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DO NOT OPEN THIS EXAM UNTIL INSTRUCTED.
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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

Fo(g)+2e — 2F (aq) +2.866
03(g) +2H'(aq) + 2 ¢ — 0, (g) + H,0() +2.075
$,0¢% (aq) +2 & — 2 SO (aq) +2.01
H,0, (aq) + 2H" (aq) +2 & — 2 H,0(1) +1.763
MnO4(aq) + 8H' (aq) + 5 & — Mn*(aq) + 4 H,0()) +1.51
PbO, (s)+4H" (aq) + 2 & — Pb**(aq) + 2 HO(I) , +1.455
Ch(g+2¢ —2Cl (aq) +1.358
Cr,07* (aq) + 14 H" (aq) + 6 ¢ — 2 Cr’*(aq) + 7 HL,O(1) +1.33
MnOs(s) + 4H" (aq) + 2 & — Mn**(aq) + 2 H,0(1) +1.23
0x(g) + 4H" (aq) + 4 & — 2 H,O(l) +1.229
2105 (aq) +12H" (aq) + 10 & — Ly(s) + 6 HO(I) +1.20
Bry(l) +2 ¢ — 2 Br (aq) +1.065
NO; (aq) + 4H' (aq) + 3 ¢ — NO(g) + 2 H,O(l) +0.956
Ag' (aq) + e — Ag(s) +0.800
Fe**(aq) + ¢ — Fe*'(aq) +0.771
04(g) +2H" (aq) +2 & — Hy0x(aq) +0.695
L(s)+2e — 21 (aq) +0.535
Cu*(aq) +2 ¢ — Cu(s) +0.340
SO4* (aq) + 4H" (aq) + 2 ¢ — 2 H,O(l) + SOx(g) +0.17
Sn** (aq) +2 ¢ — Sn*" (aq) +0.154
S(s) + 2H" (aq) + 2 ¢ — H,S(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
Al¥(aq) + 3 ¢ — Al(s) -1.676
Mg**(aq) + 2 e — Mg(s) 2.356
Na'(aq) + ¢ — Na(s) 2.713
Ca**(aq) +2 ¢ — Caf(s) -2.84
K'(aq) + e — K(s) 2.924
Li'(aq) + & — Li(s) -3.040
Basic Solution

03(g) + HO(l) + 2 & — Oy(g) + 2 OH(aq) +1.246
OCI'(g) + H,0() + 2 & —Cl'(aq) + 2 OH'(aq) +0.890
0x(g) + 2 HO() + 4 ¢ —4 OH(aq) +0.401

2 H,0(l) + 2 & — Hy(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
alkyne RC=CR contains a C=C triple bond
alcohol ROH contains O singly bondedtoa C anda H
E?ri\(i)c!l alcohol) RSH contains S singly bondedtoaCandaH
Disuifide SS contains S singly bondedto 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

contains C doubly bonded to O and singly to O of
OH

amide RCONR

ester RCOOR contains C doubly bonded to O and singly to O
amine N contains N bonded to C and/or H
contains C doubly bonded to O and singly to N

aromatic

contains a flat six-member ring

Possibly Useful Information:

K, [HCOOH (aq)] = 1.80 x 10™

Ko [CH,CICOOH (aq)] = 1.40 x 107
K [CH;COOH (aq)] = 1.80 x 10™
Ka[CoHsO4 (aq)] =3.0x 107
K[NH;" (aq)] = 5.6 x 107°

1 Amp =1 Coulomb/second

Ksp [PbF, lead fluoride] = 3.6 x 10°®

Ka[CsHsCOOH (aq)] = 6.30 x 10”
Ku[NH; (aq)] = 1.80 x 107
Ka[CsHsOs (aq)] = 8.00 x 107

R = 8.314 J/mol*K

F = 96,485 Coulombs/mole ¢
Na=6.02x 107

Ky, [MgF,, mag fluoride] = 3.7 x 10°®
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The pH of 0.930 M HCI (aq) is: Hel (&%) > éa@ . O (‘&%3

(A)  0.030 o .o ™M S.03am

E(lé; (1);30 W= - Leg i\—\*l: vloi)(o.obc;\) = 1,53
(D)
E) 13.97

The pH of 0.305 M aqueous aniline (C¢HsNH,), Ky, = 4.2 x 10'10, is:

