Chemistry 123
Final Exam

Spring 2008
June 11, 2008

Oregon State University
Dr. Richard Nafshun

DO NOT OPEN THIS EXAM UNTIL INSTRUCTED.
CALCULATORS ARE NOT TO BE SHARED.

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 last name, first name, middle initial, and
student identification number. Leave the test form number and class section number blank.

This exam consists of 36 multiple-choice questions. Each question has four points associated with it;
except Question 36 which has five points associated with it. Select the best multiple-choice answer by
filling in the corresponding circle on the rear page of the answer sheet. If you have any questions before
the exam, please ask. If you have any questions during the exam, please ask the proctor. Open and start
this exam when instructed. When finished, place your Scantron form in the appropriate stack. You may
keep the exam packet, so please show your work and mark the answers you selected on it.
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Reduction Half-Reaction E° volt
Acidic Solution

F, (g) +2 e — 2F (aq) +2.866
Os(g) +2H'(aq) + 2 € — 02 (g) + H,0()) +2.075
S,05> (aq) +2 € — 2 SO4* (aq) +2.01
H,0; (aq) + 2H" (ag) + 2 ¢ — 2 H,0()) +1.763
MnOy4 (aq) + 8H' (aq) + 5 ¢ — Mn’"(aq) + 4 H0()) +1.51
PbO, (s)+ 4H" (aq) + 2 & — Pb**(aq) + 2 H,O(l) +1.455
Cl (g) +2 ¢ — 2 Cl (aq) +1.358
Cr,07% (aq) + 14 H' (aq) + 6 € — 2 Cr**(aq) + 7 HyO(1) +1.33
MnOy(s) + 4H" (aq) + 2 € — Mn**(aq) + 2 H,0()) +1.23
0,(g) +4H" (aq) + 4 € — 2 H,0(1) +1.229
2105 (aq) +12H' (aq) + 10 & — Iy(s) + 6 H,0() +1.20
Bry(l) + 2 ¢ — 2 Br (aq) +1.065
NO; (aq) + 4H" (aq) + 3 € — NO(g) + 2 H,O(}) +0.956
Ag (ag) +¢e — A%(s) +0.800
Fe**(aq) + ¢ — Fe*'(aq) +0.771
0x(g) + 2H" (aq) + 2 ¢ — H,01(aq) +0.695
Is)+2e¢ — 21 (aq) +0.535
Cu*(aq) +2 ¢ — Cu(s) +0.340
S04 (aq) + 4H' (ag) + 2 ¢ — 2 HO(l) + SOx(g) +0.17
Sn** (aq) +2 e — Sn** (aq) +0.154
S(s) + 2H" (aq) + 2 ¢ — HaS(g) +0.14
2H'(aq) + 2 € — Ha(g) 0
Pb?'(aq) + 2 &€ — Pb(s) -0.125
Sn’*(aq) + 2 & — Sn(s) .-0.137
Co*'(aq) +2 ¢ — Co(s) -0.277
Fe?*(aq) +2 & — Fe(s) -0.440
Zn**(aq) +2 & — Zn(s) -0.763
AP*(ag) +3 & — Al(s) -1.676
Mg*(aq) + 2 & — Mg(s) -2.356
Na'(aq) + e — Na (s) 2.713
Ca®*(aq) +2 & — Ca(s) -2.84
K'(aq) + & — K(s) 2,924
Li'(aq) + ¢ — Li(s) -3.040
Basic Solution

05(g) + H,0(1) +2 ¢ — Oy(g) +2 OH(aq) +1.246
OCI'(g) + H,0(1) +2 e —Cl'(aq) + 2 OH (aq) +0.890
0y(g) + 2 H,O(l) + 4 ¢ —4 OH'(aq) +0.401
2 H,0(1) + 2 & — Ha(g) + 2 OH'(aq) -0.828
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Selected Functional Groups:

Name Condensed Formula | Description
alkene R.C=CR: | contains a C=C double bond
aikyne | RC=CR contains a C=C triple bond
alcohol { ROH { contains O singly bondedtoa C and a H
thiol RSH contains S singly bondedto aC and a H
(thiol alcohol)
Disulfide S8 | contains S singly bonded to an S
ether ROR | contains O singly bonded to two C
| aldehyde RCHO ‘ contains C doubly bonded to O and singly to H
ketone | RCOR contains C doubly bonded to O and singly to two C
hemiacetal ROCOHR contains C singly bonded to O of ether and of
alcohol
| carboxylic acid | RCOOH %ol_rl\tams C doubly bonded to O and singly to O of
ester RCOOR contains C doubly bonded to O and singly to O
amine N contains N bonded to C and/or H
amide RCONR { contains C doubly bonded to O and singly to N
aromatic { contains a flat six-member ring
or

