Chemistry 1220, Section 1
Final Exam
April 29, 2002
Dr. Alexander I. Boldyrev

Instructions:

Do not begin until 7:00 AM. The exam must be turned in by 8:50 AM.

= The exam has 50 questions. Each question is worth 4 points for a total of 200 points. A
periodic table is located on the last page.

= Use only a #2 pencil to mark the answer on the ScanTron sheet. You will turn in only the
ScanTron sheet and you may keep the rest of the exam. Your exam results will be emailed to
you. You can check your answers with the answer key that will be posted on-line on the next
day after the exam.

= On the ScanTron sheet print your name and identification number in the areas indicated.
Indicate a four character code (any combination of letters and numbers) under "version#" for the
purpose of reporting final grades.
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Information

For the reaction aA + bB = ¢C + dD, rate=—lA[-A—]=—1M=+1A[C]+1A[D]
a At b At c At d Mt

[CIDY .« ,
K, = , 1% ord tions: In[A]=-kt+In[A],, t,,=0.693/k
<= [AF[BT order reactions: In[A]; n[Ale, tin
2™ order reactions: 1 kt + —1—, Ly = L, Arrhenius: Ink=-(E./RT) + InA
[A], [Al,~ 7 k[A]

In(ky/k)=Eo/R(1/T,-1/T;), R=8.314 J/molK), K,=K (RT)*", R=0.0821 L atm/(molK)

_[HIX") _[NH,[OH]

Kﬂ i _, Kb -
[HX] [NH,]

For the reaction aA +bB =c¢C + dD

» KaxKyp=Ky, pKa + K}, =pK.~= 14.00;

AS®=[cS(C) + dSO(D)] - [aS%(A) + bSO(B)]

AG ~[cAGP(C) + dAGE(D)] - [aAG(A) + bAG(B)]
AG=AH-TAS, AG=AG®+RTInQ, AGP=-RTInK, K = ¢2¢" /%"
pH=pK+log([base]/[acid]), CaF, — Ca*?+2F  K,~[Ca®"|[FT?
E), = E (cathode) — E° (anode)

E] = E, (reduction... process) — E° (oxidation... process)

AG=-nFE, 1F=96,500 C/mol=96,500 J/V-mol

E=F°- 0.0592V10gQ, w=nFE.,, 1W=1J/s, Rate=kN,
n
2
e =gy, k=298 AB-cAm, 17=1kg™, lamu=1.6605x10% g
N, Lz s

N=6.02214x10% /mol, ¢=2.9979x10° m/s




New Material

(1) Which one of the following metallic elements is most likely to be found as the free metal in
nature?

a) Ca
c) Al

d) Fe
e)Li

(2) What is the purpose of a converter in steel production?

a) to reduce the iron in the ore to elemental
@ remove impurity elements by oxidation
¢) to allow the formation of phosphides within the metal for added corrosion resistance
d) to allow the addition of nitrogen for increased strength
e) to allow slow solidification of the molten metal so it will purify as it crystalizes

(3) Steel is

n alloy of iron

b) pure iron

¢) oxidized iron

d) a mixture of iron and silver
e) a liquid at room temperature

(4) Why is the anhydrous aluminum oxide dissolved in molten cryolite rather than simply
melted?

a) the cryolite actually provides the aluminum that is to be reduced
b) the cryolite provides a source of sodium ions
e melting point of pure, anhydrous aluminum oxide is too high
d) in pure, molten Al;Os, the aluminum would be oxidized rather than reduced
e) the cryolite provides the necessary fluoride ions




(5) What is the oxidation number of chromium in [Cr(NH3)4Cl,]C1?
a)-3
c)+2

d)-2
e) 0

(6) How many d electrons are in the cobalt ion of K3[CoCN)]?

a)3
b) 5
d)7
)4

(7) How many bonds can ethylenediamine {en) form to a metal ion?

a)l
A
d)4

e)6

(8) Which one of the following is the correct formula for potassivm diaquatetrachloromolybdate
(11n)?

a) Kz[MO(HzO)zCh]

b) K[Mo(H;0)CL]Cl,
[MO(H20)2C14]

d) [MO(HzO)z]Ch

e) Ks[Mo(H,0),Clq]




(9) A geometrical isomer with like groups located on opposite sides of the metal atom is denoted
with the prefix

a) cis-
ans-

c) bis-

d) tetracis-

e) d-

(10) How many isomers exist for the octahedral complex ion [Co(NH3)4F3]™?
a) l
c)3

d) 4
e)5s

(11) Which one of the following species is paramagnetic?

