Chemistry 1A, Fall 2002

Final Exam, Version A

December 11, 2002

(3 hours, closed book)
Name: TA:

SID: Section:

Please read thisfirst: Write your name and that of your TA on al pages, On the
Scantron™, bubblein Form A.

Test-taking Strategy

This test consists of two parts. multiple choice (answersto becircled and entered on
the Scantron™ sheet) and short answer. In order to maximize your score on the exam:

Do the questions you know how to do first.

* Then, go back and spend more time on the questions you find more challenging.
» Budget your time carefully -- don't spend too much time on one problem.

» Show all work for which you want credit and don't forget to include units.
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Potentially Useful Information

E=tn P=F/A

In=c DE=q+w

| desrogie =/ p=h/mv DG® = DH° - TDS®
Ean(€) = - F =hn- hn, DG =DG° +RRTInQ
Exin = ¥2MmV? DG° =-RT InK

Exin = 3RT/2 q=mCDT

Vims = \/(BRT /M) W = -PeqDV

DH° = SDH°¢(products) - SDH°¢(reactants)
Na=6.022" 107

En = -Ry(Z°/1?)
DE = -Ry(Z%/n? - Z%Im?)

R¢ =218 108 lecd =418
o 101.3J=1L atm
ks =1.381" 10~ JK
KaKp=K
me=9.11" 103 kg e
Kw=10
h=6626" 10%Js "
. pX =-log X
c=3.0" 10°m/s
. PKa+ pKp = pKuw
Inm=10"m
1 kJ=1000J pH = pKa+ log [
1Torr =1 mmHg [HA]
1 atm = 760 mmHg
J= (kg /s
1eV =1.602" 10°J
PV = nRT Bond Energies (kJ/mol)
C-H 412
T(K) = T(C) + 273.15 H-H 436
N° N 944
R =0.0821 L-atm / (mol-K) C-C 348
R =8.314J/ (mol K) C=C 612
_ cocC 837
A=dC CoN 89

Pa = XaProt
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Part I -Multiple Choice (4 pts each, 160 ptstotal) Bubble in the correct answer on your
Scantron™ form AND circle your answer on the exam. Thereis only one correct answer
for each question, so you should circle and fill in one and only one answer for each
guestion. There is no penalty for an incorrect response.

1.) Which neutral atom could have the configuration 1s?2s?2p°3s*3p*4s'?

A) K B) Cl C) Na D) Rb E)S

2.) What wavelength of light (in nm) is emitted by a hydrogen atom that undergoes a
trangition from n=4 to n=17?
B) 365
C) 823
D) 1460
E) 240

3.) Which would be the mass spectrum of the products when acetylene (C2Hy) is burned
in oxygen?

B)ll@llD)l E) |

A i
) 18 44 18 44 18 44 18 44 18 44

4.) An expansion of the mass spectral region around 44 mass units for the products of
acetylene combustion in oxygen shows the following. What is the likely explanation
of the peak at mass number 46?

| .
44 46 48

A) Presenceof *C in acetylene burned.

B) Presenceof ‘20 in the water formed.

C) [Presence of *°O in oxygenburned.

D) Presenceof °H in the water formed.

E) None of these.
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5.) What is the maximum number of electrons with the same spin quantum number (n)
for the principle quantum number 3?

A) 4 B) 8 D) 14 E) 19

6.) A longer wavelength of light is required to break an oxygenoxygen bond in ozone
(O3) than the oxygen-oxygen bond in diatomic oxygen (O2). Which of the following
is the best explanation for this.

A) Random differences between different molecules

B) Ozoneisbigger so the bonds are weaker

|C) Diatomic oxygen has a higher bond order than ozone|
D) There are three oxygen atomsin ozone

E) Diatomic oxygen has no dipole moment

7.) What is the conjugate acid of OH?
A) H'
B) H;O"

C) H»O
D) O*
E) none of these

8.) Which of the following acids has the strongest conjugate base (pK , values are given
in parenthesis)?

A) lodic acid, HIO3 (0.77)

B) Hydrofluoric acid, HF (3.45)

C) Lacticacid, CH3CH(OH)COOH (3.08)
D) Acetic acid, CH;COOH (4.75)

[E) Carbonic Acid, H,CO;3 (6.37)|

Consider aflask containing the following mixture of gases at 300 K for the next three
guestions.

Gas Pressure
Neon 1atm
Argon 1atm
Krypton _atm
Xenon 2 atm

9.) Thetotal pressurein the flask is4.5 atm. What is the partial pressure of Kryptonin
atmospheres?

A) 0.10
B) 0.25

C) 0.50
D) 0.75

E) 1.0
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10.)Which gas has the greatest root mean square velocity?
B) Argon
C) Krypton
D) Xenon
E) All have the same mean velocity.

11.)Which gas has the greatest molar mean energy?
A) Neon
B) Argon
C) Krypton
D) Xenon
[E) All have the same molar mean energy .|

12.)If 2 grams of hydrogen gas and 16 grams of oxygen gas react to form water, how
many moles of water will form?

A) 2 moles B) 16 moles |C) 1 mole D) 18 moles E) 14 moles

13.)Idedlly, under identical conditions the molar density of O, gasis that of
H» ges.

A) lessthan

B) greater than
IC) thesame ag
D) need more info

14.)How much energy islost if adl of the atomsin 1.0 g of H emit a photon with a
wavelength of 656.3 nm?

A) 215kJ

B) 182.3k

C) 3.03x10%J
D) 3.03x10*°kJ
E) 279x10%J

15.)What is the de Broglie wavelength (in nm) of an electron traveling 1.5 x 10° ms* ?

