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CHE1031 Exam 3: Quantum atom, chemical & thermochemical bonding

You’ll find a periodic table, table of electronegativities, and table of conversion factors attached. You are allowed notes on one side of a 3x5-inch card and a calculator. Please show all work for partial credit and please ask if you have questions.

Module 6: Electronic structure of the atom

6.2: The Bohr model
1. Describe how electrons are excited and what happens when once they are.








2. An electron’s energy level ____________________ as the distance from the nucleus increases.



6.3: Development of quantum theory
3. Describe one phenomenon that could not be explained by classical Newtonian physics and led to the development of quantum theory. 








4. Describe the difference between Bohr’s idea of an electron’s orbit and the quantum mechanical concept of an orbital.




6.4: Electronic structure of the atom
5. Atoms of which group in the periodic table have a valence shell electron configuration of Xs2? Name one element in that column.




6. Which atom would be expected to have a half-filled 6p subshell?



7. Write the abbreviated electron configurations for the following atoms or ions:
(a) B+3
(b) O–1
(c) Cl+3


Module 7: Chemical bonding

7.1: Ionic bonding
8. Predict the charge on the monatomic ions formed from the following atoms:
(a) I
(b) Sr
(c) K

9. Write the electron configuration for the monatomic ions formed from these elements:
(a) Cl
(b) Na
(c) Mg

10. Show the process by which calcium fluoride forms from (1) atoms to (2) ions to (3) ionic compound.



7.2: Covalent bonding
11. Explain the difference between a nonpolar covalent bond, a polar covalent bond, and an ionic bond.











12. Which atoms can bond to sulfur to produce a positive partial charge on the sulfur atom? Give one example of a compound in which sulfur has a positive dipolar charge.









7.3: Lewis symbols and structures
13. Draw the Lewis structure of N2 (g) and use Venn diagrams to show which electrons form the bond(s).








14. Draw the Lewis structures for these compounds:
(b) H2CO
(c) AsF3
(d) ClNO


15. Draw the Lewis structure for SeF6 and explain how it violates the octet rule.








7.4: Formal charges and resonance
16. Draw the Lewis structure of the NH3BF3 and calculate the formal charge of each atom.
(Hint: the two central atoms are N and B.)









17. The phosphate ion (PO4)-3 has resonance. 
(a) How many resonance structures are there for this ion?
(b) Draw two resonances structures for this ion and calculate formal charges.
(c) Draw the resonance hybrid for this ion.








7.5: Strengths of ionic and covalent bonds
18. Calculate the enthalpy change of this chemical reaction:
	H2CCH2  +  H2    H3CCH3					bond	kJ/mol
									H - H	436
									C – H	413
									C – C 	347
									C = C	614
									C = C	839



Module 8: Thermochemistry

19. Based upon the thermochemical equation given, calculate the heat change associated with the decomposition of 1.15 g of NO2(g).
N2(g) + 2O2(g)  2NO2(g)      		ΔH = + 67.6 kJ










20. Use Hess’s Law to calculate the ΔH for the reaction below, given the following reactions and subsequent ΔH values.
N2H4(l)  +  H2(g)  →  2NH3(g)
	(1) N2H4(l)  +  CH4O(l)  →  CH2O(g)  +  N2(g)  +  3H2 (g)     		ΔH = - 37 kJ 
(2) N2(g)  +  3H2(g)  →  2NH 3(g)                                                		ΔH = - 46 kJ 
(3) CH4O(l)  →  CH2O(g) +  H 2(g)                                              		ΔH = - 65 kJ 












Extra credit	

A. How many electrons could be held in the second shell of an atom if the spin quantum number ms could have three values instead of just two? 
(Hint: Consider the Pauli exclusion principle.) 




B. Why is nitrogen gas (N2) less reactive than oxygen gas (O2)?
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The Periodic Table of the Elements