+
a

c) Zn*
d) AP
e) Zn

-+'-

- 12+ T o )&
(12) Which complex below hWﬂs? e v S 34,
a) square-planar [Ni(CN),]* —_— —

b) low-spin octahedral [Fe(CN)]* ————= 4 4+ Fe 3t 2 N S

¢) tetrahedral [CoCl,]*
ctahedral [Ni(NH3)6];\\

€) octahedral [Ti(NH,))* + + 4+ 4+ "
P 4 4 Co U3 T
M u30t

1
(Pc?"\‘ (Lgo 301




(13) Hydrocarbons containing only single bonds between the carbon atoms are called

a) alkenes

b) alkynes

¢) aromatics
lkanes
e} ketones

(14) The molecular geometry of each carbon atom in an alkane is

a) octahedral

b) square planar

c) trigonal planar
trahedral

e) trigonal pyramidal

(15) Alkynes have the general formula:

a) CnHzn
nH2n-2
¢) CaHzneo
d) C.H,
e) CopH,

(16) What is the name of the compound below?

H H
S 1(| 3' 1
R,C—C—C—C=({1,
I -
H,C H CH,

a) 2,4-methylbutene
b) 2,5-dimethylpentane

¢) 2,4-ethylbutene
,4-dimethyl-1-pentene
e) 2,4-dimethyl-4-pentene




(17) What is the general formula for a ketone?

a) R-O-R'
@)R-CO-R'

¢) R-CO-OH

d) R-OH

¢) R-CO-H

(18) The general formula of an aldehyde is

a) R-O-R'

b) R-CO-R'

¢) R-CO-OH
-CO-H

¢) R-CO-OR'

(19) The general formula of a carboxylic acid is

a) R-O-R'
b) R-CO-R'
-CO-OH
YR-H
¢) R-CO-OR’

(20) Which one of the following molecules is chiral

a) Iii
B—C=0

b) {])]
H—C—OH

c) Ili
H— C— NH;
l
CH,

| :
HO— C—NH,

T
Tl e




Comprehensive Review Materials:
(21) Consider the following reaction:

3A—2B
The average rate of appearance of B is given by A[B]/At. How is the average rate of appearance
of B related to the average rate of disappearance of A?

a) +2A[A]/At
GP2A[A)3At

c) -3A[A)/2At

d) -A[AVAt

€) +3A[A)/2At

(22) If the reaction
2A +3D — products
is first order in A and second order in D, then the rate law will be rate=

a) KIA][D]
b) K[A'[D]

(SXA]D]
@) K[AL'[D]
&) KIAV'IDI"

(23) Use the information below to determine the overall order of the reaction.

A+B->P

Experiment Initial
Number [A] (M) [B] M) Rate (M/s)
1 0.273 0.763 2.83

2 0.273 1.526 2.83

3 0.819 0.763 25.47

a?l ratel ZM‘:&_\KW © Q= L“-%lh M= O
BE Fube, LAY TR, ™ ooasal” |

d)4
DN rode el LT o = ThY L roszs”
oA, A (A" DoA™ YN L

W=7y

e = WAV CRTC




(24) The equilibrium expression

A0y
T HOr

is the equilibrium constant expression for the reaction

a) 2Ha(g) + Ox(g)= 2H,0(g)
b) HoO(g) = Ha(g) + 1/204(g)
c) H,O(g) = 2H(g) + O(g)
(D2H,0(g) = 2Ha(g) + Oa(g)
e) Ha(g) + 1/20:(g)= H20(g)