Possibly Useful Information:

K[HCOOH (aq)] = 1.80 x 10™
Ka[CH,CICOOH (ag)] = 1.40 x 10”
K[CH;COOH (aq)] = 1.80 x 10
Ka[CoHgO4 (aq)] = 3.0 x 107
K.[NH," (aq)] = 5.6 x 10™"°

1 Amp = 1 Coulomb/second

Ks, [PbF2, lead fluoride] = 3.6 x 10’

Ka[CsHsCOOH (aq)] = 6.30 x 107
Ku[NH; (aq)] = 1.80 x 107
Ka[CsHzOs (aq)] = 8.00 x 107

R = 8.314 J/mol K

F =96,485 Coulombs/mole €

Na =6.02 x 107

K, [MgF,, mag fluoride] = 3.7 x 10°®



A student prepares a solution of 0.0800 M nitric acid, HNOj; (aq). The pH is:

(A)

(B)
©
D)
(E)

0.0800

0.900

0.00120

1.20

10070

HNOs(ag) —> 1 lag)+ NO3 (ag)
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A student prepares a solution of 0.670 M benzoic acid, C¢HsCOOH (aq). The [OHT] is:

(A)
(B)
©
(D)
(E)

0.250 M

1250 M
0.899 M
154x 10" M
0.00650 M
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Tor3 =154 x 10 ™

A student titrates 0.5222 grams of KHP (potassium hydrogen phthalate; MW=204.2 g/mol) to
the equivalence point with 24.08 mL of NaOH (aq). The concentration of the NaOH solution is:

(A)
B)
©
(D)
(E)

0.09722 M

0 M

1.722x10* M
9.416 M
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Which buffer system has the LOWEST pH?

(A)  0.50 M.CeHsCOOH. (ag).and 0.50 M CsHsCOONa (aq)
(B) <T00M CeHsCOOH (aq) and 0.50 M CeHsCOONa (ag)> Mera atid +han base
(C)  0.50 M C¢HsCOOH (aq) and 1.00 M C6Hsc"b‘N“TEo a(aq)

The pH 0f 0.250 M ammonium nitrate, NH4NO; (aq), is:
A 7 /\ ralroC

(B) g ] s
(©) Sreater than 7

NRgT @ NHor n

\‘{a = VWX ‘0‘3 6\3110.5
Considef CH3COOH, £H,CICOOH, and CeHsCOOH. The weakest acid is:

(A) <'CH3C00§> t Lesk VA
(B) CH,CICOOH °
(C)  CgHsCOOH




7. Which of the following statements is true?

(A)  All endothermic processes which result in a system of greater disorder are spontaneous.
(B)  All endothermic processes which result in a system of t greater order are spontaneous,

(C) (All'exothermic processes which result in a system of greater diSorderaie spontaneous.
(D) II'exothermic processes which result in a system of greater order are SPONTANEOUS.

A=) B2 (+)

\'\Lﬂ\*— \ 5 6‘J"\0FF

6 molew a9 T males gas
MMW
8. Consider the com%ustlon c?f propane: C3;Hg (g) + 5 Oz (g >3 CO2(g) +4H0 (g

(A) AH=(+) AS = (1) AG = (-) \—ﬂ L acaelt
B) AH=(h) AS=()  AG=() mere \
(C) (BH=() _AS=() ~—AG=(D pe=lx
D) AH=() AS=(-) AG=(-)
9. Which of the following processes exhibits an increase in entropy of the system?
N——"7
(A)  NHNO;Tap=-NHNO; (s) more disarder

(B) ..CH3CH,OH @=>€H;CH,OH (s)
(©) (204 (g) = 2NO; (g) - N

(D) H0 (2150 (s) AL MolL gas =3 Two moles e S
(E)  CH3OH (gy= CH,OH (1)

10.  Consider the "cold pack" reaction. Which of the following statements is correct?

(x '
NH4NO; (s) — NH,NO; (aq) D2 AH =+50.6 kJ . =( ¥
\"""'ﬁ?om_ Avnorder "~ endottermt & b=l )

(A)The process is endothermic; entropy increases; and the process is spontaneous at high temperatures.
(BY The process is.¢ endotherrmc entropy increases; and the process is spontaneous at low temperatures.
(C) The process is endothermic; entropy decreases; and the process is spontaneous at high TEMperatuires.
(D) The process is exothermic; entropy decreases; and the process is spontaneous at low temperatures.
(E) The process is exothermic; entropy increases; and the process is spontaneous at all temperatures.

