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Dr. McCorkle CHEM 110 — Exam #5 Spring 2016

Multiple Choice — Choose the answer that best completes the question. Use an 815-E
Scantron to record your response. [2 points each]

1. Which of the following statements is TRUE?
A) A covalent bond is formed through the transfer of electrons from one atom to another.
B) A pair of electrons involved in a covalent bond is sometimes referred to as a “lone pair.”
C) It is not possible for two atoms to share more than two electrons.
D) Single bonds are shorter than double bonds.

E) In a covalent bond, the shared electrons interact with the nuclei of both the bonding atoms,
thus lowering their potential energy.

2. Place the following in order of decreasing magnitude of lattice energy (largest to smallest).
K20 Rb,S Li,O
A) Li,O > K,0 > Rb,S
B) Li,O > Rb,S > K,O
C) Rb,S > K,O > Li,O
D) Rb,S > Li,O > K,0
E) K>0 > Li,O > Rb,S

3. Identify the weakest bond.
A) single covalent bond
B) double covalent bond
C) triple covalent bond
D) All of the above bonds are the same length

4. A reaction is exothermic when
A) weak bonds break and strong bonds form.
B) strong bonds break and weak bonds form.
C) weak bonds break and weak bonds form
D) strong bonds break and strong bonds form.

5. Place the following in order of decreasing bond length
H-F H-I H-Br
A) H-F > H-Br > H-I
B) H-1 > H-F > H-Br
C) H-1>H-Br > H-F
D) H-Br > H-F > H-I
E) H-F > H-1 > H-Br
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6.

Identify the number of electron groups around a molecule with sp? hybridization.
A) 1 B) 2 C)3 D) 4 E)5

A molecule that is sp®d? hybridized and has a molecular geometry of square pyramidal has
bonding groups and lone pairs around its central atom.

A)5, 1 B) 4, 2 C) 4,1 D) 3, 2 E) 2,3

How many electrons are shared in a C=C bond?
A 1 B) 2 C)3 D) 4 E)6

Which of the following statements is TRUE?

A) The total number of molecular orbitals formed doesn’t always equal the number of atomic
orbitals in the set.

B) A bond order of O represents a stable chemical bond.

C) When two atomic orbitals come together to form two molecular orbitals, one molecular
orbital will be lower in energy than the two separate atomic orbitals and one molecular
orbital will be higher in energy than the separate atomic orbitals.

D) Electrons placed in antibonding orbitals stabilize the ion/molecule.
E) All of the above are true.
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Use the following molecular orbital diagram to answer questions #10-12.

| orbitals orbitals orbitals

| Atomic J Molecular} L Atomic ]

Energy

10. Which of the following is most stable?
A) F, B) F,** C) Ne,**

11. Which of the following is paramagnetic?
A) B B) B> C) N2

12. Which of the following is most stable?
A) G2 B) N2 C) B,

Atomic
orbitals

Molecular
orbitals

Atomic
orbitals

-

D) 022+

D) C,*

D) C,*

O
02, Fz, Nez

E) F,*~

E) B,

E) BZZ+
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Calculations — Write your initials in the upper-right corner of every page that contains
work. For full credit show all work and write neatly; give answers with correct significant
figures and units. For calculations, place a box around your final answer.

13. According to MO theory, which molecule or ion has the highest bond order? (Show all
work.) [6 points]

0, 05, 0%

a. Which has the highest bond energy? Explain. [2 points]

b. Which has the longest bond length? Explain. [2 points]
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14. Consider the ion IF,":
a. Draw the Lewis structure, including any resonance structures: [2 points]

b. Assign formal charges to each atom in the structure(s) above: [2]

c. Electron geometry? [2]

d. Molecular geometry? [2]

e. Draw IF," three-dimensionally using wedge notation AND label all bond angles: [4]

f. Is the molecule polar or nonpolar? Explain. [2]



Dr. McCorkle CHEM 110 — Exam #5 Spring 2016

15. Consider the molecule PO :
a. Draw the Lewis structure, including any resonance structures: [2 points]

b. Assign formal charges to each atom in the structure(s) above: [2]

c. Electron geometry? [2]

d. Molecular geometry? [2]

e. Draw PO, three-dimensionally using wedge notation AND label all bond angles: [4]

e. Isthe molecule polar or nonpolar? Explain. [2]
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16. Consider the following molecule:

