Exam2key

Tuesday, February 21, 2017 8:01 AM

Chem 105 Exam 2 Name

This exam is schedule for 75 minutes and | anticipate it to take the full time allotted. You are free to
leave if you finish. Always neatly show work for partial credit. If you are really stuck, you can “buy”
hints from me for some problems.

When you draw Lewis structures ALWAYS include lone pairs! A ‘connect the dots’ structure is
not complete and will not receive full credit. Show all formal charge.
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1.

True or false:
a. All atoms with sp® hybridizati

have tetrahedral electron geometry.

False

All atoms with sp® hybridization have tetrahedral molecular geometry.
True False

Some sp®d? hybridized atoms can have linear molecular geometry.

True

An atom can have s?p? hybridization.
True False

Hydrogen is the only atom that cannot form hybrid orbitals.

True False

A nitrogen atom can have sp*d hybridization.

True @

2. Atroom temperature, Br; is a liquid, Cl; is a gas, and |; is a solid. Clearly justify this fact.

These are all nonpolar molecules so only experience LDF. The strength of LDF increases with molecules
sizes. Since Cl2 is the smallest, it has the weakest forces so cannot be held in condensed phase very
easily. 12 is the largest so it can be held as a solid.

Name each of the following compounds:

FeClg A|2(804)3 HzCOs

Iron (I11) chloride Aluminum sulfate Carbonic Acid

4. Determine the correct molecular formula for each of the following compounds:

hypochlorous acid copper (l) carbonate disulfur heptachloride

CUz(COg) S2Cl7
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5. Is Cu’ (Z=29) a common ion? Clearly justify your answer.

NO! Metals are never anions!

6. Why some atoms are able to break the octet rule?

They have access to d orbitals so can contain more than 8 electrons in the valence shell

7. Order the following by increasing radius (smallest - largest):

As As®  As*™
As*® < As < As3

8. Draw a Lewis structure for CH:CHCHCH.OCHas. You do not need to show geometry, just get the
structure correct.
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9. What are two stable yttrium ions (Z = 39)? Using electron configurations, justify why they are stable.

Y2 : [Kr] 4d
Y*3: [Kr]

10. Consider the following molecules. Rank them by order of increasing boiling temperatures. Justify your
answer for credit — no points will be given without an explanation.

NH; NCl3 PCl; PH3

PH3 < NCl3 < PCl3 < NH3
NH3 can H-bond, so it will have the highest boiling temperature because the IMF are the strongest. PCI3

is polar, so it will be next. NCI3 and PH3 are both nonpolar, but NCI3 is larger so it will have stronger
LDF.
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11. Incomplete Lewis structure for three molecules are shown below. All charges are clearly labeled on
the correct atom. Complete each of the following:
a. Add lone pairs to complete the structures.
b. If resonance forms exist, draw at least one.
c. Determine the hybridization of all atoms.
d. Redraw each molecule so that the molecular geometry is clear.
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Double Check — did you:

e Show resonance forms?
e Assign hybridization?
e Determine molecular geometry of the central atom?
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12. Each of the molecules below has only one central atom. Draw the Lewis structure for each molecule.
Make sure to follow the guidelines on the first page. Label all formal charge.

On each molecule:
a. Determine the molecular geometry around the central atom.
b. For neutral molecules, indicate whether they are polar or nonpolar (circle the correct answer).
c. Indicate how many resonance forms exist.

SO;  (polaror | ( NO %( oo |
S

Number of resonance forms

Mol. Geometry l'('.lfa_ '?(R/\af" Y4 o JAC/S}

SO, @r nonpolar)

Number of réSonance forms Q : - .
sSs=0O

Mol. Geometry Be/\‘\’ //

XeFs*! T

Number of resonance forms __ & P 2

Mol. Geometry _£cie,_ bipyemid-/ F /, | -
“ v ' (Xe —F~

NOs'1 1 . 6 -
Number of resonance forms ’

Mol. Geometry t r.li\J . '-‘F \\f\ N
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13. Using hybridization theory, sketch an energy diagram for the bonds between carbon and nitrogen in
CH:O. In your diagram, identify what each electron is doing — you may reference the Lewis structure

shown below.
RN -
L= AN - H
,\/ H- L .
' C—N—H
H
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14. Answer ONE of the following. You must fully explain your answer to receive credit. Answer more
for bonus credit.

a. Consider N2, Oz, and CO. N-N and O-O bonds are both non-polar; C-O bonds are polar. Based
on this, we would predict that CO would have a significantly higher boiling temperature than the
other two; however, the trend is Nz < CO < O;. Explain this trend (Hint, it has nothing to do with

molecule size

) 7ol | Lt Soemel Mo connee|) Pb(m‘)‘l
PCIsF2 can be polar c@onpol ending on the arrangement of atoms. Draw this molecule in
two ways that clearly explains the previous statement. Make sure to show bond polarity to

support your answer. (Fesbaencs prede, esed

, vnd '
c. Which of these molecules has the longest S-O bond?  SOs 6032') S0;? SO 4\. ,/'\ Ry '\5(_-
3 davl
d. Consider a compound made from one atom of nitrogen, one atom of oxygen, and one atom of -
chlorine. Determine if a central chlorine or a central nitrogen creates a more stable com

e. Draw the Lewis structure of the molecule described: : ~N =cl= 0 NS.
A
This monovalent anion (so it has a -1 charge) consists of a neutral central atom from t
with seesaw geometry. It has covalent bonds to one type of atom from the 3™ shell and one type
of atom from the 4™ shell. None of the atoms carry a permanent formal charge of -1. One pi
bond exists in this molecule and two resonance forms can be drawn.

