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Chemistry 1311 C

Final Exam

December 15, 2006
There are 18 pages in this exam.  A periodic table and formula sheet are provided at the end.  You may tear these pages off of the exam and use them to cover your work during the exam.

Any scratch work should be on the back of the exam pages and should be handed in with your exam.

Please show all work neatly to receive credit.

You have 3 hours to complete the exam.
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1. a)Write the noble gas core electron configuration of the following atoms and ions.  Identify each as either paramagnetic or diamagnetic.

I) (2 points) 42Mo

II) (2 points) 53I-
III) (2 points) 26Fe2+

  b) How many upaired electrons are there in

I) (1 point) B

II) (1 point)Mn

III) (1 point)F-
   c) (2 points)  What are the quantum numbers for the highest energy electrons in Sn ?


n = 


l = 


ml = 


ms=

2. (7 points) A toxic cloud covered Bhopal, India in December 1984 when water leaked into a tank of methyl isocyanate (used in the production of pesticides), and the product escaped into the atmosphere.    Draw Lewis structures for methyl isocyanate, CH3NCO, including all resonance forms.  

Calculate and show the formal charges for each atom in the molecules and, based on formal charges, identify the “good” resonance structures.  The skeletal arrangement of atoms is shown below: 
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3.  Draw the Lewis structure, and based upon Valence Shell Electron Pair Repulsion Theory determine the electron configuration and the shape of the following molecules.  Identify them as polar or non polar:


a) (4 points)   IF3 (I is central)


electron configuration:___________


molecular shaper:______________


polar?:_______________________ 


b) (4 points)   KrF4 (Kr is central)


electron configuration:___________________


molecular shaper:_______________________


polar?:_______________________ 


c) (4 points)   SCO (C is central)


electron configuration:___________________ 


molecular shaper:_______________________


polar?:_______________________ 

4. The decomposition of ethanol, C2H5OH on alumina (Al2O3) surface 
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was studied at 600 K.  Concentration versus time data were collected for this reaction, and a plot of [C2H5OH] versus time resulted in a straight line with slope = -4.00 x 10-5 mol L-1 s-1
a) (1 point)  determine the integrated rate law for this reaction.

b) (1 point)  If the initial concentration of C2H5OH was 1.24 x 10-2 M, calculate the half-life for this reaction.

c) (1 point)  How much time is required for the concentration of C2H5OH to drop from 1.24 x 10-2 M to 0 M?

5.  The reaction between bromate ions and bromide ions in acidic aqueous solution is given by the following unbalanced chemical equation:
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a) (1 point)  What is the oxidation state of Br in BrO3-?

b) (1 point)   What is the oxidation state of Br in Br-?

c) (1 point)   What is the oxidation state of Br in Br2?

d) (4 points)   Given that there is a change in oxidation state of the bromine species, balance the above chemical reaction (in acid).

e) (4 points)  The table below give the results of four experiments involving this reaction.  Using these data, determine the order for all three reactants and the overall order of the reaction.  

	Experiment
	[BrO3-]o

(mol L-1)
	[Br-]o

(mol L-1)
	[H+]o

(mol L-1)
	Initial Rate

mol L-1 s-1

	1
	0.1
	0.1
	0.1
	8.0x10-4

	2
	0.2
	0.1
	0.1
	1.6x10-3

	3
	0.2
	0.2
	0.1
	3.2x10-3

	4
	0.1
	0.1
	0.2
	3.2x10-3


f) (2 points)  What would be the initial rate for an experiment with [BrO3-] = 0.2 M;   [Br-] = 0.2 M and [H+] = 0.5 M?

6.  The unbalanced reaction occurring in SLI (starting/lighting/ignition) Pb-acid car battery is:
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The electrolyte is such a battery is 7 M H2SO4.
a) (1 point) Which species is being oxidized?

b) (1 point) Which species is being reduced?

c) (1 point) Balance the oxidation half-reaction (where necessary, balance sulphate (SO42- ) in PbSO4 by adding the bisulphate ion (
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d) (1 point) Balance the reduction half-reaction (balance sulphate (SO42- ) by adding the bisulphate ion (
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e) (1 point) Write the net balanced equation.

f) (4 points)   Calculate the cell potential, E, for a Pb-acid battery containing 7 M H2SO4 acid given:  


