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Gas Properties Review

Describe image of gases using words and
diagrams

1. How gases are distinguishable from a
solid or liquid

2. How the particle mass and gas
temperature affect the image.

3. How the size and speed of gas
molecules relate to everyday objects

See also “Physics Topics for Gases handout

N
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Gas Properties:
Understanding gas model

Goals: Describe a molecular
model of gas pressure.
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1. There are 2 balloons in a room. They
are identical in size and material. One
balloon is filled with air and the other
balloon is filled with Helium. How does
the pressure of the air balloon compare
to the pressure of the Helium balloon.
The pressure in the air balloon Is

A.less B.equal C. greater



Constant Parameter

(_J) Volume (@) Pressure

() Temperature () Mone

For expandable
container, set
pressure constant

* Pressure *
o -

- | 0.91 Atm_ | =
- -~

answer



2. How does the pressure In the
Helium balloon compare to the
pressure of the air in the room? The
pressure In the Helium balloon Is

A.less B.equal C. greater



3. How do the number of air
molecules in the air balloon
compare to the number of He
atoms in Helium balloon?

The number of air molecules iIs

A.less B.equal C. greater



Gas in Chamber

Constant Parameter

(_J) Volume (@) Pressure

™ Pressure *
- -

T ( ) Temperature ( ) None
"" 0.92 Atm "" - -

For expandable
container, set
pressure constant

* Pressure *
o -

= | 091 Am |~
- ~

answer



4. How does the average speed of
the Helium molecules compare to
that of the air molecules?

The average speed of the He
molecules is

A.less B.equal C. greater



Answer to 4



Look at the animation of the
particles bouncing around in the
volume. Describe what visual
Information you can use to get a
sense of the pressure that the gas
particles are exerting on the walls.



Why does the pressure
reading vary with time?

What visual cues are
assoclated with an
INncrease In pressure?



5. What will happen to the
pressure If temp Is held constant
and the volume Is decreased?

A.
B.

C.

Pressure goes up because more collisions

Pressure goes up because more collisions
are happening, but same force per collision

Pressure goes up because more collisions
are happening, and increased force per
collision

Nothing because pressure is only related to
molecular speed



Constant Parameter

() Volume () Pressure

(@) Temperature () None

*= Pressura <

L =

5 "
- | 089 Atm | =
- -.

Answerto 5



14.7psi=latm



The next slides follow the
activity



Understanding physical change
of gases continues

Learning Goals:
*Describe a molecular model of gas pressure

*Describe what happens to the measurable quantities if changes
to the gas system are made.

*Make sense of the measurable quantities of gases by analyzing
examples of macroscopic things that are similar

*Explain using physics what is happening on a molecular level
when changes are made to a gas system.

Trish Loeblein phet.colorado.edu
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6. You are flying from Denver to Boston, and
you bring along a %2 full bottle of shampoo
that was well sealed before you left Denver.
You land in Boston and proceed to your
hotel. The number of air molecules within the

shampoo bottle:

A. has decreased
B. has stayed the same
C. has increased




/. If the walls of the shampoo bottle are
strong and rigid so that the bottle has
the same shape as before you left, how
does the pressure of the air inside the
bottle compare to the pressure of the air

In Denver?
A. less than

B. equal to
C. greater than




8. How does the pressure
Inside the bottle compare to
the pressure of the air In
Boston?

A. less than
B. equal to
C. greater than




9. If you had a water bottle
with very soft sides. When you
open your suitcase in Boston,
the bottle would look

A.squished
B.same size
C. puffed out




What effects pressure for
iIdeal gases?

* Temperature
 Number of particles
* Volume

» Mass of particles doesn’t effect pressure
(Avogadro’s Principle)



Slides for next day



People who climb the tallest
mountains in the world often
use oxygen tanks to help them
breathe. If a mountain climber
asked you to explain the
physics behind the “thin air”,
what would you say to him?



Gravity concentrates air
closer to sea level




If you are in a building fire,
you are supposed to lie on
the ground. Why?



If you are hiking in the
mountains and find yourself
short of breath, do you think
If you lie on the ground you
could breathe easier?



Review of KMT
PhET sims: Friction, States of
Matter and Gas Properties

This is for College Chemistry for students who have already taken

College Physics and completed the KMT inquiry lesson. The learning

goals are from that lesson
http://phet.colorado.edu/teacher_ideas/view-contribution.php?contribution_id=765

Also uses Molecules 360 by Chem Ed DL

Have Friction, States of Matter and Gas Properties and Molecules 360 all
running before class starts

Trish Loeblein phet.colorado.edu
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Learning Goals:

Students will be able to describe matter in
terms of molecular motion. The description
should include

Diagrams to support the description.

How the particle mass and temperature affect
the image.

What are the differences and similarities
between solid, liquid and gas particle motion

How the size and speed of gas molecules
relate to everyday objects



Rub your hands together. What
does friction do to molecules?

* Draw your ideas



0

. All have same speed
' The average speeds are | B

. Helium particles have

. Nitrogen particles have

If you have a bottle with Helium & Nitrogen
at room temperature, how do the speed of
the particles compare?

the same

Gas in Chamber

greater average speed

Heavy Species
Light Species
Gravity

greater average speed

4
0

Liots



Light and heavy gas at same
temperature 300K

Particle Statistics

Heavy species

Mumber of Gas Molecules: 43 Ave. Speed:; 42521 misec

Light species

Mumber of Padicles

Mumber of Gas Molecules: 43 Ave. Speed: 1172.71 misec

Java Application Window

Mumk fParicles

[}
@
=
Speed

Speed of each particle varies!!




Which Is most likely oxygen gas?




Which 1s most likely liquid water?




How could material be the same
temperature and yet have different Phase?

Neon

Liquid-Gas
Like water- B =
water vapor inf

a water bottle




. -
What happens if you add 5
energy using the heater? [ »
A.No change other than all atoms
speed up

B.More atoms would condense
C.More atoms would evaporate



More are gaseous




KMT summary:

Matter is made up of particles having negligible
mass are in constant random motion (vibrate,
rotate, translate)

The particles are separated by great distances

The patrticles collide perfectly elastically (there
are no forces acting except during the collision)

The temperature of a substance is related to the
molecular velocity.



To show vibration

 http://chemeddl.org/collections/molecules/
ndex.php

* Check Spin Molecule to see 3D rotation

« Show vibration under Normal modes of
vibration (toggle down to see bond length
changing)



http://chemeddl.org/collections/molecules/index.php
http://chemeddl.org/collections/molecules/index.php

An air particle travels about

as fast as a car on the highway.

60 mph Is about 26m/s

Gas Properties g|

Heavy species
Mumber of Gas Molecules: 43 Ave. Speed:; 42521 misec
Light species

Mumber of Gas Molecules: 43 Ave. Speed: 1172.71 misec

Java Application Window




How many water molecules are
In a raindrop(.5 cm diameter).

The molecules are about .1nm

If we Just look at how
Mmany are across
.05m/.1E-9m = 5E7 or

50 milhon.



Salts and Solubllity

Clicker questions for 5 actvitites

Each set of clicker questions and
the activity can be downloaded
from the Teaching Ideas database
at PhET

by Trish Loeblein updated July 2008
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Salts and Solubllity Activityl

Learning Goals Students will be able to:

Determine the chemical formula by
observation of i1onic ratios in solutions

*Relate the simulation scale to real lab
equipment through illustration and
calculations

*Predict the chemical formula of compounds
with a variety of ion charge combinations

Trish Loeblein July 2008 Questions 1-3 are a pretest. 4-8 are
reflective


http://phet.colorado.edu/teacher_ideas/view-contribution.php?contribution_id=753

1. Which is the formula for the

compound made from

M*1 and N-2
A. MN,,

B. M, N
C.MN



2. Which Is the formula for the
compound made from

M*3 and N-1
A. MN,
B. M, N
C. MN
D. M, N,



3. Which Is the formula for the
compound made from

M*3 and N-2
A. MN
B. M, N,
C.M, N,
D. Mg N



4. | thought this lab was

USEFUL for learning about ionic
formulas.

A. very
B. mostly
C. barely
D. not



5. | thought this lab was
ENJOYABLE for learning about ionic

formulas.
A. very

B. mostly
C. barely
D. not




6. Which is the best drawing ‘ Mg
for Magnesium chloride in a ‘CI

water solution?

OH. UL




/. How would the drawing change if
Magnesium chloride were changed to
Magnesium oxide?

A.
B.

The ratio of the 1ons would be the same

The ratio would change to 1 magnesium
for every oxide

. The ratio would change to 2 magnesium

for every oxide

. You would have to use different colors



8. Which drawing best represents
how large ions should be drawn In
a 5 ml test tube of water?




Salts and Solubllity Activity 2

Learning Goals: Students will be able to:

Write the dissolving reaction for salts

Describe a saturated solution
microscopically and macroscopically with
supporting illustrations

Calculate solubility in grams/100m|

Distinguish between soluble salts and
slightly soluble salts macroscopically.

Trish Loeblein July 2008
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1. Which is correct for dissolving
barium lodide in water ?

