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Last Name:

First name:

Student Number:

CHM 1311 A
Final Exam
December 2012

Professor: Dr. Fox

There are 15 pages in this test. A periodic table, data tables, and a formula sheet

are provided at the end. You may rip these pages off of the exam and use them to

cover your work. Any scratch work should be done on the back of these pages.
Please show all work to receive partial credit.

You have 180 minutes to complete the exam.

Good luck, and Happy Holidays!
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Question Points Possible | Points Earned | TA Initial
1 20
2 10
3 10
4 10
5 10
6 10
7 10
8 10
9 10
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#1. (20 points) Short Answer Questions.

a) The number of atoms in 10.0 g of CaCO3 (100.0 g/mol) is:
1.81 x 10% 6.02 x 10** 3.01 x 10* 1.21 x 10%

b) The solubility of cobalt (II) hydroxide is highest in a buffer solution with a pH of

3.5 8.5 6.5 10.5

¢) Balance the following reaction:
Fe (s) + HCl (aq) — FeCl; (s) + H; (g)
When 4.55 g of Fe (s) was reacted with HCI (aq), 0.101 g of H, (g) was formed. The percent

yield of the reaction is

100%—

d) On the axes provided a right, draw a line (or curve) 80%—

. Co . 60%—
representing the percent ionization of a weak acid

40%—|
as a function of the initial concentration of the acid.

Percent lonization

20%—

Initial Concentration of Acid

e) The standard heat of formation of solid potassium chlorate is -835 kJ. Write the chemical

equation for the reaction to which this value applies.

f) Find the overall balanced redox reaction (acidic conditions) from these half-reactions:
Cu' - Cu*

BrO, — BrO

OVERALL:

g) On the 3D axes provided at right, sketch an orbital that corresponds
to the following set of quantum numbers: n=2 and £ =1.

M
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h) One way to make a buffer is to start with a concentrated solution of a weak base and

titrate it to the half-equivalence point with a strong acid. TRUE FALSE

i) For a given reaction, the plot of Ink versus 1/T yields a slope of - 13.9 and a y-intercept of

2.6x10°. Knowing this information, the reaction has
E.>0 AH<0 E.<0 AH>0
j) Name two factors that influence the speed of a chemical reaction:
i)
ii)

k) Name the following compounds.
Fe(OH)3
N205

1) Which of the following ions is the strongest base? F 105~ N3~ CN-

m) Write the equilibrium constant expression for the following reaction, and choose the best

means by which you could encourage the formation of hydrogen gas.

n) Cs) + H0(g) 5 CO(g) + Hi(g) AH°=211kJ oo,

i) Add steam and remove heat

1 1
1 1
1 1
1 1
1 1
1 1
ii) Increase volume and add heat K= !
1 1
1 1
iii) Remove carbon monoxide and decrease volume ! !
1 1

1 1

1

iv) Add hydrogen gas and increase volume R et

0) A one litre balloon is filled with neon gas. A hole is made in the balloon and the gas effuses
at a rate of 0.0106 mol/hr. If the same balloon is refilled with argon at the same pressure

and temperature, its rate of effusion would be

p) On the Bohr Atom shown, draw an electronic transition that would
correspond to the absorption of a photon with the longest wavelength. @
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#2.

a) (4 points) What is the minimum value of n for the following ./ values and what is the
maximum number of orbitals having these . and n values?

b) (2 points) How many electrons can be described by the each of the following sets of
quantum numbers?

n=3.=2
n=3,£=3,m,=-1, m&=-1/2

¢) (4 points) Following the example of helium shown below, give the FULL spdf electronic
configuration of silicon AND draw its orbital energy-level diagram.

Example: Helium’s spdf electronic configuration is 1s and its
orbital energy-level diagram is:

i

Energy
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#3. In the Marion lab, you mix 25.0 g of CaO with exactly 80 mL of water at 25.0°C and you
observe the following reaction, as well as the release of some steam:
CaO(s) + H,O(1) — Ca(OH); (s)

a) (4 points) What is the reagent in excess and how many grams of it will be left at the end of
the reaction?

Reagent in excess: Mass:

b) (6 points) Using the data in the table below and on page 14, calculate the mass of the steam
that escaped during the reaction.

CaO (s) AH¢’ = - 635 kJ/mol
H,0 (1) AH¢® = - 286 kJ/mol
Ca(OH); (s) | AHy® =- 987 kJ/mol

Answer:
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#4. The following reaction, occurring in a sealed vessel, has a percent yield of 94.9%:
2NaN3 (s) = 2 Na (1) + 3 Nx(g)

a) (8 points) What volume of N,, measured at 735 mmHg and 26.0°C, is produced when 75.0
g of sodium azide decomposes?