PbO2(s) + HSO4-(aq) + 3H+(aq) + 2e- ( PbSO4(s) + 2H2O(l)  Eo = 1.69 V


PbO2(s) + 4H+(aq) + 2e- ( Pb2+(s) + 2H2O(l)  Eo = 1.46 V


Pb2+ + 2e- ( Pb(s) Eo = -0.13 V


PbSO4(s) + H+(aq) + 2e- ( Pb(s) + HSO4-(aq) Eo = -0.35  V

Assume H+ and HSO4- concentrations result only from the dissociation of the strong acid H2SO4  to H+ and HSO4-; subsequent dissociation of the weak acid HSO4- to SO42- and H+ is negligible.

g) (1 point)   Calculate (G for the reaction.

h) (1 point)   What is (Grxn  for the fully discharged battery (i.e. the concentrations of reactants/products have stopped changing as the system is at equilibrium)?

k) (4 points)  Given the following thermodynamic data, calculate (Go and Eo for the lead acid battery at -20 C.  

	
	(Hfo / kJ mole-1
	(Gfo / kJ mole-1
	So / J mole-1 K-1

	Pb(s)
	0
	0
	65

	PbO2(s)
	-277
	-217
	69

	PbSO4(s)
	-920
	-813
	149

	H+(aq)
	0
	0
	0

	HSO4-(aq)
	-909
	-745
	20

	H2SO4-(aq)
	-909
	-745
	20

	H2O (l)
	-286
	-237
	70

	H2O (g)
	-242
	-229
	189

	SO42-(aq)
	-909
	-745
	20


l) (2 points-bonus)   Based on this answer, why does it seem that batteries fail more often on cold days than on warm days?

7. (6 points) Calculate the pH of the resulting solution if you were to titrate 100 ml of 0.10 M ethylamine, C2H5NH2 (kb = 5.6 x 10-4) with 30 ml of 0.25 M HNO3. 

8. You would like to prepare a 250 ml buffer solution of pH 3.5 from a volume of 0.5M HCl and solid sodium formate, NaHCO2The total concentration of conjugate acid and base of 0.225 M.  ka for formic acid, HCOOH, is 1.8 x 10-4.

a) (1 point) What are the weak conjugate acid and base that will make up the major components of your buffer solution (give chemical formula)?

b) (1 point) Show the chemical reaction in which your prepare formic acid from sodium formate.

c) (4 points) Determine the concentration of weak acid and conjugate base required. 

d) (4 points) Determine the mass of solid sodium formate, NaHCO3, and the volume of 0.5 M HCl solution require to make the 250 ml of buffer.

9. (10 points) A liquid consists of hexane (C6H14) and propane (C3H8).  When 0.2759 g of this liquid is combusted with excess O2(g), 0.45 L of CO2 are formed at 25 oC and 778 mm Hg.  Calculate the composition (by mass) of the original mixture of hexane and propane.

10. (5 points) Mercury and bromine react with each other to produce mercury II bromide:  Hg(l) + Br2(l) ( HgBr2 (s).  What mass of HgBr2 is produced from the reaction of 5.0 ml of Hg (density 13.6 g/ml) and 5.0 ml of Br2 (density 3.10 g/ml).

11.  Nitric oxide and bromine at initial pressure of 98.4 and 41.3 torr, respectively were allowed to react at 300 K.  At equilibrium, the total pressure was 110.5 torr.

a) (1 point)  Balance the following reaction:

            NO (g) +      Br2(g)  ((       NOBr (g)

b) (4 points)  Calculate Kc 

c)  (3 points) What is (G per mole of NO, for the reaction at 300 K?     
EQUATIONS SHEET


Gas Law

PV = nRT

PT = P1 + P2 + P3 + ....

d = m/V = P(MW) / RT

KE = ½ m vav2
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Acid/Base

pOH = -log [OH-]

pH = - log[H+]

pH + pOH = 14

Ka x Kb = Kw
pH = pKa + log [A-]/[HA]

pH = 
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Kinetics

ln[A]t = -kt + ln[A]o
[A]t = -kt + [A]o
1/[A]t = kt + 1/[A]o
k = A e –Ea/RT
t1/2 = 0.693/k

t = [A]o /2k

ln(k1/k2) = Ea/R (1/T2 – 1/T1)
Thermodynamics

E = q + w

Horxn = nHof (products) – mHof (reactants)
Gorxn = nGof (products) – mGof (reactants)

