Exercises and Activities for Chemistry 161

Check out the BCC Chemistry Department webpage for updates,
selected answer keys to these exercises, and supplements:
http://scidiv.bcc.ctc.edu/Chemistry
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BCC Chem161 Exercises and Activities

Creating a Periodic Table
This activity is revised fron€hemistry at Work Copp Clark Pitman Limited. 1989, p. 109

Crew: (Your name)

(Your group members)

As part of team of scientists on a space ship investigating life in space, you examine some
substances that resemble rocks and minerals. Your crew has instruments to measure the
atomic mass, the melting point, and the density of a substance. You also have a set of
chemicals designated C1, C2, C3, and C4.

Your experiments lead you to believe that all substances consist of 12 elements, even
though you are able to purify only 11 elements. You assign each element a name and
symbol based on the zodiac. The data you collect is recorded below.

Experimental results:

1. Aquarius (Aq) yellow solid, 2502C, 9.4 u, 3.1 g/ml], reacts only with C3 to form a yellow-
red solution.

2. Aries (Ar) black solid, 290°C, 11.8 u, 4.0 g/ml, does not react with any chemicals.

3. Cancer (Cn) silver solid, 4002C, 32.3 u, 6.1 g/ml, does not react with any chemicals.

4. Capricorn (Cp) white solid, 1002C, 3.1 u, 2.5 g/ml, reacts with C1 and C2 to form a white
precipitate.

5. Gemini (Ge) turquoise solid, 2509C, 16.5 u, 3.5 g/ml, reacts with both C2 and C4 to
produce a colored solution.

6. Leo (Le) red solid, 3802C, 29.1 u, 5.0 g/ml, reacts only with C3 to form a yellow-red
solution.

7. Libra (Lb) green solid, 3209C, 27.2 u, 4.5 g/ml], reacts with both C2 and C4 to produce a
colored solution.

8. Pisces (Pi) blue solid, 2002C, 6.2 u, 2.7 g/ml], reacts with both C2 and C4 to form a
colored solution.

9. Taurus (Ta) grey solid, 3302C, 20.9 u, 5.0 g/ml, does not react with any chemicals.

10. Scorpio (Sc) grey solid, 1602°C, 14.1 u, 3.0 g/ml], reacts with both C1 and C2 to form a
white precipitate.

11. Sagittarius (Sa) silver solid, 2502C, 25.1 u, 4.1 g/ml, reacts with both C1 and C2 to

produce a white precipitate.
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Materials

Index cards or slips of paper

Several pieces of graph paper

Tasks

1. With your team, try to figure out the best way to organize these elements. It may be
much easier if you use the paper slips/index cards that your instructor has provided.
Consider both physical and chemical properties in your organization of the elements.

2. Once you have constructed a periodic table of elements, use the graph paper to plot the
density values for each element. (Your team will decide how to do this). Connect the points,
but leave a gap if there is missing data.

3. Plot a similar graph using the melting points of all the elements.

Discussion
1. Which of the given pieces of information were physical properties and which were
chemical?

2. Were you able to find any patterns in your graphs? If so, describe what you discovered.

3. Predict the density, melting point, and atomic mass of the missing element based on your
findings.

4. What color would you expect the missing element to be? Why?

5. How do you expect the missing element to react with chemicals C1, C2, C3, and C4?

6. Select a name for this missing element and create a symbol.

7. Draw a complete periodic table based on the 12 elements in this activity on another piece

of paper. Turn this in with these answers and your graphs.
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Exponents in Chemistry

Exercises and Activities

In chemistry, you will be working with large numbers (such as the number of atoms in a
visible amount of material) and small numbers (such as the size of individual atoms).

Scientific Notation

Scientific notation is a way of condensing numbers into exponential form. Notice that the

coefficient (the number before x10V) is usually between 1 and 10.

Examples
0.0001 becomes 10-4 or 1x10-4in scientific notation
2,300 becomes 2.3x103in scientific notation

Convert these into scientific notation Convert these to decimal format
a) 5400 d) 5.98x106

b) 0.0000002987 e) 4x103

c) 30,004 f) 8.5x101!

/Exponent Rules

i) (109 - (10v) = 100+v) Example: (1x103)-(3x10-4) =3x101

i) igy =10 Example: (3x103) / (2x10%8) = 1.5x1011
iii) (10¥)y = 10 Example: (2x10%)3=8x1012

iv) 100=1 Example: 3x100=3

~

J

Calculate these using the rules above (no calculator):
g) (5% 10% -(2x 10 1) =
h) 2x (10 113 =

_ 12x 1023 _
) Zx10B)x(3x107)

Using a scientific or graphing calculator to manipulate exponents

Locate your EE, E, or Exp button (this is NOT the same as eJ 8 4EEO AOOOIT

sign is not the same key as the subtraction key.)

Try the same examples above (g through i) with a scientific or graphing calculator. Did you
get the same answer using your calculator? (Watch the parentheses on the last one!)
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Significant Figures? Communicating Precision
The OOT OU ET ! AOEOEOU ¢ OEIT xO Eix EO AAT AT 0O Ui O
appropriate number of significant figures!

Example 1: Suppose a chemist measured the amount of acid in a reaction: 35.98 mL

The last digit in a measurement is the estimated one. The measurement could have been o o
cv8wxli, 1T0 ov8ww I, jET OITATTA Al A0 AUAOQ AT/
words, 35.98 mL means you can assume 35.98 mL #* 0.01 mL.

Since it would be very tedious to write + 0.01 mL every time a measurement is made in this

experiment, we can just say 35.98 mL has four significant figures, in which the last digit

contains some uncertainty. For the purposes of most measurements, you can assume the

O1 AAOOAET OU EO mph M omtlgpumbepof de@nmalplacesBhovingn AADAT AET (
the measurement.

Exercise: Circle the estimated digit in the following measurements. Then assign a + value
to estimate the error in each of these measurements:

a) 0.385mL d) 31L
b) 2543¢g e) 0.0099 kg
c) 0.032m f) 550 um

Example 2: In the last exercise, 550 um, it could be unclear which digit is the estimated
one? it could be the second five or the zero. In numbers with zeros at the end of the
measurement, we need to be careful. For instance:

If 550 um + 10 um is meant, then 550 pm should be recorded.
If 550 pum + 1 pm is meant, then 550. pm (with an explicit decimal point) or 5.50x102 pm
should be recorded.

This eliminates some of the ambiguity in the precision of a measurement containing zeros.

(AOABO i1 A ii1OA AGAI DI AQ

Example 3: In 0.004 g, we assume 0.004 g + 0.001 g, so none of the zeros are significant in
this case (the one sig fig is 4). By contrast, if the measurement was 0.0040 g, we assume
0.0040 g + 0.0001g, so this last zero is signficiant as well as the 4 (two sig figs).

Exercise: Significant figures are all the certain digits in a meausurement plus the last
estimated digit. How many significant figures are in the following measurements?

g) 0.385mL j) 31.0m
h) 0.03200¢g k) 550 um
i) 31m 1) 550.pm
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Significant Figures? Rounding in Calculations

If we add 55.0 mL of water to 35 mL of water, how do we show the result?

, ARAO6O AOOGOI A vuvsm i, EO vuvsm I, mMm8p
gives us 90 mL. But what are the lower and upper limits? The smallest addition possible
would be 54.9 mL + 34 mL = 88.9 mL. The largest addition would be 55.1 mL + 36 mL =
91.1 mL. This means the total should be reported as 90 mL + 1.1 mL. Since the uncertainty

is roughly * 1mL, the result should be reported as 90. mL.

There are general rules you can follow to arrive at the result without the analysis above.

f Rule for adding and subtracting measurements:
Add/Subtract the measurements.
Round according to the least precise measurement.

Example: 55.0 mL + 36 mL =91 mL
(Use 36 mL since it is less precise than 55.0 mL to determine
k the number of sig figs in the sum).