Answer:

b) (2 points) After the reaction is complete, argon gas is added to the vessel until the final
total pressure is 1000 mmHg. What is the mole fraction of nitrogen in the gas mixture?

Answer:
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#5. You are provided 500.0 mL of a 0.100 M solution of NaHCO3, which you will use to
prepare a carbonate buffer with pH = 10.10. Your TA gives you a 0.300 M stock solution of
H,CO; and a jar of solid Na,COs. (For H,CO3, K, =4.2x107" and K,; = 4.8x10™"")

a) (2 points) Which component, H;CO; or Na,COs3, will you need to make the pH =10.10
buffer? (Show your calculation to get the points, don’t just guess!)

Circle needed component: H,CO; Na,CO;
b) (4 points) How much of the needed component will you add to the 0.100 M NaHCO;

solution to achieve the desired buffer pH? You may assume any volume change is
negligible.

mL of 0.300M H,CO; OR g of Na,CO3

¢) (4 points) What will be the new pH of the buffer if 0.0030 mol of HCl is added to it?

Answer:
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#6. The reaction of NO; and CO to make NO and COs; is believed to occur via a two-step
mechanism:
NO, + NO, — NO + NOj
NO; + CO — NO, + CO,

a) (2 points) What is the overall reaction? What is the reaction intermediate?

b) (3 points) The rate law is determined experimentally to be: rate = k[N 0,]%. Is the proposed
mechanism reasonable? Why or why not? What would be the rate-determining step?

¢) (5 points) When the initial concentration of NO; is 0.010 M, the initial rate of reaction is
5.5x107° M/s. What is the concentration of NO; after 3.00 min if the initial concentration is
changed to 0.033 M?

Answer:
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#7.
a) (5 points) A student prepares a 0.120 M solution of an unknown monoprotic acid. At
equilibrium, she measures the pH to be 3.820. What is the acid’s ionization constant?

Answer:

(b) (5 points) Vinegar is a dilute aqueous solution of acetic acid. The legal minimum acetic
acid content of vinegar is 4.0% by mass. Dr. Fox takes a 5.00 mL sample of President’s Choice
brand vinegar and titrates it to completion with 38.08 mL of 0.1000 M NaOH. Does the
sample exceed the minimum content? (Vinegar has a density of about 1.01 g/mL).

Answer:
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#8.
a) (3 points) What is the molar solubility of Ag;SOj4 in pure water?

Answer:

b) (3 points) What is the molar solubility of Ag;SO4 in 1.00 M Na,SO4?

Answer:

¢) (4 points) KIO; is added to 1.00 L of the solution formed in part (b), and we observe the
formation of a precipitate, AglO;. Calculate the mass of KIO; (in mg) needed to start the
precipitation.

Answer:
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#9. Indigo, the dye for blue jeans, has a percent composition, by mass, of 73.27% C, 3.84% H,
10.68% N, and the remainder is oxygen. the molecular mass of indigo is 262.3 u.

a) (5 points) What is the molecular formula of indigo?

Answer:

b) (3 points) A 0.451 g sample of indigo undergoes complete combustion in a bomb
calorimeter. It is found that the bomb calorimeter absorbs 264.8 J of heat during the reaction.
What is the enthalpy of combustion, in kJ/mol, of indigo?

Answer:

¢) (2 points) What is the change in internal energy for the reaction in part (b)?

Answer:
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Gas Laws

PV = nRT
RV, _BV,

L, T,

Pr=P+P,+Ps;+ ...

<
Il

MM
Rate A MM,
Rate B MM ,

2
(P+%) (V-nb)=nRT

Equilibrium
Kp = Kc(RT™"

Acid/Base

pOH = -log[OH]

pH = -log[H']

pH + pOH = 14

Kax Ky = Ky

pH =pK,+ log [A]/[HA]

- pKal + pKaZ

i
P 2

Thermochemistry

AU=q+W
Waysem = -PAV = - AnRT
AH = AU + PAV
g = AU+ PAV

q = msAT

q=nAH
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AHixn° = > nAH(pdts) - > nAH(rxts)

The atom

E=hv

C=vVA

E = -B/n’

Kinetics
[A]e=[A]o—kt
In[A]; = In[A],— kt
1/[A) = 1/[A], + kt
k = Ae(EaRD)

In(ko/k;) = (-Ea/R)(1/T5 - 1/T})

Other

n =m/MM

C=n/V

Yoyield =

n
A
X\ =—
ny

actual yield

theoretical yield

x100%
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Data For Water
Density = 1.00 g/mL (at 25°C)
s=2.13J g K" (solid)
s=4.184J g K (liquid)
s=2.01Tg" K" (gas)

Kw=1.0x107"
AH® = 6.02 kJ mol™!

AH®,,, = 40.7 kJ mol”!

