Chemistry 232
Final Exam

W EY

Winter 2015
March 16, 2015

Oregon State University
Drs. Nafshun, Sleszynski, Watson, Oscar, Ogba

Instructions: You should have with you several number two pencils, an eraser, your 3" x 5" note card, a
calculator, and your University ID Card. If you have notes with you, place them in a sealed backpack and place
the backpack OUT OF SIGHT or place the notes directly on the table at the front of the room.

Fill in the front page of the Scantron answer sheet with your class section number (see below), last name, first
name, middle initial, and student identification number. Leave the test form number blank,

Section 001 (MWF 8am with Dr, Nafshun)
Section 003 (MWF 10am with Dr. Sleszynski)

Section 005 (MWF 1pm with Oscar)

Section 002 (MWF 9am with Dr. Nafshun)
Section 004 (MWF 11am with Dr. Watson)

Section 006 (MWF 2pm with Ogba)

This exam consists of 32 multiple-choice questions; each has 5 points attached. When you finish this exam,
proceed to the proctor. Flash your OSU ID Card and submit your completed Scantron form. You may take
your notecard and this exam packet with you.
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Solubility Rules for lonic Compounds

Rule 1: All nltrates, acetates, Group 1A metal salts and ammonium salts are soluble.
Rule 2; Carbonates. hvdroxides. phosphates and sulfides are nearlv alwavs insoluble.

Rule 3: Chlorides, bromides and lodides are always soluble exceptwith Ag* and Ph?",
Rule 4: Rule 1 always takes precedence.
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The Periodic Table of the Elements
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Kq[CIH3COOH (aq)] = 1.80 x 10°°
(acetic acid)

Ka[CsHsCOOH (aq)] = 6.30 x 10
(benzoic acid)

Ka[CH2CICOOH (aq)} = 1.40 x 1073
(chloroacetic acid)

Ku[NH3 (ag)} = 1.80 x 107
(ammonia)

K[HCIO (aq)] =2.90 x 10°¢
(hypochlorous acid)

Ka[CH3CH2CH2CH2COOH (aq)] = 1.45 x 107
(pentanoic acid)

Ka[HF (aq)] = 6.30 x 10
(hydrofluoric acid)

Kb [CH3NI;] = 3,70 x 10
(methylamine)

Ka[HCOOH (aq)] = 1.80 x 10
(formic acid)

Ksp [Fe(OH).]= 4.87 x 1017

Ksp [PbF2] =3.6 x 10

Ky [MgF2] =3.7x 108

Ksp [CH(OH)] = 7.2 x 105

Ksp [Pblz] =1.4 x 10

Ksp [CaSO4] = 2.4 x 107

Ksp [CaCy04] = 2.3 % 107

Ksp [CuCl] = 1.0 x 10®

Ksp [AgCl] = 1.77 x 1010




Electron Pair and Molecular Geometries

Number of
Electron Number of Lone Pairs Electron Pair Geometry Molecular Geometry
Groups R
2 0 Linear Linear
3 0 Trigonal planar Trigonal planar
1 Trigonal planar _ Bent
0 Tetrahedral {Tq) Tetrahedral {Tq)
4 1 Tetrahedral {T4) Trigonal pyramidal
2 Tetrahedral (Tad) Bent
0 Trigonal bipyramidal Trigonal bipyramidal
5 1 Trigonal bipyramidal See-Saw :
2 Trigonal bipyramidal T-Shaped
3 Trigonal bipyramidal Linear
0 Octahedral (On) Octahedral (On)
6 1 QOctahedral (On) Square pyramidal
2 Octahedral {On) Sqguare planar
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PV, BV,
PV =nRT T Hene = wﬂ—m—
nil,  nT, Molar Mass
Leatm kg o m’
R =0.08206 R=8314 ————— 760 Torr =1 atm = 760 mm Hg
mole K s emol e K
- o _ 3 Ideal Molar volume = 22,414 L. @ STP
K=27315+°C 1 mole = 6,02 x 10 (STP = 1 atm and 273.15 K)




Determine the electron geometry (eg) and molecular geometry (mg) of the carbon bonded to the
nitrogen in acetonitrile, CH3CN,

(A)  cg=tetrahedral mg=tetrahedral

(B)  eg=tetrahedral mg=trigonal pyramidal

(C)  eg=trigonal planar mg=bent H (iacat 9 -
(D)  eg=trigonal planar mg=trigonal planar Yo BEAUCs

(E) ng=linez?> @gﬂineaﬁ) H-C-CENS

What electron arrangement of charge clouds is expected for an atom that has four electron groups
(charge clouds)?

