Procedure:

Station One

Atomic Structure

Analyze each bag and fill in the following chart using the following key:
Protons/p* — blue beads

Neutrons /n® — colotless beads

Electrons/e" - number written on outside of bag with masking tape

Bag | #of | #of | #of | Atomic ] Mass| Nuclear | Element lon or Electron Charge on

PPl | e # ' hErr:.ir_gl Symbol Atom? Configuration | atom orion
AGIBIe b M| ve ["C | ot | 274 | ©
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Questions:

1. What is the definition of an isotope?

Uomentr & Samt 1f: ot deffrodt pof 0°

2. Which of the bags are isotopes of one another? How do you know?

4,C,P
A

1$otopes

1

2

3

isatopsd

Same # of p*

ALt # v n°

3. What is the number of electrons in a completely filled second shell of an atom?




4. What is the number of electrons in an atom that has 3 protons and 4 neutrons?
patomt

1 W)
3 : tog &7
b M Some ¥ o
4 7
5. The table below gives the atomic mass and abundance of the two naturally occurring isotopes
of chlorine.
Naturally Occurring Isotopes of Chlotine
Isotopes Atomic Mass of the | Natural Abundance
Isotope (u) (Y0}
»Cl 34.97 75.76
'Cl 36.97 24.24

Which numerical setup can be used to calculate the atomic mass of the element chlorine?
1) (3497 u)(75.76) + (36.97 u)(24.24)
/S 2) (34.97 u)(0.2424) + (36.97 u)(0.7576)
3 (34.97 w)(0.7576) + (36.97 u)(0.2424)
4) (34.97 u)(24.24) + (36.97 u)(0.7576)

6. Explain, in terms of clectrons, why the radius of a potassium atom is larger than the radius of
a potassium ion in the ground state.

The potasgium ofom as 4 ¢~ shlls (7,—3~3-4)
ond e ion oy s e shulls (28-3)

7. Which clectron configuration represents an atom of chloring in an excited state?

2-7-7
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Base your answers to questons 8-10 on the information below.

The Bohr model of the atom was developed in the early part of the twentieth century. A diagram of
the Bohr model for one atom, in the ground state, of a specific element is shown below. The nucleus
contains 4 protons and 5 neutrons.

Bohr Model

Nucleus

Second shell

First shel

8. State the atomic number and the mass number of this element

Atomic Number: Lt

Mass Number: q

9. State the number of electrons in EACH shell in this atom in the ground state.

2 et so0 427 s5a e iy
2 2

First shell:

Second shell:

10. Using the Bohr model, describe the changes in clectron energy and electron location when an
atom changes from the ground state to the excited state.

elechonda Waa?n/alas:)rlo amd wove  fuothe
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Station Two
Bonding

Procedure:
1. Examine the following elements in the “Happy Atoms” Magnetic Model Kit and determine

the number of valence electrons for each. Draw a Lewis Dot Diagram for each atom.

Hydrogen

Nitrogen

Oxvgen

Carbon

# valence clectrons:

l

# valence electrons:

S

# valence electrons:

b

# valence electrons:

L‘.

Lewis Dot Diagram:

o

Lewis Dot Diagram:

Fid

. N-

-

Lewis Dot Diagram:

Mot

Lewis Dot Diagram:

-C-J

L 4

2. Using model kits, build the indicated molecules using the “Happy Atoms™ Magnetic Model
Kit. Ensure every atom (other than hydrogen, which follows the duet rule) obeys the octet
rule.

o H: H= .
O N-

o H:O

o CO;

3. Once you have answered all the questions at the station, disassembie the models. Pay
attention to the magnetic force when you disassemble the models!

Questons:

1. Draw the Lewis electron dot structures for the MOLECULES of Ha, N», H:O, and CO; in

the space below. Be sure to include all lone pairs in your structures.

H-—H




o

What type of bond holds the atoms together in Na? Give a reason for your answer.

Covmluct. € ann Shouadd.

3. How many pairs of electrons are shared in N2?

?) Ctnple louvd)

4. Which one of these four molecules is polar? Explain your answer in terms of charge
distribution.

H,0. C\Mu%a o distnbdtel a8y mameticaly

5. Interms of difference in electronegativity, explain why the O—H bond in water is more polar
than the C—O bond in carbon dioxide.

There 1S & ) A . ""B
Yo C—O oo wot  pelan Hon Hhe (H b

6. When you were disassembling the models, you were breaking the bonds. Was energy required
(absorbed) or released when you did this? How can you tell?

6Jos orled /aquired. It ok Yy B
Ldm'l‘D mw

gt

7. Which statement explains why a CO; molecule is nonpolar?
1) Carbon and oxygen are both nonmetals.
2) Carbon and oxygen have different electronegativities
3 (ﬁ) The molecule has a symmetrical distribution of charge
4) The molecule has an asymmetrical distribution of charge

8. Given the balanced equation representing a reaction:
2H:0 + energy — 2H: + O
Which statement describes the changes in energy and bonding for the reactant?
;@ Energy is absorbed as bonds in H,O are formed
Energy is absotbed as bonds in H>O are broken
2_ ) Energ' 1s released as bonds in H:O are formed BA 2;
4) Energy is released as bonds in H>O are broken

-6-



9. Two molecules of HBr collide and then form H: and Br:. During the collision, the bonds in

the HBr molecules are
C?) Broken as energy is absorbed 3 A-ﬁ;F.
L ) Broken as energy is released

3) Formed as energy is absorbed

4) Formed as enetgy is released

10. In the space below, draw a Lewis electron dot diagram for a molecule of bromomethane,
CH]BI. H

L ‘ér: %‘cnt‘/\m \MW
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Station Three
Kinetics

Procedure:
1. Put on goggles.

2. Measure out 5 mL of the 3.0 M HCl(aq) solution and pour it into a test tube.

3. Add a strip of Mg(s) to the test tube and time how long it takes the reaction to reach completion.
Record the time in the space below.

Time:

4. By touching the test tube, determine if the reaction is exothermic or endothermic. Record your

answer in the space below.

Exothermic or endothermic? ]&Q { 5@& Iﬂo—,’)

5. When the reaction is finished, pour the contents of the test tube into the marked waste container
and rinse out the test tube with tap water. Return the test tube to the rack when you are done.

Questions:
1. Balance the reaction for this process.
1 Mg +_Z HClag) > | MeChag) + 1 Ha(g)

2. What general type of reaction is this?
St n%ﬁ m,plaW
3. Complete the potential energy diagram for the reaction in the space below. Label the reactants

and products on your graph. \
(al =
PN ot

L 3

(loy Wad, Lpothowmic

Potential Energy

Reaction Coordinate

4. On your potential energy diagram above, sketch how the graph would change if you were to add
a catalyst.



Base your answers to questions 5-7 on the information below.

At room temperature, a reaction occurs when KIOs(aq) is mixed with NaHSO;(aq) that
contains a small amount of starch. The colorless reaction mixture turns dark blue after a period of

time that depends on the concentration of the reactants.

In a laboratory, 12 drops of 0.02 M NaHSOs(aq) solution containing starch were placed in
each of six test tubes. A different number of drops of 0.02 M KIOs(aq) and enough water to maintain
a constant volume were added to each test tube and the time for the dark-blue color to appear was

measuted. The data were recorded in the table below.

