.

P: 0.85 }/ML Mmass (n L%J(?
3.00 bamds  LGame = 420 @J 1 gal= 389 L

3‘00 \eaMe(S
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to carry the units through. Three barrels
and 1 barrel is 42.0 gal. | am writing it
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Figure 3 - Unit conversion Example by LearnChemE is licensed under CC BY-SA 4.0- LearnChemE

1.4 Molecular Mass/LearnChemE (CC BY-SA 4.0 DEED)

https://www.youtube.com/watch?v=V5zzzz\WuwzE

Calculate molecular mass

What is the molecular mass of CgHgCl,03?

® C 120!l
6 H [.oD §
2 ¢l 35,463
2 B 15,991

} First I'll multiply this by eight, this by six, this by two

Figure 4 - Molecular Mass (Example) by LearnChemE is licensed under CC BY-SA 4.0-
LearnChemE
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1.5 Number of Subatomic particles/LearnChemE (CC BY-SA 4.0 DEED)

https://www.youtube.com/watch?v=o0HAuUPT3Mk3Y

Number of Protons Neutrons Electrons

Count protons, neutrons, electrons

How many protons, neutrons and electrons are in the following anionic compound: C;HsO?
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atomic number = # of protons
# of neutrons = atomic weight(rounded to whole number) - # protons

Neutral atoms have equal #'s of protons and electrons.

two carbons, five times, and then one times this

‘ il

Figure 5 - Subatomic particles by LearnChemE is licensed under CC BY-SA-Z})- LearnChemE

1.6 Isotopic Abundance Example/LearnChemE (CC BY-SA 4.0 DEED)

https://www.youtube.com/watch?v=agUTOekgs A

pe Composition (Example)

Isotopic composition

A sample of naturally occurring silicon consists of 28Si (27.9769 amu), 2°Si (28.9765 amu)
and ?°Si (29.9738 amu). If the atomic mass of silicon is 28.0855 amu, and the natural
abundance of 2°Si is 4.67% what is the natural abundance of 2%Si?
2fg ¢ X
1] 4k A,g 2.0
3% 5. s00- %-449

and we know the average, and that's 28.0855

N adb

Figure 6 - Isotope composition by LearnChemE is licensed under CC BY-SA 40- LearnChemE



1.7 Empirical formula from mass percentage/LearnChemE (CC BY-SA 4.0 DEED)
https://www.youtube.com/watch?v=SGyj0sySvhM

Empirical Fo

ormula from Mass

Figure 7 - Empirical formula by LearnChemE is licensed under CC BY-SA 4.0- LearnChemE

1.8 Empirical formula from combustion analysis example/LearnChemE (CC BY-SA 4.0
DEED)

https://www.youtube.com/watch?v=aonEmARxw8M
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and oxygen produced 3. 095 g of CO; and 1.902 g of H,0. What is the empmcal formula of the
compound?
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same calculation for grams of water per mole
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Figure 8 - Empirical formula from combustion analysis by LearnChemE is licensed under CC BY-SA
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1.9 Empirical formula from combustion analysis 2/LearnChemE (CC BY-SA 4.0 DEED)

https://www.youtube.com/watch?v=tbMfvgu191Y

Empirical Formula from Combustion Analysis 2 (Ex

Combustion analysis

1.00 g of a compound containing carbon, hydrogen and oxygen produces 1.161 g of H,0 and
2.818 g of CO; when it completely reacts with oxygen. What is the empirical formula for this
compound?

In this example, we're gonna look at combustion
o AT

Figure 9 - Emp-irical formula from combustion analysis by LearnChemE is Ii“cenrs'éd under CC BY-SA
4.0- LearnChemE

1.10 Mass composition from molar composition/LearnChemE (CC BY-SA 4.0 DEED)

https://www.youtube.com/watch?v=S4Jzn4lyc6k

Mass Composition from Molar Composition (Example)

Mass composition from molar composition

DDT is an insecticide that is composed of C, H, and Cl and has the molecular formula
Cy4HqCls. What is the percentage composition of DDT by mass?

CuHqUs mas. composihan a&o«vxc \al;mlss (g/mol)
.0
4 mel C X 'Qx%'\q = ! C H Lo&
2 mol H X LB cl 3545
S mol ¢

9 moles of hydrogen, and there's 1.008 g/mol

Figure 10 - Mass Composition from molar composition by LearnChemE is licensed ljndéf CC BY-SA
4.0- LearnChemE




1.11 Balance an equation/LearnChemE (CC BY-SA 4.0 DEED)

https://www.youtube.com/watch?v=a0Gvh JvJgY

Balance equation

Balance the following chemical equation: (-
lef

NHsNO3z-> N2+ O2+ H0

Figure 11 - Balance on Equation by LearnChemE is licensed under CC BY-SA 4.0- LearnChemE

1.12 Calculate the amount of reactant needad/LearnChemE (CC BY-SA 4.0 DEED)

https://www.youtube.com/watch?v=zNP0-2w6qgrs

Calculate Amount of Reactant Needed (Example)
Calculate amount of reactant needed

Reacting Fe;03 with CO produces pure Fe and CO,. How many grams of CO are needed to
react with with 3.02 g of Fe;03?

Fe,0, +3cO0 —>2Fe +3¢0,
3’.023r X

And the question, what | don't know is

A B UES

Figure 12 - Calculate the amount of reactant needed LearnChemE is licensed under CC BY-SA 4.0-
LearnChemE



1.13 Stoichiometry/LearnChemE (CC BY-SA 4.0 DEED)

https://www.youtube.com/watch?v=e8cUyGBt8e8

CHLOH *+Z 0, — CO, +x2H,0
L Yo's
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in terms of 1 mole of fuel since property data is tabulated that way. § (7%
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Figure 13 - Stoichiometry by LearnChemE is licensed under CC BY- SA 4.0- LearnChemE

1.14 Reaction stoichiometry (interactive)/LearnChemE (CC BY-SA 4.0 DEED)

https://www.youtube.com/watch?v=s7AYHKMbFNs

Reaction Stoichiometry (Interactive)

Consider the reaction A + B = C. The molecular weight is
50 g/mol for A and 100 g/mol for B. If 10 g of A are
consumed in a reaction, how many g of C form?