Constants and Conversion Factors

I mmHg=1torr 760 mmHg =1 atm

1 atm = 101.325 kPa

page 14 of 15

1 atm = 1.013125 bar

lem®=1mL 1000mL=1L 1000L=1m’
Avogadro’s Number N 6.022x10% mol™
Faraday’s constant F 96,485 C-mol™!
(Gas constant R 8.31451 J-K " “mol!
R 0.08206 atm-L-K'mol™
R 8.31451 m°Pa-K "'mol’!
R 0.0831451 bar L-K"-mol™
Planck’s constant h 6.62608x107 Js
Speed of Light c 2.99792458x10*  m-s’
Table of Ionization Constants
Acid K, =
Todic acid HIO; + H,0 = H;0" + 105~ 1.6 x 107!
Chlorous acid HCIO, + H,0 == H;0" + ClO,~ 1.1 X 1072
Chloroacetic acid HC,H,CIO, + H,0 == H30+ + C,H,ClO,™ 1.4 X 1073
Nitrous acid HNO, + H,0 == H;0" + NO,"~ 72X 1074
Hydrofluoric acid HF + H,0 == H;0" + F~ 6.6 X 1074
Formic acid HCHO, + H,O = H;0" + CHO,~ 1.8 X 1074
Benzoic acid HC,H;0, + H,0 == H;0" + C;H;0,~ 6.3 X 1073
Hydrazoic acid HN; + H,O == H;0" + N3~ 1.9 X 1072
Acetic acid HC,H;0, + H,0 == H;0" + C,H;0,~ 1.8 X 1075
Hypochlorous acid HOCI + H,0 == H;0" + OCI~ 2.9 %1078
Hydrocyanic acid HCN + H,0 == H;0" + CN™ 6.2 X 10710
Phenol HOC,Hy + H,0 — H;0*" + C(H,0™ 1.0 X 10710
Hydrogen peroxide H,0, + H,0 == H;0" + HO,™ 1.8 X 10712
Table of Selected Solubility Product Constants
Compound Ksp Compound Ksp
Mg(OH), 1.2x 101 AgyCrOy4 1.9x 107"
AgrS0y 1.4x 107 PbCrO, 1.8x 107"
CaSO, 9.1x10°° BaCrO, 2.1x 107
AglO; 3.0x10® Hg,Cl, 1.3x 1018
Pbl, 8.7x 107 BaSO, 1.1x 1071
PbCl, 1.9x 107 Ag,CO; 8.5x 10"




page 15 of 15

CHM1311A — Final Exam — 2012

S{80N Ue] ‘gggL JUALAdos @

"S]UaLIa[a J1)ayIuAS 0] puodsa..Jod [ew.ou pue 3)e)s snoasel o) puodsaJJon aiell ‘91e1s pinbi| 0] puodsaJaos ael pjog ‘ae1s poS 0} PUodsaJJo SOquIAS Plog ‘SUOUCS [EWoU Japuf)

+€

T | +€ TT|+€

T | +€ T | +€ r4)

+€ T | +€

7T +€ T | +€

T | +€ T | +€ TT|+€ TT|+€

wnousame] | wniegoy [ wninspepusyy | wnnuasy | wmweysu | wmwaopes | wnydweg wnany | wnowawy | wnwoind | wowmdey | WMUBJN | wAuRoElodd [ wmoy)

- -1- £1 |- £1|- £1 |- £1 | +€ €1 | +€ £1|+¢€ £T|+€ €T+ £1[+5 £1[+9 V1| +6 ST+ £1
£50T09Z | 6001652 10852 1560°25C £025¢ 96.01SZ | €0L0LbT 1274 VISOEVZ | TYI0VIT | T80UEL | 68208EC | 88SE0TEZ | T8E0ZEZ | [
€0T 177 |20T ON|TOT PIWI00T W4 66 ST | 86 4D | L6 g [96 WD |96 WY/ | ¥6 N | €6 QZ 6N [16 td| 06 YL
wngaym | wmgaang | wngngp gy wnuyoy | wnisodskg | wnigge; | wnmopes | wmdoany | wmsewes | wnmpewosd | wnuuposy |wnnuApoasesq|  wnwan