Data Table
Test Tube A B Cc D E F
Number of Drops of 0.02 M KIQ,{aq) 2 4 6 8 10 12
Time for Dark-Blue Color to Appear (s)|{ 210.| 88 49 a9 33 27

5. On the grid in the space below,
a.  Mark an appropriate scale on the axis labeled “Time (s).”

b. TPlot the data from the data table. Circle and connect the points.
Reaction Time

Lo -

T T
0 2 4

6. State how increasing the number of drops of 0.02 M KIO; (aq) used in the reaction affects the

rate of reaction.

a4 3 oy Opp ntasd, Tade netzased

7. ldenufy ONE factor, other than the concentration of the reactants, that would affect the tate

yadd a (_ajn[rﬂfjj‘

of this reaction.

weleads) YAl Tomprruiucl

drediade

Number of Drops
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8. Which expression represents the heat of reaction for a chemical change in terms of potential

energy, PE?
1 (I)Epmdutls) + (PEmmms)
(I)Epmducls) - (PEr::ct:nts)

(L 3) (pEprudu:ls) X (PErcncr:mls)
4) (I)Epruducts) - (PEn::u:lams)

9. Given the potential energy diagram for 2 reaction:

f— o — e — —

Potential Energy
[

Reaction Coordinate
Whigh interval represents the activation energy for the forward reaction?
1
2) 2
\ 3) 3
4) 4

o 1



Station Four
Density and Significant Figures

Procedure:
1. Mass the bar of copper using an electronic balance. Record the mass in the space below.

Mass of copper:

o

Fill a graduated cylinder approximately halfway up with tap water. Record the volume to the
first decimal place you cannot see in the space below.

Volume of water in a graduated cylinder:

3. Carefully add the copper bar to the graduated cylinder. Try to minimize splashing. Record the
new volume of water to the first decimal place that you cannot see in the space below.

Volume of water and Cu cylinder: (, V\LO-GLA U__EE_, Cb-'e' PlQCL)

4. Remove the copper bar from the graduated cylinder and dry it off with a paper towel. Empty
the water from the graduated cylinder down the drain.

Questons
1. Determine the volume of the Cu cylinder.

2. How many significant figures is the volume reported to?

b L

3. How many significant figures is the mass teported to?

4

4. Determine the density of the Cu cylinder to the correct number of significant figures.

v T
\'4 needy Yo e P %M(iaw

5. Using Reference Table S, calculate your percent ertor.

look-0p Ocepred dumedty T (u i Tadde S

_ WMeag -a D acceped > = .96 /cm3
P oL ‘——aa““x pf'&d J
-11-



Use the information below to answer questions 5-6.

A student is asked to determine the density of an aluminum cylinder. She records the following data:

& sk
Mass of Al: 69.11 g
Volume of water in a graduated cylinder: 10.0 ml.
Volume of water and Al cylinder: 35.1 mL

5. Use the student’s data to determine the density of the aluminum to the correct number of

significant figures. \/ - 3§ —(o.00 * 2.5 nm o ('SSP)
Al

" LLYU3  _ 4he Z.?(j/wu

DV it €3 SF)
6. Calculate the student’s percent error for the density of aluminum.
WMeag— OCC X (5D ?__-—‘I’S-Q/ML- — 'L/""Og/m_ . [OO
L= N S L
2 .0 q/wt

{

7. An aluminum sample as a mass of 80.01 dand 2 density @f cm’. According to the data,
to what number of significant ﬁgure\szihould the ca]culatitolume of the aluminum sample

be expressed?

% 3 2 4sF T SF

(33

Y 4 1 h‘*“ﬁ'@f
(pund- !

L



Station Five
Formulas and Equations, Math of Chemistty

Procedure:
1. Put on goggles.

(:2) Mass out approximately 5 grams of baking soda (NaHCO;) to the nearest 0.01 gram on an
electronic balance into a dixie cup. Record your precise mass of NaHCO; below.

Precise mass of NaHCO;:

3. Measure out approximately 50 mL of 1.0 M HCl into a beaker.
4. Add the baking soda into the beaker. Record your observations in the space below.
Observations:
& (0 / poling

5. When the reaction is complete, empty the waste into the designated waste container and rinse
out the beaker several times with tap water. Return the beaker to the station.

Questions:
1. Name the corr\lpound NaHCO,.

L 3 wonaki

Sedivm Hao\maam Car

Determine the gram formula mass of NaHCO..
23,0+ 0+ 12.0 + (& ”‘p)

8

4. The baking soda and HCl react according to the reaction below.

[ NsHCO: + HCI > Nacl + H:0 { O

Using your answer to question 3 above, determine the number of moles of CO: produced
with your NaHCO,.

ot wol fom *3 omd oL waTi0S N
; 0O n O {51 M&"ﬂ o
NaHCO, 2 £05 ( vl Znls)
o samt #o0) wal (05 0 vl “«HC%
(~ 0 .oDng.




5. What is the percent oxygen in NaHCOs?

7 o - 33'4’ X160 = CF 1%

6. Which compound has the highest petcent composition by mass of strontium?

1) StCl:
o S v paired G lgidegt elamac®) 5o T Fhow weret o
Y S0 & Sf d . Ste.
4) StS G-+
Sr
7. What is the gram formula mass of Fe(INOg):?
1) 146 g/mol + TA
2) 194 g/mol S_‘)/% + 3¢ l"fs AC )
3) 214 g/mol 2\ - % /m,q.r‘e
é 242 g/mol
8. Given the balanced equation representing a reaction:
AL(SOY:; @QOH 9@1(01—1), + INa:SO;
-
The mole ratio of sodium hy. drgudc to alyminum hydroxide is
1) 1:1 NadH A,\(QH\
2) 1:3 . 2.
’3 d 31 (0
4 37 ENER
9. Consider the reaction below showing the fermentaton of glucose, CH 204, to produce
ethanol, C;H;OH, and carbon dioxide.
CiH1:O4(aq) > 2CH:OH(aq) + 2COx(e) Conse rvabo of wmesd

270 = X 9y + 1324
Determine the total mass of ethanol produced when 270. grams of glucose reacts completely
to form ethanol and 132 grams of carbon dioxide. W

WMags prducts = wagy Nac
1L30 —132 = 13‘83

10. Given the balanced equation representing a reaction
4NH;(g) + 50:(g) — 4NO(g) + 6H.O(g)
What is the number of moles of H:O(g) formed when 2.0 moles of NH;(g) reacts completely?
1) 6.0 mol
2) 2.0 mol
3 3.0 mol
4) 4.0 mol

-14-



Station Six
Acids and Bases - Titration

Procedure:
1. Put on goggles. .
2. The burct on the left contgins 0.10 M HCL. Bécotd the initial volume reading on the buret in
the space below.
Initial volume reading HCl:
3.

Add approximately 10 mL of the HCI to the flask. Record the final volume reading on the
buret in the space below.

Final volume reading HCL:

Add 2 drops of the phenolphthalein indicator to the flask.

The buret on the right contains an unknown concentration of KOH. Record the initial volume
reading on this buret in the space below.

Initial volume reading KOH:

Titrate the KOH into the HCl until the endpoint is reached. Record the final volume reading
on the KOH buret in the space below.