A.10g B.15¢g C.20g D.30g

E. Need MW of C

grams of C do we form? Do we form 10 grams
of C? 15 grams of C? 20 grams of C? 30 grams

Figure 14 - Stoichiometry interactive by LearnChemE is licensed under CC BY-SA 4.0- LearnChemE
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1.15 Calculate concentration (example)/LearnChemE (CC BY-SA 4.0 DEED)

https://www.youtube.com/watch?v=nvjoBkH8 qQ

Calculate concentration

What is the volume of the solution that would result by diluting 70.00 mL of 0.0913 M
NaOH to a concentration of 0.0150 M?

003 M —  0.0i50 M
00.00 mL Water Vy,= 9
mass Nabl <————> mass N off
Mot& \Y\.elﬁ

Figure 15 - Stoichiometry interactive by LearnChemE is licensed under CC BY-SA 4.0- LearnChemE

1.16 Calculate concentration (example)/LearnChemE (CC BY-SA 4.0 DEED)

https://www.youtube.com/watch?v=nvjoBkH8 qQ

Calculate concentration

What is the volume of the solution that would result by diluting 70.00 mL of 0.0913 M
NaOH to a concentration of 0.0150 M?

003 M — 0.0i50 M
20.00 mL  Gade  Vy= S
mass Aol c————> muass N off
mele mele

Figure 16 - Calculate concentration by LearnChemE is licensed under CC BY-SA 4.0- LearnChemE



1.17 - Create diluted solution (example)/LearnChemE (CC BY-SA 4.0 DEED)

https://www.youtube.com/watch?v=MybrJJdx Gw

Create Diluted Solution (Example
Create diluted solution

You have 40.0 mL of a 2.0 M HCl solution. How many mL of H,0 must be added to make a
0.5 M HCl solution?

2.0 M Hd —> 0.5™M HC(
L‘.blo ML
2 ol Yoo mL L =
L 10° mL

of HCI. Notice the units cancel to give me moles

Figure 17 - Create diluted solution by LearnChemE is licensed under CC BY-SA 4.0- LearnChemE

1.18 - Precipitation reaction (Spectator lons)/LearnChemE (CC BY-SA 4.0 DEED)

https://www.youtube.com/watch?v=R6wwIsYCR6¢c

Precipitation Reaction (Spectator lons) (Exz

Precipitation reaction

Sodium sulfate (Na;SO4) and calcium hydroxide (Ca(OH);) are both individually soluble in
water. However, after both are dissolved in the same water solution, they form a solid
CaS0, precipitate. What are the spectator ions for this precipitation reaction?

Na, S04

And that is I'm adding sodium sulfate and calcium

L AL =~

Figure 18 - Precipitation reaction by LearnChemE is licensed under CC BY-SA 4.0- LearnChemE




1.19 Titration (example)/LearnChemE (CC BY-SA 4.0 DEED)

https://www.youtube.com/watch?v=02Zv2gi1NoPc

I Y

Titration
What volume of 0.2 M H3PO; is required to titrate 120 mL of 0.05 M NaOH to equivalence?

HaPoy + 3NabH  — Na,Pby +3H.0
0.2 M 0.05 M
(20 mbL

(20 mL | 6.05 molngtH|
[ L

moles of sodium hydroxide per liter. Let's

keep the units consistent. This then is the

J—, . ]

Figure 19 - Titration by LearnChemE is licensed under CC BY-SA 4.0- LearnCh.em.Eh

1.20 Titrate Base with acid (example)/LearnChemE (CC BY-SA 4.0 DEED)

https://www.youtube.com/watch?v=h-RIXX9UnfM

[itrate Base With Acid (Example)

Titration
What volume of 0.15 M H,S0; is required to titrate 30 mL of 0.052 M NaOH to equivalence?

0.5 M 0,052 M
x? 30 mL

in this type of problem is to use the units

to make it easier to solve the problem. If

1 amers B UED

Figure 20 - Titrate base with acid by LearnChemE is licensed under CC BY-SA“4.0-. LearnChemE
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1.21 Oxidizing and reducing agents (example)/LearnChemE (CC BY-SA 4.0 DEED)

https://www.youtube.com/watch?v=142KSemCUOQOk

Oxidizing and reducing agents

In the following reaction as written what species is the reducing agent and what species is
the oxidizing agent?

Ag(s) + NO3 (aq) -> Ag*(aq) + NO(g)

O)‘lda"’lm 't}\e aa,"\ SF 0)( en a 5\& O)QJIa\Aé a9

56 o C/lec

reduction :ﬁ\e loss of ox om

e 80mb

is reduced, and then likewise, for reduction

Figure 21 - Oxidizing and reducing agents by LearnChemE is licensed under CC BY—SA 4. O-.
LearnChemE

1.22 Oxidation number (example)/LearnChemE (CC BY-SA 4.0 DEED)

https://www.youtube.com/watch?v=0T9Sx\W8IsBg

Determine oxudatlon number

What is the oxidation number of Mn in MnO32?