~

K Rule for multiplying and dividing measurements:
Multiply/Divide the measurements.
Round according to the least number of significant figures.

Example: 450 g /26.900 mL =17 g/mL
(450 g only has two sig figs, so round the quotient
to two sig figs)

o

/
~

)

TIP: When performing calculations, keep one or two extra digits until you reach the final

result (which you will round using the rules above).

Exercises

Perform the following calculations and display the answer with an appropriate number of
significant figures according to the general rules above. Include units in the answer.

a) 559mLz254mL=

b) 9.894g/9.60 mL =

(100.760 kPa x 0.0057L)

C) =
100.3255°2 x g 3118 , 598K
atm mol &K

A-5
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The Metric System? A Basic Approach

The metric system is based on powers of ten, making it very convenient to convert between
units of different size. The size of a unit is determined by its prefix. Prefixes and their
mathematical meanings are shown below.

Bigger units Smaller units
G M k D d ¢ m i n
N I N A A
e

10° 108 107 105 10° 10* 10® 102 10* 1 107! 102 10° 10% 105 10° 107 10% 10°

The prefix abbreviations: o o
G=giga; M=mega; k=kilo-; D=deca; d=deci; c=centi; m=milli- t j | O q®&=habBA OI

To convert between two units using the chart above:

1) Use the chart to count the spaces from the beginning unit to the ending unit.

2) If you move to the left on the chart, then move the decimal point to the left (or divide by
10 to the power of) the number of spaces you counted in Step 1.

3) If you move to the right on the chart, move the decimal place to the right (or multiply by
10 to the power of) the number of spaces you counted in Step 1.

/Example: Convert 25 kg to cg. \

Solution:Find kg on the chart (beginning unit). To get to cg, you have to move
five places to the rightTake 25. kg and move the decimal five places to the
right to get 2,500,000. cg as the correct answ@r, 25 kg multipled by 19)

Easy! (But eventually you will have to memorize the chart!) /

Perform these conversions. Use significant figures. Use scientific notation for numbers
larger than 104 and smaller than 10-4.

a) 1.5 km to mm

b) 3.0x10° kg to mg
¢) 500mLtoL

d) 5000. cm to km

e) 4x107 cm to um

+AAD DOAAOEAET ¢ O OEI UIT O AT 1i6tbfecivdr B A AT U AEAOOO
comfortable with these conversions. There is more practice on the next page.
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Practice on metric conversions

Use significant figures.
Use scientific notation for numbers larger than 104 and smaller than 10-4.
You should be able to do these without any notes or calculator.

1. 1 mm = m

2. 1km = m

3. Im-= cm

4. Im= km

5. lcm= pum

6. 5.0 mm = m

7. 15km = cm

8. 6.00x102m = cm
9. 0.45 km = m

10. 104 km = um

11. 1x109Mm = cm
12. 6x104cm= nm
13. lum = km

14. 49x101°mm = km
15. 8x10-100 mm = nm

Answers: 1) 0.001m; 2)1000m; 3)100cm; 4)0.001km;5)104um; 6) 5.0 x10-3 m; 7)1.5x10%cm; 8) 6.00x10%cm;
9)450m;10)1.04x10! pm; 11)1x10%7cm; 12)6x103nm; 13)1x10-9km; 14)4.9x10-16km; 15)8x10-%nm
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Basic Tools: Conversions/Problem-solving

Part 1) Solving Problems with Proportional Reasoning

Example: The density of (nearly pure) acetic acid is 1.05 grams/mL.
How much does 25.00 mL of acetic acid weigh in grams?

The setup:
105" i (i)
140 250040

The solution:

. 105°Qcddi x 250040 e
w= = 263"Qaxi |

140

Exercises Use proportional reasoning to solve these problems. SHOW YOUR WORK!!!

a) Ifyou weigh 165 lbs, how many kg do you weigh? (2.2051b =1 kg)

b) If the molar mass of neon is 20.18 grams/mole, how many moles of neon is 150.5 grams
of neon?

c) The height of the Statue of Liberty (from base to torch) is 151 feet. How many
centimeters is this? (12 inches =1 foot; 2.54 cm =1 inch.)
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Part 2) Solving Problems with Dimensional Analysis

Same Example The density of (nearly pure) acetic acid is 1.05 grams/mL.
How much does 25.00 mL of acetic acid weigh in grams?

Underline the important info. e.g,1.05 g/mL, 25.00 mL
Identify info to convert. e.g, 25.00 mL (convertto grams)
Identify the conversion factor. e.g,1.05 g/mL
Use the units to set up the problem. Like units should cancel. See below:
The setup:
. 1.05" Qi
250000 X ————— =7
lav

7

convert conversion factor

Multiply across the top, divide by everything in the bottom.
What units do you end up with? Is that what you want?

The solution:
2500640 x 1.05"Qa0 i

145

= 26.3"QaX i

We end up with units of grams, which
is what we wanted.

That was a one-step dimensional analysis problem. You can extend the problem by linking
up several of these conversions together in a multi-step problem.

Example: How much does 25.00 mL of acetic acid weigh in pounds (Ib)?
(454g=11b)

/The setup: \

pe0ng s LOBQUT 1
SUau 140 5401

7 I 1

convert conversion factor conversion factor

" The solution: B
25.00 40 x 1.05%Qes+ x 1w

160 x 454 Qebi 0.0578 cw

Notice how the unwanted units cancel and the desired unit remains.

Continued on next page
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Exercises Try using dimensional analysis for these problems. Show your work! Use sig figs.

a) The speed limit is usually about 65 miles/hr. Convert this to km/hr.

b) A 5.00 mL block of aluminum contains how many aluminum atoms? The density of
aluminum is 2.71 grams per mL, the molar mass of aluminum is 26.98 grams per mole, and
one mole of aluminum is 6.022 x 1023 atoms.

Part 3) Units raised to a power
Example: Suppose your apartment is 1044 ft2. How many in2 is this? (12 in = 1 ft)

Note: * OO0 AAAAOOA pc¢ ET E=1g2mEO $/ %3. 84 1 AAT »pg

The setup: This is easy, especially with dimensional analysis

2 122 '@?

129
”n X - ”n X - v
1044°@ x  — 1044°Q8 % —er 150,300 ©

Exercises:Try these problems for more practice on units raised to a power.
Show your work!!!

a) You know there are 3 ftin a yard. How many cubic feet are in one cubic yard?

b) The density of platinum is 21.4 grams per cm3. What is the density of platinum in units
of pounds (lb) per ft3? (Conversions: 2.2051b=1kg, 1in=2.540cm, 12 in =1 ft).
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Practice Conversion Problems

You had the opportunity to explore at least two ways of solving problems and to practice
showing your work clearly. Solve the following on a separate sheet of paper. Show your
work, use sig figs, and CIRCLE your final answer. Use dimensional analysis or proportions to
solve each problem.

pQ I 000i A OEA AAOOEGO 1T OAEO AOI OT A OEA OO1 EO 1
94,000,000,000,000 centimeters. It takes the earth roughly 365 days to go around the sun
one full revolution. Determine the speed of the Earth traveling its orbit in units of mi/hr.

The earth moves pretty quickly, huh? (1 mi=1.609 km)

2) A spaceship travels at a speed of 4.27 googs per mulm. There are 256 googs in a plotz o )
and 12.3 plotz in a wraslm. If 3.4 tpocksequalol A 1 O1 T h xEAO EO OEA OEEDGO
wraslm per tpock? Show your work and round your answer to two significant figures.

cq (AOI1ABO AAO EAG A AOAl AAEEAEAI AU | & ou | EI
of 16 kilometers per liter. Who gets better gas milage, Harold orKumar? $1 1 8 O & OCAO Oi
show your calculations and answer the question.