Final volume reading KOH:

Dispose of the contents of the flask by putting them down the drain (the solution is now
neutralized) and rinsing the flask well with tap water. Return the flask to the station.

Questions:

1.

2

-

Describe one laboratory safety procedure that should be used if a drop of KOH was spilled
on the arm of a student while performing this titration.

il oS-
- 4ol Yeaher
Write the balanced neutralization equation for the reaction between HCl and KOH.

Ou(:kd *\OM-Q_—-’JW}G\ *\’w
HeL + XOH —> w0 r X

.15 -



3. Determine the total velumes used for both HCl and KOH.

Hu_
o
D'l jolvc'

4. Calculate the molarity ofKOE-l/ . 4 3 0
s ude MA«V&"M@V@ w o Vy ‘VB

b o ™ Gy vl — ol
W ov-
My W shoudd g ~ S

5. What is the pH of this solution when it is neutralized? What color would the indicator
- ; p
bromthymol blue be at this pH? -T. v, }/\

T seeen

6. According to one acid-base theory, a base is an
H" acceptor
) H" donor
\ 3) Na" acceptor
4) Na” donor

7. A substance that dissolves in water and produces hydronium ions as the only positve ions in
——————

the solution is classified as
1) An alcohol e
é An acid
/Z« 3) A base
4) A sale
Lo aelde
8. A 10.0 milliliter sample of NaOH(aqg) is neutralized by 40.0 milliliters of MHLL What is
the molarity of the NaOH? v
1) 1.0M Mae = MgV
fzfé 20M 0.S0M: A0mL.= Mg- 10
3) 0.25M
4) 0.50 M
9. When the pH of a solution is changed from 4 to 3, the hydronium ion concentration of the
solution \\/ eccd
1) Decreases by a factor of 10 x
z/—@ Increases by a factor of 10 onl_ Si’e(’ ' et ?\‘l SC!UQP., fo VO
3) Decreases by a factor of 100

4) Increases by a factor of 100 L{ >3 > WL o At



Station Seven
Heat and Calorimetry

Procedure:
1. Obtain two 250-mL glass beakers. Fill each with 50 mL of tap water.

2. Place one of the beakers on the hot plate. Turn the hot plate up to high. Allow the beaker to
heat for at least five minutes on the hot plate. Leave the other beaker on the table.

3. Measure the temperature of each beaker, estimating the last place you cannot sce on the
thermometer. Record the temperatures below.

ﬁ? Temperature of room water beaker:

Temperatute of hot water beaker:

4. Using gloves, place the hot water beaker on the table. Keeping your thermometer in the
beaker, add the beaker of room temperature water to the beaker of hot water. Record the
highest temperature reached in the space below. This will happen quickly, so monitor the
thermometer carefully.

? Highest temperature reached by the water:

5. When finished, dump the water down the drain and leave both beakers on the desk top.

Questions
1. Describe the direction of heat energy transfer that took place between the two beakers.

Lo e Vgt wdn o Ahe O tenp H O

)

YWhat 1s the mass of 50 ml. of water?

<03

3. What was the temperature change for the sample of room temperature water?

Sukdfact 2 samed tewsps

4. Calculate the number of joules of heat energy that the room temperature water changed.

=W C&T = COy H18% e &5
4 e SOy 187 T

fomn #3

5. Convert your answer from question 4 above to kilojoules. 4]
Wp0J ™ 4 ¥X )
. MW FaandHt by 10D
,S v T -17 -



6. What is the amount of heat energy released when 50.0 grams of water is cooled from 20.0°C

to 10.0°C?
1) 5.00x10°] %f mcsT

2) 1.67x10']

S O 209x10] 2= 50@'““'&3/6%' 10% 3
4) 1.13x10°] ‘K,,Zoqoj_sp 2,090 ¥ (0

Base your answers to questions 7-9 on the informaton below.

A few pieces of dry ice, COxfs), at -78°C are placed in a flask that contains air at 21 °C. The flask is
sealed by placing an uninflated balloon over the mouth of the flask. As the balloon inflates, the dry
ice disappears and no liquid is observed in the flask.

7. State the direction of heat flow that occurs between the dry ice and the air in the flask.

-—'?-'8‘ < 21 -7
v e au o He. dny e
(st to cold)
8. Worite the name of the process that occurs as the dry 1ce undergoes a phase change in the flask.

S
Suldi mahinn \
9. Compare the entropy of the CO: molecules in the dry ice to the entropy of the CO: molecules
in the inflated balloon. Solb oA
atec ball

Qa4

Tiw emtiopy 8 greabm i alloon
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Station Eight
Equilibrium

Procedure:

1.

(S

Use a beaker to place 50 mL of tap water into one 50 mL graduated cylinder; leave the second
cylinder empty. The graduated cylinder with 50 ml. of water represents
“CONCENTRATION OF REACTANTS” and the graduated cylinder with 0 ml. of water
represents “CONCENTRATION OF PRODUCTS.”

Place a large straw into each of the graduated cylinders.
This step requires two people — one petson for each straw. Ensuring that your straw is

touching the bottom of the cylinder, cover the straw with your finger to trap the water (this

works best if you hold the straw with one hand and use a wetted finger on your other hand to
seal the straw at the top).

Simultaneously transfer the contents of the straws between cylinders (be careful not to let any
water spill).

Record the new volumes in the graduated cylinders (use the table below).

Returnt your empty straw to its onginal cylinder. Repeat steps 3 — 5 until three exchanges
after the volumes stop changing. When done, pour the water down the drain.

Table: Volume after x transfers

x (0 11|23 |4 |516|7|8|9|10(11|12|13|14|15(16]17 18|19 |20
mL | 50

mL |0

Plot a graph on the axes below of the volume in both graduated cylindets. Your graph should have
two kines: one that starts at 50 mL, and one that starts at 0 mL.

voLume o (L)

I
1“"1-\.,1__ é
"‘---.___‘_q -
i e aipipe et [
f"‘"‘rﬂdﬂ_
-
——
L T S - R 7 T R RS T R

TRANSFERS (W)

(,(’WM“M?@ -19-



Questions:
1. Refernng back to which graduated cylinder represented reactants or products, what happened
to the concentration of reactants as the “reaction” proceeded? What happened to the
concentration of products as the reaction proceeded? ¢

4_/ dsewadoA
intgaded
2. Using your graph as a reference, at what point was equilibrium achieved? Mark this point on
the graph with an X. How do you know equilibrium was achieved here?

whor Har amomt stopped chasggy

3. Whatis equal at equiiboum?
LATES

4. What happens to concentrations at equilibrium?

TUEN ALE  (ONSTAAIT

5. Given the equation representing a system at equilibrium
T - glg__gr
AgCl(s) = Ag'(ag) + sniFt LEET

When the concentration of Cl (ag) is inCregsed, the concentration of Ag*(aq)
{I> Decreases, and the amount of AgCl(s) increases
2} Decreases, and the amount of AgCl(s) decreases
3) Increases, and the amount of AgCl(s) increases
4) Increases, and the amount of AgCl(s) decreases

6. An open flask is half filled with water at 25°C. Phase equilibrium can be reached after
1) More water 1s added to the flask

@) The flask is stoppered ( needa ac,ldUL Sm
2— 3) The temperature is decreased to 15°C
4) The temperature is increased to 35°C

7. Given the equation for a system at equilibrium

@) swit —> A~

Ni(g) + 3Ha(g) « 2NHs(g) + energy
[f only the concentration of Na#r) is increased, the concentration of

\ NHj(g) increases S‘M‘{'i- AGHT

2) NH;(g) remains the same
3) Ha(g) increases
4) H:(g) remains the same

-20-



Base your answers to questions 7 through 9 on the information below.