2 -

-2 O
3(-2) + 4

that's the oxidation number on manganese

l e 1

Figure 22 — Oxidation number by LearnChemE is licensed under CC BY-SA 4.0- LearnChemE
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1.23 Oxidation number 2 (example)/LearnChemE (CC BY-SA 4.0 DEED)

https://www.youtube.com/watch?v=-K-2f0g2wro

Oxidation Number 2 (Example)

Oxidation numbers

What are the oxidation numbers of V, O and Cl in the compound VOCI;?

And in this compound, we would assign an oxidation

Figure 23 - Oxidation number 2 by LearnChemE is licensed under CC BY-SA‘ZOh-'L:&earnCﬁemE
1.24 Balance redox reaction (acidic solution)/LearnChemE (CC BY-SA 4.0 DEED)

https://youtu.be/EE8fjXiX-Lc

Balance Redox Reaction: Acidic Solution LLx‘lamle)
vV 3 Ddla eC ® . 3 0 [

Mg(s) + VO4*(aq) -> Mg*(aq) + V**(aq)

@ (/\o.l‘( V‘éa-Ckm\_S
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@ BQ(O‘J\CQ H
3¢+8H" + \./OL‘B’ — (/” +4H,0 ) RBalams wa% e

Such as to cancel out the electrons
S,

Figure 24 - Balance redox reaction by LearnChemeE is licensed under CC BY-SA 40- LearnChemE
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1.25 Balance redox reaction (acidic solution 2)/LearnChemE (CC BY-SA 4.0 DEED)
https://youtu.be/94T84t8Xjzw

H:,!; Balance Redox Reaction: Acidi

Redax reaction

Write 3 net lonc eguation for the fallowing redox reaction in 300 soluton. Note tha

> o5
- (e
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- . .t.r_
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Watch on 8D dude
Figure 25 - Balance redox reaction by LearnChemeE is licensed under CC BY-SA 4.0- LearnChemE

1.26 Balance redox reaction (basic solution)/LearnChemE (CC BY-SA 4.0 DEED)
https://youtu.be/bCQt0rVJe8c

ord Y Balan

pid ce Redox Reaction: Basic Solution (Example)

Balance redox reaction
When the Tollowing redos resction is Balanoed = basic agueous sclution, with the smallest
passible integer coefficents, what is the stakchiometric coefficent of H,07?
Se0d + O >S50 + C r
. ¥ veshone
L *h |,_:I L‘,All ¥ ';JL*J' S
@D ‘salams O.. balasca, 7

@ eMans

ﬂa(

A a > NV 3 1 ?
3.0 Sed ~3 Saly 4 CH + e

Watch on B3 Youlsbe

Figure 26 - Balance redox reaction by LearnChemeE is licensed under CC BY-SA 4.0- LearnChemE
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1.27 |deal gas properties (example)/LearnChemE (CC BY-SA 4.0 DEED)

https://youtu.be/cBTalZFIEG4
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Watch on (8D Yoslube

Figure 27 - |deal gas properties by LearnChemE is licensed under CC BY-SA 4.0- LearnChemE
1.28 ldeal gas law example/LearnChemE (CC BY-SA 4.0 DEED)

https://youtu.be/lguS4 0m9Zc

deal gas

Nitrogen gas is In 8 45.0 L comainer at 125 bar. What volume would the nitrogen
occupy at a pressure of 5.0 bar If the temperature did not change?

Note: Not using the same contaner

SUGGESTION
Pa vy 1o
80|y own

watch on (1B Yeulsbe

Figure 28 - |deal gas law example by LearnChemE is licensed under CC BY-SA 4.0- LearnChemE



1.29 Molar mass of a gas/LearnChemE (CC BY-SA 4.0 DEED)

https://youtu.be/mF8RdjDiuu8

.LLL’.;' Molar Mass of a Gas (Example)

Watch on I8 Youlube

Figure 29 - Molar mass of a gas by LearnChemE is licensed under CC BY-SA 4.0- LearnChemE

1.30 Gas density/LearnChemE (CC BY-SA 4.0 DEED)

https://youtu.be/EhPxE3La Zg

{aam
-

Gas Density (Example)

Gas dansties
Which gas is the most dense (gicrm?) at STP?
F; Cl Kr O Xe

Watch on 89 Youlsbw
Figure 30 - Gas density by LearnChemE is licensed under CC BY-SA 4.0- LearnChemE
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1.31 Partial pressure/LearnChemE (CC BY-SA 4.0 DEED)

https://youtu.be/iCTnUFlakNo

Partial pressures

A container has 22 g CO; and 156 g CeHs. The total pressure at 100°C s 10.0 ba

What are the panial pressures 7

Watch on E3 Yoslube

Figure 31 - Partial pressure reaction by LearnChemE is licensed under CC BY-SA 4.0- LearnChemE
1.32 Amount of gas product formed/LearnChemE (CC BY-SA 4.0 DEED)

https://youtu.be/LXYdJN1V p0

~ srey ') r 3 B " N
N}
~ Ma v { - “ 2350l CaCOy w R of H
Amourt of Gas Product Forrred (Kcatple
- (8 -
r & 4 2
(0, < | 01 v+ CaCl2
a Bd 1.2 Q 8
o T |
al
2 » all ol (ol T
“ - 1 — -
3 &L Uy .
2 |
« NV rer
-4
2

Atomic weight for H is

A D .09 + 12014 3 actually 1.008. Very

slight change - doesnt
affect results

Watch on (8D Youlide

Figure 32 - Amount of gas formed by LearnChemE is licensed under CC BY-SA 4.0- LearnChemE
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1.33 Changes in enthalpy and internal energy/LearnChemE (CC BY-SA 4.0 DEED)

https://youtu.be/W0zUnmr9r4U

Watch on (5 Youlube

Figure 33 - Changes in enthalpy and internal energy by LearnChemE is licensed under CC BY-SA
4.0- LearnChemE

1.34 Enthalpy and internal energy changes/LearnChemE (CC BY-SA 4.0 DEED)

https://youtu.be/p mmzNtqidl

¥R Enthalpy and Internal Energy Changes (Example)

Enthalpy and internal energy changes

For which of the reactions shown below Is AE® largerthan AH*?
A 250,(g) ¢+ O4g] - 250.49)
; PR ’ E - internal energy
B. CMslg) + 5 04g) — 3C0;g) = 4 H,00)) M- (?H"‘ap\'

SUSRSRSTON

Pause and try 1o solve
On your own.