4) The density of mercury is 13.6 g/cm3. Express its density in Ib/in3. (11b=453.6g; 1in =

2.54cm).

v q I OTEO T &£ 1 AT COE AAI 1T AA OEA O&OOITTCo6 EO 00!
OAEAET 6 AT A OEA OIETE6 AOA OOAA ET OOOOAUET ¢8 .
in 1 furlong, and 100 links in 1 chain. To three significant figures, what is the length of 1

link in inches?

6) On a humid day in midsummer, the concentration of water vapor (water in the air) is
0.0200 g/liter. If all the water in a room with a volume of 612 ft3 is removed by an air
conditioner, how many pounds of water are condensed (cooled to become liquid water)? (1
L =1000 cm3, 1in = 2.540 cm, 12in = 1 ft; 453.6g =1 1b)

7) a) Given that there are four quarts in a gallon, 453.59g in exactly 1 pound, and 946.3 mL
in exactly 1 quart, calculate the mass of one gallon of mercury, hence verifying the
statement that a gallon of mercury weighs more than 100 pounds. (The density of mercury
is 13.55 g/mL.)

8) Ifyou take 2.1 x 105 X9_ and divide it by 9.9 x 103 X9_ what number and what units do

m@ m? &?

you end up with? Show your set up using dimensional analysis.

wq@ 7EI 80 Cci O AAT OAO AOOh A 2B0Ddséa0rteA(650,00ECAO j ¢mhmry
hairs/inlQe 3 EIT x UT O Otfordet@oansvielr the qledtibnb

10) Make up your own conversion problem. Give it to someone for practice.
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Writing formulas for ionic compounds
Exercise 1: Write the formula for each combination of ions below.

Cl- HCO31 PO43 CO3z? S% OH-1

Na*

Fes*

Caz+

Sn4+

Zn2+

Exercise 2: Write the formulas for each of the following compounds:

1. cesium iodide 11. calcium nitrite

2. lithium sulfate 12. tin (II) fluoride

3. cobalt (II) carbonate 13. potassium sulfide

4. zinc nitride 14. silver oxide

5. magnesium phosphate 15. aluminum bicarbonate
6. ammonium oxalate 16. zinc hydroxide

7. sodium bromide 17. chromium (III) oxide
8. iron (II) cyanide 18. lead (IV) bromide

9. copper (II) chloride 19. nickel (II) sulfate

10. beryllium nitrate 20. aluminum nitrite
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BCC Chem161
Naming lonic Compounds

These are binary ionic compounds (two
ions involved). The second ion carries a
binary ending of Zide.

1. BeS

2. CaH:

3. Nal

4. MgO

5. AlBI‘g

6. Li,S

7. ZInF:

8. KsN

9. AgCl

10. AIN

11. BeCl2

12. Calz

13.KF

14. MgBr;

15. Ag.S

16.Zn0

These are ternary ionic compounds (they

involve a polyatomic ion). First, recognize
which ion is used. Then use your ion chart
to name the compound.

17. NH4Br

18. Al(OH)3

A-13
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19. Li3PO4

20. Mg(C2H302)2

21.7Zn(HS04)2

22. (NH4)2C03

23.NaClO3

24.Ca(CN);

25.KHCO3

26.Mgz3(P04)2

27. AI(NO2)3

28. Ag2S04

These are binary or ternary and involve a
variable charged metal (you must indicate the
charge as a roman numeral in the name).

29. Cr203

30. CoN

31.Fels

32. Co(HS04)2

33.Cu20

34.Hg(Cl03)2

35. NiBr2

36. CuS0O3

37.Ni(NO3)3

38. Fe(CH3C00):
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Mixed Nomenclature: lonic and Molecular Compounds & Acids

Provide the chemical formula. Given the chemical formula, provide the name.
1. calcium chloride - 26. CCl4

2. sodium oxalate 27. NO

3. hydrogen sulfide - 28. NazSO0s

4. nitric acid 29. FeCl;

5. potassium permanganate______ 30. CHa

6. oxygen difluoride 31. Mg(Cl03):
7. diphosphorous pentoxide_ 32. KCIO;

8. copper (II) phosphide __ 33. NH4HSO4
9. nitrous oxide 34. Ag,COs
10. nickel (IV) nitrate - 35. KaN

11. lead (II) dichromate __ 36. CaBr;

12. ammonium sulfite - 37. BaS0,
13. zinc acetate 38. H2C,04
14. sulfuric acid 39. Hg.Cl,
15. sodium dihydrogen phosphate____ 40. Li;HPO4
16. magnesium hydroxide 41. P4sHio

17. manganese (IV) oxide ____ 42. HNO;

18. ammonium thiosulfate 43. NaCN

19. gold (I) carbonate - 44. CaH;

20. chromium (III) cyanide 45. Zn(HCO3):
21. ammonium phosphate 46. BF;

22. cadmium perchlorate 47. Si0;

23. ammonia - 48. FeCr20-
24. copper (I) sulfide - 49. HBr (aq)
25. oxalic acid 50. CH3COOH
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Mixed Nomenclature Practice--Solutions

1. calcium chloride
2. sodium oxalate
3. hydrogen sulfide

4. nitric acid

CaClz
N32C204

HaS (g)

HNO3

5. potassium permanganate KMnO,

6. oxygen difluoride

OF;

7. diphosphorous pentoxide P;0s

8. copper (II) phosphide CusP;

9. nitrous oxide

10. nickel (IV) nitrate

11. lead (II) dichromate

12. ammonium sulfite

13. zinc acetate

14. sulfuric acid

N20

Ni(NO3)4
PbCr,07
(NH4)2S03
Zn(CH3C00),

H2S0.4

15. sod. dihydrogen phos. NaH;PO.

16. magnesium hydroxide Mg(OH)-

17. manganese (IV) oxide MnO;

18. ammonium thiosulfate (NH4).S203

19. gold (I) carbonate

Au,COs3

20. chromium (III) cyanide Cr(CN)s

21. ammonium phosphate (NH4)3PO4

22. cadmium perchlorate

23. ammonia
24. copper (I) sulfide

25. oxalic acid

Cd(C104);
NH;
Cqu

H2C204

A-15

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43

44,

45.

46.

47.

48.

49,

50.

Exercises and Activities

CCls

NO
Na,S03
FeCl,
CH4
Mg(Cl103)-
KClO;
NH4HSO4
Ag>COs
K3N
CaBr;
BaS0,
H>C,04

Hg2C12*

P4H1o
HNO,
.NaCN
CaH:
Zn(HCO3)2
BF;

SiO;
FeCr;07
HBr (aq)

CH3COOH

carbon tetrachloride
nitric oxide (common)
sodium sulfite

iron (II) chloride
methane (common)
magnesium chlorate
postassium chlorite
ammonium bisulfate
silver carbonate
potassium nitride
calcium bromide
barium sulfate
oxalic acid

mercury (I) chloride*

LizHPO4 lithium monohydrogen phosphate

tetraphosphorus decahydride

nitrous acid

sodium cyanide
calcium hydride
zinc bicarbonate
boron trifluoride
silicon dioxide

iron (II) dichromate
hydrobromic acid

acetic acid

*#39: An exception? use Hg22* instead of Hg*
(mercury (I) forms a polyatomic ion).
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Sudoku: Polyatomic lons?

This is a fun way to memorize some polyatomic ions.

Fill in each block such that every row, every column, and every bold-section contains one
each of every polyatomic ion listed below.

The polyatomic ion you fill in must be shown as a chemical formula (don't forget the
charge!).

The 9 possible entries: ammonium, hydroxide, carbonate, nitrate, phosphate, dichromate,
acetate, sulfate, and chlorate.

NH,+ | nitrate carbonate |  PO,* sulfate
phosphate| hydroxide chlorate nitrate |CH3COO
dichromate ammonium CO32'
NO Sofs ok cloy
Clog PO,* NOy 50>
CH,COO nitrate Cr,0,% OH
carbonate OH
sulfate | chlorate NH,+ COs> Cr,0,%
phosphate carbonate | sulfate chlorate | ammonium
L Crute, Thomas D.; Myers, StephanieA. 03 OAT E® 00UUI A0 AO # B.Ahef EOERO07), 88 AGMET C 4111 085
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Moles, Percent Composition, and Chemical Formulas

1) Cholesterol has the chemical formula C27H460.

a) What is the molar mass of cholesterol (to two decimal places)?

b) Calculate the mass percent of carbon in cholesterol.