1995 IUPAC masses and Approved Names from http://www.chem.gmw.ac.uk/iupac/AtWt/

1 2
H He
Hydrogen Helium
1.00794 4.003
3 4 5 6 7 10
Li Be B C N Ne
Lithium Beryllium Boron Carbon Nitrogen Oxygen Neon
6.941 9.012182 10.811 12.0107 | 14.00674 | 15.9994 20.1797
11 12 13 14 15 18
Na | Mg Al Si P Ar
Sodium Magnesium Aluminum Silicon Phosphorus Argon
22.989770| 24.3050 26.981538| 28.0855 |30.973761| 32.066 39.948
19 20 21 22 25 26 27 28 29 31 32 33 36
K | Ca | Sc | Ti Mn | Fe | Co | Ni | Cu Ga | Ge | As Kr
Potassium Calcium Scandium Titanium Manganese Iron Cobalt Nickel Copper Gallium Germanium Arsenic Krypton
39.0983 40.078 |44.955910| 47.867 54.938049| 55.845 |58.933200| 58.6934 63.546 65.39 69.723 72.61 74.92160 83.80
37 38 39 40 43 44 45 46 47 49 50 51 54
Rb | Sr Y Zr Tc | Ru | Rh | Pd | Ag In Sn | Sb Xe
Rubidium Strontium Yttrium Zirconium Technetium Ruthenium Rhodium Palladium Silver Cadmium Indium Tin Antimony Xenon
85.4678 87.62 88.90585 | 91.224 (98) 101.07 [102.90550| 106.42 | 107.8682 | 112.411 | 114.818 | 118.710 | 121.760 131.29
55 56 57 72 75 76 77 78 79 81 82 83 86
Cs | Ba | La | Hf Re | Os Ir Pt | Au Tl Pb Bi Rn
Cesium Barium Lanthanum Hafnium Rhenium Osmium Iridium Platinum Gold Thallium Lead Bismuth Radon
132.90545| 137.327 | 138.9055 | 178.49 186.207 190.23 192.217 | 195.078 | 196.96655 204.3833 207.2 | 208.98038 (222)
87 88 89 104 107 108 109 110 111 113 114
Fr | Ra | Ac | Rf Bh | Hs | Mt
Francium Radium Actinium | Rutherfordium Bohrium Hassium Meitnerium
(223) (226) (227) (261) (262) (265) (266) (269) (272)
60 61 62 63 64 66 67 68 71
Nd | Pm | Sm | Eu | Gd Dy | Ho | Er Lu
Neodymium | Promethium Samarium Europium Gadolinium Dysprosium Holmium Erbium Lutetium
144.24 (145) 150.36 151.964 157.25 |158.92534| 162.50 |164.93032| 167.26 174.967
92 93 94 95 96 98 99 100 103
U Np | Pu | Am | Cm Cf Es | Fm Lr
Uranium Neptunium Plutonium Americium Curium Californium | Einsteinium Fermium Lawrencium
238.0289 | (237) (244) (243) (247) (251) (252) (257) (262)

masses for 107-111 from C& EN, March 13, 1995, p. 35

112 from http://www.gsi.de/z112e.html









The Periodic Table of the Elements

1

H

Hydrogen

1.00794

2

He

Helium

4.003

3

Li

Lithium

6.941

4

Be

Beryllium

9.012182

5

B

Boron

10.811

6

C

Carbon

12.0107

7

N

Nitrogen

14.00674

8

O

Oxygen

15.9994

9

F

Fluorine

18.9984032

10

Ne

Neon

20.1797

11

Na

Sodium

22.989770

12

Mg

Magnesium

24.3050

13

Al

Aluminum

26.981538

14

Si

Silicon

28.0855

15

P

Phosphorus

30.973761

16

S

Sulfur

32.066

17

Cl

Chlorine

35.4527

18

Ar

Argon

39.948

19

K

Potassium

39.0983

20

Ca

Calcium

40.078

21

Sc

Scandium

44.955910

22

Ti

Titanium

47.867

23

V

Vanadium

50.9415

24

Cr

Chromium

51.9961

25

Mn

Manganese

54.938049

26

Fe

Iron

55.845

27

Co

Cobalt

58.933200

28

Ni

Nickel

58.6934

29

Cu

Copper

63.546

30

Zn

Zinc

65.39

31

Ga

Gallium

69.723

32

Ge

Germanium

72.61

33

As

Arsenic

74.92160

34

Se

Selenium

78.96

35

Br

Bromine

79.904

36

Kr

Krypton

83.80

37

Rb

Rubidium

85.4678

38

Sr

Strontium

87.62

39

Y

Yttrium

88.90585

40

Zr

Zirconium

91.224

41

Nb

Niobium

92.90638

42

Mo

Molybdenum

95.94

43

Tc

Technetium

(98)

44

Ru

Ruthenium

101.07

45

Rh

Rhodium

102.90550

46

Pd

Palladium

106.42

47

Ag

Silver

107.8682

48

Cd

Cadmium

112.411

49

In

Indium

114.818

50

Sn

Tin

118.710

51

Sb

Antimony

121.760

52

Te

Tellurium

127.60

53

I

Iodine

126.90447

54

Xe

Xenon

131.29

55

Cs

Cesium

132.90545

56

Ba

Barium

137.327

57

La

Lanthanum

138.9055

72

Hf

Hafnium

178.49

73

Ta

Tantalum

180.9479

74

W

Tungsten

183.84

75

Re

Rhenium

186.207

76

Os

Osmium

190.23

77

Ir

Iridium

192.217

78

Pt

Platinum

195.078

79

Au

Gold

196.96655

80

Hg

Mercury

200.59

81

Tl

Thallium

204.3833

82

Pb

Lead

207.2

83

Bi

Bismuth

208.98038

84

Po

Polonium

(209)

85

At

Astatine

(210)

86

Rn

Radon

(222)

87

Fr

Francium

(223)

88

Ra

Radium

(226)

89

Ac

Actinium

(227)

104

Rf

Rutherfordium

(261)

105

Db

Dubnium

(262)

106

Sg

Seaborgium

(263)

107

Bh

Bohrium

(262)

108

Hs

Hassium

(265)

109

Mt

Meitnerium

(266)

110

(269)

111

(272)

112

(277)