C Hilg) + Clg) — 2 HONg)
D. N;0dg) = 2 NO,lg)

Watch on £ Youlsbe

Figure 34 - Enthalpy and internal energy changes by LearnChemeE is licensed under CC BY-SA 4.0-
LearnChemE
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1.35 Heat absorbed during a reaction/LearnChemE (CC BY-SA 4.0 DEED)

https://youtu.be/D3Vh4eVN87M

1 (Example)

How much heat is absorbed when 45 0 g of C(s] reacts in the pressence of excess S0 {g) 10
produce CS,|0) and COg) accarding 1o the fTollowing chamcal equation?
S Cis) » 2504g) = CSyl/) » 4 COxg) AR" = 2399 K <.

4< 1 s 'C:' ym.', G o'

UGaclh Sme
R NPTy =

Watch on 53 Yoddube

Figure 35 - Heat absorbed during a reaction by LearnChemE is licensed under CC BY-SA 4.0-
LearnChemE

1.36 Heat of reaction/LearnChemE (CC BY-SA 4.0 DEED)

https://youtu.be/gYZroO3mAlw

heresuiting so

from 22.0°Cto 33.1°C If the spaciic heat of the solution = 4,18 J/ig « "C), calculate &M for the

watch on (59 YouTabe

Figure 36 - Heat of Reaction reaction by LearnChemE is licensed under CC BY-SA 4.0-
LearnChemE
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1.37 Hess's law/LearnChemE (CC BY-SA 4.0 DEED)

https://youtu.be/OHptiNxKNXs

v

Link copled % clpboard

Al recedads i Gppany =, e WA Jgredaaidsn  @n sl
¥ catrar aw both Mrve ‘ot and 2ot g
SUGGESTION: - 2 i
e hanae Yo Aeh
Pause and try Lo salve e, e X
O YOUr OWN melan,  veutinghe [ iy ide S acAtmaling

[
e
-
) r
:- °\'
» )
(*
' \:’
o
>

Chytld) + Ola) —— o, - Woly ae .
=N li] ol © Bmcam o0 -.;'; - \ e w3
L ola) » M. OLlg) 4 LS

Watch on 89 Youlse

Figure 37 - Hess's law by LearnChemE is licensed under CC BY-SA 4.0- LearnChemE
1.38 Heat of reaction (Hess's law)/LearnChemE (CC BY-SA 4.0 DEED)

https://youtu.be/e5J8oNMFRtE

LB

e Heat of Reaction: Hess's Law (Example)

Heat of reaction
Given the two reactions
[2C0ig) +Salgh 2 2C0O8ig) {  _ AHe=-182 k)
1| cos(g) + 0z (g) » CO{g) + SOx(g) | AH:=. 265 kJ
What is the heat of reaction for S; cxdaton? -
Saig) + 2 Oz (g) = 2 S0:(q) Mutiohed bv 2 so that the

stinchinmetric coefficents
u woauld match those of the
fina’ sgqusbon

Watch on I8 Yodube

Figure 38 - Heat of reaction by LearnChemE is licensed under CC BY-SA 4.0- LearnChemE

19



1.39 Heat of reaction (Hess's law 2)/LearnChemE (CC BY-SA 4.0 DEED)

https://youtu.be/gohO4DIpqQE

Heat of reaction

Coal gasification can be represented by the eguation
2CIs) + 2 H;8g) = CHg) + COylg) AN ?

Usze the following information to find AM for the above reaction
LO|g) + Hig) = Cis) = M 0|g) AM=-131k)

CO|g) + HOlg) —+ CO.(g) + Hilg) AH=-A1 kI

COlg) + 3 H4g) —» CHdg) » H,0lg) AH -
' Sﬂ!;!!‘IION:

Pause and try to solve
On your own,

Watch on 58 Youlube
Figure 39 - Heat of reaction by LearnChemE is licensed under CC BY-SA 4.0- LearnChemE

1.40 Lewis structure (octet rule)/LearnChemE (CC BY-SA 4.0 DEED)

https://youtu.be/gQ7Uwd4NZXk

S UM X TR

K&s CO; CF; 1C (ndne bondad 1o chionne) HCN

- ! P
Al s QUCE:
',.'T:' . ftl'-. ch :‘,(fcf

[Voocys octet rule |

watch on (B Yeulabe

Figure 40 - Lewis structure by LearnChemE is licensed under CC BY-SA 4.0- LearnChem
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1.41 Lattice Energy/LearnChemE (CC BY-SA 4.0 DEED)

https://youtu.be/ConTsQHNNGQ

Lattice Enecn ( i
W sCa'ee £ for Cow +5B9.5 W/mol <=

(o' ->Ca™sm £, for Caw o245 byfmel €
Cals) -» Calg) Heat of sublimaton for Ca = +178.2 bymed
Wig) —> IMg| fons duwcution anergy for M = +415.9 kfimel
> Cals) « Hylp) = Cakyls]  Net energy o0 CaM; from be slements < - 186 7 B/mal
f s & = + , "
Ca¥'ly) +€~ = G,.u.u 95 RS

Ca'ly) e~ — Caly) -G8 ¢ I

]
- K

Caly) — Q)

Watch on B Youlsbn

Figure 41 - Lattice energy by LearnChemE is licensed under CC BY-SA 4.0- LearnChemE

1.42 Lewis dot structure example/LearnChemE (CC BY-SA 4.0 DEED)

https://youtu.be/cMubkwFUEDA

Lewas Dot Structure Examples LHesievs)

CO; - Y4b(2)”lee” 8-;6-{'8

COs* "4+ w(3) 42~ zqe’u o

|
.b/c(’_\y

D
|

0 0:
Watch on o“-"]“ .