¢ — T —=<
RN
15y s -
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; Periodic Table of the Elements ”

Hydrogen Io»rca
1
H m_ﬂﬁm“ —t> Mercury . He
1.01 mc Atomic 4.00
21 2 <€—T Number 13 14 15 16 17 .
ithius Berylls B Carbol Nitroge! O Fluorine Neon
—.su im q“!_.s m<3~vo_ |¢ I u Qm_g O n I N n xmcg :"._ e AO
Li Be Average B Cc N 0 F Ne
6.94 9.01 - 10.81 | 12.01 | 14.01 | 16.00 | 19.00 | 20.18
1.0 15 200.59 < Mass 2.0 25 30 35 4.0 o
Sodi Ma it WitV o Alumi Silicon Phosphoru: Sulfur Chiorine Al
T [ Electronegativity me—> 1.9 v Ko s 7 e
Na | Mg Al Si P S Cl Ar
2299 | 24.31 26,98 | 28.09 | 3097 | 32.07 | 3545 | 39.95
09 12 3 4 5 6 7 8 9 10 " 12 15 1.8 21 25 3.0 =
Potassium Calcium Scandium | Titanium | Vanadium | Chromium | Manganese Iron Cobalt Nickel Copper Zinc Gallium | Germanium Arsenic Selenium Bromine Krypton
19 20 21 22 23 24 25 26 27 28 29 30 3 32 33 34 35 36
K Ca Sc Ti Vv Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
39.10 | 40.08 4496 | 4788 | 5094 | 52.00 | 54.94 | 55.85 | 58.93 | 58.69 | 63.55 | 65.39 | 69.72 | 7261 | 7492 | 7896 | 79.90 | 83.80
038 1.0 1.3 15 1.6 1.6 15 1.8 1.8 1.8 19 1.6 16 1.8 2.0 24 2.8 3.0
Rubidium | Strontium Yttrium | Zirconium |  Niobium Ti i R Rhodi Palladium Silver Cadmium Indium Tin Antimony | Tellurium lodine Xenon
37 38 39 40 4 42 43 44 45 46 47 43 49 50 51 52 53 54
Rb Sr Y: Zr Nb Mo Te Ru Rh Pd Ag Cd In Sn Sb Te I Xe
85.47 | 87.62 88.91 | 91.22 | 9291 | 9594 | (98) |101.07 |102.91 | 106.47 ' 107.87 | 112.41 [ 114.82 | 118.71 | 121.76 | 127.60 | 126.90 | 131.29
0.8 1.0 12 14 16 1.8 19 22 22 ¢c 1.9 1.7 17 18 19 2.1 25 26
Cesium Barium Lutetivm | Hafnium | Tantalum | Tungsten | Rhenium | Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
55 56 57.70 b4l 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs Ba ' Lu Hf Ta W Re | Os Ir Pt Au Hg Tl Pb Bi Po At Rn
132.91 | 137.33 174.97 [ 178.49 | 180.95 | 183.84 | 186.21 [ 190.23 | 192.22 | 195.08 | 196.97 | 200.59 | 204.38 | 207.20 | 208.98 | (209) | (210) |[(222)
0.7 0.9 1.1 13 15 1.7 19 22 22 22 24 19 1.8 18 1.9 2.0 22 24
Francium Radium Lan i Dubnium |Seaborgium| Bohrium | Hassium | Meitneri D: R i Copernici Ui Flerovium |Ui i Lis i Un ium| Us i
87 88 89102 | 103 104 105 106 107 108 109 110 11 12 13 114 115 116 17 118
Fr Ra = Lr Rf Db Sg | Bh | Hs Mt Ds Rg Cn | Uut Fl Uup | Lv | Uus | Uuo
(223) | (226) (262) | (261) | (262) | (266) | (264) | (269) | (268) | (271) | (272) | (277) | (284) | (289) | (288) | (293) | (294) | (294)
0.7 0.9 - - - - - = = - - - < = - - = -
Lanth Cerum  |Pr i Neod F i S i Europium | Gadolinium | Terbium | Dysprosium| Holmium Erbium Thulium Ytterbium
N . 57 58 59 60 61 62 63 64 65 66 67 68 69 70
lanthanides | |3 | Ce | Pr | Nd | Pm | Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm | Yb
138.91 [ 140.12 | 140.91 | 144.24 | (145) | 150.36 | 151.97 | 157.25 | 158.93 | 162.50 | 164.93 | 167.26 | 168.93 | 173.04
1.1 1.1 1.1 1.1 1.1 1.2 1.1 12 1.1 1.2 12 1.2 13 1.1
Actinium Thorium | Protactinium| Uranium i Plutonium | Americi Curium B 2 Californi Ei i Fermium | Mt i Nobeli
o 89 90 91 92 93 94 95 96 97 93 99 100 101 102
actinides | Ac | Th | Pa U Np | Pu | Am | Cm | Bk | Cf | Es | Fm | Md | No
(227) |232.04 | 231.04 | 238.03 | (237) | (244) | (243) | (247) | (247) | (251) | (252) | (257) | (258) | (259)
1.1 1.3 1.5 14 14 13 13 13 1.3 1.3 13 1.3 13 13
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