(25) Consider the following reaction at equilibrium:
2NH;3 (g)=Na(g) +3Ha (g) AH’=+92.4 kJ/mol
This reaction will shift to the right with

a) increasing both temperature and pressure
éincreasing temperature and decreasing pressure
¢) decreasing both temperature and pressure
d) decreasing temperature and increasing pressure
e) the addition of extra N; to the container

(26) What is the conjugate base of OH™?

a) 0
b) O
C) H,O
@0
e) OH"

(27) What is the pH of a 0.053 M solution of Ca(OH),

D el > Gl + 2 00R)
¢) 0.97 [\ = 0.406 M

3.0

e)-0.97 P[PHE 04% " 7 H=1460-097F = A3.03




(28) The K, of HNs is 1.9x107 at 25°C. What is the pH of a 0.35 M solution of HN; (HN; is

hydrozoic acid)?
e ar) = UM (a) « pe
a) 11.41 KE :)T )r;_ a,g $ (0'9
b) 2.37 o, = LU 1T -5 _
5.18 G = A9 X +12 ¥ = _ -3
&z.sg Tiax) A9 xto O] 2. Sy o
) -2.37 0.3S
e 3 PM > 2.8-6

(29) In which of the following aqueous solutions would you expect AgCl to have the highest
solubility? +
—_ ) )
ure water A‘s U (\D\ = A‘& (&‘&/\ + C&f@&
b) 0.020 M BaCl, -~ ‘{{61/1'[,0%1 b
¢) 0.015 M NaCl ll witd dth o

d) 0.020 M AgNO;
e) 020 KCl

(30) The pH of a solution prepared by mixing 45 mL of 0.183 M KOH with 65 mL of 0.145 M
HCl is

Loy - sl
o131 ORUCL. 0183 2 p b0 Qr3s watid

b) 2.92 KEL . 0. 665L + Mf -
c) 0.74 94“’3 O.00ou3 Wl

trcz 0.0
@)?7109;/45 A 012 webe of- KCJZ o] = &Qﬂuo ; l
Mz 1.9 p.0lbS

(31) 65.50 mL of 0.161 M HF is titrated w1th 0.120 M NaOH. What is the pH after 65.50 mL of
base have been added (K, for HF is 6.8x10 )

a) 12.778 UZ  0.0bSS| - Odéﬂl'ﬂ‘fL 0.01DSS nals, |
,b)7'002 VL S 04ww€ = .007&86 wioles

119 enline D.0026% wigles of HJR
e) 4.631 0.D02&Y Le 3 = 2 GDTPELZ 0.060
el = o = 0020 M. M

laes
PU = okl AT = 3467 ro.um = 3 e

10




(32) Given the following table of K, values, determine which compound listed has the smallest
solubility,

Compound Ksp L
CdCO; 5.2x10" C;l("l I/S 266t = L&
Cd(OH) 2.5x10"* [Col®™1 2ng0 - =S
Agl ’ 8.3x107"7 T V <. %xwﬁ
Fe(OH); 4x107%% Cﬁ\g v 8. %Mb T = gy K
ZnCOs 1.4x10™M 3+ ‘53 _
i N AT P
a) CdCO; z+] 4
b) Cd(OH) = [/“’—*’_. = 3
o) Agl 2 A'S o 3.7'? KOO
@vae(OH)3
e) ZnCOs

(33) Select the substance that is thought to be partjally responsible for depleting the
concentration of ozone in the stratosphere.

FC13
55 CO,
C) 02
d) N,

e) He

(34) With thermodynamics, one cannot determine

he speed of a reaction
b) the direction of a reaction
c) the extend of a reaction
d) in which direction a reaction is spontaneous
e) the temperature at which a reaction will be spontaneous

(35) The thermodynamic quantity that expresses the degree of disorder in a system is

a) enthalpy
b) internal energy

c¢) bond energy
ntropy

¢) heat flow

11




(36) Which species below has AG’=0?

Bo )

b) PF; (g)

¢) H20 (g)

d) HCo(PF3)4 (g)
&) H,0 (1)

(37) Consider the following table of thermodynamic data. All values are tabulated for 25°C.