Figure 42 - Lewis dot structure by LearnChemE is licensed under CC BY-SA 4.0- LearnChemE



1.43 Lewis dot structure (molecular geometry)/LearnChemE (CC BY-SA 4.0 DEED)

https://youtu.be/V1iM GwTlys

Lewis Dot Stuciure: Mo ecular Geemet

H,0 N#,
TUERER I

v 8

/X

Figure 43 - Lewis dot structure by LearnChemE is licensed under CC BY-SA 4.0- LearnChemE

1.44 Lewis dot structure (triple bond)/LearnChemE (CC BY-SA 4.0 DEED)

https://youtu.be/6WkIC9e M10

Figure 44 - Lewis dot structure by LearnChemE is licensed under CC BY-SA 4.0- LearnChemE
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1.45 Formal Charge/LearnChemE (CC BY-SA 4.0 DEED)

https://youtu.be/ wYtocFdgGc

See LeamCremE scroencast “Lewis Struchres”
Figure 45 - Formal charge by LearnChemE is licensed under CC BY-SA 4.0- LearnChemE

1.46 Determining favored resonance structure/LearnChemE (CC BY-SA 4.0 DEED)

https://youtu.be/ILhTrWvGrZ8

- Ead
ng Favored Resonance Struct °
Watrzh lates Share

Resonance Structures

Chemistry

't ’ it

watch on B Youlsbe

Figure 46 - Determining favored resonance structure by LearnChemeE is licensed under CC BY-SA
4.0- LearnChemE
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1.47 Molecular shape (VSEPR)/LearnChemE (CC BY-SA 4.0 DEED)

https://youtu.be/vZ2Im4bxa4M

Watch on B Youlsbe

Figure 47 - VSEPR by LearnChemE is licensed under CC BY-SA 4.0- LearnChemE

1.48 Molecular geometry/LearnChemE (CC BY-SA 4.0 DEED)

https://youtu.be/Cc88wFkKW aA

S %.““f *,‘:(-JJ‘:
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U vard D Ascsew Mugnes, Ocioba 2001

Figure 48 - Molecular geometry by LearnChemeE is licensed under CC BY-SA 4.0- LearnChemE
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1.49 Which molecule is non-polar?/LearnChemE (CC BY-SA 4.0 DEED)

https://youtu.be/ -nNBt19yTA

watch on 1B Yeulabe

Figure 49 - Which molecule is non-polar? by LearnChemE is licensed under CC BY-SA 4.0-
LearnChemE

1.50 Ranking vapor pressure/LearnChemE (CC BY-SA 4.0 DEED)

https://youtu.be/Fd6egNyPSql
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Chemistry

Tyle ’ wett

“em

Watch on (5 Yoslube

Figure 50 - Ranking vapor pressure by LearnChemE is licensed under CC BY-SA 4.0- LearnChemE
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1.51 Heat of vaporization from vapor pressure/LearnChemE (CC BY-SA 4.0 DEED)

https://youtu.be/OGAXPWUB8HS8

B Hea
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Figure 51 - Heat of Vaporization by LearnChemE is licensed under CC BY-SA 4.0- LearnChemE

1.52 Boiling point from PVT diagram/LearnChemE (CC BY-SA 4.0 DEED)

https://youtu.be/iZESbugbnWw

agram (Example)

Boiling point from P-T diagram

The normal boiling point of this substance is approximately

Watch on (58 Youlsbe

Figure 52 - Boiling point from PVT by LearnChemE is licensed under CC BY-SA 4.0- LearnChemE
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1.53 Density of Iron (example)/LearnChemE (CC BY-SA 4.0 DEED)

https://youtu.be/s8MHZQpZOjc

S Den
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Figure 53 - Density of iron by LearnChemE is licensed under CC BY-SA 4.0- LearnChemE

1.54 Density of an element/LearnChemE (CC BY-SA 4.0 DEED)

https://youtu.be/Cwdef3TIOtE

Renstty of an element

Rhodium has a face-cantared cubic structure and a density of 12 41 glom® What is its
atomic radus”?

Watch on 8D Youlibe

Figure 54 - Density of an element by LearnChemE is licensed under CC BY-SA 4.0- LearnChemE
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2. Textbook Mapping

2.1 Chapter 1: Matter, measurements, and problem solving (CC BY-NC-SA 4.0)

https://chem.libretexts.org/Bookshelves/General Chemistry/Map%3A A Molecular Approach (
Tro)/01%3A Matter Measurement and Problem Solving

1. Matter,
Measurement, and
Problem Solving

Figure 55 - Text: Chapter 1: Matter, measurements, and problem solving, by Libretext, CC BY-NC-
SA 4.0- Author:Tro
2.2 Chapter 2: Atoms and Elements (CC BY-NC-SA 4.0)

https://chem.libretexts.org/Bookshelves/General Chemistry/Map%3A A Molecular Approach (
Tro)/02%3A Atoms and Elements

DERCE N e ek vl
1: Natter, NMoass emare, 3~ Pratien Soiirg

e

Medw o r
R L LN

2: Atoms and Elements

Figure 56 - Text: Chapter 2: Atoms and Elements, by Libretext, CC BY-NC-SA 4.0 Author:Tro
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2.3 Chapter 3: Molecules, Compunds and Chemical Equations (CC BY-NC-SA 4.0)

https://chem.libretexts.org/Bookshelves/General Chemistry/Map%3A A Molecular Approach (
Tro)/03%3A Molecules Compounds and Chemical Equations