113 114

58

Ce

Cerium

140.116

59

Pr

Praseodymium

140.90765

60

Nd

Neodymium

144.24

61

Pm

Promethium

(145)

62

Sm

Samarium

150.36

63

Eu

Europium

151.964

64

Gd

Gadolinium

157.25

65

Tb

Terbium

158.92534

66

Dy

Dysprosium

162.50

67

Ho

Holmium

164.93032

68

Er

Erbium

167.26

69

Tm

Thulium

168.93421

70

Yb

Ytterbium

173.04

71

Lu

Lutetium

174.967

90

Th

Thorium

232.0381

91

Pa

Protactinium

231.03588

92

U

Uranium

238.0289

93

Np

Neptunium

(237)

94

Pu

Plutonium

(244)

95

Am

Americium

(243)

96

Cm

Curium

(247)

97

Bk

Berkelium

(247)

98

Cf

Californium

(251)

99

Es

Einsteinium

(252)

100

Fm

Fermium

(257)

101

Md

Mendelevium

(258)

102

No

Nobelium

(259)

103

Lr

Lawrencium

(262)

1995 IUPAC masses and Approved Names from http://www.chem.qmw.ac.uk/iupac/AtWt/

masses for 107-111 from C&EN, March 13, 1995, p. 35

112 from http://www.gsi.de/z112e.html
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Periodic table with electronegativities

1A 2A iB 4B 5B 6B 7B 8B B 2B IA ' SA 6A TA B8A
1 2
H He
21
3 & 5 () 7 8 9 10
Li Be B C N (9] F Ne
1.0 15 20 25 30 35 4.0
n 12 13 14 15 6 17 18
Na Mg Al Si = S Cl Ar
09 12 15 1.8 21 25 30
19 20 22 23 24 25 26 27 28 29 0 31 32 25 36

0.8 1.0 15 1.6 16 15 1.8 19 19 19 16 1.6 1.8 28 30

Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe
08 || 1.0 || 12 1.4 16 1.8 19 22 22 || 22 19 17 1.7 1.8 19 21 25 26

55 56 57 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86

0.7 || 09 11 1.3 1.5 17 19 22 22 || 22 24 19 1.8 19 19 20 22 2.4

87 88 89 || 104 || 105 || 106 || 107 || 108 || 109 || TO m n2 n3 N4 ns 16 n7 ns
Fr Ra Ac Rf Db Sg Bh Hs Mt Ds Uuu Cn Uut Fi Uup Lv Uus Uuo
0.7 || 09 11

http://www.thecatalyst.org/electabl.html









Periodic table with electronegativities

http://www.thecatalyst.org/electabl.html
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Chemistry Conversion Factors and Constants

METRIC CONVERSION FACTORS

Prefix | Abbreviation Conversion Factor For Example... For Example...
Mega- | M 1000000 10° 1 Megabyte = 1 x 10° bytes 1 byte = 10°° Megabytes
kilo- k 1000 10° 1 kilometer = 1000 meters 1 meter = 0.001 kilometers
deci- d 0.1 10~ 1 deciliter = 0.1 liters 1 liter = 10 deciliters
centi- C 0.01 10% 1 centimeter = 0.01 meters 1 meter = 100 centimeters
milli- m 0.001 10° 1 milliliter = 0.001 liters 1 liter = 1000 milliliters
micro- | p 0.000001 10° 1 microgram = 10° grams 1 gram = 10° micrograms
nano n 0.000000001 10° 1 nanometer = 10 meters 1 meter = 10° nanometers
pico p 0.000000000001 | 1072 1 picometer = 10’ meters 1 meter = 10" picometers

OTHER CONVERSION FACTORS AND CONSTANTS

Weight/Mass

16 ounces = 1 pound

1 kilogram = 2.2 pounds
454 grams = 1 pound

1 ton = 2000 pounds

Volume

1 liter = 1.0567 quarts

1mL=1cm?

1 gallon = 3.78 liters

1 gallon = 4 quarts = 128 fluid ounces
1 quart = 2 pints = 32 fluid ounces

1 pint = 2 cups = 16 fluid ounces

Length/Distance

1 inch = 2.54 centimeters

1 mile = 5280 feet = 1.609 kilometers

1 yard = 3 feet = 36 inches = 0.9144 meters

1 meter = 39.37 inches = 3.281 feet = 1.094 yards
1 kilometer = 1094 yards = 0.6215 miles

Density of Water: 1.00 g/mL

Energy: 1cal=4.184J

Time

1 year = 365 days = 12 months
1 day = 24 hours

1 hour = 60 minutes

1 minute = 60 seconds

= 52 weeks

Temperature

°C=§(°F—32) and °F=[°C%)+32

Kelvins =°C + 273.15

Pressure Units: 1 atm = 760 mmHg = 101.325 kPa = 101325 Pa = 1.01325 bar = 14.7 psi = 29.92 inches Hg

Useful Constants:

Avogadro's Number (N,) = 6.02 x 10% items / mole

Ideal Gas Constant (R) = 0.0821

L-atm
mol -K

Speed of Light (c) = 3.00 x 10° m/s
Planck's Constant (h) =6.63x 10 J « s
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