A 113
B) 1.13x10° \Ce\'\sm’lz(ﬂ%)* Heol2) 2 ¢ o (ag) + O (ag)
(C) 495 ~—"aaes - p
D) s o o~ >
E c)
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Voo bt {Qe“S“"‘f-li"“i-},: X o = 38

b Peachads {Cbﬂs‘“&ﬂz} G305 (éja 0.303
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-51a
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pH4 pori=1H
pH= -poH © M-4.952 905

A student titrates 0.6769 grams of an unknown acid to the equivalence point with 23.70 mL of
0.1034 M NaOH (aq). The molecular mass of the unknown acid is:

A) (3762 ¢/mol

(C)  0.003494 g/mol

(D) 2.862 g/mol 3

(E)  264.6 g/mol O3 (4 02370 LY o034 )
Mml\dé

MWT L ® 276. 2,‘3/m>\




The pH of a buffer system which is 0.200 M HCOOH (aq) and 0.100 M HCOONa (aq) is:

)

(B) 4.05 Hcoon (a%) = Heoa(ag )+ B (aq)

C 3.78 |
ED% 1.87 - in&”E&M‘*‘B
) L<¢_= ‘\% X‘O - i
(E) 2.22 HeooH |
lex o * (oo °_M.____....3$~H+l
' (o.200m)
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The pH of 0.200 M CH3COONa (aq), is:

%}g gi'l(r)e;ter than 7.00) (Basic) Chicoo™ + o 2 Crycoon + on-

(C)  Lessthan 7.00 -

Consider the reaction of benzoic acid, C¢HsCOOH (aq), and water. The conjugate base is:

A HO(®

(B)  OH (aq)

(C©) H0 (ag) € M soom (“‘0) N HLO(Q) Z C Mgtoo (ag)+ Hgo*(a%)

D) CgHsCOOH (aq) .
(E) Ce¢HsCOO™ (aq) weakt bass Conjugats C"“)“'?;‘*‘

a‘,“& b”‘- [ XY

s J

qu-\SCOD’ (“b) . H3O+ Qavﬁ b‘L“ s Lke
bdraves ke a

base ~ accapts

an acvd - donetes

a groten o, pro“rcd\
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Which of the following processes exhibits an increase in entropy of the system?

(A)  2CHa(g)+50x(g) — 4 COx(g) + 2 HO(g)
(B) CH;OH () — CH;OH (s)

C€) HO0(@)—HO()

(D) CH;OH (g) — CH;0H ()

\Mo‘ ﬁ‘b — Zna\ 5«3

AH =-34 kJ and AS = -845 J/K for a process. Determine the temperature in which the system is
at equilibrium? ANe = e

© 24:9 K O= (— 34 \a) - ('rXo 84S e
D)  0.0249K

(E) T= 6.2 K

Determine AS for the reaction 4 PCl3 (g) — Ps(s)+ 6 Clx (g)

using the following two reactions:

(1)  Pa(s) + 10CL(g) — 4PCls(g) AS; = -1405 J/K
(2) PCL(g) + Ch(g)— PCl;s(g) AS, = 211 J/K
(&‘) “wﬁ Py (s) + \*S . (9) AS, = + 1425 e
@) 4rasly)r Teeel) » 4 Poesly) 55,7 — 8Tk
o VPC-\:s (a) t? ?:EM 6 ci, (5) ) | bS’ ': + 561 5/w

(A)  +1249 /K
(B)  -1249
(C©) &361JK
(D) +776 JK
(E) +804 J/K




10.

11.

12.