5

3: Molecules,
Compounds and
Chemical Equations

Figure 57 - Text: Chapter 3: Molecules, Compunds and Chemical Equations , by Libretext, CC BY-
NC-SA 4.0 Author:Tro

2.4 Chapter 4: Chemical Reactions and aqueous solution (CC BY-NC-SA 4.0)

https://chem.libretexts.org/Bookshelves/General Chemistry/Map%3A A Molecular Approach (
Tro)/04%3A Chemical Reactions and Aqueous Reactions

4. Chemical Reactions
and Aqueous Reactions

Figure 58 - Text: Chapter 4: Chemical Reactions and aqueous solution , by Libretext, CC BY-NC-SA
4.0 Author:Tro
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2.5 Text: Chapter 5: Gases (CC BY-NC-SA 4.0)

https://chem.libretexts.org/Bookshelves/General Chemistry/Map%3A A Molecular Approach (
Tro)/05%3A Gases

Charizal Reactions ane Aguecus Resctiors

5: Gases

Figure 59 - Text: Text: Chapter 5: Gases , by Libretext, CC BY-NC-SA 4.0 Author:Tro

2.6 Chapter 6: Thermochemistry (CC BY-NC-SA 4.0)

https://chem.libretexts.org/Bookshelves/General Chemistry/Map%3A A Molecular Approach (
Tro)/06%3A Thermochemistry

’

6: Thermochemistry

Figure 60 - Text: Chapter 6: Thermochemistry , by Libretext, CC BY-NC-SA 4.0 Author:Tro
2.7 Chapter 7: The Quantum Mechanic Model of the Atom (CC BY-NC-SA 4.0)

https://chem.libretexts.org/Bookshelves/General Chemistry/Map%3A A Molecular Approach (
Tro)/07%3A The Quantum-Mechanical Model of the Atom

7: The Quantum
Mechanical Mode

Atom

Figure 61 - Text: Chapter 7: The Quantum Mechanic Model of the Atom , by Libretext, CC BY-NC-
SA 4.0 Author:Tro
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2.8 Chapter 8: Periodic Properties of the Elements (CC BY-NC-SA 4.0)

https://chem.libretexts.org/Bookshelves/General Chemistry/Map%3A A Molecular Approach (
Tro)/08%3A Periodic Properties of the Elements

8: Periodic Properties of

the Elements

Figure 62 - Text: Chapter 8: Periodic Properties of the Elements, by Libretext, CC BY-NC-SA 4.0
Author:Tro

2.9 Chapter 9: Chemical Bonding | - Lewis Structure (CC BY-NC-SA 4.0)

https://chem.libretexts.org/Bookshelves/General Chemistry/Map%3A A Molecular Approach (
Tro)/09%3A Chemical Bonding |- Lewis Structures and Determining Molecular Shapes

B Period © Frazer: se al s Dements

—
‘- .
)
9: Chemical Bonding I
Lewis Structures and
Determining Molecular
Shapes

Figure 63 - Text: Chapter 9: Chemical Bonding | - Lewis Structure , by Libretext, CC BY-NC-SA 4.0
Author:Tro

2.10 Chapter 10: Chemical Bonding | - Valence Bond Theory and Molecular Orbital
Theory (CC BY-NC-SA 4.0)

https://chem.libretexts.org/Bookshelves/General Chemistry/Map%3A A Molecular Approach (
Tro)/10%3A Chemical Bonding II- Valance Bond Theory and Molecular Orbital Theory

i, p,

‘ |
H / W, H
o5 |
'
10: Chemical Bonding
I1- Valance Bond Theory

and Molecular Orbital
Theory

Figure 64 - Text: Chapter 10: Chemical Bonding | - Valence Bond Theory and Molecular Orbital
Theory, by Libretext, CC BY-NC-SA 4.0 Author:Tro
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2.11 Chapter 11: Liquids, Solids, and intermolecular forces (CC BY-NC-SA 4.0)

https://chem.libretexts.org/Bookshelves/General Chemistry/Map%3A A Molecular Approach (
Tro)/11%3A Liquids Solids and Intermolecular Forces

W: Chamvzal Dznd ng |- Vela=c

11: Liquids, Salids, and
Intermolecular Forces

Figure 65 - Text: Chapter 11: Liquids, Solids, and intermolecular forces, by Libretext, CC BY-NC-SA
4.0 Author:Tro
2.12 Chapter 12: Solids and Modern Material (CC BY-NC-SA 4.0)

https://chem.libretexts.org/Bookshelves/General Chemistry/Map%3A A Molecular Approach (
Tro)/12%3A Solids and Modern Materials

12: Solids and Modern
Materials

Figure 66 - Text: Chapter 12: Solids and Modern Material, by Libretext, CC BY-NC-SA 4.0
Author:Tro

2.13 Chapter 13: Solutions (CC BY-NC-SA 4.0)

https://chem.libretexts.org/Bookshelves/General Chemistry/Map%3A A Molecular Approach (
Tro)/13%3A Solutions

13: Solutions

Figure 67 - Text: Chapter 13: Solutions , by Libretext, CC BY-NC-SA 4.0 Author:Tro
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3. PhET Simulations

3.1 PhET Simulation: Atomic Interaction (CC BY 4.0 DEED)

https://phet.colorado.edu/en/simulations/atomic-interactions
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@ O Argon Argon
O Oxygen Oxygen
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= O Neon Oxygen
w O Amgon Oxygen
©
= =tom Atiraction
2
o

Distance Between Atoms

Figure 68 — Atomic interaction, Simulation by PhET Interactive Simulations, University of Colorado
Boulder, licensed under CC-BY-4.0 (https://phet.colorado.edu).