Common houschold bleach is an aqueous soluton containing hypochlorite ions. A closed container
of bleach is an equilibrium system represented by the equation below.

Cli(g) + 20H (aq) < CIO (aq) + Cl(aq) + H:O()

8. Compare the rate of the forward reaction to the rate of the reverse reaction for this system.

9. Explain why the container must be closed to maintain equilibrium.

Preneut Q,Q),(ij) Som 24ca P

10. State the effect on the concentration of the ClO ion when there 1s a DECREASE in the
concentration of the OH ion.

Qo™ draied .
(eclu@tehier gt mHtT>

Ry {8



Station Nine
Heating and Cooling Curves

Procedure:

1.

)

Remove a test tube containing liquid lauric acid from the hot water bath using test tube
tongs and place it in a test tube rack.

When the temperature of the lauric acid is around 60°C, record the exact temperature
(estimate to the tenths!) at time 0 and start timing.

Record the temperature of the lauric acid at one minute intervals. Place the test tube with
the thermometer into the test tube rack and try to hold the thermometer steady so it will

freeze into this position.

Condnue taking readings for a total of fifteen (15) minutes. Record your data in the table
below.

Construct a cooling curve for lauric acid with your data.

Return your test tube, of lauric acid with the thermometer in it to the hot water bath.
Time | Temperature | Time | Temperatute | Time | Temperature
0 min 5 min 10 min
1 min 6 min 11 min
2 min 7 min 12 min
3 min 8 min 13 min
4 min 9 min 14 min

15 min

=322 -



Graph: graph time (in minutes) on the x-axis. Be sure to indicate a suitable scale.

Graph temperature (in °C) on the y-axis. Start your y-axis at 40°C. Be sure to indicate a suitable
scale.

Bl
‘\.

Ay L

40°C

Questons:
1. According to your data, what 1s the freezing point of lauric acid?

A
Is the potendal energy of lautic acid increasing or decreasing during this process?

droarry U gy

3. Label the regions of your graph where the kinetic energy is remaining constant. Explain how
you know that kinetic energy is remaining constant in these regions.

Méﬁ)&lﬂ\ Har Same

4. Compare the entropy of the lauric acid at the beginning of the cooling curve to the entropy
of lauric acid at the end of the cooling curve. Explain.

The eaiihepy 15 (Leg ot Yleamd .
(il s Teas i) Yham i

2



5. The heating curve below represents a sample of a substance starting as a solid below its
melting point and being heated over a period of time.

F

Temperature (K)

Time (min)

Which statement describes the energy of the particles in this sample during interval DE?
1) Both potential energy and average kinetic energy increase.

3 2) Both potential energy and average kinetic energy decrease.
Potential energy increases and average kinetic energy remains the same.

4) Potential energy remains the same and average kinetic energy increases.

Base your answers to questions 7-8 on the information below.
q

A sample of a substance is a liguid at 65°C. The sample is heated uniformly to 125°C. The heating
curve for the sample at standard pressure is shown below.

Heating Curve

;6~125 ——————————————
o0 ———
5 49
g \eoi |
L g dbel® L 1 __
§
a5 B T Wy
| |
C D
—_—
Time (min)

6. Determine the boiling point of the sample at standard pressure.
5°C
State what happens to the potental energy of the particles of the sample during tme interval
BC. .
PE  nerads
( LE gwaa NEIVIN aM-d’)

fif

-394 -



Station Ten
Solutions and Bonding

Procedure:
1. Examine a chloride ion, Cl (green), and a water molecule (red is oxygen, white is hydrogen).

cally

the magnet portion of Cl. Note your observations in the space below.
OBSERVATIONS:

H:jdm&w\ ond athracs CL™

2. DBring the two particles together, specifi

Examine a sodium ion, Na” (blue), and a water molecule.

4. Bring the two particles together, specifically paving attention to how the water interacts with

the magnet portion of Na'. Note your observations in the space below.

OBSERVATIONS:

OX:WAW umadz Na™

Questions
1. farfeone) LIKE / @ charges attract.

Bascd on your observations, which side of water, O or H, was attracted to Cl?

H

Therefore, which side of water, O or H, is slightly positively charged?

[

3. Based on your observations, which side of water, O or H, was attracted to Na'?

O

Therefore, which side of water, O or H, is slightly negatively charged?

4. Dcfine the term “electronegatavity.”

oty oy ot ot o affmct/pll €7 b BetE
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5. Look up the clectronegativiges of O and H 1n Table S.

O: (b‘b\
w2

6. What is the electronegatvity difference in the O—H bond in water?

LT

7. Using the key and space below, draw two water molecules in the box, showing the
orientation of each water molecule toward the calcium ion in solution.

Key

® = hydrogen atom U
(O =oxygen atom
t’ = water molecule CQXS{:\- 1AL WMS'!'

Q or‘\w’fui'
towardd Co )

8. Which statement explains why a C-O bond is more polar than a F-O bond?
1) At STP, catbon has a greater density than fluorine
2) A carbon atom has more valence electrons than a fluorine atom
@The difference in electronegativity between carbon and oxygen is greater than that
3 between fluorine and oxygen
4) The difference in first ionization energy between carbon and oxygen is greater than
that between fluorine and oxygen

9. The electronegativity difference between the atoms in a molecule of HCl can be used to
determine
1) The entropy of the atoms
2) The atomic number of the atoms
(—\' 3) The furst ionization energy of the atoms
é The polarity of the bond between the two atoms

10. Rubbing alcohol is a product available at most pharmacies and supermarkets. One rubbing
alcohol solution contains 2-propanol and water. The boiling point of 2-propanol is 82.3°C at

standard pressure. Explain, in terms of electronegativity differences, why a C-O bond is more
polar than a C-H bond.

The diffetace &m»gjﬂ‘w% wiveen (20 .
5 \WM S W ' EN. pebveen c1H
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Station Eleven
Vapor Pressure, Organic Chemistry, and
Intermolecular Forces of Attraction

Procedure:

1.

Using a “Happy Atoms” Magnetic Model Kit, create a model for both water, H-O, and
ethanol, C:Hs;OH.

2. Examine the two stoppered flasks in front of you. They are labeled “water” and “cthanol.”
Put the appropriate models in front of the flasks and use the structure to answer the questions
that follow.

3. When done answering the questions, disassemble your models.

Questions:

1. Each flask contains its respective liquid that has been allowed to sit at room temperature for
24 hours. Assume the temperature in our room today is 25°C. Use Reference Table H to
determine the vapor pressure of both liquids inside the flasks.

fav) P
Vapor Pressure water: n 4 k ?Q__ Vapor Pressure ethanol: % kd -
2. If each flask was heated to 75°C, would the vapor pressure increase, decrease, or remain the
same? Explain why. -
InCALAAL - L \iﬂbwd wonlA WW/ M’U
wAO L sra—ﬂf' 50 MM V3.1‘Jn Preddunl .
/

3. Using Reference Table H, determine which liquid, ethanol or water, has stronger
intermolecular forces of attraction.

4. State the class of organic compounds to which ethanol belongs.

alcob\'o‘
5. Examine both structures. State, in terms of molecular polarity, why ethanol is soluble in water.