Sorxn = nSo (products) – mSo (reactants)
PV = nRT




G = H - TS




Go = -RTlnK

G = Go + RTlnQ

q = msT




q = CT

ln(K1/K2) = (Ho/R (1/T2 – 1/T1)
Electrochemistry

Eocell = Eoreduction + Eooxidation




Charge (C) = current (A) x time (s)

Eo = (0.0257/n)lnK





E = Eo – (0.0257/n) ln Q


E = Eo – (0.059/n) log Q


E = Eo – (RT/nF) ln Q

G = -nFEcell
Equilibrium

KP = KC(RT)n

Constants:






Conversion Factors :

Avogadro’s Number  (NA)

6.02 x 1023


1 A = 1 C s-1

Faraday’s constant (F) 

96,500 C/mol e-

1 C = 1 J V-1 mol-1

Universal Gas Constant (R) 
8.314 J mol-1 K-1






8.314 kg m2 mol-1 K-1 s-2





0.08206 L atm mol-1 K-1
1 nm = 10-9 m

Planck’s constant (h) 

6.626 x 10-34 J s

1 atm = 760 torr 

Rydberg Constant (RH)

2.18 x 10-18 J


          = 760 mm Hg

Speed of light(c)                            3.00 x 108 m/s                               = 101.3 kPa

[image: image11.png]SIaoN uen| ‘gl JAAdos @

*$]UaLIA[a JI)SYUAS 0] PUOLSSJI0 [BUIIOU PUE 81B]S Snoasen 0] puodsa.Jod i) ‘a]els pnbif 0} puodse.Iod IBY! plog ‘a]e1s PIoS 0] puodsaJo SIOGUIAS Pjoq ‘SUOIYIPUOI [BulJoU Japuf)

WniguaJme] WwinijagoN | NIASjapualy Lnjudsy Wwiniwa)suy | wniuJoyes E=__m.=___um wniing WLy winjuolnid wnundeN winjuedn | wWnuaelodd winiJdoy}

- - £1 |- €1 - £1 |- £1 | +€ £T|+€ £1[+¢ £T|+€ €T+ £1[+5 £1[+9 V1|46 ST |+ £1
£50T092 | 600T65Z 10862 1560252 £025¢ 96.01SC | E0LOLYT 1274 VI90EVZ | zv9ovvz | Tsolez | 6sz08gr | ssseoTez | iseozer |/
€0T 17 |20T ONITOT PINJ0OT Wl 66 S | 86 JD | L6 jg [96 WD |96 WY | ¥6 N | €6 QZ 6N |16 ed | 06 Yl
wnpaym | wmgdenyx | wmngp gy wmujoy | wmsodsAg | wmigssl | wmugopes | uwmgouny | wnewes | wnnpewoud | wnmuipoay (wnnuApossed|  wnieg

+€ T | +€ TT|+€ T | +€ T | +€ T | +€ T | +€ T | +€ T | +€ T | +€ T | +€ TT|+€ TT|+€ TT|+€ TT
L96¥LT VOELT TZVE689T 97191 ZE0E6VIT 09291 VESZ699T STLST S96TST 9£0ST LZT6 VYT LA S9L060VT STTOVT @