A. Balyg = Bagy + 2l
B. Baly — Bag,y *+ lag)

C. Balyg — Ba™,, + 2l

(aq)

D. Bal, » Ba*2 + 2I



2. Sue used Salts to learn about “saturated solution™.
Which image best shows a saturated solution?




3. Waldo added salt to a test tube of water to
learn about “saturated solution”. Which image

best shows a saturated solution?
A B C




4. If you used the sim to test silver
chloride, you would see 80 Ag* ions
dissolved in 1E-17 liters. What Is the
solubility in 100 ml of water?

A. .0019 grams/100 ml water

B. .00019 grams/100 ml water
C. .0024 grams/100 m| water
D

. .00024 grams/100 ml water



The calculation for AgCl example:

80 AgClI /6.02E23 AgCl/mole)
*(178.8grams/mole)
= 2.4E -20 grams

2.4E —20 grams/(1E-17L) = .0024 grams/L

0024 grams/L* .1L/100mI=.00024
g/100ml



5. You knew a salt was either
sodium chloride or silver chloride.
If you put 1 gram in 10 ml of
water in a test tube, and it looked

ike this
Which i1s 1t?

A.Sodium chloride
B. Silver Chloride

C. This Iis not an identifying
test



6. How a drawing for Magnesium oxide
be different from Magnesium chloride?

A. The ratio would be the same, but the balls
would be connected

B. The ratio would change to 1 magnesium
for every oxide and balls would be
separate

C. The ratio would change to 1 magnesium
for every oxide and balls connected

D. The ratio would change to 2 magnesium
for every oxide and balls connected



Salts and Solubility Activity 3

Solution Equilibrium and K,

Learning Goals: Students will be able to:

*Describe the equilibrium of a saturated solution macroscopically and
microscopically with supporting illustrations. (not covered in these
guestions)

*Write equilibrium expressions for salts dissolving
*Calculate K i, from molecular modeling.

Trish Loeblein updated July 2008

| simplified the reactions by omitting (aq), my students have found
this helpful and they know that they must put it on tests.
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1. Table salt
dissolves in water:

NaCl(s) = Na* + CI-

What is the
correct K,
expression if s is

the molar solubility

Sodium chloride?

oo op
/N
1

{ Table Salt \L\ Slightly Soluble Salts

| Design a Salt

Salt
lons @ Sodium
Dissohved 181
Bound 19
Total | 200
Water
Volume: 5 O0E-23

&P Chioride
181

19

200

=

Iters (L)




Table salt dissolves in water:
NaCl(s) = Na* +

Ko = [Na'] [

For every NaCl molecule that
dissolves there was one Na* and
one Cl|- put into solution, so if we
let s equal the amount of NaCl
that dissolved then the expression
substitutes to be K, = s2




2. Silver arsenate dissolves in water:
Ag3AsOy(s) = + AsQO >

What is the correct K,
expression if s is the molar
solubility Silver arsenate?

Sah

- o2
a. KSP - Silver Arsenate -
b. KSp - 3 2 lons @ Silver Arsenate
- 4 Dissohlved 105 35
C ) Ksp - Bound 0 0
d. Ksp =3 4 Total 105 35
e. K,=275



3. What is the proper expression for the
molar solubility s of AgCl in terms of K,?

a s=K Y

Sp 1.5x10718L
b. s=(K.,)? Ce s -
. SP .. . “ |
c. s=(K, /2 B
Silver Bromide -
d. S = KSP/Z lons & Sihver Bromide

Dissohled 44 44



Ksp = [AG™][Br]

JAg*]=|Br] (44 of each are dissolved)
Ksp = S°

§ = (Ksp /2

Answer to previous slide



AgBr «<>Ag* + Br Kep = D. OxlO 13

4. A saturated solution of AgBr

in 1x10-1¢ liters of water

contains about 44 Ag* and 44 Br-
ions as shown. 3
Suppose that K, were reduced

to 2.5x10-13, How many Ag* ions e —
would you expect to see at E— p »
equilibrium ?

Silver Bromide -

a. 11 b. 22 c. 31 d. 44 e. 88



AgBr «<>Ag* + Br Kgp = 5.0x10-13

Suppose that K,, were reduced
to 2.5x10-13, How many Ag* ions
would you expect to see at
equilibrium ?

Silver Bromide -

lons & Sikver Bromide

KS p Dissolved 44 44

= 255107
31

Answer to previous slide



5. Two salts have similar formulas XY and AB, but they have different
solubility product constants.

XY: Kgp= 1x10-12
AB: Kg,= 1x10®

Which one would be more
soluble?

AB
XY

W

The amount that dissolves
would be the same.

D. Not enough information



6. Two salts have similar formulas XY and AB, but they have different
solubility product constants.

XY: Kgp= 1x10-12
AB: Kg,= 1x10®

Which one would be more likely to
precipitate?

AB
XY

They behave the same

©c o » >

Not enough information




. Slightly Soluble Salts

Salt
Cation charge: | +1—
Anion charge:| -1—
Ksp
el 125
lons OCatiun Anion
Dissohved 60 61
Bound 40 39
Total | 100/ | 1001
Water
Volume: 1.00E-15 Iiters (L)

{ Slightly Scluble Salts

1.5x10710L

1.5x107 6L

AB, K,,= 1x10°8

1.0x10718(

Salt

1.0x10716

Cation charge:

Anion charge:

1|. 1|.

Ksp
__1Ee[ s

lons a Cation Anion
Dissobhved 100 100
Bound 0 1]
Total | 100/ | 100+
Water
Volume: 1.00E-16 liters (L)



Salts and Solubllity Activity 4

The clicker guestions do not directly address the goals
because the are quantitative or have been well discussed by
the group during the activities.

Learning Goals for 4. Students will be able to:
«Calculate Q.

*Predict what would be observed on a macroscopic level to a
solution by comparing Q to K.

*Use microscopic illustrations, to help explain the predictions.

*Use LeChatelier’s Principle to predict how changing the
amount of water will affect the solution.

Trish Loeblein updated July 2008
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Two salts, XB and AB, are dissolved in a beaker of water] =« « * " ..«
There are equal number of moles. They have different | .*° & . 2 :
solubility product constants. e
¢ . o e
[ ] Sp

1x108

1. If you added B- ions which would precipitate
first?

A.AB
B
C.They behave the same

D.Not enough information



2. 0.010 moles of MgCl, and 0.020 moles
of CuCl, are dissolved in 0.10 liters of
water. A solution of NaOH is slowly
stirred in. Which precipitate forms
first ?

Cu(OH), K, = 2.2x10-20

Mg(OH), K, = 6.3x10-1°

a. MgCl, b. CuCl, c. Mg(OH), d. Cu(OH),



Salts and Solubllity Activity 5

Learning Goal for 5: Students will be able to predict
what would be observed on a macroscopic and
microscopic level for salts with varying ionic charge
given the K.

Trish Loeblein July 2008

phet.colorado.edu
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1. Which will have more
dissolve particles in a
saturated solution? K ,=3 E —
13

A compound made from
A. XY B. XY, C. no difference

i I LS



Answer to 1

X°'X =5E —7

(x)(2x) x 4E — 5




Why doesn’t the mass of the
particle matter?



2. Which will have more
dissolve particles in a
saturated solution? Ky =2 E —
15

A compound made from
A. X*1 and Y1 B. X*2and Y2 C. no difference

i% -:' : 4 2 S )

2
2 ?
G > L o o

>



Answer to 2

XY

XY



3. Which will have more dissolve
particles in a saturated solution?
Ksp=2 E =15
A compound made from

A. X*2 and Y2 B. X*2and Y= C. no difference
[
ié @
»2 o

2
-.1' & g "i

Y i



Answer to 3
AK,, =x*;x=4E -8

3 2 .
B.K, = (3x)°(2x)"; x =5E -4

If you run the sim at the default volume, you cannot get the second
compound to ppt, but only 4 dissolve of the first.




Reactions and Rates 1
Clicker Questions

Activity 1:
Introduction to reactions

Trish Loeblein
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Learning Goals

Students will be able to:

1.

2
3
4.
5

Describe reactions in terms of a
simple molecular model.

Describe reactions in terms of
molecular models with illustrations.

Differentiate between dissolving and
reacting

Use the molecular model to explain
why reactions are not instantaneous.

Use the molecular model to explain
wh dreac:tlons have less than 100%
yields.



What will probably
Immediately happen @




What will
probably happen
?

C No reaction



(D+Pp= (D +06

What will probably

Immediately happen ?

C No reaction

Curremt Amounts

€

L
=

()
| =
42| x| |40

:I‘l:

g®® _H.

>0




(l+@EPp= (D + 6
What will most likely be in the

container after several minutes
have passed ?

A.Container will have only’ &3 & &
B.Container will have only .3 & g

C.Container will have a mixture of
all four



Reactions and Rates 2
Clicker Questions

Activity 2:
Introduction to reactions

Trish Loeblein
phet.colorado.edu
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Learning Goals

Students will be able to:

 Describe how the reaction coordinate can be used
to predict whether a reaction will proceed including
now the potential energy of the system changes.

« Describe what affects the potential energy of the
particles and how that relates to the energy graph.