%lemm pa(a.r,cw\A Po{a/l,

substantey  dagestve  polan Sulstancy Clike d;(s;;lbw

e 1
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6. At 50.°C and standard pressure, intermolecular forces of attraction are strongest in a sample
P g P

of
@ ethanoic acid
Z) propanone
] 3) ethanol

4y water

7. Which substance in the table below has the strongest intermolecular forces?

Molar Mass | Boiling Point
Substance | ™ /mal) (kelvins)

HF 20.01 293
HCI 36.46 188
HBr 80.91 207
HI 127.91 237

(D HF (lageot B7)

R 2) HCl
3) HBr
4 HI

8. Propanone is also listed on Table H. Draw the structural formula for propanone in the space

below. wde 4adrle R o)

Y
——C—C—
| {

9. State the class of organic compounds to which propanone belongs.

10. Which formulas represent compounds that are isomers of each other?
H H H H HH H H H M
] [ L1 i | Same #3"2]("-
H-G~H end H-C-C-H H-G-C—C~OH eand H-CG—0-C-C-H 4 '
H H H H H H H HH of atoms,
(1) @ diffeent
*.* '.* o ] Sl
HO—C—H and H-C~OH H=C—-C—C—H and H-C-C~H
H H H H H H H

(2) (4)

S ]



/
=
= S

11. Which formula represents an unsaturated hydrocarbon?
l-———__—

H H H H
| |
H—?—?—H H—?“C—OH

I
H H H H

(1) (3)

| L0
H—C=?~H H—?—C—H
H H

> (4)

12. Butanal, butanone, and diethyl ether have different properties because the molecules of each
compound differ in their
1) Numbers of catbon atoms
2) Numbers of oxygen atoms
(3Y Types of functional groups
4) Types of radioactve isotopes

13. Which term identifies a type of organic reaction?
1) Deposition

2} Distllation
Esterification

4) Sublimation

-29.



Station Twelve
Solutions, Organic Chemistry, and Hydrogen Bonding

(IMFs5s)

Procedure:
1. Place 10 water molecules in the tray, around the edges (not the middle) of the tray.
2. TPlace an ethane molecule (gray = C, white = H) in the middle of the tray.
3. Vigorously shake the tray. Record your observations, especially in regards to how the water
interacted with the ethane.
OBSERVATIONS:

The L s ndt attraded bt ethaine

4. Place 10 water molecules in the tray, around the edges (not the middle) of the tray, as you
did in step 1.
5. Place a methanol molecule in the center of the tray and vigorously shake the tray. Record

your observations, especially in regards to how the water interacted with the methanol.
OBSERVATIONS:

Taewatn 1S gtfadtd B Y mothensl

6. Remove the water molecules, ethane, and methanol, from the tray and place them in the
Tupperware container.

Questions:
1. Draw structural formulas for water, methanol, and ethane in the space below. Include all

lone pairs. Use your reference table (organic chemistry sections) if you need assistance
drawing methanol or ethane.

Water Methanol Ethane
o H H !,-l
) o L4 I B l
/TNy w-C_—6-H | w-C—C-V
H \ . | |
e oW
p/nee_P p/nee_ ¥ p/nee_ N

2. Label each structure as either POLAR or NONPOLAR.
3. Did the ethane “dissolve” in the water? How could you tell?

no. no fadhen ochvein-
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4. Did the methanol “dissolve” in the water? How could you tell?
Yo attachm edwen
Y, 0 3 wed (ng

5. Molecules with the ({wnd one) DIFFERENT polarities will be soluble, aka

dissolve, in each other.

6. Hydrogen bonding takes place benween Hydrogen and what three elements? (Hint: H-bonding

=2 . o0- N

SRR
7. (erle one) Hydrogen bonding is a / WEAK intermolecular force of
attracton.

8. Which phrase describes a molecule of CH,, in terms of molecular polarity and charge
distribution?
1) Polar with an asymmetrical distribution of charge
2} Polar with a symmetrical distribution of charge
”3)) Nonpolar with nn!symmetrical distribution of charge
4) Nonpolar with an asymmetrical distribution of charge

9. The boiling points, at standard pressure, of four compounds are given in the table below.
Boiling Points of Four Compounds

Compound | Boiling Point (°C)
H,O 100.0
H,S —59.6
H,Se —41.3
H,Te -2.0

Which type of attraction can be used to explain the unusually high boiling point of H.O?
1) lonic bonding
@ @ Hydrogen bonding
3) Polar covalent bonding
4) Nonpolar covalent bonding

10. Which compound has the strongest hydrogen bonding between its molecules?
1) HBr .
%) HCl W7 FOI\J a M- )\]DLP
HF !
4) HI

ey



11. Which Group 16 element combines with hydrogen to form a compound that has the strongest

hydrogen bonding between its molecules? \__\‘ ) l\J " H . NO _r‘
@ Oxygen

2) Selenium
3) Sulfur
4y Tellutium

At standard pressure, water has unusual properties that are due to both its molecular structure and
intermolecular forces. For example, although most liquids contract when they freeze, water expands,
making ice less dense than liquid water. Water has a much higher boiling point than most other
molecular compounds having a similar gram-formula mass.

12. State the type of intermolecular force responsible for the unusual boiling point ot standard
pressure. - w3 FON
h O\(Da-‘?/"\ bov ‘d‘%“j Ca

13. Draw a Lewts electron-dot diagram for a chloride ion, Cl. (hins: you must consider and include the
charge in your structure)

(W5+ § how % v- .

o -
Eu: ond .;awp_—-lc_\«a(}()
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Station Thirteen
Electrochemistry

Procedure:

1.

Create a voltaic cell using copper and zinc using the equipment at the station. You only need
~50 mL of a solution in each half cell.

2. Create a second voltaic cell using aluminum and copper using the equipment at the staton.

3. Measure the voltage of both cells by turning the voltmeter to “DCV 20.” The red wire is
connected to the cathode and the black wire is connected to the anode. Record your voltages
in the space below.

Voltage of Cu/Zn cell:
Voltage of Cu/Al cell:

4. When finished, remove the clectrodes and dry them with paper towels. Return the solutions
to the appropriate beakers, and place the salt bridge in the Tupperwate container. Turn off
the voltmeter.

Questions
1. Identify the anode in BOTH the Cu/Zn cell and the Cu/Al cell. Explain how you identified
the anode for both cells.
= e S e
Anode in Cu/Zn cell and explanation: 2 n. N\ mM/MﬂL h
Yam Ca
Anode in Cu/Al cell and explanation: A( Al & wnl reac ¢ Ham G’L
2. Describe the direction of the flow of electrons in the Cu/Zn cell.
$owm I o G ( anode_T0 (K‘H&DAE_B
3. Write a balanced half reaction for the process that occuts in the cathode in the Cu/Al cell.
(B —
Cu  +2e — G
4. State the purpose of the salt bridge.

balan e (J/Lal‘&a/ How 8f) (mo

gL



5. Consider the Cu/Zn cell. Explain, in terms of Zn atoms and Zn ions, why the mass of the Zn
clectrode DECREASES as the cell ogetates.