TLN] (0L QA |69 WL | 8917 |29 OH |99 AQ | S9 41 [¥9 PD| €9 hF |29 WS | T9 W |09 PN | 6S Id |8S 3D

wnigounuf wniXayunup wmpenbunup wmguaun | wnmnunup | wogounup | wndsuyew | wmssey wndyog | wmibdogesg | wmugng  [wnipsopleyiny|  wnLRoY wnpey WNgUR.,
- - - - - - - -]- - - - - - - - - - - - - - |- - |+€ 11|+ 60|+ Lo
£6¢ 68C 68C Lz 754 69¢ 8LET'99T 9z 9T Zre9e 11292 11192 sLzorzz | vezosz | Leweze | f
STT onN 91T ynn v11 bnn ZIT NOTTT nnn[oTT unn (60T YA|SOT SH|L0T yg| 90T mm QT qq|voT Rl |68y |8ss ey | 8 1
liopey aue)sy wnuojod 1nuwsig pea] wneyy Adnaaay Moy wnureyd Ly wnsg wnuayy | uesfuny | wmeyep wnuey | woueyue] | wnieg 1nsag
- -1 tad K4 0z | +€ 61|+ 9T|+T 8T |+Z 61|+ vz |+ zz|+ Tz |+ 7z |+ 6T |+9 L1]48 ST |+ £1 [+ TI|+ 60 |+T [0
9r10zzz | 1286607 || vZ86%0C | L£086%30T z10Z £8E707 65007 | ¥599696T | 80G61 ZzT61 7061 10Z98T G891 6.V608T 6v'8LT SS068ET | LZELET | £¥5062EL | Q
98 U} |SS IV VS Onh €819 |¢cSqd| IS IL |08 Q—.— 6LNY (SLYd | LLIA] (9L SQ |SLIYM|VYLM |ELeL|CLJH | LS e |9seg|sss)
louay auipo| wnnga) | Auownuy m wnpu) wnwpesy Janig wnipejed wnpoyy | wnweylny | wonsuyos) | wnuapgAow | wmgoy wnuodd7 | wmalap | woguoal§ | wnipgny
- -1 sz |+ TZ] €46 6T|+ 9T | +€ L1+ L]+ 61|+ ze|+€ Tz |+ TT|+L 61| +9 8T [+5 91|+ 213 €I+ OT[+T 80
6ZTET | Lbvo6921 | 092l ISLTZT 1811 8911 TIPZIT | 7898101 Zr901 5506201 LST0T £906'36 656 8€90626 vZZ16 58506 88 918 819758 q
FGaX | €S |CSALjTISqS|osusS | 6v uj Sy P | LY a< WPd|SY YA (P Y| €7 O] |ZYON|(TY AN | OF IZ | 6E A | SE IS | LE QY
uoydkay aunuoJg wnwajag owassy | wmuewdssy |  wnyey auz Jatdog AN 1eqoy uod| ssauefiueyy | wnnuosyy | wnipeuep | wowey; | wipuesg wmgeg | wnissejoq
- -1 87|+ vz|-€+€ 07+ 9T | +€ 91|42 91| +2 61|+ 81 [ +z 81 [ +€ 81 [+2 ST [+ 91|45 91|+ ST+ €I+ OT[+T 80
08°€8 Y0662 968L 65TZ6 VL 192 £2069 659 9v5E9 v£69'3S 7€£6'95 Lv85S S08€6%S | 196615 ST¥60S 881y 0165667y |  SLOOV ege06e | ¥
9c 1) |(GEIG | KEIS |EESY|CEIN|IEDD |0EUZ | 6ZN)(STIN(LCOD | 9C 2] SCUNW|FZX) | €A | CCl] (122§ (0Cce)| 6T Y

uoliay 8oy anyng | sndoydsoyg |  uoams wnuRuny wnisaufieyy |  wnipog
Sl eelw ost|ss 1z|w st er| Gl dl (___>|\ din  diA  dA dAl dlll |« zi|a 6o
4 11 ol 8 8 L 9 q v t

8Y6'6€ LTSYSe 990¢E 9LELGOE §9808C 6ES1869Z 0S0€¥Z 89L6867T m

SIIY | LT]D | 9TS | STId |[YIIS| €LY ZI bW 1T BN

uoaN audony uabAxp uabioayy uoguJeg uoJog wnylAdeg wn
- -1 ov| -z Se|-€+€  0g|-r+r  gz+€ 0z 2 ST+ 0T
L6LT0Z | TEOVS66ST | ¥666ST | ¥L9007T 11021 11801 uﬁmz 7812106 469 C
OIN| 64 | 80 | LN |90 | sd AT vag | €M

wnay [+1 _ TZ—Ayapefisuodyaey uafiodpAy
- - VIIA YIA VA VA Yiil SSEU aNuo]e \§§: VII |« | ¥4
2052007 il a al ! 8l aARefay 4 A H\ [4 v6L00T T
¢9H Jaquiny u_ﬂ_ﬁ y__;m LH
VIIIA Vi

gl l

SJUIWI2 IY]) JO I[qe) OIPpOLI9d S, IJNIJOW










PAGE  
15

_1226845572.unknown

_1226848560.unknown

_1226852028.unknown

_1226994556.unknown

_1226851977.unknown

_1226847252.unknown

_1200467754.unknown

_1226845472.unknown

_1200468002.unknown

_1200467644.unknown