(A)  trigonal bipyramidal ‘
(B) trigonal pyramidal
(C)  trigonal planar P CT N

D) quare planar
(E) tetrahedr;ﬁ)

ity

What are the approximate bond angles about the sulfur in SFe?

(A)  160° .

B)  120° "

(C) 109.5° e\ ¢ o
(D) C90% e FYe O

s \
(E) 60 &




Which of the following gases exhibit the largest average kinetic energy at STP?

(A) NH3 E: P
(B) He KE = S
C) COy N CL,__Q‘?MAN,%.K..

D)y All have the same avelage kinetic ene1 gy
(E)  There is not enough information to answer this question,
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£r 2 gts -

(R

, .
N20 gas has a density of 2.85 g/L at 25.0 °C, What is the pressure of the gas?
7

(A)  0.130 atm 2854 Moo ( ‘:‘;;3_1%, L 0,064 Tl
®) .5 133;3;111 o2 g

© (1 58 atm

(D) 1.00atm

(E)  There is not enough information to determine the pressure
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P nRT (0 ob““’lwn‘)@‘ 08206 :eu X;cm V‘) . LS®&atn
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Methane (CHy) reacts with water to form hydrogen gas and carbon monoxide. What volume of methane
is required to produce 50.0 g of Ha (g) at 298 K and 0,950 atm?

Cli(e) + O() — 3I2(g) + CO(g)
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Using the MO diagram provided, determine the bond order and para/diamagnetism of 0%,

Voo
(A) 1.0 and paramagnetic . L li 19e’
(B) 1.0 and diamagnetic I"‘? L "*"
(C) 1.5 and paramagnetic gy
(D) 0.5 and diamagnetic
(E) k S and palamagnetlc ) T
A "
Ay S
.‘_,,u Pardial (,nu*l"' ]
\ Czopts

A steel gas cyhndel contains argon gas at STP, What is the final pressure if the temperature is changed
to 145°C?

Lty dan Te
) 0o m P paTa emease (aeaws)
(©) 140 tm Po = W5 Hedun
(D) (1.53 atm
(B) 5.80atm

Which of the following is correct for the nitrogen in CH;NHCH;3?

(A)  sp? eg=trigonal planar mg=trigonal planar
Eg; spz eg=trigo;llail pllanar mg=trig0na§ p}anar
sp cg=tetranedra mg=trigonal planar
(D) sp’ eg=tetrahedral mg=trigonal planar
() @a D (e%:tet1ahedim (mg—mgonal pyLamldal B
t e grengs 3
bt A{Z'/ { dene parr &7 =¥ —
N eq s v}




10.

11.

12,

Which of the following pure compounds exhibits hydrogen bonding?

(A) (3ch1 M-
(B) SR
(C) ;OCH; -
(D) J:‘D it

(E) CHzCFz

The normal boiling point for CH3CH2CH2CHj is greater than the normal boiling point for CHyCHs. This
can be explained by: Dotk noneyel ar
(A)  larger dipole-dipole forces

(B) (lalgel dlSpGlSlOI‘l fmces

(C) Targer hydrogen-bond forces

(D)  larger dipole-dipole forces, larger dispersion forces, and larger hydrogen-bond forces
(E)  larger dipole-dipole forces and larger hydrogen-bond forces

A Himalayan mountain climber needs to melt 2.00 kg of ice at 0 °C for drinking water. She has small
cylinders of camping gas that provide 155 kJ energy each, How many cylinders will she need to melt
the ice?

q, = " L)Hg; e (_.25""”% Xs:m ?/%5 = 66&,0 ob 17

(A) 1

(B) 35

Eg% (:% ‘56:?%000"( = “U3L er 3 67\\‘“(3”’:;
(E) C? \S;,OQE»‘!.X




13,

14.

15.

Concentration

Which of the following pairs of reactants would you expect to produce a precipitate in aqueous solution?