Z-n oFoma(solid) bedamg 277 g, whichose a.ﬁJLMM
The  otouwg dissalve info e

Base your answers to questions 6-9 on the information below.

A student constructs an electrochemical cell during a laboratory investigadon. When the switch is
closed, electrons flow through the external circuit. The diagram and equation below represent this cell
and the reaction that occurs.

Voltmeter

Switch / @

Salt
bridge

Wire

Al(s) electrode

amodQ

Ni{s} electrode

Cotlup AL

L:

'_-ﬁi(Nb;f_s(ﬁq)_ Ni(NO,),(aq)

——

s) [i**(aq) — 2A1**(aq) + 3Ni(s)

State the direction of electron flow through the wire when the switch is closed.

Lom A o N

. Write a balanced half-reaction equation for the oxidation that occurs when the switch is closed.

My —=> AL gy 32

Determine the ber of moles of Al(s) needed to completely react with 9.0 moles of Ni**(a
ions. . y s N]- A 8
- ~2i3rah o 615 AV TN ¢x1}6? ‘*QEQ
xS (¢ «
ol N 6.0 met A

State, in terms of energy, why this cell is a voltaic cell.

dectraaf prgy st [f o casiiad sasrpy)

SR



M@D - Hﬁ“ ;e
10. What occurs when a magnesium atom becomes a magnesium ion?
1) Electrons are gained and the oxidation number increases
2) Electrons are gained and the oxidation number decreases
3 Electrons are lost and the oxidation number increases
4) LElectrons are lost and the oxidation number decreases
11. Energy is required to produce a chemical change during
1) Chromatography

@) Electrolysis
g’ 3) Boiling
4) Melang
12. Which balgnccd cquag'fn} fepresents a redox reaction? I .}P
(T Mg + Cf—Rigll, +# C’W wmuth <AV

2) CaO + H:O — Ca{OH):
3) HNO; + NaOH — H,O + NalNO;
4) NaCl + AgNO; — NaNQ; + AgCl

13. In a redox reaction, the number of electrons lost 1s equal to the number of
1) Protons lost

2) Neutrons lost
L’\ 3) Neutrons gained
@Elcctrons gained

14. At which electrode does oxidation occur in a voltaic cell and in an electrolytic cell?
1) The anode in a voltaic cell and the cathode in an electrolytic cell
2} The cathode in a voltic cell and the anode in an electrolytic cell
E '@i'he anode in both a voltaic cell and an clectrolytic cell
4) The cathode in both a voltaic cell and an electrolytic cell

V8 .



Station Fourteen
Solutions

Procedure:

1.

2.

3.

Mass out 8.0 grams of NaNO, using dixic cups.
Measure out 100 mL of tap water and place it in a beaker.
Dissolve the NaNO; in the tap water. Record your observatons in the space below.

Observations:

When finished answering the questions, pour the solution down the drain and rinse out the
beaker well with tap water.

Questions

1.

o

Name NaNQ..

Sodium nit2 AT
Identify the solvent in your solution.

walin

We will assume that the solution is the same temperature as room temperature, 25°C. Using
Reference Table G, determine if your solution is saturated, unsaturated, or supersaturated.

unsatu rwted

Describe a lab process that would allow you to recover the dissolved NaNOj from the

solution. .
(6itatm wil NOT

Wik > NaND; 53
Solube , 5o 't uﬂ”

{chww e

Compare the frcezing point of this solution to the freezing point of a solution containing 20.0
grams of NaNO; in 100 mL of water.

. ‘ , 0 lwh -
The Freesing pomtof) He BOq NaADy S0

) \«Ig(lfxm Jnam e W it of ot
20:04 NaNO; .
( M,bi'(,ﬁ'o[pd:t/ fug_ Lowed 'H“’PP) mw%@
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6. Compared to distilled water, an aqueous salt solution has
(I} better electrical conductivity
\ 2) poorer clectrical conductivity
3) alower boiling point at standard pressure
4) a higher freezing point at standard pressure

7. A mixture consists of sand and an aqueous salt solution. Which procedure can be used to
separate the sand, salt, and water from each other?
1) Evaporate the water, then filter out the salt.
2) Evaporate the water, then filter out the sand.
Lk 3) Filter out the salt, then evaporate the water.
é Filter out the sand, then evaporate the water.

8. An aquecous solution has a mass of 490 grams containing 8.5x10 & gram of calcium ions. The
concentration of calcium ions in this solution is

éﬁ ‘1‘-73 ppm _ wagq Wkl |y pos, 00
ppm = '
4 34ppm oo _‘E>_q5_'q_"é2_i x |, 600,000

9. Compared to the boiling point and the frccztng point of water at 1 atmosphere, a 1.0 M
CaCl:(aq) solution at 1 atmosphere has a
1) lower boiling point and a lower freezing point
2} lower boiling point and a higher freezing potnt
3 d higher boiling point and a lower freezing point
4) higher boiling point and higher freezing point

10. A 1-gram sample of a compound is added to 100 grams of H:O(l) and the resulting mixture is
then thoroughly stirred. Some of the compound is then separated from the mixture by
filtration. Based on Table F, the compound could be

AgCl

) CEC]; mlamd 1o M.SalW(J{O_
\ 3) NaCl
4) NiCl;

11. In a laboratory investigation, a solution that contains 13.2 grams of Pb(NO;): reacts
completely with a solution that contains 12.0 grams of Nal, producing 18.4 grams of Pbl: and
an undetermined mass of a second product, NaNO;. This reaction is represented by the
balanced equation below.

Pb(NQOs): + 2Nal — Pbl: + 2NaNO,
Idenufy the compound produced that is insoluble in water.

ToT,  Cwte Tobtef)

=37 -



Station Fifteen

Matter: Elements/Compounds /Mixtures;

Physical/Chemical Properties

Procedure:

1. For each container, sketch a picture of the contents in the space below using the colored

pencils.

b

mixture of compounds, or a mixture of elements and compounds.

For each container, identify whether it is an element, a compound, a mixture of elements, a

Container 1

Container 2

Container 3

4

o
g

o0

O

i A

50 Pl

Q °

A

LcuvwF“"'J

s

Citcle the correct classification:
@ Element
b. Compound
Mixture of elements
Mixture of compounds
Mixture of elements
and compound

6 oo

Citcle the correct classificaton:
a. Element
b. Compound
Mixture of elements
. Mixture of compounds
e. Misture of elements
and compound

Circle the correct classification:
a. Element
b. Compound
c. DMixture of elements
d. Mixture of compounds
Mixture of elements

and compound

3. Ensure all the samples are back in their correct container and you have put the colored pencils

back in their box.



Questions
1. Which diagram represents a mixture of different molecular forms of the same clement?