D= OH -THS

(+) (+)
/

(’.> atr low T — i€ T s tee \ewo -
TS wiN be Yoo small and HH wing



11.

12.

13.

The oxidation number of chromium in Na,CrQOy is:

(A)  +2 ‘/ \l

(B) +3 X2 =)
(C© +4

(D) +5

() + b

Consider Na™ (aq), Pb** (aq), Zn** (aqf, Ag” (aq),snd Li* (aq). The strongest oxidizing agent is:

(A) Na'(aq) +/ N -
(B) : - \
©€) Zn”(a +
D) (AL Agh —— hiqkes
(E)

’L"W

Strengest Ox A

Consider the reaction 3 Ag' (aq) + Al (s) — A" (aq) + 3 Ag (s). The species being reduced is:

o G
AL (S

7 .
© A @) Aq B
D)  Ag(s). \ Ao
(L
v/




14.

15.

16.

Consider a "General Chemistry Battery" in which one beaker contains aqueous aluminum sulfate

[AL,(SO4);] and an aluminum metal electrode and the other beaker contains aqueous zinc sulfate

[ZnSOy4] and a zinc metal electrode. Which of the following statements is false? b owed
Faot o

(A)  Zn® (aq)is reduced, o Zn‘*»«zt > Zn® g < a0~

®) he concentratlon of Zn** (aq) increases as the process proceeds. Y 2ty 2e” 2 20°

(C)  Themass of the zinc electrode Wil increase as the Process proceeds.

(D)  Electrons flow from the aluminum beaker to the zinc beaker../

(E) A salt bridge is needed to allow the flow of ions..—

20T+ 2e” = 200
Al i3 200
(2a* wins

The calculated cell potential for the Mg (s) + Sn** (aq) — Mg** (aq) + Sn (s) cell is:

(A)

(B) F2493V ST r2em > —o. 137N .

(C)  +2356V diffirence
?13)) 1?13% Mg T r2d > MY - 2,356

Qo.\sﬂv)“(—z.z\sa\o-'- 2.2\9V
When the reaction Cr (s) + B,Os> (aq) — B** (aq) + Cr’* (aq) is correctly balanced in acid,

(A) 3 protons (H") are consumed
(B) 10 protons (H+) are consumed
(C) 20 protons (H ) are consumed

(D) 30 protons (H ) are consumed
(E) 42 protons (H') are consumed

{fro—a Ce v 2 L—j XL\

%&’4— tor"+ %,_Osz- ‘52‘52*3, ) H-ZO]X >
———

\—-—-—\/—“-ew-.f—""/

‘ 2 3 _ e TS
4er®se \2e+30MT +3B,0¢ > AT 12e7+ 65 + 15 HO

————.



17.

18.

19.

Pu-245 decays to produce a beta particle and

(A)  Co-60 “g
(B) U-241 245 o 2

© : @u —_ % X o5 A
o 94 T -

(E)

A student (iﬂ ) obtains a 10.0 gram sample of *'I (t;, = 8.0 days). How long will it take so
that only 3.0 grams of '*'I remain?
(A) O Calek Lk kg

\
(B) 147 days —o.093 = Y8.0d) %= 0.08667
(C) 2.40days

O 152days  Deaet  ga ] E =k

(E) 15.2 days o
2N 7\3;;%1: {6 o866 5 X
4+ 344

A radioactive decay series that begins with >’Fm ends with formation of the stable nuclide 2*Bi.
How many alpha particle emissions and how many beta particle emissions are involved in the
sequence of radioactive decays?

(A) 48 alpha and 24 beta decays.
(B) 24 alpha and 48 beta decays.
(C) 24 alpha and 7 beta decays.
D) 12al decays.
(E) 2 alpha and 7 beta decays™) & @ ,
o “\,\\\/

8 o ,

PTen > 12+ 7 "B+ 207 an

loo R | B3




20.  The complex:

Br

C] =p=———(

s / Coot / 71
r

Br Pa\a(

Br

(A) CLSihe cis- isomer and it is polar

(B) s the trans- isomer and it 1s polar
(C)  isthe mer- isomer and it is polar
(D)  is the fac- isomer and it is polar

(E)  1isthe fac- isomer and it is non-polar

21.  How many unpaired electrons are present in [Fe(NO»)s]>?
[Fe is the Fe’" ion; NO, is the NO;™ ion; and the Fe** is low spin|.