 Describe how the reaction coordinate can be used to
oredict whether a reaction will proceed slowly,
qguickly or not at all.

« Use the potential energy diagram to determine:

— The approximate activation energy for the forward and
reverse reactions.

— The sign difference in energy between reactants and
products.

« Draw a potential energy diagram from the energies
of reactants and products and activation energy.




Which reaction would
probably appear to be
quickest?

4

A

Enerqgy

Energy

Energy

\

f H Potem

Total average ﬁuenﬂ \

Potential &

Total average enerngy \ Total average sﬂel ay
Potential «

Reaction coordinate

)+ B =

A
D

99 +

L)

Reaction coordinate

g+ ED =" Ay + 0

B

Reaction coordinate

D+ @p== D+

Start with how many...
A? 50 BC? 50
AB? 0 C? o

Initial temperature

|

Cold Hot

Potential enel

Total average ﬁuelw

Reaction coordinate

-,. + eb — -’-:‘@ + fl::i

C

4

Energy




(+Pp=(P+06
Wh at W O u I d b eSt Current Amoumnts

describe whatisin )
the container after @B
several minutes
have passed ?

&y ey
= =
¥ |4 >

.,-"‘%,
ol )
ol
43| (4

E nerqy

Potential energy

Total averagefenerqy

R eaction coordinate



.----I-i:'il:’_----i .eTEj-I- ij : /\
E Potential energy

Total aver ng?‘enel aqy

R eaction coordinate

A.Container will have only ‘£ &@®
B.Container will have only .} & &

C.Container will have a mixture of
all four with more .&3 & &

D.Container will have a mixture of
all four with more .0 & €@

Answer choices




Using the heater =
would \

Total average enert
:
i Y F e . c Potential energy
» b
(D+P=— +06

A.Increase the number of ) & @B
B.Increase the number of &) & &
C.Have no effect




What would best
describe what Is In
the container after
several minutes
have passed ?

nergy

'|F'*:

@ =}
F‘.-- L

-Current Amounts

LN N
= = =
(€| |4 x| |4¥) |[&F

=

Total average ener {_Ij.-'\

Potential energy

Reaction co

ordinate



Energy

-
=
—_
=)
=
il
-
g
[1:]
]
-
i
-
e

i

2

-

[1:]

Answer choices

A.Container will have only ‘.2 & @&
B.Container will have only = &
C.Container will have a mixture of

all four with more ) &

D.Container will have a mixture of
all four with more y & 9



U=

What would bes.”
describe whatisin
the container after g
several minutes £
have passed ? |

-Current Amounts

= —
n| (42|40 (22

| @R %)
| = =

Total average enerc

nerqgy

Potential energy

R eaction coordinate



Answer choices

A. Con
B.Con

C.Con

tain
tain

tain

er will F
er will

er will F

Potential energy

Reaction coordinate

ave mostly . & (9

N

ave mostly ¢ . £ & &
ave a mixture of all

four with nearly equal amounts

D.No reaction will occur since the
products and reactants have the
same energy



Reactions and Rates 3
Clicker Questions
Activity 3:
Introduction to Equilibrium

Trish Loeblein
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Learning Goals

Students will be able to:

* Use a physical experiment to model
chemical equilibrium

* Sketch how the number of reactants
and products will change as a
reaction proceeds

* Predict how changing the initial
conditions will affect the equilibrium
amounts of reactants and products.

* Predict how the shape of the reaction
coordinate will affect the equilibrium
amounts of reactants and products.



Which best shows that
equilibrium has been reached?

A B

Amount of substance vs time Reaction Rates vs
A R time

m d

© t

u e

N

t

time time

-Product -Reactants -Forward -Reverse



m + O O

Correct rate graph
Forward reaction rate =Reverse

rate

Reaction Rates vs

Ime

time

-Forward -Reverse



Which could show that
equllibrium has been reached?

Select a reaction: Select a reaction:
D+&P |~ @+ ¥ C nelth er
Start with how many... Start w.ith hﬁw mény... -
A7 | BC? | A? . BC? | |
AB? | | ez | ag? | | e[ o D elther
Initial temperature Initial ténmerature |
J i
Cold Hot Cold Hot
| End Experiment End Experiment
-Current Amounts -Current Amounts
@ [ =8 3 5%
& | =7 3o, 233
(O [ 21 B, 21§
@ [ =§ ® 274

A B



Energy

4

Total average eher

Potential energy

Reaction coordinate
P Y = F =
..“;.|.(Eh# |)_E)+(§

-Current Amounts

D [ 2@
@ =t
.",:@ |_ 23 *

@ | 23

Current Amounts

& 3 32

L]
=
')
{
i
')
4
'
]
r
¥
i

Mumber (Molecules)
= S

\

Total average energy

Energy

Potential energy

Reaction coordinate

-Current Amounts

4

All are at equilibrium within limits

Total average ener

Energy

Potential energy

Reaction coordinate

FCurrent Amoumnts

[}

100 150 200 250 300 350
Time (Seconds)

2 |
20 | 23§
A |
G, 27l
Current Amounts

& 2 B
"

Mumber (Maolecules)
=

=]

(=]

750 8O0 850 GO0 950 1,000
Time (Seconds)

278
€ ED
4o | =E
®@ | =g
Current.ﬁ.umount“s.

& &8 B8
—

(]
=

Mumber (Molecules)
= =]

o ]

00 250 30D

350 400 450

Time (Seconds)



Which best shows that
equilibrium has been reached?

A. The number of reactants Is greater than the
products

B. The number of products is greater than the
reactants

C. The number of products is equal to the
reactants

D. The number of products varies little




At equilibrium,
what would you
predict is In the

container?

-initial Conditions

Select a reaction:

AT E S w

Start with how many...
A? 50 o BC? 50 o

AB? 50 % cr| 502
'y

Potential energy

R eaction coordinate



A?

AB?

A. Con
B.Con

C.Con

50 3

tain
tain

tain

Start with how many...
11 BC? 11

c? 50

er will F
er will

er will F

ave mostly i
ave mostly (. &
ave a mixture of all

four with nearly equal amounts

D.No reaction will occur since the
products and reactants have the
same energy



Enerqgy

A

Total average enern

Potential energy
Reaction coordinate
Current Amou
= 125 -
¥
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LT
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=3
S 25
=
0 " ; r
1] &0 100 140
Time (Secon
N A -
|V

-Current Amounts

@
s
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data



How will the
equilibrium of second

trial compare to the |
equilibrium of the first? — e —

First experiment  Second experiment

-Initial Conditions

-initial Conditions
Select a reaction:

ALIEZ] v
Start with how many...
A? 100 = BC? 50

Select a reaction:
. -_.|.,"-_ - ..v..
Start with how many... -
A? 50 s B2 50 :

ag?| 502 2| smo02 AB? | 50 % cz| 503




3+ G == (§)+ &
First trial Second trial
A? 50 2 BC? 50 2 A? 100 2 BC?
AB? 50 3 C?| 50§ AB? 50 2 c?
A.There will be more 0 & (B
B.There will be more iy & &
C.Therewilllbe more .. & (.f &©

D.There will be more ¢33 & (i) &©

E.The ratios will still be about the
same



Data for reactions

-Current Amounts Current Amou
n 50 = | 7 1251
_______ i ERE
5 A Ly
@ [ o8 | %
"J-.Ea 50 :I E T ——
z E 25
G 50 | z
0 50 100 150
Time (Secon
-Current Amounts Current Amounts
P ' — 125 .
(0 g2f8l B
4 2 100
# ..|||..-I ic.:
3 42 w | = 797 ; 2
G [ g §o——=C
P i g 299
2 3
0 . : : : : |
'Ea it R 0 50 100 150 200 250 300

Time (Seconds)



At equilibrium,
what would you
predict is in the

container?

(+Pp=(P+06

-initial Conditions

Select a reaction:
:,.- 3 " o @ W

Start with how many...
A? 100 :. BC? 100 = |




(+ @@= (BD+0

Start with how many...
A? 100 - BC? 100 =
AB? 0. c? 0.

Reaction coordinate

A.Container will have only ©.£3 & @
B.Container will have only () & @B

C.Container will have a mixture of
all four with more (.§3 & &

D.Container will have a mixture of
all four with more (.0 & €@



data
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Finmtial Londmions

Select a reaction:

Start with how many...
az| wo:]| Bez]
agz| 0| e
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]
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| End Experiment |

D+ BS vl

Hot

Total average ener

Potential energy

Reaction coordinate

(A+Pp==>(DH+06

-Current Amounts
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Reactions and Rates 4
Also uses Salts & Solubility and
States of Matter

Clicker Questions

LeChatlier’s Principle



Learning Goals

Students will be able to:

* Explain how to make
equilibrium systems change and
predict what changes will
happen.

 Compare and contrast salt-
solution, phase, and chemical
equilibriums.



If you add water to this salt solution,
what will happen?

NGCI(S) S NG+ (aq) + I- (aq)

X ¥ P ,e‘h

A. The system will agns T RIS *;f;
shift to the right  [Foalsise s & Lot 5s

. : 3 ‘a 9 9 5 "*‘ 2, ‘egq '5‘* :
B. The system will Nm s 2ay L e
shift to the left P> LY . g
_*#" o 3 “5 s .