1

\

ol

Key

@ = atom of element X
O = atom of element 2

“o
g &

@

*® of
© P

(3)

®d
Tt ©

® 8

e
R

(2)

1

Heed §
)

Which statement describes a chemical change?
e D

1) Alcohol evaporates
2) Water vapor forms snowflakes
3) Table salt (NaCl) is crushed into powder
@ Glucose (CsHi20q) and oxygen produce CO: and H.O

mixture differ in

1) Boiling point

A mixture of sand and table salt can be separated by filtration because the substances in the

FE——

S
3) Density at STP sefoatiy Soluble Tron

3) Freezing point 'MSO(M
@ Solubility in water

4. Which sample of matter is classified as a substance?

1) Air

(2P Ammonia

= 3) Milk

4) Seawater

———r

o s
N Lo 0 J /
wOF o s XM'

m—

5. AtSTP, oxygen exists in two forms, O:(g) and Os(g). These two forms of oxygen have
Different molecular structures and different properties
2) Different molecular structures and the same propertes
3) The same molecular structure and different properties
4) The same molecular structure and the same properties

-39.-
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(w -
M
gt 7 18 Mw«ﬂ"
6. Consider the reaction: ‘ W"dﬂi P’

Al(s) + CuS@i(aq) > AL(SO4)s(ag) + Cufs) patl P
a. IName CuSQO,

(oPPA CH) safa kT

b. Explain why the equation represents a chemical change.

o N MWM'&M

Base your answers to questions 7-8 on the information below.

Iron has been used for thousands of years. I the air, iron corrodes. One reaction for the corrosion
of iron is represented by the balanced equation below.

Equation 1: 4Fe(s) + 30:(g) = 2Fe:0s(s)

In the presence of water, iron corrodes more quickly. This corrosion is represented by the ufbalanced
equation below.

Equation 2: Fe(s) + Os(g) + H:O() = Fe(OH)(s)

7. Identify one substance in the passage that can NOT be broken down by a chemical £hange.

Fe n O 5.
8. Using equation 1, describe ONE chemical property of iron.

]m C.Brrzdad
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Base your answers to questions 9-11 on the information Elnae]mz.
Col

A laboratory technician is given the table belows #fid a sample of one of the three substances listed in
the table. The technician pakes an aqueous solution with a portion of the sample. When a conductivity
tester is lowered into the solution, the lightbulb on the tester glows brightly. A
s:WWﬁW_&MM is placed in an oven at 450°C.

Some Propertics of Three Substances  Sp " P s below Y S-Odc

Property Substance
Sodium nitrate Potassium chromate Sulfur
Solubility in water at ~-Soluble Soluble Insoluble
20.°C
Electrical conductivity of L/.Goc;d Good Not applicable
aqucous solution
Melting point (°C) v 307 974 115

9. ldentify the substance given to the technician,
Sodiom  nraka

10. State evidence that made it necessary to use more than one property to identify the substance
given to the techaician.

7 suloStamees wea SOM/ZSMSWQM
WAL g avdictndg, B nged wne testy

o diffeasnhate

11. Explain, in terms of ions, why an aqueous solution of potassium chromate conducts an
electrical current.

Solukions wll amduct if Sy

YWl o vwovfaﬁ (;ka/\f,e. 'R)MW

clhnowiy WM) mtaind 1

(Ohanfpdh poFicled) Uk can wov
(,\D/(, a'ww .

i



Station Sixteen
Gases
Procedure:

1. Open the pHet simulation website for gases on the laptop. Pump the bike handle to add gas
particles to the chamber.

[

Add heat to the gas particles. Observe the behavior of the gas particles. What has changed
because of the addition of heat? How has it changed (increased or decreased)? Explain this.

3. Make the volume of the chamber larger. Observe the behavior of the gas particles. What has
changed because of this increase in volume? How has it changed (increased or decreased)?

Explain this.
lswWeA_ Wédlw_ . o
(Mw V‘i)(u'“"Q l o M{)\_ collisl My

4. Pump more gas particles into the chamber. Observe the behavior of the gas particles. What
has changed because of the addition of mote gas particles? How has it changed (increased or

decreased)? Explain this.
M\ pALddunl
e gag, M collisiond

5. Click the Reset button.
Questions

1. If you had added a second gas sample to the chamber in the simulation, what would have
happened to the pressure of the system? Explain.

|lﬂ Mﬂ_a/ili,, WAL co“‘rst'w'

2. What happened to the kinetic energy of the gas sample when you increased the temperature?

=5 ke



3. A ngid cylinder with a movable piston contains a sample of gas. At 300. K, this sample has a
pressure of 240. kilopascals and a volume of 70.0 milliliters. What is the volume of this sample
when the temperature is changed to 150. K and the pressure is changed to 160. kilopascals?

0 .
g ) Joomi  2d0ufuoaL _ [OER Vo

52.5 mL JooK 1o
4) 105mL
4. Under which conditions of temperature and pressure does a real gas behave most like an ideal
gas? <&
1) 37Kand 1 aun \n;?(A -\-(AM,P
(2 347 K and 1 atm ?
i B 3) 37K and 8 atm o/ Mutsare

4) 347 K and 8 atm

5. According to the kinetic molecular theory for an ideal gas, all gas particles
C:l}, arc in random, constant, straight-line motion
I 2) are separated by very small distances relative to their sizes
3) have strong intermolecular forces
4) have collisions that decrease the total energy of the system

6. Which gas sample at STP has the same number of molecules as a 2.0-liter sample of Cli(g) at
STP? I

1} 1.0L of NHi(g)
3) 30Lof COsp)

4) 4.0 L of NO(g)

7. According to the kinetic molecular theory, which statement describes an ideal gas?
1) The gas particles are diatomic
2) Energy 1s created when the gas particle collide
@% There are no attractive forces between the gas particles
(5 4) The distance between the gas particles is small, compared to their size

g, (- o




Base your answers to questions 8-10 on the following information.

Cylinder A has a movable piston and contains hydrogen gas. An identical cylinder, B, contains methane
gas. The diagram below represents these cylinders and the conditions of pressure, volume, and
temperature of the gas in each cylinder.

Cylinder A Cylinder B

NN Il_—l
L Il—_l

Hydrogen gas Methane gas
P=1.2atm P=1.2atm
V=125L V=125L
T=293K T=293K

8. Compare the total number of gas molecules in cylinder A to the total number of gas molecules
in cylinder B.
T“ﬂ Gag_ Yo Somt

9. State a change in temperature and a change in pressure that will cause the gas in cylinder A to
behave more like an ideal gas.

t
Change in temperature: l nCuade

Change in pressure: W

10. In @e below, show a numerical setup for calculating the volume of the gas in cylinder
B gt STT.

4_%», _ﬁ-\-/—" = ?3__‘{_1;_
Q,q’g\"“ -T‘ Trz__
L Zoba- LTS 10 aha Vo

T 243« 2 FD e
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Questions

Station Seventeen
Periodic Table

Base your answers to questions 1-4 on the information below, which is also shown in a latge scale at

the station.,

Before atomic numbers were known, Mendeleev developed a classification system for the 63 clements
known in 1872, using oxide formulas and atomic masses. He used an R in the oxide formulas to
represent any element in cach group. The atomic mass was listed in parentheses after the symbol of
cach element. A modified version of Mendeleev’s classification system is shown in the table below.