H,

Use valence bond theory to describe the bonding scheme, including the orbitals involved in
both ¢ and « bonds, as well as which orbitals contain any lone pairs. The hydrogen and
nitrogen atoms have been numbered for clarity. [8 points]
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17. Consider the following molecule:

Describe the following: [2 points each]

1% (Left) C Electron Geometry: 1% (Left) C Molecular Geometry:
2" C Electron Geometry: 2" C Molecular Geometry:

N Electron Geometry: N Molecular Geometry:

O—C—N Bond Angle: H—N-H Bond Angle

18. Describe metallic bonding. Explain why metallic solids are good electrical conductors and
why they are good thermal conductors. [6 points]

10
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19. Draw an MO diagram for OF " (use the energy ordering of O, and F,). [4 points]

a. Calculate the bond order. [2 points]

b. Is the molecule predicted to be stable or unstable? Explain. [2 points]

c. Isthe molecule diamagnetic or paramagnetic? [2 points]

11
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20. Use bond energies to calculate AH 4, for the following reactions:

a. 2NOCI(g) — 2NO(g) + Clx(g) [6 points]

b. CsHs(g) + 502(9) — 3 COx(g) + 4 HO(g) [6 points]

Extra Credit: Linus Pauling won the Nobel Prize twice in two different fields. What were they?
[2 points]

12
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TABLE 9.3 Average Bond Energies

Bond Energy Bond Energy Bond Energy
Bond (KkJ/mol | Bond (kl/mol | Bond (kJ/maol )
H—H 436 N—N 163 Br—F 237
H—C 414 =N 418 Br—Cl 218
H—N 389 =N 946 Br— Br 193
H—0 464 N—0 222 |—l 208
H—5 368 N=0 590 | — Br 175
H—F 565 N—F 272 |—| 151
H—CI 431 N—Cl 200 Si—H 323
H—Br 364 N—Br 243 Si— i 226
H—I 297 N—I 150 Si—C 301
c—cC 347 0—0 142 5—0 265
C=C 611 0=0 498 Si=0 368
C=C 837 0—F 1590 s= 523
C—N 305 0—cl 203 Si—Cl 464
C=N 615 0—I 234 5= 418
C=N 891 F—F 159 5—F 327
C—0 360 Cl—F 253 5—Cl 253
c=0o 736+ cl—cl 243 S—Br 218
=0 1072 5—S§ 266
c—cl 339

789 in {1y

TABLE 9.4 Average Bond Lengths

Bond Bond Bond

Bond Length (pm) - Bond Length (pm) Bond Length (pm)
H—H 74 | c—c 154 C N—N 145
H—C 110 c=c 134 N=N 123
H—N 100 C=Cc 120 C N= 110
H—0 97 C—N 147 N—0 136
H—S 132 C=N 128 | N=0 120
H—F 92 C=N 116 0—0 145
H—Cl 127 c—0 143 . 0=0 121
H—Br 141 c=0 120 F—F 143
H—I 161 G— 178 | c—a 199
Br—Br 228
|—I 266

13
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Atomic Molecular Atomic Atomic Molecular Atomic
orbitals orbitals orbitals orbitals orbitals orbitals
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Na | Mg Al Si P S Cl
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K |Ca|[Sc | T V |[Cr|[Mn|Fe |Co| Ni |[Cu|2Zn|Ga| Ge | As | Se | Br

08 1.0 | 13 15| 16 16 |15 | 18| 19| 19 1.9 16 | 16 18 | 20 | 24 | 28
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Rb Sr Y Zr Nb | Mo | Te Ru | Rh | Pd | Ag | Cd In Sn Sb Te I

0.8 1.0 | 1.2 1.4 16 | 18 | 19 | 22 | 22| 22 19 | 1.7 1.7 1.8 19 | 21 25
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87 | 88 | 89 Electronegativities of the Elements

Fr | Ra | Ac

07 | 09 | 11
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Scratch Page
(to be handed in)
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