C. LeChatlier’s
principle doesn’t
apply to physical
systems



If you Increased the air pressure
above this salt solution, what will

happen?
PP I&'GC'(S) = NG+ (aq)
A. :

B.

ne system will
nift to the right

ne system will
nift to the left

Nis system would
not be effected by
pressure changes.

e .

+

&y 3
-Iq"ll

ia""
b
-

"y
»aa
?

v 3

’ -

L
L
w €6

.
"J"‘i
?

o
o Y

e

T

" (aq)
P e R 2 Tt

Po d0 2P

e ?

i.v-j

>
od 2%

&3 b

* ﬁ‘;: as‘&j

[P
. ll-ﬁtir [
o




If you cooled the container, what
will happen? Ne, = Ne,

A. The system will
shift to the right

B. The system will
shift to the left

C. This system Is
not effected by
temperature




If you made the container smaller,
while keeping the temperature
constant, what will happen?
Ne(|) S Ne(g)
A. The system will

shift to the right

B. The system will
shift to the left

C. This system
would not
effected




What would D+@B=(B+06
happen if you
added energy :

using the heater ?°

A. The system will shift
to the right

B. The system will shift
to the left

C. Both reactants and
products would have
more energy, but the
amounts would not
change much

Potential enerqgy

Total averagefenerqy




What would happen if you added (. &3 ?
(+p= D+ -

A. The system will
shift to the right

B. The system will
shift to the left

C. The only change o0l
would be the O @
amount of €, ¥5) . -

{




What would f
happen if you
added energy

using the heater ? ‘5_%;

Energy

A. The system will shift Reaction coordinate

to the right (D+@p==0(D+06
B. ;I'htehsyls’;?m will shift f;%ﬁégé;% :%%?{;‘YZ rent Amounts

0] ele 6r§e}6wa\ éefg%e%\ fﬁ 41
C. Both reactants and é“@;?é‘g%%%? :’?@ 33 41

products would have g%@- 66%?@?392 R 5

more energy, but the
amounts would not
change much

e [




Balancing Chemical Equations

Discussion and Clicker questions

by Trish Loeblein

6/12/2011 phet.colorado.edu

Learning Goals: Students will be able to:

Describe what “reactants” and “products” in a chemical
equation mean.

Explain the importance of knowing the difference between
“coefficients” and “subscripts”.

Use pictures and calculations to show how the number of
atoms for each product or reactant is found.

Identify the relationship between “reactants” and “products”
atoms.

Balance a chemical equation using the relationships identified.

Given a chemical equation, draw molecular representations of
the reaction and explain how the representations were derived.

Given a molecular drawing of a chemical reaction, write the
equation and explain how the symbols were derived.


phet.colorado.edu

1. What would you do to balance this reaction”

—TT

A. Double the coefficient of N, (2 N, )
B. Multiply coefficient of H, by 3 (3 H,)
C. Multiply subscripts of H, by 3 ( H;)
D. Double the subscripts for NH; (N,H;)

E. Double the coefficient of NH,
(2NH,)




2. Which visual cues can you use on a test
to see If your equation is balanced or not?

1°N, =gn 3515 —> 2°NH,

o o
—/ 2 = 2

2 2 6 6 ] 1

00 ——— —sesn —_secee g | oL ON H




3. Which chemicals are reactants?
0-NH, # 0.0, = (N, 0.H,0

A. HN; and O,
B. O, and H,O
C. N, and H,O
D. NH; and N,



4. Which best describes the
nroducts of a chemical equation?

2F, # 1H,0 => 10F, ¥ 2HF

Before Reaction After Reaction

A. Chemicals before the reaction starts
B. Chemicals after the reaction ends
C.Chemicals on the left of the arr ==p
D.Chemicals on the right of the ar==



5. Which are the products of this
chemical equation?
10F2 == 2HF_>2F2 = 1H20

A.1 OF2 o= 2 HF

B.2F, ¥ 1H,0

C.F, and H,O

D.OF, and HF

E.More than 2 answers



Which best describes the products
of a chemical equation?

2F, % 1H,0 => 10F, ¥ 2HF

An author of a test or text may chose to
write this reaction:

1OF2 e 2HF—}2F2 o 1H20

Lesson learned: Don’t try to
memorize reactions, analyze each
one that is given.



6. Is this reaction balanced?

A. Yes

B. No, there needs to be fewer red
on the reactant side.

C. No, there needs to be more red
on the product side.

D. No, for another reason.



Isotopes and Atomic Mass:

What does the mass on the periodic table
mean?
By Trish Loeblein http:/phet.colorado.edu

Learning Goals:

1. Define “isotope” using mass number, atomic number, number of
protons, neutrons and electrons

2. Compare and contrast: element, atom, isotope

3. Given the number of protons, neutrons and electrons, find the
mass and name of an isotope

4. Given the name of an element and the number of neutrons, find the
mass of an isotope

5. Give evidence to support or dispute: “In nature, the chance of
finding one isotope of an element is the same for all elements.”

6. Find the average atomic mass of an element given the abundance
and mass of its isotopes



https://owa.jeffco.k12.co.us/exchweb/bin/redir.asp?URL=https://owa.jeffco.k12.co.us/exchweb/bin/redir.asp?URL=http://phet.colorado.edu/
https://owa.jeffco.k12.co.us/exchweb/bin/redir.asp?URL=https://owa.jeffco.k12.co.us/exchweb/bin/redir.asp?URL=http://phet.colorado.edu/

Pre-Lesson Discussion

Calculate the average mass of the eggs in
the container.

Record the mass of each type of egg and
the number of each.

What is difference between the “Average
Mass™ and “Individual Mass™?

Design a situation to make the mixture
9




Post-Lesson Questions



OO0 l>

What would this be?

. Carbon-12
. Carbon-14
. Oxygen-14
. More than

one of
these

Protons: dddDd PP
Natlrans: ddddIdIddd

Elaectrons: @ @ @ @ @ &




Reason: The number of protons ‘2
tells the name of the atom; the C
mass Is given by the sum of 6

protons and neutrons

Protons:  ws@eee | 6 protons +8 neutrons = 14

Neimtrons: 3939339 J

Electrons: @ @ @ & & & amu
H Hs
Mylﬁﬂtﬂpﬂ Li | Ba BIC|N|OQ|F [Ma
Ma| g AlSH|P|S | CAr
K |CalsSc| Ti |V [CrMn|Fa|Co| Mi |Cu|dn |GalGa =a | Br | K
Carbon-14 Rb| Sr| ¥ | Zr |Mb|Mo| Te|Ru|Rh|Pd|Ag|Cd| In|Sn|Sb|Ta| | |Xa
- Cs|BallLa|Hf [ Ta | W Ra|Os| Ir | Pt [Au{Hg| TIPbh| Bi|Pa| Al [Fn
% Fr|Fa Hf |Db|Sg|Bh|Hs| Mt Cs |Rg|Cn
Unstable




Which would be isotopes?

.F"I‘-EI'LME: ...l'-.JJJ.I.'I'.'J..ﬂ'. Al&z

Neumtronz: 4382000 DID
B.1&3

C.2&3

Neutrons: 4P I IIIdJ D none
5E|-E~|:'|:.I‘-|:|rts.: -l'i'-ll-l'-lql'-li. E more than

.F"rm-:n'm: JJJJJJJ. one

Neutronz: 429223 J combination

Elactrons: & & 4 & @ & &

Elactrons: @ @ & & 4 & & &

Protons: DdddIIIIP




Reason: Isotopes have same number of
protons (so the same name), but

different number of neutrons
1 and 2 are isotopes

16 Protons: ...:I'.l-JJ.i.il.'ir..i.
1 O Neutronz: 2839900 P
o Elactrons: @ @« « @ @ @ @ @
15 Protons: Q0082209
2 O Neutrons: 4P JddIIdd
. Elactrons: @ @« @ &« @ & & &

14 Protons: aJddd D d
3 ?H NMoultrong: J4 2P DIIJ
Elactrons: & @ 4 & @ & &




What would the approximate
average mass of Hydrogen be?

C.1l.5amu
D. 1 amu




Reason: 3/6 gives 50% of each, so
5*2+.5*1=1.5 amu

Percent Composition

"H|50.0 %

50.0 % | °H

‘

Average Atomic Mass

2

H

1.51096amu

Why are there more digits in the answer in the sim?



What would the
approximate average
mass of Argon be?

A.40amu B.38amu C. 37.5amu



18

Reason: .5*36+.25*38+.25*40

=37.5

Percent Composition v Average Atomic Mass
25.0 % | gAr 36, 38 4, Y
S —" . ——
50.0 % 37.46505amu |
38
25.0 % | SAr




Discussion Questions: How
would you know If this
combination is likely to be found
In some dirt?




Reason:
10/14*14+4/14*15=14.285

On the periodic table, the mass 7

of Nitrogen is given as 14.007, N
SO this Is not the most common  14.007
mixture found in nature.