A) 0 s
B) @ T:L?H' =2 Grau? Q”-3=5 d
< 2

® 3

(Ey 5

Ny, ’i:_& t_., & S e” low op' N

22.  Consider [Fe(CN)g]*. Which of the following is false?

(A) [F e(CN)G]3 " is an octahedral complex " 6\\74
(B)  {The iron ion has a coordination number of three ¥~ \
(C)  All bond angles in the complex are 90° > \F >t/
(D) Fe**isaLewis acid ¥~ VAR AN
(E)  [Fe(CN)]* is nonpolar v~ \ "\\ .\
Lewis ¢!
(Fa. cee 9+$

e(—"



23. The formula of an alkene with 30 carbon atoms is:

(A)  isCyH X

(B) Cis gol@z 2 CaHon
(©) ™ &2

(D) is CyH > |

(F)  is Collg Caoteo

24.  When an alcohol and a carboxylic acid react in a condensation reaction:

(A) (amester is formed) e @ e
(B)  analkane is formed R - OL\-! + HW-opc- R-> W-0-c¢-R
(C)  aketone is formed T . Cober
(D)  an amide is formed Al cohol Cc«rlwxf“\l

P2\

(E)  analdehyde is formed

25.  What is the name of the following structure?

(A) 3-propylheptane
(B) 5-propylheptane

© 4-propylheptane
(D)
(E) 4-cthylheptane



26.  Complete the following addition reaction:

Q W paresRE

/ + HC ——
m i)\/k(\/ ;C)\/%CI/
Cl

(D) Cl (E)
al
/\Vv

27.  Which of the following functional groups is not present in Amoxicillin?

Amoxicillin
(A)
(B)
© rbe
(D) amide —
(E) alcohol




28.  Identify the number of chiral carbons and whether sorbose (shown below) is L- or D-.

OH,OH
|
g =0
|
Ho— o g
| %
H— ¢ —0QH

(A) {3 chiral carbons and LD
(B) 3 chiral carbons and D-
(C) 4 chiral carbons and L-
(D) 4 chiral carbons and D-
(E) 5 chiral carbons and D-

29.  Consider the fat molecule below. Which of the following is false?

(A)
(B)
©
(D)
(E)

It contains ester groups



30.  Which of the following is false?

(A)  Inour Aromatic Electrophilic Substitution reaction, the roll of AICl; as a catalyst is to
remove CI°

e = '~

(B) { Inour Aromatic Electrophilic Substitution reaction, a carbocation is not formeD

(C)  C¢Hi206 is an acceptable chemical formula of a carbohydrate A carbocatian
\s focmed

@, M
’ \ H
o C,
HI \H
and aneYher
A The \"\’r\j

(D)  An L-aldohexose is a carbohydrate

—)

€ in the presence of AlCl; is:

31.  The organic product of benzene and
- @ Cl
(A) ©)

Cl
(B) (D)



32.

33,

Which of the following is false?

(A)
(B)
©)

D)

(E)

Proteins are made of amino acids linked together Y& >

Proteins contain amide links Ya S

SPRNSSERSSIEIREY
e e L i b e R i

5 ‘Wnﬁmw@“%.
@ids contain an amine group and a nit&{id group »
""'I_Tm_mm . 7 , (4 ov D oWy ‘\‘J}._‘ v A
®¢ H
SN

H™ ¢l
H H s acarbocation v

19 of the 20 standard amino acids contain a chiral carbon (glycine does not contain a
chiral carbon) Ve

H - O
! \ W
\

W

Well, well, well... CH 123 is over. Now it's time to:

(A)
(B)
©)
(D)
(E)

{Get a head start on those... never mind,'hs(") more OWLs!

Sleep [ Party./ Sleep./ Party./Slegp., Party / Sleep / Party / Sleep / Party

Lo TS

BeCharming and get some dates e
Two words: Doritos and Blackberry
Take my other six final exams!

[Any response will receive full credit; even no response.}]

Questions 1 through 32 have four points attached (128 total). Any response to Question 33 will receive full
credit (2 Points total); even no response. The point total for this exam is 130 points. See the grade sheet for
grade computation details. Final exam keys, scores, and course grades will be posted on the CH 123 website
as they become available.