Substance AG" (kJ/mol) $°=0 (J/mol'K)
CoHs (g) 209 201
C,Hs (g) -33 230
Ha (g) 0 131

What is the value of AH (in kJ/mol) for the reaction described below? 0 o o
+2 e, ™)
5173 CoH: (g) +2 Ha (g) — CoHs (g) AC™ AHD“‘(T"&S ) A ?Ac‘f—lag

S5 86 =22 ufuud
h248 NS = -233 Mfplle
I @ 24rl A= =3 kel

(38) Consider the following reaction

A+B—-P
This reaction will always be spontaneous if AH is and AS is .
a)+, +
b) e —
&+ AG = st —TTaS
d) +s -

)+,0 86 dheutd 4o agetive.

(39) Which one of the following statements is true about the equilibrium constant for a reaction
if AG® for the reaction is zero?

2) K=0 o
e AC°= - RIule  he,
3K<1 lf{ AQO.-—: o =0

e) more information is needed

k=1,

12




(40) The value of AG® for the reaction below is kJ, given that K=5.0x10® and T=25°C.

N2 (g) + 3 Hz (g) = 2NH; (g)

2) 22 G = - BT fule o= -So v/
b)-4.2

c)-25

e)-22

(41) is reduced in the reaction below.

Cr;07 (aq) + 6 8,0:™ (aq) + 14H* (aq) — 2Cr*" (aq) + 3 S406 (aq) + 7HO (1)

@:11072-
) $,05%

c)H"
d) cr**
e) $406"

(42) Which of the following reactions is a redox reaction?

a) NaOH + HCl — NaCl + H,O
b) Pb*" + 2CI' — PbCl,
c) AgNO; + HCl — HNO; + AgCl

d) K,CrO4 + BaCl, — BaCrQ, + 2KCl
@' one of these is a redox reaction

(43) What is the coefficient of the permanganate ion when the following equation is correctly
balanced?

MnOy (aq) + Br (aq) — Mn** (aq) + Br (acidic solution)
L (Se cBUT L MuBT > Mu T UM X2
@ (2R~ = R, 122)X S

c)3 - -
D5 0Bt 40% +HOEATH My = 2M &, O +40¢+ Shy,
e) 4 ==

13




(44) Given the following information

Half-reaction E’rea
Sn** (aq) + 2e — Sn** (aq) +0.15 V
Cr** (aq) + 3¢ — Cr (s) -0.74 V

determine the standard potential (in V) of a cell based on the reaction:
38n*" (aq) + 2Cr (s) — 3Sn** (aq) + 2Cr** (aq)

@:1.94 QMMJ)“ E pof [ curnele ) -

0.89
o050 BT = OISV — (—0¥y) = t0EI L
e) -0.89

(45) A nonspontaneous electrochemical reaction has

a) AG=0, E=0, K>Q
b) AG<0, E>0, K>Q

G>0, E<0, K<Q
d) AG>0, E<0, K>Q
&) AG<0, E=0, K>Q

(46) What is the atomic number of an alpha particle?

a)0

&
D4
e) 18

(47) The reaction shown below is responsible for creating '“C in the atmosphere. What is the
bombarding particle?

UN +05{—>'§C+1‘H

a) alpha particle

b) electron
éaeutron

d) positron

e) proton

14




(48) The half-life for beta decay of strontium-90 is 28.8 years. A milk sample is found to contain
10.3 ppm strontium-90. How many years would pass before the strontium-90 concentration

would drop to 1.0 ppm.

= 0)"6%%&%

a) 92.3 'e\«u_b_:__m\ t:-—-t.&,\d\_&
b) 0.112 Mo t Mo
86
6.9 N = fL.DWw
131 -
” No =40. 3ppv e = 0.bA3
Lyp
(49) The most stable allotrope of oxygen is
a) H,O
b) O3
2
d) HCIO
e) O

(50) P4Os is the anhydride of

sPO3 o, t6W, 0 = i

go)ggP O, Pu. b Z g POL,‘
G) P4010
d) white phosphorus
e) red phosphorus.
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