(A) NaCl(aq) and KOH(aq)
(B) (NH4OH(aq) and BaClz(aq)™ ,, 24 X o oot (N
© Najaq)and AgNOag) Do 20w ) 2 %f“mfm--ﬂ‘}@..(.:—b
(D)  NaxCOs(s) and NH4Cl(aq) b
(E)  K2SO04(aq) and NHsOH(aq)

60 .0 Wuﬁ\
CalOy WA mr
What mass of calcium carbonate should be dissolved in water to produce 500.0 mL of a 0.200 M

solution?

ol
A 0.100g s el
(B)  0.100 kg .
(C) (rfo'o?g) .2 M E &.Wrm:ﬁmk
(D) 1 ‘.'O’O'g <00 65600 ba
(E) 1.00kg

Bol = @100 wmol

0106 wmol < (60,6 4 ) - 1009

| wot

For the following reaction:
Ca(OH); + 2HCl —% CaCl; + 2 H;0

Match the appropriate concentration —vs-time profile with the appropriate compound.

AH(’\ (‘Z’w\) C W,0 (}_w\)

Time
(A)  A=Ca(OH) B=HCI C=CaCl; D=H,0
(B)  B=Ca(OH); A=HCl- C=CaCly D=H,0
(C)  A=Ca(OH), B=HCl D=CaCl, C=H0
(D)  A=Ca(OH), D=HCl C=CaCl, B=H2Q._
(E) {_ B=Ca(OH); - A=HCl ¢ D=CaCl~ C=H,0~ ™




16.  Inthe reaction graph shown below, at which point is the reaction rate the greatest?

Concentration

Time
A (A)
® B
© c
D) D
B E

17. What are the units of k in the following rate law?  Rate = k{X][Y]

M
@ oo Yw)
B M \
(B) /«18 .
(@@

2
o M

S
(o) J—




18.

19.

20.

Given the following rate law, how does the rate of reaction change if the concentration of X is doubled
and Y is tripled?
Rate =k [X][Y]2 2

[X][Y] Roche = vl 53 = \f;% L.
(A)  The rate of reaction will increase by a factor of 2
(B)  The rate of reaction will increase by a factor of 5 o
(C)  The rate of reaction will increase by a factor of 9 kool C_ru\ A
(D) ; Therate of reaction will increase by a factor of 18> B B sﬁ & ‘-
(E)  The rate of reaction will decreasé by a factor of 5 T

Which of the following statements is FALSE?
(A)  When K. >> 1, the forward reaction is favored and essentially goes to completion, ="

(B)  When K. << 1, the reverse reaction is favored and the forward reaction does not proceed to a
great extent. "

(C)  When K¢= 1, neither the forward or reverse reaction is strongly favored, and about the same
amount of reactants and products exist at equﬂlbl jum. v~

i Y
- Ei e,
S —

(D; Kc >> 1 1mphes that the reaction is very fast at ploducmg pLOduCE)

(E) None of thc above are false

t\lb - "’Zt,, Vs l\o“!“ IS ‘mL:caJi“ar af rm’k‘&‘>

Express the equilibrium constant for the following reaction.

2 i+ 2 B30, 2 NaOl(aq) + H2(@)

2.
) Hz;i} (N"‘OH l

(A)  Ko= NaOH][11 ] Ke
[Na]* 11,0}
- [Ha]
®) K°_[Na0H]2
© K- [Na][H, 01
[NaOH]*[H, ]

(D)(j‘f’_f'li;__: [H]NaOHJ2-

[NaOH]'/[H,]

E) K=
[Na]l 12 [Hgoll 2

10




21.

22.

23.

The equilibrium constant is given for one of the reactions below. Determine the value of the missing

equilibrium constant.

H2(g) + Bra(g) < 2 HBr(g) K¢ = 3.8 x 104
2 HBr(g) « H2(g) +Bro(g) Ke= ?

| .
N ST

(A)  1.9x 104 § gt
(B) 5.3x10
©¢ 2.6 105,
(D) 6.4 %10- 4
(E) 1.6x103
Consider the system  SO2(g) + CO2(g) «» CO(g) + SO1(g) Ke.=6.76

A student prepares the system and measures;

{SO2]=1.03M [CO)=122M [COl=2.93M [SO:1=2.90 M
(A) ng system 1s at equ1l1b1 jum,

(B)  The system is not at equilibrium and more product will form,

(C)  The system is not at equilibrium and more reactant will form.

(D)  The system is not at equilibrium and you will need to add more product.
(E}  The system is not at equilibrium and you will need to add more reactant.

- g_ LZﬂqb z'qo - é;);‘?‘:') @ w A ﬁ:\u:\:bﬂ?u W
Q=

" (ran o)

=

What is the pH of 0.750 M CH3COOH (aq)?