¢) A 3.00 oz serving of liver contains 270 mg of cholesterol. How many molecules of
cholesterol are in this serving? How many atoms of carbon?

2) Hemoglobin is the protein that transports oxygen in mammals. Hemoglobin is 0.342%
Fe by mass, and each hemoglobin molecule contains 4 iron atoms. Calculate the molar mass
of hemoglobin.

3) A compound contains only carbon, hydrogen and oxygen. Combustion of 10.68 mg of the
compound yields 16.01 mg CO; and 4.37 mg H20. The molar mass of the compound is 176.1
g/mol. What are the empirical and molecular formulas of the compound?
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Chemical Equations
Part 1: Balance the following chemical equations.

1. __ _H, +__Cl, © ___ HC

2.__Mg+___ 0, © __ MgO

3.__0,+__ H, © _ H0

4. __ _HgoO © __ Hg+__ 0O

5.__Ca+___ _HO © ___ Ca(OH), + __H,

6. __ NaO, + ____ H,S0, © __ Na;SO, + ___ H:0,

7. N+ ____H, © ___ NHs

8. C12H22011(s)+ ____0O2(g) - _COz(g)+ ___ H20(g)

9. ___ NaSiFe(s)+ ____Na(s) - ____Si(s)+ ___NaF(s)

10.____ Pb(NOs3)2(aq) + ____H3AsOs4(aq) - ____ PbHAsO4(s)+ ____HNO3(aq)

Part 2: Convert the following into balanced, chemical equations. Include physical states.
11. Aluminum metal and oxygen gas react to form aluminum oxide powder.

12. The violent reaction of sodium metal and water yields aqueous sodium hydroxide and
hydrogen gas.

13. Aqueous potassium permanganate decomposes to form aqueous potassium oxide,
aqueous manganese (II) oxide, and oxygen gas.

14. Sulfuric acid reacts with aqueous sodium hydroxide to produce aqueous sodium sulfate
and water.

15. Copper metal and aqueous silver nitrate reacts to form metallic silver and aqueous
copper (II) nitrate.
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Stoichiometry and the Limiting Reactant

1) Carbon disulfide (CS>) is a liquid uised in the production of rayon and cellophane. It is
manufactured from methane and elemental sulfur via the reaction

CHs + 4S Y CS; + 2H.S

Calculate the mass of carbon disulfide that can be prepared by the complete reaction of 67.2
grams of sulfur.

2) Suppose you performed the reaction above with 24.0 grams of methane and 67.2 grams
of sulfur.

a) Which is the limiting reactant?

b) How many grams of carbon disulfide can be produced with these amounts of
reactants?

c) Calculate the mass of excess reactant.

3) Acetylene gas, C2H>, is commonly used in high temperature torches.

a) Write a balanced chemical equation for the reaction of acetylene with hydrogen gas
(Hz) to form ethane (CzHe).

b) How many grams of ethane can be produced from a mixture of 30.3 grams of
acetylene and 4.14 grams of hydrogen gas?
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Stoichiometry Marathon Problem?

From the information below, determine the mass of substance C that will be formed if45.0 g
of substance A reacts with 23.0 g of substance B.
(Assume that the reaction between A and B goes to completion.)

a. Substance A is a gray solid that consists of an alkaline earth metal and

carbon (37.5% by mass). It reacts with substance B to produce substances C

and D. Forty million trillion (4x10°) formula units of A have a mass of 4.26

milligrams. (Hint: It may be easiertotE ET E 1 £ A O&I Oi 01 A OT EO6 1 EE
molecule, even though they are different.)

b. 47.9 grams of substance B contains 5.36 grams of hydrogen and 42.5
grams of oxygen.

¢. When 10.0 grams of C is burned in excess oxygen, 33.8 grams of carbon
dioxide and 6.92 grams of water are produced. A mass spectrum of

substance C shows the molar mass is 26 g/mol.

d. Substance D is the hydroxide of the metal in substance A.

2From" 001 AOOh *Ai AG (8 O4EA OOA T £ Oi ACAGET T 6 DPOTAIAI O AO AEARAOEOA
1 A A O QCohdnh Ext.(2007) 68, 11, pp. 919-922. (The answers are not published)
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Limiting Reactant Activity Your name:

Group members:

In front of the room are three flasks that contain 2.50-g of acetic acid each. The flasks have
balloons attached to them. Each balloon contains a different amount of sodium bicarbonate
(flask 1=2.00g, flask 2-=4.00g, and flask 3=6.00g). The sodium bicarbonate will react with
the acetic acid and the carbon dioxide generated will inflate the balloon according to the
following reaction:

HC2H302(aq) + NaHC03(s) — COz(g) + HzO(]) + NaC2H3Oz(aq)
acetic acid sodium bicarbonate

a. Verify that the reaction is already balanced. What type of reaction is this?

b. For flask 1, determine whether the acetic acid or the sodium bicarbonate is the limiting
reactant (based on the description given in the paragraph above). Repeat for flasks 2 and 3.
Show your work!

Flask 1 limiting reactant:

Flask 2 limiting reactant:

Flask 3 limiting reactant:

Continued on the next page
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c. Which flask(s) will produce the most CO,? Calculate (using the limiting reactant concept)
the mass of CO, produced in each flask. Show your calculations . When you are done, we
will do the reactions and see whether you are correct!

The flask that produces the most CO; is:

Mass of CO; in flask 1:

Mass of CO; in flask 2:

Mass of CO: in flask 3:

d._If any sodium bicarbonate is left in any of the flasks, calculate the amount left over. Show
your calculations below.

The amount left over in each flask:

Amount remaining in flask 1:

Amount remaining in flask 2:

Amount remaining in flask 3:
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Exchange Reactions: Precipitation Reactions

1. Determine whether each of the following compounds is soluble or insoluble. For the
soluble compounds, write the ions present in solution.

a) lead (II) acetate c) ammonium sulfide

b) copper (II) carbonate d) silveriodide

2. Complete and balance the following reactions, unless no reaction is predicted. If no
reaction is predicted, write no reaction

a) KNOs(aq) + NaCl (aq) Y

b) KCl(aq) + Hg(C2H302)2 (aq) Y

c) (NHs)2S04(aq) + BaClz(aq) Y

d) NaCl (aq) + CaS(aq) Y

3. Write a balanced complete ionic and net ionic equation for the following reaction:

KsPOs (a) + NiClz(aq) Y Ni3(PO4)2(s) + KCl(aq)

4. Assume that you have an aqueous solution of an unknown salt. Treatment of the solution
with dilute BaClz, AgNO3, and Cu(NOs3), produces no precipitate. Which of the following
anions might the solution contain? CI-, NOs;, OH-, SO42 Explain.
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Exchange Reactions of an Acid and a Base:
Neutralization and Gas-forming Reactions

Predict the products of the following acids and bases:
a) HCN (aq) and Ba(OH)2 (aq)
b) Ca(OH)2 (aq) and CH3COOH (aq)
c) Hs3PO4 (aq) and Cu(OH)2 (aq)
d) NaS (aq) and H2S04 (aq)
e) NazCOs3 (aq) and HCl (aq)
f) HCIO4 (aq) and NH4HCOs3 (aq)

g) HCl (aq) and KHSO3 (aq)

Write a balanced molecular, complete ionic, and net ionic equation for the following
reactions:

h) Aqueous potassium hydroxide and phosphoric acid

i) Aqueous sulfuric acid and aqueous sodium bicarbonate

A-24



BCC Chem161 Exercises and Activities

Redox Reactions

1. Assign oxidation numbers to each species in the reactions.

a) Fe(s) + H2SOs(aq) © FeSOs(aq) + H2z(g)

b) Sb2S3(s) + 3 Fe(s) © 3 FeS(s)+ 2Sb(s)

c) CuzS(s) + 02(g) © 2 Cu(s) + SO2(g)

d) PbO(s) + CO(g) © Pb(s) + CO(g)

e) 16H*(aq) + 2 MnO4(aq) + 10 Brl(aq) © 5 Brz(l) + 2 Mn2+(aq) + 8 H20(1)

f) 2 OH-(aq) + Cl2(g) © Cl-(aq) + (OCl)1(aq) + H20(1)

2. For each reaction above, determine which species are oxidized and which are reduced.
Then determine the oxidizing agent and the reducing agent. (Only reactants are labeled).