“My Mixture”

Average Atomic Mass

o ®
@& &

@6
©0g g

© 0g?

I4N

lSN

—

1 14.28794amu |

Percent Composition

ON[71.4 %

L ]

28.6 % | N

“Nature’s Mix”

Average Atomic Mass

MI"-I 15H
7 4
| 14.0067amu |




pPH Scale: qualitative learning goals

1.

LW N

Determine if a solution Is acidic or basic
using
a)pH b) H;O*"/OH- ratio molecular size
representation ¢) Hydronium/Hydroxide
concentration

Relate liquid color to pH.

Predict if dilution and volume will increase,
decrease or not change the pH

Organize a list of liquids in terms of acid or
base strength in relative order with
supporting evidence.

. Write the water equilibrium expression.

Describe how the water equilibrium varies
with pH.

Trish Loeblein phet.colorado.edu



phet.colorado.edu

1. The color of a solution identifies
If It IS an acid, base, or neutral

solution.

pH: 12.06 I

A. True B. False C. Pink are base and clear are

acid



2. Which solution Is basic?

e T e T

D. More than one E. None



3. Which solution Is acidic?

-t. 1.:-:. .; A . .o .‘-. u - Nl
oS r" ..:..‘:. .‘ % oo .. & .,'; . o . L .

oo :;:'iu'g'."": ":r-"' ; "'; 2’ &.'?{ .-h: ";‘- 8 . : . 7 ;
1..3“'.‘ Ilr .“‘:. ‘ T ‘}{ l' :: :z O"-. ..} .'l, o : - . .
AT ERTI Bn SRR L | LT
= ofaw ’.O y .‘.00‘*.'#.":?{ ‘.b .

(L% '.v. '."“ . tq-." +%e L l
a.. .a ...'. '!.-.S-. "‘ 3. ..l"’l-‘.’]ﬂ

N %'.‘l : ¢ VzL—

H

®

} PLLY B . f.‘: -'.t .’.::‘ ..o:e
@

® ". -'.’?'u""ﬂ %, we 2V, H .:: A - . s

Sl ';-:':?.'.J i A Y . |
i) . e s Lep v ® e ° . . ®

" w“i.. .l.q. .’ = .f'. @ "’." L] z' 'D‘ . . . & J
..‘! i 'qu': o: :.t“ “ s ® . "% .;..‘:‘f = . L] . ..
':‘ "a.-g:..l:;".t ..-!:,i l}'..'l'.l'. .'..-- 2 . & ® |

= 'i.' ged i o B o on * ‘, % ] ® la e .
o ..- “.:" - "l:. Py L] = % . - s || q
. n‘{. A o o ‘b!-.. aloe . 1

D. More than one E. Difficult to tell



4. \Which solution 1s basic? f :
A B C

D. More than one E. None



5. Which solutionis @ @
acidic? O™ OH  HO

d 1.90 x 10 21

& 1.90x10 1
b 3.3x10 %

A
D. More than one E. None




6. How will adding water effect the
pH?

A.Increase the pH
B.Decrease the pH
C.No pH change




A: more water ==——
lessens the
acidity, so pH
goes up




7. How will equal [F= @ 1
amount of water

effect the pH? "

A.Increase the pH
B.Decrease the pH

C.The pH will be
cut Iin half

D.No pH change




B: more water
lessens the
basicity , so pH
goes down,
from 10 to 9.7,
but not by 2
(log scale)

115

val

1.0



8. What Is the order from most
acidic to most basic?

| e dle

A.ABC
BACB
C.BAC
D.CBA
E.CAB




0. What is the order from most
acidic to most basic”

g @
H3D+ OH

A.AB C
B.ACB
CBAC
D.CBA
E.CAB




10. If spit has a pH = 7.4, what does
that tell you about the water
equilibrium?
2H,0 & OH" + H,07
A. Something was added that
made the equilibrium shift left
B. Something was added that
made the equilibrium shift
right
C. pH has nothing to do with the
water equilibrium



Answer to 10

Since the pH Is not 7, then something was
added to make the equilibrium shift left. For
example, if NaOH was added to water, OH-
IS Immediately in the solution and some of it
will react with the H;0* |, so the pH (which is
iInversely related to [H,O* ]), goes up.

If something like HCI| were added there
would be more H;O" , which would also
cause a shift left, but there would be less
OH-, (which is directly related to pH), so the
pH is less than 7.



Reactants, Products, and

| eftovers Activity 1: Introduction to

Chemical reactions

by Trish Loeblein http://phet.colorado.edu

Learning Goals:
Students will be able to:

 Relate the real-world example of making sandwiches to
chemical reactions

* Describe what “limiting reactant” means using examples of
sandwiches and chemicals at a particle level.

« Identify the limiting reactant in a chemical reaction

* Use your own words to explain the Law of Conservation of
Particles means using examples of sandwiches and chemical
reaction



https://phet.colorado.edu/en/contributions/view/3102
http://www.colorado.edu/physics/phet
http://www.colorado.edu/physics/phet

1. Making a cheese sandwich can be
represented by the chemical equation:

2 Bd + Ch — Bd,Ch
What would you expect a sandwich to look
like?



2. Making a cheese sandwich can be
represented by the chemical equation:
Bd, + 2Ch — 2BdCh
What would you expect a sandwich to

look like?

1
'..:"-,.‘.

- Il,r
T



3. Making a cheese sandwich can be

represented by the chemical equation:
2 Bd + Ch — Bd,Ch

What does the “2” on the left side of the

chemical equation represent?

A. 2 pieces of bread stuck -
together

B. 2 separate pieces of breac’

C. 2 loaves of breac_ﬁ @




4. Making a cheese sandwich can be

represented by the chemical equation:
Bd, + 2Ch — 2BdCh

What does the “2” on the left side of the

chemical equation represent?

A. 2 pieces of bread stucg
together

B. 2 separate pieces of
bread

C. 2 loaves of breau@ @




5. A menu at the Chemistry Café shows a
sandwich: BdM,Ch

What would you expect a sandwich to
have?

A. 2 pieces of bread, 2 pieces of meat, 1
piece of cheese

B. 1 piece of bread, 2 pieces of meat, 1
piece of cheese

C. 2 loaves of bread



6. A menu at the Chemistry Café describes
a sandwich as 3 pieces of bread, one meat
and 2 cheeses.

What would you expect a sandwich name
to be?

A. Bd,MCh,
C. Bd,MCh,



7. The Chemistry Café owner was
out of bread. She went to the
bakery next door and bought a loaf
which had 33 slices. Then she sells
12 sandwiches, which need 2
pieces of bread each. How much
bread did she have left?

A.21
B.9

C.None, she gave the leftovers to
the birds



8. The Chemistry Café cook has a
loaf which had 33 slices and a
package of cheese that has 15
slices. He Is making sandwiches
that have 2 pieces of both breas

and Cheese How many

es =2 he make?
A.16

g B.15

C.7




Reactants, Products, and Leftovers
Activity 2: Limiting Reactants in Chemical

reactions
by Trish Loeblein http://phet.colorado.edu
(assuming complete reactions)

Learning Goals: Students will be able to:

« Predict the amounts of products and leftovers after
reaction using the concept of limiting reactant

 Predict the initial amounts of reactants given the amount of
products and leftovers using the concept of limiting
reactant

« Translate from symbolic (chemical formula) to molecular
(pictorial) representations of matter

- Explain how subscripts and coefficients are used to solve
limiting reactant problems.



http://www.colorado.edu/physics/phet
http://www.colorado.edu/physics/phet

1. A mixture of 4 moles of H, and 3 moles
of O, reacts to make water. ldentify:
limiting reactant, excess reactant, and how

much IS unreacted.
Limiting EXcess

reactant reactant

A. H, 1 mole H,
B. H, 1 mole O,
C. O, 1 mole H,
D. O, 1 mole O,
E. No reaction occurs since the equation does

not balance with 4 mole H, and 3 mole O,



2. A mixture of 6 moles of H, and 2
moles of O, reacts to make water.
How much water is made?

A. 6 moles water
B. 2 moles water
C. 3 moles water
D. 4 moles water

E.No reaction occurs since the
eguation does not balance with
6 mole H, and 2 mole O,



3. A mixture of 2.5 moles of Na and 1.8
moles of Cl, reacts to make NacCl. Identify:
limiting reactant, excess reactant, and how
much Is unreacted.

Limiting EXxcess
reactant reactant
Na 0.7 mole Na
Na 0.7 mole Cl,
Na 0.55 mole ClI,
Cl, 0.7 mole Na
Cl, 1 mole Na

moowr



4. A mixture of 2.5 moles of Na and

1.8 moles of CI, reacts to make NacCl.

How much sodium chloride is
made?

A.2.5 moles NaCl
B. 1.8 moles NaCl
C. 0.7 moles NaCl
D. 0.55 moles NaCl
E. 1 mole Nacl



5. The reactlon for combustion of

methonn in
1CH += 20 —F1CO '|'2HO

4 2
70 130
. “
CH4 (Z)2

Given the shown amounts for each reactant,
predict the amounts of products and
leftovers after complete reaction.