3.2 PhET Simulation: Build a Nucleus (CC BY 4.0 DEED)

https://phet.colorado.edu/en/simulations/build-a-nucleus

. Protons: 0 & Symbol
© Half-life: Neutrons: 0

0
Attt

10* 10" 10™ 10™ 10™ 10* 10* 10 10* 10* 10" 10 10™ 10" 10*' 10*

seconds
- 1355 slable more stable =——e

Available Decays @

-0+
Proton Neutron
@ Electron Positron
@) (4a) @
Protons ) Neutrons ¥) & Electron Cloud % J

Figure 69 - Build a Nucleas, Simulation by PhET Interactive Simulations, University of Colorado
Boulder, licensed under CC-BY-4.0 (https://phet.colorado.edu).
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3.3 PhET Simulation: Density (CC BY 4.0 DEED)

https://phet.colorado.edu/en/simulations/density

Figure 70 — Density, Simulation by PhET Interactive Simulations, University of Colorado Boulder,
licensed under CC-BY-4.0 (https://phet.colorado.edu).

3.4 PhET Simulation: Normal Modes (CC BY 4.0 DEED)

https://phet.colorado.edu/en/simulations/normal-modes

T

NormalMode
Amplitude: T l + [
Frequency: 0.77w, 141w, 185w,

Figure 71 — Normal modes, Simulation by PhET Interactive Simulations, University of Colorado
Boulder, licensed under CC-BY-4.0 (https://phet.colorado.edu).
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3.5 PhET Simulation: Fourier Making Waves (CC BY 4.0 DEED)

https://phet.colorado.edu/en/simulations/fourier-making-waves
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Figure 72 - Fourier Making Waves, Simulation by PhET Interactive Simulations, University of
Colorado Boulder, licensed under CC-BY-4.0 (https://phet.colorado.edu).

Amplitude

3.6 PhET Simulation: Wave Interference (CC BY 4.0 DEED)

https://phet.colorado.edu/en/simulations/wave-interference
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Figure 73 — Wave interference, Simulation by PhET Interactive Simulations, University of Colorado
Boulder, licensed under CC-BY-4.0 (https://phet.colorado.edu).

35



3.7 PhET Simulation: collision-lab (CC BY 4.0 DEED)

https://phet.colorado.edu/en/simulations/collision-lab
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Figure 74 — Collision lab, Simulation by PhET Interactive Simulations, University of Colorado
Boulder, licensed under CC-BY-4.0 (https://phet.colorado.edu).

3.8 PhET Simulation: build-a-molecule (CC BY 4.0 DEED)

https://phet.colorado.edu/en/simulations/build-a-molecule
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Figure 75 — Build a molecule, Simulation by PhET Interactive Simulations, University of Colorado
Boulder, licensed under CC-BY-4.0 (https://phet.colorado.edu).



3.9 PhET Simulation: vector-addition (CC BY 4.0 DEED)

https://phet.colorado.edu/en/simulations/vector-addition

O sum =
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Figure 76 — Vector addition, Simulation by PhET Interactive Simulations, University of Colorado

Boulder, licensed under CC-BY-4.0 (https://phet.colorado.edu).

3.10 PhET Simulation: curve-fitting (CC BY 4.0 DEED)

https://phet.colorado.edu/en/simulations/curve-fitting
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Figure 77 — Curve fitting, Simulation by PhET Interactive Simulations, University of Colorado
Boulder, licensed under CC-BY-4.0 (https://phet.colorado.edu).
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3.11 PhET Simulation: gravity-force-lab-basics (CC BY 4.0 DEED)

https://phet.colorado.edu/en/simulations/gravity-force-lab-basics
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Figure 78 - gravity-force-lab-basics, Simulation by PhET Interactive Simulations, University of
Colorado Boulder, licensed under CC-BY-4.0 (https://phet.colorado.edu).

3.12 PhET Simulation: waves-intro (CC BY 4.0 DEED)

https://phet.colorado.edu/en/simulations/waves-intro
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Figure 79 — Waves intro, Simulation by PhET Interactive Simulations, University of Colorado
Boulder, licensed under CC-BY-4.0 (https://phet.colorado.edu).
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3.13 PhET Simulation: diffusion (CC BY 4.0 DEED)

https://phet.colorado.edu/en/simulations/diffusion
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Figure 80 — Diffusion, Simulation by PhET Interactive Simulations, University of Colorado Boulder,
licensed under CC-BY-4.0 (https://phet.colorado.edu).

3.14 PhET Simulation: gas-properties (CC BY 4.0 DEED)

https://phet.colorado.edu/en/simulations/gas-properties
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Figure 81 - gas-properties, Simulation by PhET Interactive Simulations, University of Colorado
Boulder, licensed under CC-BY-4.0 (https://phet.colorado.edu).
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3.15 PhET Simulation: energy-forms-and-changes (CC BY 4.0 DEED)

https://phet.colorado.edu/en/simulations/energy-forms-and-changes

(O Energy Symbols @
O Link Heaters &

Figure 82 - energy-forms-and-changes, Simulation by PhET Interactive Simulations, University of
Colorado Boulder, licensed under CC-BY-4.0 (https://phet.colorado.edu).

3.16 PhET Simulation: forces-and-motion-basics (CC BY 4.0 DEED)

https://phet.colorado.edu/en/simulations/forces-and-motion-basics

Figure 83 - forces-and-motion-basics, Simulation by PhET Interactive Simulations, University of
Colorado Boulder, licensed under CC-BY-4.0 (https://phet.colorado.edu).
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3.17 PhET Simulation: coulombs-law (CC BY 4.0 DEED)

https://phet.colorado.edu/en/simulations/coulombs-law
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Figure 84 - coulombs-law, Simulation by PhET Interactive Simulations, University of Colorado
Boulder, licensed under CC-BY-4.0 (https://phet.colorado.edu).