3. Using the activity series, predict whether a displacement reaction will occur. If one
should occur, give possible products and balance the equation.

a) Al(s) + Zn(NO3)2(aq) © c) Ba(Cl03)2(aq) + Ag(s) ©

b) AuClz(aq) + Fe(s) © d) Mg(s) + HCl(aq) ©

4. Write a balanced complete and net ionic equation for each of the following redox reactions.
Identify which reactant is oxidized and which is reduced.

a) Cd(s) + CuClz(aq) © Cu(s) + CdClz(aq)

b) Zn(s) + 2 HNO3(aq) © Zn(NO3)2(aq) + Hz(g)
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Classification of Chemical Reactions

Part 1) Review the types of chemical reactions: Synthesis (Combination), Decomposition,
Single Replacement (Displacement), Double Replacement (Displacement), and Combustion.

Exercise: Go back to the worksheet Chemical Equations (several pages back) and classify
each reaction (1-15) as one of the types listed above.

Part 2) Reactions can also be classified in more specific terms.

Precipitation reaction Two aqueous solutions react to form a precipitate (solid)
Neutralization reaction An acid and base react to form water and a salt
These are doubleeplacement readbns.

Gas-forming reaction An acid and base react to form water, a salt, and a gas
This is also doubleeplacement, but followed by a decomposition. The following will
decompose to form the corresponding gas: HCQ/CO:2 Y CQ,
HSQ@/SO> Y SQ,
S Y H.S

Redox reaction Reactants will exchange electrons. Often, atoms become ions
and vice versa.
These tend to be synthesis, decomposition, singfgacement, and combustion
reactions.

Exercise: Go back to the worksheet Chemical Equations and classify each reaction (1-15) as
a precipitation, neutralization, gas-forming, or redox reaction.

Complete this if you have finished Chapter 5.1-5.5 or the previous 3 worksheets:
Part 3) Using solubility rules and the activity series, determine if any of the following
reactions occur. If you predict a reaction occurs, then classify (as in Part 2), complete and

AA1T AT AA OEA ANOAOGEiI 18 )& Ui d Ai160 OEETE A OAAA(

a) HzS04 (aq) + NaOH (aq) ©
b) NaOH (aq) + KCl(aq)©
) K(s) + H.0()©

d) Cu(s) + MgClz (aq) ©

e) NaHCO;3 (aq) + HNO; (aq) ©
f) Al2(S04)s (aq) + Ca(s) ©

g) AgNQ (aq) + NacCl©°
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Molarity and Dilutions

1)

2)

What mass of calcium chloride is required to prepare 2.850 L ofa 1.56 M solution?

For each solution, identify the ions that exist in aqueous solution, and specify the

concentration of each.

3)

4)

a) 0.25M (NH4)2SO0s4 ¢) 0.123 M Na,COs

b) 0.056 M HCI d) 0.00124 M KCIO4

2.335 g of potassium dichromate is dissolved in enough water to make 500.0 mL of solution.

a) What is the molarity of the potassium dichromate?

b) What are the molar concentrations of the potassium ion and dichromate ion?
(Tip: Make sure you have the correct chemical formula of potassium dichromate!)

You have a beautiful, heart-shaped tub. You need to know the volume of water in the tub,
AOGO T xET ¢ O OEA OOAGO EOOACOI AO OEADPAN
calculate the volume. Instead, you solve the problem by stirring in a solution of a dye (2.0 g
of methylene blue, C16H1gCIN3S, in 50.0 ml of water). After the dye is mixed with the water
in the tub, you take a sample of the water. Using an instrument such as a
spectrophotometer, you determine that the concentration of the dye in the tub is 7.5 x 10-8
M. What is the volume of water in the tub? (this is a very big tub!)
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Solution Stoichiometry

1) Write a balanced chemical equation for the combination of aqueous silver nitrate and
magnesium chloride. How many grams of precipitate can be produced when 25.0-mL of a
0.125 M magnesium chloride solution is mixed with 35.0-mL 0 a 0.100 M silver nitrate solution?

2) A 1.42-g sample of a pure compound, with formula M,S04 was dissolved in water and
treated with an excess of aqueous calcium chloride, resulting in the precipitation of all the
sulfate ions as calcium sulfate. The precipitate was collected, dried, and found to weigh 1.36 g.
Determine the atomic mass of M and identify M.

3) A student added 50.0 mL of an NaOH solution to 100.0 mL of 0.400 M HCl. The solution was
then treated with an excess of aqueous chromium (III) nitrate, resulting in formation of 2.06 g
of precipitate. Determine the concentration of the NaOH solution.
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Nanoscale Solutions
The nanoscale drawings below represent aqueous solutions. Solution A is 2.00 L of a 2.00 M
aqueous solution of copper (II) nitrate. Solution B is 2.00 L of a 3.00 M aqueous solution of
potassium hydroxide. (Assume water molecules are also in the beaker? they were omitted for

simplicity.)
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Exercises and Activities
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a) A precipitation reaction will occur when the two beakers are mixed together. Write three
equations for what occurs: a molecular, complete ionic, and net ionic equation. Include physical
states and make sure the equations are balanced. Include charges on all ions (but exclude
charges for compounds).

b) Determine the concentrations (in M) of each ion (not the molarity of the total ions) left in
solution (from part a). What is the mass of solid formed? Show your calculations.

c) Draw a picture of the solution made by mixing solutions A and B together after the
precipitation reaction takes place. Make sure this picture shows the correct relative volume
compared to solutions A and B, and the correct relative number of ions, along with the correct
relative amount of solid formed.
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Stoichiometry and Acid-Base Titrations

Show your work for each problem. The answers are provided at the bottom of the page.

1) You place 2.56g of solid calcium carbonate in a beaker containing 250. mL of 0.125 M
hydrochloric acid. The products of this reaction are carbon dioxide gas, water, and aqueous
calcium chloride. Write a balanced equation for this reaction and answer the following: When
the reaction has ceased does any calcium carbonate remain (be able to explain this)? What
mass of calcium chloride can be produced?

2) 1f32.45 mL of HCl is used to titrate 2.050 g of Na»CO3, according to the following equation,
what is the molarity of the HCI?

NaCO3(s) + 2HCI(aq) - 2NaCl(aq) + CO2(g) + H20(1)

3) You have done a laboratory experiment in which you obtained a new iron containing
compound. Its formula could be one of two possibilities: K[Fe(C204)2(H20)] or K3[Fe(C204)3].
(In each of these, the C,04,-ion is the oxalate ion.) To find which is correct you dissolve 1.356g
of the compound in acid, which converts the oxalate ion to oxalic acid,

2H* (aq) + C2042(aq) - H2C204(aq)

then titrate the oxalic acid with potassium permanganate. The balanced, net ionic titration is
5H,C,04(aq) + 2MnO4 (aq) + 6H*(aq) - 2Mnz*(aq) + 10CO2(g) + 8H0(1)

The titration requires 34.50 mL of 0.108 M KMnO4. What is the correct formula of the iron-
containing compound?

Answers: (1)1.00 g remains; 1.73 g of calcium chloride is produced; (2)1.192 M HB4[E2(CGQu)3).
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Calorimetry: Specific Heat Calculations

Show your work in the space below. Answers are provided at the bottom of the page.