5. What are the amounts after the reaction?
Initial;
/CH, and 30,

1CH, % 20, => 1CO, # 2H0

After:

A.06 1 1 2
B.1 6 1 2
C.1 0 6 12
D. 4 0 4 o}



6. Given the shown amounts for the
products and leftovers after a complete

reaction, predict the initial reactants.
4NH == 70 —P4NO =k GHO

144.

® © o .
NO2 H2O NH3 O2




6. What are the amounts before the reaction?
After:

¢ “ & e
5 NH, 00, 4 NO, 6 H,O
4|\!H3'-l- 70, = 4NO, s 6 H,0
A4 &
B.o &
C.108

D.4 &



/. Glven the shown amounts for the
products and leftovers after a complete
reaction, predict the initial reactants.

202H2 o 502#4002 o 2H20




/. What are the amounts before the reaction?
After:

@ @@ & | ©
SC,H, 40, 4 CO,

2C2H2 = 502—>4CO2 aje 2H20
Before:
A. 2 {l
B.12

C.10 e
D. 8 bk

| \ 1 \




8. A mixture of S atoms () and O, molecules @) In
a closed container Is represented by the diagrams:

oy © B @
® oHgl— @
e Mg @ Bs of

Which equation best describes this
reaction?

A.3X +8Y o X;5Yg

B. X5+ Yg—> 3XY, +2Y
C. X+2Y > XY,

D. 3X + 8Y — 3XY, + 2Y
E. X3+ Yg—> 3XY,+Y,

From Lancaster/Perkins activity



https://phet.colorado.edu/en/contributions/view/3276
https://phet.colorado.edu/en/contributions/view/3276

9. An initial mixture of sulfmr( ) and
oXyger®® )is represented:

H & N

$ mee g
B @@ H @@
Using this equation: 2S + 30, —
250, , what would the results look
like?

From Lancaster/Perkins activity



https://phet.colorado.edu/en/contributions/view/3276
https://phet.colorado.edu/en/contributions/view/3276



https://phet.colorado.edu/en/contributions/view/3276
https://phet.colorado.edu/en/contributions/view/3276

Which Is the limiting reactant?

A. Sulfur
B. Oxygen
C. Neither they are both completely usec

From Lancaster/Perkins activity



https://phet.colorado.edu/en/contributions/view/3276
https://phet.colorado.edu/en/contributions/view/3276

Build an Atom

Demos for pre-lesson and clicker questions for post-lesson

Trish Loeblein 6/14/2011
http://phet.colorado.edu/

Learning Goals- Students will be able to:

 Make atom models that show stable atoms or ions.

« Use given information about subatomic particles to

« Identify an element and its position on the periodic table

« Draw models of atoms

 Determine if the model is for a neutral atom or an ion.

« Predict how addition or subtraction of a proton, neutron, or
electron will change the element, the charge, and the mass
of their atom or ion.

« Describe all vocabulary words needed to meet the goals.

* Use a periodic symbol to tell the number of protons,
neutrons, and electrons in an atom or ion.

- Draw the symbol for the element as you would see on the
periodic table



http://phet.colorado.edu/

1. What can you make
with 4 protons and 4

mo 0w >

neutrons?

Oxygen atom
Oxygen ion
Beryllium atom
Beryllium ion
2 of these

Protons:

Neutrons: @@ J

dII9d

2



Protons:

2. Would you predict
that 4 protons and 4
neutrons will make a
stable nucleus?

Neutrons:

dddd
P PDd

2

A. No, because the net charge l@‘
IS high +4

B. No, because there should always
be more protons than neutrons

C. Yes, because the number of
protons and neutrons are about

|
Net Charge

+ %+ 4+ 4

equal



3. If you have 5 protons

& 6 neutrons, how
many electrons would
you add to make a

neutral atom ?
A. 5 electrons
B. 6 electrons
C. 11 electrons

Protons:
Neutrons:

Electrons:

JIdIII
SIS III




3. Reasoning: Neutrons don't
matter because they have zero
charge; need equal number of
protons and electrons

Protons: dIddIdId
Neutrons: dJdJdIPdJ

Electrons: # @ @ @ @

s
% 4 4 9 o

0 - - = =

Net Charge




4. \What 1s mass for an
atom with 8 protons, 9 A
neutrons and 8 m" |?|"

electrons?

A. Zero
B. 8
C. 16
D. 17
E. 25



5' If you have 5 Protons: 99999 |
protons, © Neutrons, |Neurons: 909009

& 5 electrons, What hEIe:trnns: R )
would the symbol look

like? [ (o)
1 0 11 +1 11 +1 11
B B C C
9 o b 6
A B C



6. If you have 8 e .
protons, 9 neutrons, (Eetons: esesesesee
10 electrons, what
would the atom or ion
be? @
A. Zero, it’s an atom |

+2 10N

B.
C. +1i0n
D.
E.

-1 10n
-2 10N



/. If you have 3 protons,
4 neutrons, & 3 electrons
what would the model
look like?

Protons: o7 & I
Neutrons: o @ 0 @

Electrons: @

g @

A. 3red & 3 blue in center; 4 grey on ri
B. 3red & 4 grey In center; 3 blue on ri

C. 3 blue & 4 grey in center; 3

red on ri

NgsS
NgS

NgsS



Protons: &

8. If a particle has i P
3 protons, 4 neutrons, & |Electrons: » oo
3 electrons, then a proton
IS added what would the
symbol be?

ALi0 || ZLi% | SLit1

A B C D



Build a Molecule activity

by Trish Loeblein
http://phet.colorado.edu/

Learning Goals: Students will be able to:
Review:
* Describe the differences between an atom and a molecule.

* Describe what the subscripts and coefficients indicate in
chemistry notation.

» Use proper chemistry nomenclature.
New:
 Construct simple molecules from atoms.

» Write rules for how atoms are arranged given formulas for some
common molecules

 Draw, name, and write formulas for some common molecules.


http://phet.colorado.edu/en/simulation/build-a-molecule

1. Which picture best displays
atoms?

A, O
N, o

B. ddo

C. Both would be described as
“atoms’

D. Both are better described as
molecules



2. Which picture displays 2NH,?
A.

B.

D. Two are correct



3. Which could be hydrochloric

N H!Q acid?
B. &@Q
oc)

D. Two are correct




4. Which could be CO,?

A. @,‘ o‘a
“l 900
C. Both are stable
molecules




5. What 1s the name
of this molecule?

A. Methane
B. Tetrahydrogen carbide

C. Ammonia
D. Water



6. What i1s the name
of this molecule?

A. Dihydrogen oxide
B. Carbon dioxide
C. Ammonia

D. Water



/. What Is the name @ 9)

of this molecule?

A. Dichloride

B. Dichlorine

C. Chlorine

D. This Is not a stable
molecule



Acid Base Solutions:
Strength and Concentration

by Trish Loeblein July 2011

Learning goals: Students will be able to

1. Generate or interpret molecular
representations (words and/or pictures) for
acid or base solutions

2. Provide or use representations of the relative
amounts of particles in acid or base solutions
to estimate strength and/or concentration

3. Use common tools (pH meter, conductivity,
pH paper) of acid or base solutions to
estimate strength and/or concentration

Some materials adapted from an activity by Lancaster /Langdon



http://phet.colorado.edu/en/simulation/acid-base-solutions
https://phet.colorado.edu/en/contributions/update-success/3449
https://phet.colorado.edu/en/contributions/update-success/3449
https://phet.colorado.edu/en/contributions/view/3320

lcons for Acid Base Solutions




1.0rder the solutions from
lowest to hlghest pH

A. X<Y</ B. Y<X</ C. Z<Y<X
D. Z<X<Y E. Y<Z<X



2.0rder the solutions from
lowest to highest pH.

A. X<Y</ B. Y<X<Z
D. Z<X<Y E. Y<Z<X



3. Which image is from astrong acid?

A. X B.Y C.Z
D. more than one E. none



4. Which image Is from a weak base”

A. X B.Y
D. more than one



5. Strong acids have
lower pH than weak

acids.

pH Color Key

a 1 2 3 4 & 6 7 & 9 10 11 12 13 14

A. Always True
B. Always False

C. Sometimes
True




. Strong acids have lower pH than weak acids?

pH=1

~Solution
@ Acid Base
Initia| b.100 moll. g
Concentration: : -
0.001 0.01 01 1
Strenath:
weak @ strong

rSolution
@ Acid Base
Initial
Concentration: 1.000 | moliL
0.001 0.01 0.1 1
Strength:
@ weak strong
weaker stronger

-Solution

@ Acid

Base

Initial
Concentration:

0.001 0.01

0100 | moliL

y

0.1

Strength:

@ weak

strong

i

weaker

stronger

Solution

Solution

@ Acid

Base

Initial
Concentration:

0.001 0.01

1.000 | moliL

U

1

Strenagth:

@ weak

strong

.

weaker

stronger

@ Acid Base

Initial

0.001 | moliL

Caoncentration:

i

0.001

0.0 0.1

Strenagth:

weak @ strong

Use pH meter to see that if the acids are the same concentration
then the statement is true, but there are other possibilities



C. Sometimes
True

7. A solution with
[H,O*] =.1 M contains a
stronger acid than a
solution [H;0*] =.001 M.
A. Always True
B. Always False
@+ q+
Hy O H; O



8. A solution with [H,O*] =.1 M contains a

stronger acid than a solution [H,0%] =
001 M?