Y

Formula AH% (kJ/mol) AG®% (kJ/mol) \ S° (J/moleK)
CH, () 226.7 209.2 \ 200.9
0, (g) 0 0 \ 205.1
CO; (g) -393.5 -394.4 213.6
H,0 (g) -241.8 -228.6 ) 188.8
—— S
CyH, (g) + 5/2 O, (g) — 2 CO, (g) + H,O (g)
\(TAa -
209,27 ! # ~394.4"Zar ~228.6 Vol

AGcaction for the combustion of acetylene, CoH,, is:

(A)  -832.2 kJ and the reaction is spontaneous at 298 K

B) +832.2 kJ and the reaction is not spontaneous at 298 K
(C)  -413.8 kJ and the reaction is spontaneous at 298 K

(D) +413.8 kJ and the reaction is not spontaneous at 298 K
(E) d2v26W6EJ “and the reéaction 1S spontanecus at"Z@?K)

, wT -
bérr\mt proa\«u(*s- teactarts o I(-Z ol COZK—Q?‘( 4 KA?/M3>+ <‘ mol HZOX- 228. 4 /N|)1

[( et G Y 209.2“Tuol )3 (T rer0, )& ‘G/M\)]: ~\224L.b

R . . . + .
The oxidation number vanadium in VO?** is:

w kA
?(333 Ci:j’@ " overall 1
(D) +5
(E) +6

Consider the reaction Cl, (g) 2 CI' (aq) +2 Ag" (aq). The species being oxidized

is: _ J

(A) Cl (g Ag -2 Aff losing &~
®)
(€) CI'(ag

D) Ag (aq)




13.  Consider a "General Chemistry Battery" in which one beaker contains aqueous copper sulfate
(CuSO04) and a copper metal electrode and the other beaker contains aqueous zinc sulfate
(ZnSO4) and a zinc metal electrode. Which of the following statements is false?

(A)  The concentration of Zn>* (aq) increases as the process proceeds. Tru<

(B)  Electrons flow from the zinc beaker to the copper beaker. Tru<

©) rdmwl

(D) A salt bridge-is1ieeded to allow the flow of ions.—rrw

E) M,.»Th“é’%ass of the copper electrode will increase as the process proceeds. ~Trwe
o iR

o

o
L 2
G2 2"
[ANAEN TR Yalh 2003 2n ¥ 2e°

14. A student provides a current of 8.0 amps through a solution of Co®" (aq) for 6.00 hours. The
voltage is such that cobalt metal is deposited at the cathode. The mass of cobalt deposited is:

Vool em Y LuotCo YOIBI33 \ 53,69 Ce
R NS G S o SO

(B) 244¢ LS N qBAESC
© 62 X, :
D) (52.8
(E) 784g

&

Cor e 2Cas

15.  The calculated cell potential for the Sn(s) + Bry(1) — 2 Br” (aq) + Sn2+(aq) cell is:

Vv
(A) +1.100V A M
Elé; +(1)339X . 'Broz(l)-r 2e > ZBT'(a%) V.06
+0.791
D) +0.928V . sl .
(E) (F1202 S o) 2e7> Sn°(S)

. 202V

d&“zru\m




16.

C‘“’" N

17.

When the reaction Co (s) + MnyOs> (aq) — Mn** (aq) + Co>* (aq) is correctly balanced in acid,

(A)
(B)
©)
(D)
(E)

A student obtains a sample of *Fe (t, = 44.5 days) containing 0.505 g. How many grams of

3 protons (H") are consumed.
10 protons (H") are consumed.

20 protons (H") are consumed.
30 protons (H') are consumeg. >
42 protons are umed.
CCOO > o+ 39—’] A\ 1

O HY + 10,08 > 2 M 4§ Ho [ 3
WM

e ""-«M/

1% a4

4 cofr T+ 3o HH 3 M 087D 4 LT (28 b M1 Hao

*°Fe will remain after 365 days?

§
(A) 58g MCale v fn3s Kby,
B) 637¢ )
(C) 0.00210g ~0.6931 = '(\{X"’""rsd
D) 00172 g - O o “a
(E) 0.00154¢
@Ca‘c. A
AL
On RS -k
\
{!U\ f‘sos;k:&(o.oese 3X355d)]
¢ 2
- - 5,687
—_— €
05059
A - o.o03Y A= o,ooi'??.j




18.

19.

20.

Consider X-Rays produced by electron capture. Which of the following is false?

(A)  Ancelectron is captured by the nucleus ~Truz

(B) dhenumber of protons in the nucleus increases by &i; Calse @ decreases by en2
(C)  Anx-rayisproduced True

(D)  Anelectron falls from a higher energy orbital to a hole in the 1s orbital Tr«*%

(E) pte —n Trux

A radioactive decay series that begins with Sg-263 ends with formation of the stable
nuclide Bi-211. How many alpha particle emissions and how many beta particle emissions are
involved in the sequence of radioactive decays?