3.18 PhET Simulation: molecule-polarity (CC BY 4.0 DEED)

https://phet.colorado.edu/en/simulations/molecule-polarity
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Figure 85 - molecule-polarity, Simulation by PhET Interactive Simulations, University of Colorado
Boulder, licensed under CC-BY-4.0 (https://phet.colorado.edu).
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3.19 PhET Simulation: states-of-matter-basics (CC BY 4.0 DEED)

https://phet.colorado.edu/en/simulations/states-of-matter-basics

Phase Diagram

[T

Figure 86 - states-of-matter-basics, Simulation by PhET Interactive Simulations, University of
Colorado Boulder, licensed under CC-BY-4.0 (https://phet.colorado.edu).

3.20 PhET Simulation: states-of-matter (CC BY 4.0 DEED)

https://phet.colorado.edu/en/simulations/states-of-matter
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Figure 87 - states-of-matter, Simulation by PhET Interactive Simulations, University of Colorado
Boulder, licensed under CC-BY-4.0 (https://phet.colorado.edu).
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3.21 PhET Simulation: isotopes-and-atomic-mass (CC BY 4.0 DEED)

https://phet.colorado.edu/en/simulations/isotopes-and-atomic-mass
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Figure 88 - isotopes-and-atomic-mass, Simulation by PhET Interactive Simulations, University of
Colorado Boulder, licensed under CC-BY-4.0 (https://phet.colorado.edu).

3.22 PhET Simulation: molecule-shapes (CC BY 4.0 DEED)

https://phet.colorado.edu/en/simulations/molecule-shapes

© Real @ Model

Figure 89 - molecule-shapes, Simulation by PhET Interactive Simulations, University of Colorado
Boulder, licensed under CC-BY-4.0 (https://phet.colorado.edu).
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3.23 PhET Simulation: molecule-shapes-basics (CC BY 4.0 DEED)

https://phet.colorado.edu/en/simulations/molecule-shapes-basics
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Figure 90 - molecule-shapes-basics, Simulation by PhET Interactive Simulations, Uhiversity of
Colorado Boulder, licensed under CC-BY-4.0 (https://phet.colorado.edu).

3.24 PhET Simulation: molecules-and-light (CC BY 4.0 DEED)

https://phet.colorado.edu/sims/html/molecules-and-light/latest/molecules-and-light all.html
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Figure 91 - molecules-and-light, Simulation by PhET Interactive Simulations, University of Colorado
Boulder, licensed under CC-BY-4.0 (https://phet.colorado.edu).
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3.25 PhET Simulation: reactants-products-and-leftovers (CC BY 4.0 DEED)

https://phet.colorado.edu/en/simulations/reactants-products-and-leftovers

O Make Water
P H2 + 1 02 L A Hzo @ Make Ammonia
@ Combust Methane
A NI
o [0]§ o 0 0
D I oo @O 4o
H, 0, H,0 H, 0,
Rul;ant: P;u:ts Loﬂ;m @

Figure 92 - reactants-products-and-leftovers, Simulation by PhET Interactive Simulations, University
of Colorado Boulder, licensed under CC-BY-4.0 (https://phet.colorado.edu).

3.26 PhET Simulation: balancing-chemical-equations (CC BY 4.0 DEED)

https://phet.colorado.edu/en/simulations/balancing-chemical-equations
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Figure 93 — Balancing Chemical Equations, Simulation by PhET Interactive Simulations, University
of Colorado Boulder, licensed under CC-BY-4.0 (https://phet.colorado.edu).
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3.27 PhET Simulation: ph-scale-basics (CC BY 4.0 DEED)

https://phet.colorado.edu/en/simulations/ph-scale-basics
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Figure 94 - ph-scale-basics, Simulation by PhET Interactive Simulations, University of Colorado
Boulder, licensed under CC-BY-4.0 (https://phet.colorado.edu).

3.28 PhET Simulation: ph-scale-basics (CC BY 4.0 DEED)

https://phet.colorado.edu/en/simulations/ph-scale
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Figure 95 - pH-scale-basics, Simulation by PhET Interactive Simulations, University of Colorado
Boulder, licensed under CC-BY-4.0 (https://phet.colorado.edu).
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3.29 PhET Simulation: acid-base-solutions (CC BY 4.0 DEED)

https://phet.colorado.edu/en/simulations/acid-base-solutions
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Figure 96 - acid-base-solutions, Simulation by PhET Interactive Simulations, University of Colorado
Boulder, licensed under CC-BY-4.0 (https://phet.colorado.edu).

3.30 PhET Simulation: concentration (CC BY 4.0 DEED)

https://phet.colorado.edu/en/simulations/concentration
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Figure 97 — Concentration, Simulation by PhET Interactive Simulations, University of Colorado
Boulder, licensed under CC-BY-4.0 (https://phet.colorado.edu).

47



3.31 PhET Simulation: molarity (CC BY 4.0 DEED)

https://phet.colorado.edu/en/simulations/molarity
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Figure 98 — Molarity, Simulation by PhET Interactive Simulations, University of Colorado Boulder,
licensed under CC-BY-4.0 (https://phet.colorado.edu).

3.32 PhET Simulation: Build an atom (CC BY 4.0 DEED)

https://phet.colorado.edu/en/simulations/build-an-atom
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Figure 99 - Build an atom, Simulation by PhET Interactive Simulations, University of Colorado
Boulder, licensed under CC-BY-4.0 (https://phet.colorado.edu).
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