-Solution -Solution
@ Acid Base @ Acid Base
Initial Initial
Concentration: 1.000 | moifE Concentration: b.ﬂ]l:l moliL
§ y
0.001 0.01 01 1 0.001 0.01 0.1 1
Strength: Strength:
@ weak strong weak @ strong
U
weaker stronger

.1 M Hydronium

Solution Solution
@ Acid Base @ Acid Base
Initial Initial
Concentration: 1.000 [REE Concentration: 0.001 [RE
U U
0.001 001 01 1 0.001 0.01 01 1
Strength: Strength:
@ weak strong weak @ strong
[]
weaker stronger

.001 M
Hydronium

Use the Equilibrium concentration View to see that
If the acid i1s weak, then the statement is true, but If
the acid Is strong, concentration matters.




A.

B.
C.

9. What ALWAYS distinguishes a
weak acid from a strong acid?

A weak acid doesn’t react much in water;
strong acids completely react.

A weak acid Is

more dilute than a strong acid.

A weak acid has a higher pH than a strong

acid.

that distinguis

. Statements a,

that distinguis

. Statements a and ¢ are both characteristics

n weak acids from strong acids.

0, and c are all characteristics
n weak acids from strong acids.




O O W

10. What ALWAYS distinguishes a
weak base from a strong base”?

. A weak base doesn’t react much in water; strong

bases completely react.

. A weak base Is more dilute than a strong base.
. A weak base has higher pH than a strong base.
. Statements a and ¢ are both characteristics that

distinguish weak bases from strong bases.

. Statements a, b, and c are all characteristics that

distinguish weak bases from strong bases.



lcons for Acid Base Solutions
9 QJ @ 9 O

H,O |—|r:] OH HA A

F 2 90 D
MOH M B BH'
Use these icons to write reactions

for strong and weak acids and then
for strong and weak bases.



Sugar and Salt Solutions 1

Learning Goals: Students will be able to:

Identify if a compound is a salt or sugar by
macroscopic observations or microscopic
representations.

Explain how using combinations of solutes
changes solution characteristics or not.

Use observations to explain ways
concentration of a solute can change.

Describe ways the formula, macroscopic
observations, or microscopic representations
of a compound indicates if the bonding is ionic

or covalent.
by Trish Loeblein updated October 2011 phet.colorado.edu



phet.colorado.edu

1. Which would you predict to
be a salt?

A.CO,
B.CaCl,
C.Cy,H,,0,
D.HCI



1. Ans Which would you predict to be a

salt?
CO,

CacCl,
C12H22011
HCI

O0Ow»

Metal

He

Ar
Br| Kr

Non-metal

A metal combined with a non-metal make

a “salt”.




2. If a compound conducts
electricity when in solution with
water, you might categorize the
compound as a

A. salt

B.sugar

C. Both conduct

D. Neither conduct




3. Which would not conduct
electricity very well in solution
with pure water?

A. O,

B. CaCl,

C. Cy,Hp,0,
D. HCI

E. More than one of these




3ans. Which would not conduct

electricity very well in solution with pure
water?

moow >

. O,
. CaCl,
: C12H22011

HCI

More than
one of these

Non-metals combined
with each other don't
break Into 1ons In
solution. lons are
needed to conduct.
Acids are an exception
(compounds that begin
with H); usually they
break into ions.



4. If the microscopic view of a compound
In water looks like the picture on the left

(1.), you might categorize the compound

as a
| = ] -
2 a"‘ > a\) Lﬁﬂh
o 4, %
(* a - A
a ‘JJJ P‘ﬁﬁ ﬁ%ﬂ

A. Salt B. Sugar C. Neither



5. To Increase the
concentration of a

111111

solution, you could

A.Add more wat
B. Add more sal _
C. Evaporate——t—2 2

D. Drain out
solution

E. More than one of
these




6. Which would you predict to
be ionic?

A.NO
B.MgF,
C.AlO,
D.1,

E. More than one of
these



6ans. Which would you predict

to be ionid =
Li |Be BlCc|N|O|F|Ne
A NO E!Mig Allsi|P|sicllAr
' K |Ca|Sc| Ti| V | Cr|Mn|Fe|Co| Ni |Cu|Zn|Ga|Ge|As|Se| Br | Kr
B. Mg F2 Rb| Sr| Y | Zr [Nb|Mo| Tc |Ru|Rh|Pd|Ag|Cd| In |Sn|Sb|Te| | |Xe
Cs|Ba|La|Hf|Ta| W |Re|Os| Ir | Pt|Au[Hg| TI |Pb| Bi|Po| At |Rn
C- AIZOB Fr{RalAc| Rf|Db|Sg|Bh|Hs|Mt|Ds|Rg|Cn
D. 1,
Metal Non-metal
E. More than
one of
these

A metal combined with a non-metal make
an “ionic compound”.



/. If the microscopic view of a compound
In water looks like the picture on the left
(1.), you might categorize the compound

as a @ %
. P 0 1. |

g 9 v e a") ﬁ%
: > %, %
a J aJ ~J " "%ﬂ ﬁ%ﬂ'
A. lonic B. Covalent C.
Neither

/b What is the compound on the right (l1.)?



8. If the microscopic view of a compound
In water looks like the picture, you might

categorize the compound as 34
i R RS
» o ad
P o Py °
. ¥ o ¥

A. lonic  B. Covalent
7b How are the particls }_, bonded?



0. If Sodium Chloride Concentration
-

s added to this T
solution, how will the =~ ——%
concentrations ot & P.-.;,
change? Rl St it

A.Only the Na* will increase
B.Na*and Cl- will increase
C.NO; will decrease
D.More than one of these



Molecule Shapes
Learning Goals: Students will be able to:
 |dentify substances to which “Molecular geometry’
applies.
« Name molecule and electron geometries for basic
molecules.

« EXxplain the model being used to predict molecule
geometry.

* Predict common molecular geometry from the
number of electron pairs and bonded atoms
around a central atom of basic compounds.

)

by Trish Loeblein updated October 2011
phet.colorado.edu



phet.colorado.edu

1. Which is a molecule?

A.CO,
B.CaCl,
C.NH,CI
D.LI,SO,



2. Which would have a linear
shape?

A.HBr
B.CO,
C.Both are linear



3. Which has only single
bonds?

A.HBr
B.CO,

C. Both have all single
bonds



4. What shape is water?

A. Tetrahedral

B. Bent

C. Trigonal planar
D. Linear



5. Which I1s an example of an
exception to the octet rule?

A.O,
B.N,
C.BF,
D.1,

E. More than one of
these



5ans. Which Is an example
of an exception to the octet
rule?

A.O, @
B.N,
C.BF,
D.1,

E. More than one of
these

B



6. Which molecule

could be
represented with

this diagram?
A.BH,

B. CH,
C. NH,

ob. What would the
structural formula look like?




7. Which molecule
could be
represented with

this diagram?
A. HCI

B. CH,
C. NH,
D.F,

/b. What would the structural
formula look like?




phet.colorado.edu

Molecule Polarity

Learning Goals: Students will be able to:

Define bond polarity and molecular polarity

Explain the relationships between bond polarity
and molecular polarity

ldentify tools/representations to approximate bond
and molecular polarity

« Use these common tools to approximate and
compare polarity

Use standard notation to indicate polarity

ldentify the bonds between atoms as nonpolar
covalent, moderately polar covalent, very polar

covalent, or ionic. by Trish Loeblein updated October 2011


phet.colorado.edu

=l Atom A

Electronegativity

1. Which would | noe
represent the |
correct dipole?

A —>
B. €—

C. Thereis no
dipole



2. Which ﬁiﬂgﬂm
would be the | =
best |
description

for the bond?
A. nonpolar covalent

B. moderately polar
covalent

C.very polar covalent
D.1onic




3 The Zaiaiiond
molecule ls
shown would
be described
with

A. polar bonds, nonpolar molecule
B. nonpolar bonds, nonpolar

molecule
C. polar bonds, polar molecule
D. nonpolar bonds, polar molecule




Atom A
4. The bond | e

dipole and = -
molecular

dipole would
be

A. <=— +—» N0 Molecule dipole

B el fe— -
" )

C. +— <«— N0 Moleculedipole

D- e e e —— ’ﬁ:"



Atom C
Electronegativity

P

less more

5. The
molecule
shown would

be described

with e
A. polar bonds, nonpolar molecule

B. nonpolar bonds, nonpolar
molecule

C. polar bonds, polar molecule
D. nonpolar bonds, polar molecule




Atom A
Electronegativity

6. The
molecule
shown would
be described
with |
A. polar bonds, nonpolar molecule
B. nonpolar bonds, nonpolar
molecule

C. polar bonds, polar molecule
D. nonpolar bonds, polar molecule

9 1 5
less more | less




/. Draw the dipole

representations
r—(AtnmA —JA]umG'T
Electronegativity Electronegativity
E-l,glg L LR - ]ESISI A I rnl;-!re




/ans. Draw the dipole

representations
— Atom A Atom C
Electronegativity Electronegativity

SRBREREREAS ARRARAREN

less more | less less more




States of Matter Basics

Trish Loeblein
High School Chemistry lesson
January 2012
(this uses the simulation “Basics”, but the full version could be used)

For some questions, | turned on the Teacher menu item “ White
background” because it works better with my projector.