LriyConH (.41}) LS vy 0 6 (¥ w0 (..c‘\'{)

¢ o..'i ¥o 24 ©o
€ P ) w4
£ o150 -% . o

(A) 0.750

(B) 000367 s x?

(C) @ \z\“;\ B0 AW c;_m:??{)

D 1.75 |

%E)) 6.25 ¥e LH*Y7 0.0037

M= - Log (o080 36) = LMD

N

i1




24.

25.

20.

For the following chemical equilibrium, which of the following statements are correct?

QO(g) + Clagg) ——2 \COCIZ{g) Ke=1.5x 10* and AH=-243 ki/mole

—— S e oA &

3 de - .
2 " 0 \ \ vt \ Crn %I\v{?\ W G

(A) C Inmeasmg the pressure will create more pioduct§)
(B)  Increasing the pressure will create more reactants

(C}  Increasing the temperature will create more products
(D) Decreasing the pressure will create more products
(E)  Decreasing the temperature will create more reactants

Which of the following is an Arrhenius base?

(A) CH3C02H )

(B) (LiOHY LAOK o LY e aw”

(Cy CH30H

(D) NaBr

(E)  More than one of these compounds is an Arthenius base.

: . . oo
Which of the following species is ams)il\(\)tei}lc.j b A Bemehe A

(&) CO32- PO =R Roy A nT
(B) HF -
(C) NH4*. ool wnt = e foy
D) HP042—

(E)  None'of the above are amphoteric.

12




27.

28.

29.

What is the conjugate acid of HCO3~?

(A) H30*

B H2O -

EC; C?)32- REoy & 0 = o, « on”
(D) OH_ Pase ‘;Qk'\u s,cﬂ“(w_

B ¢ H2C03 N aesd

‘;ﬂr-l el O eri AL
C ¢ 2 pis B

The stronger the acid, then which of the following is TRUE?

(A)  The stronger the conjugate acid.

(B)  The stronger the conjugate base. Pley w7
(C) (The weaker the conjugate base,> 54mm? weak,
(D)  The weaker the conjugate acid. Poed conygate bast

(E)  None of the above.

Which of the following solutions would have the highest pH? Assume that they are all 0.10 M in acid at
25°C, The acid is followed by its K4 value. A{

aleegl oued ct
(A) HE35x104. v ke
(B) (HCN 4,9 x 10-10

(C) }INoz, 4'6 i l Pacdicl Cred - J

(D) HCOOH, 1.8 x 10-4
(E) HCIOy, 1.1 x 10-2

13




30. Which solution(s) is (are) expected to be neutral pH? N\II{4B1' (aq), KBr (ag), AlBr3 (aq), or KNOs (aq)?
% Y \ v

a. NH4Br (aq) only aeld Hakal e sl ewead
b, KBr (aq) only Sty
¢. AlBr3 (aq) only : P \
d.KNOs (aq)only i ,
¢{KNO3 (aq) and KBr (aq)"\} Dyt EE b, LY - I
’ BT, M GAN (.4:’,\%‘!\3 4
31.  Which of the following statements is true in this reaction;

Zn* (aq) + 4 NHs (aq) @ Zn(NH;)4?* (aq)

21" (ag) s the Lowis acid in this reaciion. ™~
b) NH; (aq) is the Lewis acid in this réaction; ™

c¢) Zn(NHs)4** (aq) is the Lewis acid in this reaction.

d) Both Zn?*(aq) and NH3 (aq) are Lewis acids in this reaction,

¢) There are no Lewis acids in this reaction.

Lewies hasa

VN Ly
2%
Q‘-ZN\ H
R
Lewiy
aevd

32.  Carbon dioxide (CO2) dissolves in water according to the equations:

% CO2 (g) + H20 (1) 2 H2CO4 (aqﬁ
4 H2CO;3 (aq) + H20 (I) 2 HCO5 (aq) + Hz0* (A pH J

CO; levels in the atmosphere have increased about 20% over the last century. Given that Earth’s oceans
are exposed to atmospheric COz, which of the following best predicts the effects of increased CO; levels
on the pH of the Earth’s oceans now?

a) The pH of Earth’s oceans now is higher than the pH of Earth’s oceans a century ago.

b) The pH of Barth’s oceans now is the same as the pH of Barth’s oceans a century ago.

¢) (The pH of Earth’s oceans now is lower than the pIT of Earth’s oceans a century ago. >
d) The'iricrease in CO; levels in Earth’s oceans has no effect on its pH level.

14