(A) 11 alpha and 8 beta decays 263 9 e 29 .
(B) 12 alpha and 12 beta decays Sq = = Z"‘* £ 2 —\ﬁ + . B
(C) 12 alpha and 6 beta decays \‘/C’{i/, S e’

(D) 6 alpha and 6 beta decays T~
() (3 alphaandTheidecays) '©° 26+ 83 5109

How many unpaired electrons are present in [Mn(NH3)s]**?

[Mn is the Mn"" ion; NH; is ammonia; and the Mn®" is high spin].

(&) 0 5
© 2 M s Grwp 7727 d
D) 3

E

® & o

k\‘ﬁ\x 5?; A

o\

rr




21.  The complex:

(A) s cis-[CuCLF;]*
(B) is trans-[CuCLF5]*
(©)  isfacs[CuCLEs]"

D)
(E) is iso-[CuCl3F3]™

22. A compound below is:

(A) cis-trinitratechexane
(B)  trans-trinitratehexane
(C) acyclic alkane

| Eg)) %ﬁc alkyne

23.  When an amine and a carboxylic acid react in a condensation reaction (such as two amino acids
reacting): w0
| H‘ /%0 H ?
L
(A) anester1s-formed Q- N@__C__K -5 QR-N-e-R
(B)  an alkane is formed (S

(C)  an alkene is formed :
(D) it amide ks Formed antie

(E)  analcohol is formed




24.  The systematic name of

7 Lcr‘)cv\ C_\\&z.\ \\5 \\(?’%_ﬂﬁ‘

(A) 2,2 diethylpentane
(B)  2-ethyl-4-methylhexane 3 S-dim aylhegtane

(C)  @,5-dimethylheptane 1
(D)  3,5-dimethylnonane
(E)  3.,5-dimethylcycloheptane

25. The molecular formula of

H
N .
“\J " < c\\c’H
\ \
C ¢H
(A)  isCqHyo w Sy
B) isCeHis T
(©)  isCeHypz
(D) s CeHyg
(E) A8 CHy Cetlg

26.  Identify the functional groups in the following molecule:

a ﬁ\\! nE é 5-!*4\’

alcohol

(A)  aldehyde, alcohol, ester, amine
(B)  aldehyde, alcohol, ether, amine

(C)  carboxylic acid, amine, ether, alcohol
(D) m

(E) ester, carboxylic acid, alcohol, amine




27.

28.

The following is the structure of galactose. Galactose has:

(A)  one chiral carbon
(B)  two chiral carbons
(C) (four chiral carbons~
(D)  five chiral carbons
(E)  six chiral carbons

Complete the following condensation reaction:

O y
| H

)
NN e = md

O

@
NNy

O .
o A N
o

O

R ey




29, The structure below is:

(A) Ser-Ala
(B) Ala-Ser
©)

(D) er-Gln
(E) Bye-Bye

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

(A)  This fat is an omega-6 fat Trat .
(B)  This fat contains 3 cis- and 2 trans- bonds T u¢ /
(C)  This fat is an omega-3 fat True e

(D) s fat containis Three ether groups) False
(E) 6 Carbon chain 1S saturated - euwe




31.  Complete the following addition reaction:

Q ~ / <« A Mark\s Rule

+ HBr —

Br

(&) B)

Br

(€

/B\rEBr/\h
;X/Y\




32.

33.

Cl

The organic product of benzene an )\ in the presence of AICl; is:
T \[ Cl

(A) ©

B) )

Because of Chemistry 123...

(A)  Inow understand entropy is responsible for the current state of my life.

(B)  Ihave a blister on my brain.

(C) My pick-up lines now include the words titrate, conjugate, dissociate, and buffer system.

D) M v.lov € again. ’ - S ,

(E) I'm fatigued, famished, down in the dumps, alone, sore, oh, wait, Chemistry 123...I'm
)

ecstatic, satisfied, lucky, healthy, and socially content.

M

[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. Have a great life. Go out there and do some really cool stuff :)