N

Modified Version of Mendeleev's Table

Group —» 1 [} m v v Vi Vil
fo‘l?m; s | R0 RO RO; | RO, | RO; | RO; | R,0,
1 |H)
2 Li(7) Be(9.4) B(11)ﬂ “0(12) N(14) | O(16) | F(19)
w | 3 |Na23) |Mg(24) |AI27.3) [Si(28) | P(31) | S(32) | CI(35.5)
% 4 | K(39) Ca(40) Ti(48) | V(51) | Cr(52) | Mn(s5)
? | 5 |cuss |znes) As(75) | Se(78) | Br(80)
6 |Rb(B5) | Sr(87) | YBB) |Zr(90) | Nb(94) | Mo(96)
7 |Ag(108) | Cd(112) | In{113) |Sn(118) | Sb(122) | Te(125) | 1(127)
8 |Cs(133) | Ba(137) | Di(138) | Ce(140)

Identify one characteristic used by Mendeleev to develop his classification system of the
elements.

oxide foomdas /atmic wiedsI
(W flﬂ“’"&)

Based on Mendeleev’s oxide formula, what is the number of electrons lost by each atom

of the elements in Group III? ey C??L |F =+ 3}
3 7 0L Haan 3¢ o5
L= +5

Based on Table J, identify the LEAST active metal listed in Group I on Mendeleev's table.

Aq

-45 -



4. Explain, in terms of chemical reactivity, why the elements in Group 18 on the modern
Periodic Table were NOT identified by Mendelcev at that time.

Grovp 1D W au,vmq un reacfive.

5. Which property decreases when the clements in Group 17 are considered in order of
increasing atomic number?

1) '1ton?1c mass /r a/b.&_,_s

2) meltang point
3) atomic radius

(A electronegativity

6. Which term refers to how strongly an atom of an element attracts electrons in a chemical
bond with an atom of a different element?

1) entropy
/L é) electronegativity
3) activation energy
4) first ionization enetgy

7. At STP, which substance habonding?
1) ammonium chloride WM

'7) 1odine
banum oxide
511\ cr

8 In thc formula\k!"e the element represented by X can be classified as a
Group 1 metal

Z_ Group 2 metal
3) Group 1 nonmetal

4) Group 2 nonmetal

- 46 -



Base your answers to questions 9-11 on the information below.

There are six clements in Group 14 on the Periodic Table. One of these elements had the symbol
Uugq, which was a temporary, systematic symbol. This element is now known as flerovium.

9. Identify an element in Group 14 that is classified as a metalloid.
St & Ge

10. Esplain, in terms of electron shells, why each successive element in Group 14 has a larger
atomic radius, as the elements are considered in order of increasing atomic number.

oodn suctidwe  omouk ta &ovp 14 Wag owe
WAL ¢~ Skﬂ M\M\_M\Mj‘

11. State the expected number of valence electrons in an atom of the element flerovium in the

ground state.

12. Explain, in terms of electrons, why the radius of a potassium atom is larger than the tadius
of a potassium ion in the ground state.

L atpm: 2-B- 8-\ The ofow ot g

K_-(g,\ -1 -8-9 e s\ﬁﬁ[;’fﬂ W"H"‘L .
(G

13. Explain, in terms of atomic structure, why Group 18 elements on the periodic table rately
form compounds.

Grovp D uwments huve B valimee
datind, whida s stbly  and
wiNachve .

iy



Station Eighteen
Nuclear Chemistry

Procedure:
NOTE: Orange colored pieces represent neutrons. Brown ot yellow picces represent protons.

1. From the bowl of candy pieces, set aside 2 “neutrons” and 2 “protons.”
a.  What type of radiation will this 2 neutron/2 proton particle represent?

b. Write this particle in standard isotopic notation (showing mass#, atomic#, and

symbol). This is a “reactant.”
4 H N H X
2 e

T

2. With a medicine cup, scoop & flat, full cup of candy pieces, then dump it out on a paper towel.
Count the “protons™ and “neutrons.”

&

a. How many “protons” are in this atom?

b. How many “neutrons” ate in this atom? .
S ol
c. What “element” nucleus does this model? m)j

d. What is the mass number of this “element”?

e. Write this particle in standard isotopic notation. This is a “reactant.”

3. Place the mix of “protons” and “neutrons” from the heavier element back into your cup.

4. Now, you will bombard your two particles together by smashing them into one another! Place
your 2 “protons™ and 2 “neutrons” that you set aside on top of the candy in the cup. Push

them to the bottom of the cup with your fingers. ALLOW PIECES TO FALL QUTIM

5. Answer the following questions based on your results,

£

a. How many “protons” fell out?

sty
‘neutrons” fell out? UJ)“ Uaﬂ‘j

£

b. How many

¢. Which element does this represent?
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d. What is the mass number of this “element’?

c. How many “protons” remain in the cup? N g

f. How many “neutrons” remain in the cup? ‘(}‘I' : S@u
N

g-  Which “clement” does this represent?

h. What is the mass of this “clement™?

6. Werite the symbols for the two particles that now remain (the one that fell outside the cup, and
the one that remained in the cup) using standard isotopic notation. These two particles are
your “products.”

Questions
I. Write a balanced nuclear decay equation for the nuclear reaction using your “reactants” (from
Procedure Steps 1 and 2) and your “products” (from Procedure Step 6) 1n the space below.

)

What type of nuclear reaction is this? How do you know?

rhfw W
“ qi{mﬁm aowhnnabing gl 4

3. Explain how this acavity illustrates the Law of Conservation of Mass.

Tue total =k 0'6 P’ amdo n®  did wol
CW fom  aactmts  to pmniuijj

4. Which list of nuclear emissions is arranged in order from the greatest penetrating power to
the least penctrating power?
1) alpha particle, beta particle, gamma ray
2) alpha particle, gamma ray, beta particle
Lif 3) gamma ray, alpha particle, beta particle

gamma ray, beta particle, alpha partcle
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5. Nuclei of U-238 atoms are
1) stable and spontaneously absorb alpha particles
2) stable and spontancously emit alpha particles
dﬁ 3) unstable and spontancously absorb alpha particles
@ unstable and spontaneously emit alpha particles

6. After decaying for 48 hours, % of the onginal mass of a radioisotope sample remains

unchanged. What 1s the half-life of this radioisotope?
1) 3.0h

Time MHoqrs
Z é 12h whg: BN |ohel: A- ‘ B
i BT B 4w e wves

Base your answers to questions 7-10 on the information below.

A breeder reactor is one type of nuclear reactor. In a breeder reactor, uranium-238 is transformed in
a series of nuclear reactions into plutonium-239.

The plutonium-239 can undergo fission as shown in the equation below. The X represents a missin
plut _ B q P 2
roduct in the equation.
P q

i+ PPuos X+ ;‘:,Kr@ﬂ'n
4T

l,'m“'o"L

7. Determine the number of neutrons in an atom of the uranium isotoEc used in the breeder

reactor. 228 u [ l la na E

7~ i
from 4G

8. Based on Table N, identify the decay mode of the plutonium radioisotope produced in the

breeder reactor. ok v p Pu—-1328 ‘Tall N O<_

9. Compate the amount of energy released by 1 mole of completely fissioned plutonium-239 to
the amount of enetgy released by the complete combuston of 1 mole of methane.

Much W oy aloagod w Rssid—
dham  cmbustion

10. Write a notation for the nuclide represented by missing product X in this equation.

144
5 Ce

5 g