Trish Loeblein phet.colorado.edu



phet.colorado.edu

Learning Goals:

Students will be able to:

 Describe differences and similarities between
solids, liguids and gases on a molecular level.

» EXxplain gas pressure using the Kinetic Theory.

« Determine processes you could use to make
solids, liguids and gases change phases.

« Compare and contrast the behavior of the 4
substances in the simulation and use your
understanding about molecules to explain your
observations.



Which Is most likely oxygen gas?




Which 1s most likely liquid water?




How could there be 2 phases of oxygen at
one temperapture?

- Oxygen

Liquid-Gas}
Like water- B = =
' water vapor in®
a water bottle .




What happens if
you add energy
using the heater?

A.No change other than
all atoms speed up

B.More atoms would
condense

C.More atoms would
evaporate




More are gaseous




What happens if
you reduce the
volume?

A.No change other than
the atoms would be
closer together.

B.More atoms would
condense

C.More atoms would
evaporate




What happens if
you reduce the
volume a little?

A.No change

B.More atoms would
condense

C.More atoms would
evaporate




Which liquid material iIs most
likely shown on the left?

Vibh. 9%
A.Argon Cg%}%%%i %%%%%%{%

B.Neon

C. Water
Temperature shown
D.Oxygen is the melting point



Density Concept Question

by Trish Loeblein
used with Density Activity

Learning Goals:
Students will be able to use macroscopic evidence to:

Measure the volume of an object by observing the
amount of fluid it displaces or can displace.

Provide evidence and reasoning for how objects of
similar:

*mass can have differing volume

*volume can have differing mass.

|dentify the unknown materials by calculating density
using displacement of fluid techniques and reference
tables provided in the simulation.


https://phet.colorado.edu/en/simulation/density
https://phet.colorado.edu/en/contributions/view/3406

1. You put in a pool with
100 L of water. Then you s
drop an aluminum block
In and the volume rises to
105 L. What is the volume
of the block?

A.5L
B.105 L

C.Depends on block
shape

D Not enouah




2. You put in a pool with
100 L of water. Then you
drop an wood block in
and the volume rises to
102 L. What Is the volume
of the block?

A.5L
B.105 L

C.Depends on block
shape

D Not enouah

100.00 L




3. Two different blocks,

both with a mass of 5 kg
have different volumes.

How is It possible?

A. One is more dense

B. They are made of the
same material

C. They are made of
different material

D. More than one of these
E. None of the above




4. 1VWU Ullicicilit
blocks, both with a
volume of 3.38L have
different mass. What
would be a good
explanation?

A.A IS more dense
B.D IS more dense
C.A sinks

D.D floats

E.More than one of




Some information for 4

Volume changes | Mass found using scale
when submersed

100.00 L

It Is true that D floats, but it Is irrelevant
to question. The important thing is that A
IS more dense — it’s mass is greater even
though volume is the same.



5. What Is the density of the
block?

A. 0.63 L/kg
B. 1.6 L/kg
C. 0.63 kg/L
D. 1.6 kg/L




6. Joe was doing a lab. He massed
an object and then pushed it into
some water. He recorded- 3.5 kg and
5 L. What might the object be?

Mmoo o>

Material
Wood

. Apple

. Gasoline

Diamond
Lead

Density (kg/L

0.40
0.64

0.70
3.93

113



/. What I1s the mass of the block If
It has a density of 0.867

A. 5.0 kg
B. 91 kg
C. 0.15kg
D. 6. kg




Alpha Decay Questions
Trish Loeblein 6/14/2011

http://phet.colorado.edu/

Learning Goals: Students will be able to:
» Explain alpha decay process.

« Explain what half-life means in terms
of single particles and larger samples.

Lesson Plans and Activity



http://phet.colorado.edu/en/simulation/alpha-decay
http://phet.colorado.edu/
http://phet.colorado.edu/en/contributions/view/3558

1. If you read a test question that
says: Hg-202 undergoes alpha
decay to Pt-198. What does that tell
you?

A. A particle that has a mass of 4 is given off
B. A particle that has a mass of 4 is absorbed

“emitted” is another way to say “given off”



Hg-202 undergoes alpha decay to Pt-
198.
2. What else do you know?

ne particle emitted also has no charge

ne particle emitted also has a charge of 2
ne particle emitted also has a charge of 4
ne particle emitted also has a charge of -2

o o o -

OO wx

VY QD

: 4
Alpha particles are represented as o



Hg-202 undergoes alpha decay to
Pt-198.

3. What would the reaction look like?
202 202 4

A — Hg — Pl + -«
80 80 2
% Hg ZPt+-a
80 80 2

C “*Hg ZPt+-a
80 78 2

Remember mass and charge must be
eqgual on both sides of reaction



4. If you know the half-life of a
substance Is 50 seconds and the
Initlal amount can be represented |

which can you know for certain?
A. ther 50 seconds the representation would
e

B. After 50 seconds the representation could
be

C. If the sample size i1s small, it could be very
different after 50 seconds.

D. Aand C
E. Band C




5. If you know the half-life of a
substance iIs 50 seconds and the
Initial amount can be represented as
what would you predict the graph to
look like after 150 seconds?

D nothing

. would be
C left



:::::::
AAAAAAAAAAA

Molarity PhET g =

Learning Goals: Students will be able to

« Determine the solubility for some solutes
and explain why the solubility cannot be
determined for others given experimental
constraints.

 ldentify the relationships for measurable
variables by designing quantitative
experiments, collecting data, graphing, and
using appropriate trend lines.

Trish Loeblein March 2013 Molarity



http://phet.colorado.edu/en/simulation/molarity

1. Which of these solutions
look like they are saturated?

D. none of these E.two of these



2. What do you think the
solubility of this solution Is?

Concentration vs Solute Amount
1.6
1.4

Ci12 ~
0 1 /

" 0.8 ~

i 0.6 ~

— ~

M 0.4
0.2

0
0 0.2 0.4 0.6 0.8

solute amount (moles)

A.0.7moles B.14 M
C. 2.0M/moles D. Can’t be determined



R LR

3. Which could help ———. .

-------

Independent e

variables? Rk
A. Move a slider and see If another

measurement changes

B. Assume that there Is only one
iIndependent variable

C. Move a slider and anything that
changes Is an independent variable

D. More than one of these



4. Given this
graph, what can
you say about
the experiment?

N
g w

conc (M)

o
&

0

Concentration vs Solution

Volume

0.18 0.28 0.38 0.48 0.58 0.68

solution volume (L)

A. Amount of solute was the independent

variable

B. Amount of solution was the independent

variable

=N

Concentration was the independent variable
More than one of these



5. Given this graph, 4

what can you say 1.2
C

about the 5 1

relationship n 08

between amount of € os
solute and
concentration? 0.2

0.15
Solute amount (moles)

Concentration vs Solute Amount

red chemical

= gold

chemical

0.35 0.55 0.75

A. The amount and concentration are directly related

=

Some chemicals are not as soluble as others

C. Therelationship is the same for the chemicals

used
D. More than one of these



0w x>

6. What was held concentration vs

solution volume

constant in the <!
. 2
experiment that =
gives this graph? S o1 o0  o0s o7
(Assume good ©  solution volume...
experimental amourt  Volume
. (moles) (Liters) l:nnt:ent_ratlnn
d eS I g n) 10 10 [Mnﬁl_&::ty}

ne amount of solute
ne solution volume
ne concentration

More than one of 0.50 mol 0.5
these

T



/. Given this graph,

Concentration vs Amount of

Solulte
red chemica
what can you say 18
m blue chemical
about the 18
relationship between g i
amount of solution " 12
and concentration? 1
0.8 w ; \
0.4 0.6 0.8 1
amount of solute (moles)
A. The amount and concentration are directly
related
B. Some chemicals are not as soluble as others
C. Therelationship is the same for the
chemicals used
D. More than one of these



Concentration vs Amount of

2 Solute

8. Given this .
graph, what would
you predict for the§1.4
concentration at 1i

0.8 moles of solute
for each chemical? o5

¢ red chemical

M blue chemica

0.4 0.6 0.8 1
amount of solute (moles)

A. Red(e)Is 1.6M and Blue (%) is 1.4 M
B. They are both 0.4M
C. They are both 1.6 M




Concentration vs Amount of
Solute

9 Given th|S 1.8 ¢ red chemical
graph, what Would214
you predict the g,

o

solubility of the 1

M blue chemica

red chemical? 08
o4 06 08 1
amount of solute (moles)
A. Red(e) solubility is 1.6M
B. Red(e) solubility is 1.4M
C. Red(e) solubility is 0.8M
D. Cannot be determined by this experiment