1) The initial temperature of a 344-g sample of iron is 18.20°C. If the sample absorbs 2.25 K] of
heat, what is its final temperature? (Specific heat capacity of iron = 0.449 ] /g°C)

2) 49.2-g sample of copper is heated to 105.40°C and placed in a calorimeter containing 75.0 g
of water at 19.60°C. Calculate the final temperature assuming all the heat lost by the copper is
gained by the water. (Specific heat capacity of Cu = 0.385]/g°C)

3) Adding 5.44 g NH4NO3(s) to 150.0 g of water in a coffee cup calorimeter (with stirring to
dissolve the salt) resulted in a decrease in temperature from 18.6°C to 16.2°C. Calculate the
enthalpy change for dissolving ammonium nitrate in water, in k] per mole. Assume that the
solution has a specific heat 4.184 ] /g°C.

4) Given that 4.184 ]J/g°C is the specific heat of water, what is the molar heat capacity of water?
Molar heat capacity is in units of J/mol -°C. (Hint: Use dimensional analysis)

Answers: 1) 32.8°C; 2) 24.5%);+23 kJ/mol; 4 75.37 J/mol°C (using 18.015 g/mol for water)
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Determining the Caloric Content of Food

It is difficult to measure the heat released directly from burning food! The heat from burning
food will be transferred to a can of water. The water will be heated and the change in
temperature of the water will be used to estimate the amount of heat that was released by each
food item.

Purpose:_To observe the amount of energy released from different food items. A comparison
will be done by measuring the heat released from each and calculating the number of Calories
per gram of each food item.

Prediction:_My group thinks the will have the highest number of Calories per
gram.

Procedure: 1) Weigh each food item and record the mass.

2) Make a stand for the food item. You will use a sharp end of a paper clip and carefully poke
through the food item. Bend the clip into a shape that will serve as a base.

3) Measure out approximately 100 mL of distilled water. Place this into a clean aluminum can.
4) Place the can on a ring stand. Place the food item underneath the can. Bring the level of the
can down so it is close to the food item.

5) Clamp a thermometer so it is submerged in the water in the can_but not touching the can.
6) Record the initial temperature of the water.

7) Use a flame to catch the food on fire. Matches or candles will be provided.

8) Note the highest temperature that is achieved by the energy from the food.

9) Examine the food item after burning. Did it burn all the way through?

pnq 2APAAO &£ O T OEAO A 1T A EOAI O8 &AAT AEOAA
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*See the next page for help on how to complete this data table.
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Calculations:
To calculate the energy from food (transferred to water), we will use the equation
g=mp #Tp 3

where g = heat (J), m = mass (g) , C = specific heat@ltg (cal/g°C),
34 € AEAT CA EBEd) OAI PAOAOOOA j

Use this equation to calculate the heat gained by the water (you will need each variable
pertaining to water? the mass of water, the specific heat of water, and the temperature change
of the water).

Constants/conversions you may need: The specific heat of water is 4.184 ] /g°C or 1.00 cal/g°C.
Energy conversions: 4.184 ]/ cal; 1000 cal = 1 kcal = 1 Cal (cal and Cal are different).

Show a sample calculation below:

Conclusions:

1) Which food item resulted in the most Calories per gram?

2) Are you surprised? Can you give a nutritional explanation for why that food item provided
the most energy per gram?

3) Your results may not be as accurate as the laboratories that compute this information for
food labels. Can you give at least one reason why your results may not be as accurate? (Do NOT
say that you miscalculated or had errors in your measurements? Think about the inherent
flaws in this experiment.)
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Calorimetry: Determining the Enthalpy of Reaction

Show your work. Use + and z signs for enthalpy changes. Round answers to an appropriate
number of significant figures.

1) White phosphorus, P4, ignites in air to produce heat, light, and P4+010as shown in the
following reaction:

P4(S) + 502(g) - P4010(S) 3 ( E (5]

If 3.56 g of P4(s) is burned, 37.4 k] of heat is evolved at constant pressure. What is the enthalpy
change for the combustion of one mole of P4?

2) When 182 g of gold at some temperature is added to 22.1 g of water at a temperature of
25.0°C, the final temperature of the resulting mixture is 27.5°C. If the specific heat of gold is
0.128]/g°C, what was the initial temperature of the gold sample?

3) A 2.20 g sample of quinone, C¢H402, is burned in a bomb calorimeter whose total heat
capacity is 7.854 k] /°C. The temperature of the calorimeter increases from 23.44°C to 30.57°C.
What is the heat of combustion per gram of quinone? Per mole of quinone?

Continued on the next page
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4) Consider the following reaction:
2Na(s) + Clz(g) Y 2NaCl(s) 3H =-821.8K]

[s the reaction endothermic or exothermic? How many grams of NaCl are produced during an
enthalpy change of 16.5 kJ?

5) Consider two solutions, the first being 50.0 ml of 2.00 M CuSO. and the other 50.0 ml of 3.00
M KOH. When the two solutions are mixed in a coffee cup calorimeter, a precipitate is formed
and the temperature of the mixture rises from 21.5°C to 27.7°C.

a) The amount of heat evolved depends on the limiting reactant. Which is the limiting
reactant, CuSO4 or KOH?

b) How many moles of limiting reactant are consumed in this reaction?

c) Predict the identity of the precipitate. Write molecular and net ionic equations for the
reaction that occurs when the solutions are mixed.

d) Calculate 3 ( for the reaction. Assume that the total volume of the solution is 100.0 ml and
that the solution has the same density and specific heat as water.
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(AOOBS O , A xdleat)bf@dactibrd U

Hess's Law states thatthe & ( &l O A OAAAodidciy ABADOAREECOBA OAIl OA
any set of reactions which sum to the desired reactiSome of the equations must be reversed

and/or multiplied by a factor n in order that they sum to the desired reaction. In this process

the rules are:

PWVhenever you multiply a reaction by n,
3 ( for the reaction is also multiplied by n.

Af you reverse a reaction, 3- (changes sign.

1) Calculate the heat of reaction for
S(s) + 02(g) Y SOx(g) 3H = ?K]
Use the following thermochemical equations:
2502(g) + 02(g) Y 2S0s(g) 3H =7196K] (1)

2S(s)+302(g) Y 2S0:(g) 3H = 7790k (2)

2) Calculate the heat of reaction for
2CHe(g) +702(g) Y 4CO2(g)+6H/ § CQ =72k 3 (

Use the following thermochemical equations:

2C(s)+3Hz(g) Y CzHe(g) 3 ( -84.7kJ/mol
C(s) +02(g) Y CO2(g) 3 ( -3@3.5kJ/mol
Ha(g) +1/2 02(g) Y H20(g) 3 ( -241.8kJ/mol
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Standard Enthalpy (Heat) of & T Of AOEd 1T h 3 (

The Standard Enthalpy of Formationh  3(KJ/mol), for a compound is the heat absorbed (or
released) in forming one moleof the compound from its elements in their standard statgsit 1

bar pressure and Z%C) By definition,3 (° (kJ/mol) = 0 for any element in its standard state
Tabulated heats of formation 3- (*° (k] /mol) are given in Appendix ] of your textbook and at the
beginning of this manual. These may be used to calculate the standard enthalpy change, 3 (xn°,

for any reaction for which the heats of formation of all reactants and products are known
(where n is the stoichiometric coefficient in the balanced chemical equation):

DHrOxn = a nmeH(f)(prOd - a nreactm?(reaC) (Eqn 1)

produds reactants

1) Write out the balanced, thermochemical equation that corresponds to the standard
enthalpy of formation of liquid water. [Write a chemical equation and an enthalpy value for
3 (H20(D)].