TT|+€ 1T

196%LT VOSLT | TzveeSOT | 9ZL9T | ZE0S6%OT | 0629T | ¥EGC69T |  SzLST S967TST 9g0sT | ztewwl | wzwer | sozosovt | sttort | 9
TLN] (0L QGA |69 W] | 89 17 | L9 OH | 99 hﬂ S9qL(YIPD | €9 NF |29 WS 19 W] (09 PN | 6S Id |8S 3D
wnpaounun wnixatyunup unipenbunu wniqunun | wnwnunup | wngounon | wndsuyely | wmissey wniayog | wmifidogeag | wnugng  (wmipsoydeyny|  wnmnay unipey WNIgUBY
et et et Cwr | wr | e | smrer | we | aze | evewr | wese | wwe tmmo.RMH ﬁsﬁa% Las.mwo
ST1 ONn 911 ynn V11 v:: ZIT NNTTT hnN|0TT uUnn|60T YA[SOT SH(L0T yg| 90T mm T qQq| ot (|68 OV (SS ey | L8 1]
uopey aunelsy uniuojod musig pes) unyjey) AdnaJapy piog wnupeld wnipi wniusg njuayy uasfiuny unjejue] wnuey | wnuepuey | wnigeg 1nisag
- -l zfl+c ozl 6T+ ST|4T ST|+z  6T|+€ vz e  zT|+v Tz |+  TZ|+L  6T|+9  LTI|+6  ST|+r €T+ TT[+z 60 |+T L0
ortozze | useeoz | vzsesoz | rgosesoz | zioz £69EV07 | 66007 | ¥599696T |  80G6T 261 Z061 102981 G8E8T | 6LV60ST | 6vSIT | GSO6SET | [Z€I€T | E£¥S062EL
98 UY |SSIV|¥SOod| €SI |cSqd| IS LL |08 h—.— 6LNY | SLYd | LLA] (9L SQ|SLOYM|PLM |ELR]L |CLIJH | LS e] |9seq | sss)
uouay auipo| wninyag Auoumyuy m wnipu) wniwpey Janjs wnipefied wnipoyy | wnweyyny | wniyeuyss) | wnuspgkjol |  wmgoly wnuosdi7 | WA wnuodls | wmpigny
- -1 sz|+  tz]eve  6r|+v  sT|+e  rT|+z LT|+T 6|+ zz|+€  zz|+ee zz|+L 61|+ ST|+s  9T|+r  ¥I|+e  £TIf+z o1 |+T 80
6ZTET | Lyv0692T | 09zt SLTZT 1L8TT 8911 TIVZIT | 7898701 | Zv90T | SS0620T | ZSTOL £906'36 656 8€90626 | VZZT6 | 5850688 918 L9758
PGaX | €91 |CSAL|TS QS |0S US| 6 uj |8y p) | LY a< WPd|SYYA | ¥y MY | €701 (CY OW|IVY QN | OF IZ | 6E A | SE IS | LE Y
uojdAdy aunuoJg uniugjag llasty wnuewsay | - wnyey auz Jaddog YN 11809 uod| gsouefiueyy | wmwoJyy | wnipeuep wniueyy unipueag wngeg | wnisselog
- e sz|+  vz|e+e oz« o1|+e  9T[+z  9T|+z 61|+  ST|+z  ST|+€  ST[+z  ST|+€  9T|+  9T|+r  GT|+€  £€TI|+z  OT|+T 80
0ges ¥066L 968L 6GTZ6VL 19ZL €269 6£59 9r5E9 vE698S | 7£€6S L¥8SS | 508€6¥S | T966TS | STV60S 88y | OT6SG6¥Y | SLOOY £8606E
9eE N |SE1G (YE IS | EESY|CEIN(IEDD (0EUZ (6ZN)|(STIN (LC 0D (9T ([SCUNW|VYCID| €CA | 2L [T2IS (0Ce)| 61T
uohdy auopy Jnyng | sndoydsolg uogis wnuny wnisaubepy unipog
- Sl ogfw  srfss tz|wr stfse st Gl dl (___>|\ din dA  4dA aNl dlll |« zija 6o
8¥66€ LTSYSE 990Z€ | z9r€L60¢ | 95808T | 6€S1869C U 1 ol 8 g i 9 q ' g 0S0EVZ | 89/6862C
STV | LT]D | 9TS | STd [ ¥IIS| €T IV [4) GE TI N
UoaN aulJony uabAxg uaboJ)iy logJeg uoJog wnifiAJag wnipn
- -1 ov|z  se|€+e  og|v+r  sz|+e 0z w2 ST|+1 0T
L6LTOC | ZE0V8668T | v666ST | v/900%T | TI0ZI 11801 aﬁuz Z81210%6 569
OI9ON| 64 80 LN 9) cd __a_ﬁ__“_h_______“______ﬂmu___ﬂ/ __s___m_;:. vag | €I
wnijay [+T  TZr—AnanedsuoJosy uafiodpAy
- - VIIA YIA VA VA Vil SSEll Juoje \§§: VII |« | ¥4
709200 il a a n a ey I H\ Z 6200
¢ 9H Jaquinu u_ﬂ__z y:;m TH
<__“__> Vi
l
mHQQEQ—Q @H—H MO @—@@H Q:”.vOmh@AH m.hsnuv—cz