2) Use thermochemical data to calculate the standard enthalpy of this reaction:

NoHs () +302(g) Y 2NO2(g) +2 Hz0 (I)

3) Use thermochemical data to calculate the standard enthalpy of this reaction:

2 NHs (g) +20 () ¥ 2NO (g) + 3 H0 (g)

1q 50A ( AOOGb6 Gtardddkdentldipy of tiisGeAdidn: OE A
N:Hs (1) +Hz (g) Y 2NH; (g)

Then compare this to the value you obtain by using the shortcut you learned (equation 1
above).
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Electromagnetic Radiation
There are two equations you need to describe the relationship between the energy (E), speed
i AQh A£OANOAT AU juqh AT A xAOGAI AT COE j1Q 1T &£ I ECEO¢

E= he (1) E=hv (2)
N

p8 50A OEA OxI ANOAOEIT O AAT OA Oi AOAAOA A OEEC(

2. The equations contain two constants: the speed of light (c=2.998x 1081 7OQq AT A 01 AT AE®S

constant (6.626 x 10-3¢]-s). You should memorize the equations and constants. Based on these
constants what are the SI units of the following wave properties?

frequency wavelength energy

3. Using your equations, convert:

a) The wavelength of microwaves (1.22 x 108 nm) to frequency (in s'1)

b) The wavelength of a laser (405 nm) to energy (in kJ)

4. A certain minimum amount of energy is required to eject an electron from a photosensitive
surface. When light with an energy of 3.01 x 10-19 ] falls on a certain metal surface, an electron
is ejected.

Calculate the longest wavelength (in nm) that will eject an electron from this metal.

Answersl) c3 Zor similar); 2) frequency is in units of’sor Hz; wavelength is in m; energy is in J; 3) a)2.46%49 3b) 4.90x162 kJ;
4) 660 nm
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The Photoelectric Effect

Electrons can be emitted from the surface of a metal when it is exposed to light. This is called
the photoelectric effect. There is a certain threshold frequency of light for each metal, below
which nothing happens. Right at this threshold frequency, an electron is emitted. Above this
frequency, the electron is emitted and the extra energy is transferred to the electron as kinetic
energy.

Since energy is conserved, the energy of the incoming photon of light equals the
ionization (threshold) energy and the Kinetic energy of the electron.

Here is some data collected on a sample of cesium when exposed to varying energies of light.

Light energy Electron Kinetic
Q)] emitted? Energy
of electron
@)
6.190 x 10-19 No
6.210x 10-1° No
6.218 x10-19 Yes 0
6.234x10-1° Yes 0.016x10-1°
6.240x10-19 Yes 0.032x10-19

For the following, practice showing your work. Include the proper units on all numbers, even
throughout the calculation.

Part A
Take a moment and discuss the information above and data with your group.

PartB
Calculate the threshold frequencyof cesium.

PartC
Red light has a wavelength of about 700 nm. Will exposure to this wavelength of light cause
electrons to be emitted from cesium?

Part D
What is the kinetic energy of the emitted electrons when cesium is exposed to UV rays of
frequency 1.5 x 1015 Hz?

Answers: a) 9.39x10!4s'1; b) No, since red light has a frequency of 4.28x101* s! (<9.39x10!* s'1) or energy of 2.84x10-19 ] (<6.22x10-
19]); ¢) UV photon has 9.94x10-1° ] of energy, 6.62x10-19 ] is required for PE effect, 3.32x10-19 ] is left for KE.
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Electronic Stucture: A Review

The electrons in an atom are arranged in shells (energy levels) around the nucleus? n=1, n=2,
etc... These shells are divided further into subshells. The first shell contains only one subshell
(1s), the second shell contains two (2s, 2p), the third shell contains three (3s,3p,3d)h A OA 8

Each slot represents an orbital, which can occupy a maximum of two electrons.

There are at least four types of orbitals that will be discussed: s, p, d, and f. Notice that each
subshell contains a certain number of these orbitals, regardless of shell (1s and 5s only have
one s orbital).

Exercise: Draw a circle around each of the first four shells individually. Include the subshells.
What is the maximum number of electrons that can occupy each shell based on the number of
orbitals in each shell?

£ 5

Continued on the next page
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AEA OOAOEAIT O j pOh ¢ Oh incréafing daédy &dih bektOnhto topJhid OAA O
is the order in which electrons fill them). The lower energy subshells at the bottom are closer to
the nucleus.

Do you notice that the subshells begin to overlap between the 3rd and 4th shell and increasingly
overlap? This overlap is a result of the shape of the s versus d orbital. The d orbital, although in
a lower energy level, will on average be a little farther away from the nucleus than the 4s. This
makes the 3d slightly higher in energy than 4s (they are very close).

Do you think the overlapping energy levels make it a difficult task to memorize the order of
energy levels? It should, but there is a helpful way to figure it out. The diagram below iseasyto
draw. The arrows show the order of subshells: 1sh  OE A'i ¢Oh OEAI ¢b oOh OEAI

, AO6O OOAOO ZEEI T EIT C OEAOA OOAOEAIIO xEOE Al AAOOI

//’ ‘\\_~7S 7p 7d 7f
Example: Give the electron configuration of magnesium.

6s 6p 6d 6f
Solution: Magnesium has 12 electrons. A

First, start writing out the subshells in order: 55 5 p Sd 5f

1s2s2p3sob 1O oA 1bD8

Then fill them in with ele(.:trons until yourun out. 45 4 p 4 d 4f

Use the chart on the previous page to figure out
how many electrons go in each subshell.
35 3 p 3 d

The electron configuration shows the organization p

(structure) of electrons in the atom. Later this will help us ls
wjerstand chemical reactions. /

Exercise Provide the electron configurations of the following elements:

1s2 252 26 3s2

a) ironatom

b) bromine atom

¢) barium ion (Baz+)

Exercise: What elements aralenoted by the fitowing electron configurations?
d) 1s22s22p63s23p*

e) 1s22s22p63s23p¢4s23d104p65s!

f) [Kr] 5s24d105p3

Note: There are exceptions to these generalizations, especially for transition metals. You
should know at least two exceptions, Cr and Cu. Read about them in your text.
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Electron Configurations

There are three common ways to represent an electron configuration.
1. The Orbital (Box) Diagram

These show each orbital as a box (like the diagram on page 40). The boxes are filled with
arrows (representing electrons). The electrons are paired with opposite spin (one arrow
pointing up, one arrow pointing down).

.1 4%d (O AGO O0O1I A OAUO OEAO xBAMEA @0 oA xAEORABE]
available, you first fill each orbital with ONE electron first.

exampies carvon [ N | [ ] [ [1

1s 2s ~ T ~

2p

2. The full electron configuration (a short cut of the orbital diagram)

This is like the exercise on the previous page.

[Emmmq 31 AEOI 60 &OI1 1 Akﬁm@ﬁﬂi AT 1T ZFECOOAOQEIT 1

3. The Noble gas shorthand configuration (a short cut of the full configuration)

Look at the Noble gas (element in group 8A) that comes BEFORE the element of interest.

Example: The Noble gas before Na is Ne.
The Noble gas shortcut for sodium would be [Ne] 3s? oL o
(The 1s2 2s2 2ps is substituted for [Ne].) ) 06 O OAOU| AT T OAT EAT OA

EXERCISES
A Practice writing all three kinds of electron configurations (shown in #1-4 above) for these o .
AT AT AT 004, 'iTh 8Ah " Ah O0A i OEA 1 AOO OEOAA AOA I

B. In the full electron configuration (#1) for all four elements done in Exercise A, circle the all

subshells (ex.3s2q ET OEA EECEAOO AT AOcCU 1 AOGAl jph ¢h oh
(they are those electrons in the outermost principal energy level) and are the electrons

responsible for chemical reactions.

Make a table of each of the four elements (in Part A), the number of valence electrons, and the
group number of each element (Usually given as a roman numeral in that column of the
periodic table). Do you see a relationship between the number of valence electrons and the
group #? What is the relationship?
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Shells, Subshells, and Orbitals

1. The following statements define or are closely related to the terms shel} subshelland orbital.
Match the terms to the appropriate statements.

a) Interms of electron capacity, this unit is the smallest of the three.

b) This unit can contain a maximum of two electrons.

¢) This unit can contain as many electrons as, or more electrons than, either of the other two.
d) This unit is designated by just a number.

2. Determine the following for the fifth electron shell of an atom.

a) the number of subshells it contains.

b) the designations used to describe each of the first four subshells

c) the number of orbitals in each of the first four subshells

d) the maximum number of electrons that can occupy this shell

e) the maximum number of electrons that can occupy each of the first four subshells.

3. True or false:

a) An orbital has a definite size and shape, which are related to the energy of the electrons it
could contain.

b) All of the orbitals in a subshell have the same energy.

¢) A 2p and a 3p subshell would contain the same number of orbitals

d) The fourth shell is made up of six subshells.

e) A d subshell always contains five orbitals.

f) An s orbital is shaped something like a four-leaf clover.

g) The n=3 shell can accommodate a maximum of 18 electrons.

h) All subshells accommodate the same number of electrons.

i) A d orbital can accommodate more electrons than a p orbital.

4. Give the maximum number of electrons that can occupy each of the following:
a) 3d subshell

b) 2s orbital

c) 2ndghell

d) shell with n=4

5. Which of the following do not exist? (more than one possible)

a) 4s e) 3p
b) 2d f) 3f

c)1p g) 98
d) 5f h) 4d

6. Explain what each number and letter means in the notation 3d”
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Electron Configurations of Atoms and lons:
Where does stability come from?

Complete the following table by providing the full electron configuration (no Noble gas
shorthand, please) for the following atoms and ions. 3 OAOA OUAOGS6 1T O OT T 6
column.

Outer
(valence)
shell

Full electron configuration completely
(Do not give Noble gas shorthand) filled?
(yes or no)

Atom/lon

He

Ne

Li

Be

m | O | 2

Li+

Be2+

B3+

Ce/ C* N/A (leave blank)

N3

0z

F_

Continued on the next page
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Q1) What do you notice about the electron configuration of all the ions in relation to each
other?

Q2) Which ions (positive or negative) have an electronic structure like He and which are
like Ne?

Q3) Based on Q1 and Q2 do you predict Se (element 34) will gain electrons or lose
electrons to form a stable ion? What ion will it most likely become? (Give the magnitude
and sign of its charge)

Give the electron configuration of a Se atom, and a Se ion.

Q4) Noble gases are known for their stability. For Part A and B below, simply circle your
choice and explain.

a) Based soley on electron configurations, which do you think is more stable and
why?

a Li atom or a Lition?

b) Based on the stability of Noble gases and the table above, do you think stability
arises from:

afilled outer shell or anincomplete outer shell?

Q5) Carbon can form either +4 or -4 ions. Explain why either ion is stable.
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Quantum Numbers

The Quantum Mechanical model of the atom treats electrons as standing waves, described
by orbitals? which map the probability density of finding electrons in a certain space in the
atom. Not all locations are possible? some of these energy states are more likely than
others as determined by something called a wave function. Wave functions give rise to
three quantum numbers, which describe the possible energy states of electrons in an atom.
A fourth quantum number arises from a property of electrons called spin.

Exercises and Activities

Subshell Angular Possible values of # of orbitals in a
(where nis the momentum magnetic quantum subshell
principle quantum | quantum number
number, an integer) - number, m,
’ (- Po0to+ P

ns 0 0 1

np 1 -1,0,+1 3

nd 2 -2,-1,0,+1, +2 5

nf 3 -3,-2,-1,0,+1,+2,+3 7

The allowed energy states of electrons are described by quantum numbers:

1) The shell (or energy level) is described by the principal quantum number, n:

n=1 for the first shell, nE ¢

Al O OE A Getehallyl the Aipher A®pkificipal

quantum number, the higher the energy of the electron. Each shell is divided into
AOA8] AAPAT AO 11
2) The angular momentum (azimuthal) quantum number describes the shape of

subshells ns and possibly np, nd, n&Eh

the orbital. ?=0 refers to an s orbital, or ns subshell.

OEA

3) The shape of an orbital ( the values of )determines the number of those orbitals in

the subshell. Each orientation is represented by a possible value of m,, the
magnetic quantum number. For example, there are three p orbitals in a

subshell (m, =-1,0,1) each aligning in a different spatial orientation.

4) The electrons that occupy these orbitals have a property called spin. Spin is
described by the magnetic spin quantum number, m,. There are two possible
spins for an electron, ms=+%z0r -%. A maximum of two electrons can occupy the

same orbital.

@ample: The Pauli Exclusion Principal states that each electron has a

.

{2,1-1, +v2}

unique set of four quantum numbers. Assign a possible set of quantum
numbers for an electron in a 2p orbital.

Solution: Clearly, n=2. Since p is designated, 7= 1. Any 2p electron occupies

any of the p orbitals, so you can pick any of the m, values, like m, =-1. You
may also pick a spin, like ms=+%. The last two were chosen arbitrarily, as long
as this set is unique from another set corresponding to a different 2p electron:

\

/

Continued on the next page
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The example above shows one possible set of four quantum numbers, describing one 2p
electron. Since there are three p orbitals in the 2p subshell (see table above), and a
maximum of two electrons can occupy an orbital, there are 3 X 2 = 6 possible 2p electrons.

Exercise: Since there are Sixpossible 2p electrons, assign a unique set of four quantum

numbers for each electron. You already have one set from the last example, so you need five
more sets of quantum numbers.

Exercise: Circle two sets above that correspond to two electrons that are in different
orbitals but have the same spin.

Exercise: Put a box around two sets above that correspond to two electrons that are in the
same orbital. What do you notice about the spin of two electrons that share an orbital?
Does this seem to be true for the other sets?

Exercise: Complete the following statements:

a) When n=2, the values of ?can be and

b) When ?=1, the values of m] can be , , and , and the

subshell has the letter label .
c) When ?=2, the subshell is called a subshell.

d) When a subshell is labeled s, the value of ?is and m, has the value

e) When a subshell is labeled p, orbitals occur within the subshell.

f) When a subshell is labeled f, there are values of m,, and

orbitals occur within the subshell.
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Puzzle: The Awesome Quantums

Note: Because of the exceptions for predicting the electron configuration of some transition
metals, you will have to check some of these in your text or online.

species description symbol first
letter

This is one of only two letters that does not appear anywhere on the periodic -
chart. Itis alphabetically the second of the two.

The most important actinide, this atom has an outer shell configuration of
7s% 6d1 5f3.

A (+3)-ion, this species is isoelectronic with Ne.

This nonmetal has the most unpaired electrons in the second period.

The (-2)-ion of this element is isoelectronic with xenon.

If this element were to form a +6-ion, it would have 86 electrons.

This neutral atom has an outer shell configuration of 3s2.

An excited state configuration for this neutral atom is 1s2 2s? 2p3.

This neutral atom is isoelectronic with H-.

This lanthanide has two unpaired 4f-electrons.

This is the fifth period element with the most unpaired electrons.

This 5t period element has one p-electron.

This is the smallest member of the oxygen family with a complete set of d-orbitals.

The neutral species has a ground state configuration of 1s2 2s2 2p® 3s2 3p®.

This 7t period element has outer shell configuration ns? (n-2)f'# (n-1)d”.

All d-orbitals of this fifth period element are full, but the s-orbital is only half full.

The (+2)-ion of this element has configuration 1s% 2s2 2p6 3s2 3p® 3d10.

This atom has a valence shell of 5s2 5p>.

This second period element has all its s- and p-orbitals full.

This 4t period element has a valence shell related to that of carbon.

The statement formed by the first letters of the above elements or ions is:

3& 0T 1 "TUAR 300A1T ,8 O000UUI El QearteEdpprddd fo engahing Ar@idnts withEhBnisrp OOUd, ! 1 ECEO
content,0J. Chem. E(R007) 84, 4, 619.
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