A) 7.1 B) 4. C) 32 D) 2.0 E) 55

16.)How many nodes are there in a 5f orbital ?

A) 3 B) 4 C) 5 D) 6 E) 7
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17.)If the quantum numbers for an electron of hydrogenaren=4,1 =3, m =-2, in what
type of orbital is the electron?

A) 3d B) 4d C) 4p D) 4] E) 49
18.)Why isit harder to remove an electron from phosphorus than it is from silicon?

all answers were accepted because the question was poorly worded

A) silicon has more € ectrons than phosphorus

B) half filled orbitals are more stable than partly filled orbitals
C) phosphorous has more protors than silicon

D) silicon islarger than phosphorous

E) none of these

19.)Which of the following statements about bond formation is TRUE?

A) The potential energy of a compound is higher than that of the unbound atoms.
B) lonic compounds share electrons equally between atoms.

C) TheKkinetic energy of a compound is lower than that of the unbound atoms.
[D) Covalent bonds usually occur whenthe atoms have similar electronegativities)
E) All of the statements are correct.

Consider the ion CHs" for the following two questions:

20.)Using the Lewis Dot model, what is the predicted geometry of thision?

A) sguare planar

IB) trigona pyramidal
C) tetrahedral

D) octahedral

E) see-saw

21.)What is the hybridization of the carbon atom in thision?

A)s B) sp C) s’ D) sp° E) spd®

22.)The initial temperature and pressureinal L container are 1 atm and 300 K.
Approximately what pressure is needed to compress the compartment to 0.1 L, if you
also want the final temperature in the container to be 325 K.

A) 2am
B) 5atm
D) 15atm
E) 20atm
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23.)Which of the following statements best describes why ice cubes float in liquid water?

A) The solid is more densely packed than the liquid.

B) The crystal structure of ice alows the liquid water to flow through it.

C) Hydrogen bonding causes strong interaction between liquid and solid phases of
water.

D) [Liquid water is more compactly arranged than ice.

E) Icecubesdon't float.

24.)A typica hot tub has about 650 L of water in it. How much energy will it require to
raise the temperature of the hot tub from 20°C to 100 °C. The heat capacity of water
is4.18 Jg-°C; assume the density of water is 1.0 g/mL at all temperatures.

A) 220 kJ B) 2.5x108 kJ C) 220 J D)440k)  [E) 2.2x10°k

25.)In a calorimetry experiment a student determines the enthalpy for the reaction of
magnesium with hydrochloric acid (shown below) to be -440 kJmol. The true
enthalpy for this reaction is -450 kJ/mol. Which of the following errors would cause
this falsely high (less negative) value for the enthalpy?

Mg+2HCI ® MgCh + H;
A) After recording the mass, some of the magnesium was dropped on the counter.
B) Some of the hydrogen gas escaped during the reaction.
C) The caorimeter was not tightly shut for the experiment.
D) The final temperature was recorded before the reaction was complete.
E) |All of these errors would cause a falsely high vaue for the enthal py.

26.)One mole of N and four moles of H, are added to a closed container. Which of the
following graphs best describes the progress of the following reaction with time?

N->+3 H, ® 2 NH;3
A B

lat partial pi
relative partial pressure
lat partial pi

relative partial pressure
relative partial pressure
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Use the following reaction for the next three questions:

250, (g) + 02 () 48 20:(9)
27.)What is the reaction quotient for the reaction?
A) (Peo,)/(Pso, Po,)
B) (Peo,?)/( Pwo, Po,)
C) (Pw,” Po,)(Pw,?)
D) (Po,)(Po,’)
) (Psos)(Pso,” Poy)

28.)Assuming thet K increases with increasing temperature, which of the following
statements is true?

A) Thereaction is exothermic

[B) The reactionis endothermid

C) The reaction favors the formation of products at all temperatures.
D) The reaction favors the formation of reactants at all temperatures.
E) Theformation of products is entropically favored.

29.)At equilibrium 1 mol of argon (Ar) gas is pumped into the container; which of the
following statements about the contents of the flask is true?

A) Heat will be absorbed.

B) Theamount of SOz in the reaction vessel will increase.
C) Theamount of SOz in the reaction vessel will decrease.
D) Heat will be released.

[E) None of these|

Consider the following reactions for the next two questions:

C(s) + %0, (9) ¥4 COog) DH° = -110.5 kJ Ky =1.057
CO(g) + %0, (g) 8 CO,(@ DH°=-283.0kJ Ky =
C(s) + 02 (0) I8 CO. (9 DHC = kJ Ks=1.173

30.)What is DH® for the overall reaction?

A) 3935k |B)-3935k] C) 1725kJ D)-1725kJ E)O0kJ

31.)What is the value of K,?

A) 1.110 B) 7.240 C) 0.776 D) 2.230 E) 0.901
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Consider the reaction shown below for the following three questions:
Hind 28 H*+Ind

32.)Starting at equilibrium in water, the addition of HCI to the reaction vessel will result
in which of the following?

A) Increase in the concentration of Ind’
[B) Increase in the concentrationof Hind|
C) Decrease in the concentration of H'
D) Decrease in the concentration of CI
E) No change will occur

33.)Starting at equilibrium in water, upon the addition of NHs the solution changes from
yellow to blue. Which of the following statements can be concluded from this
observation?

A) Hindisblue

[B) Hind is yellow

C) NHgsisblue

D) NHszisyelow

E) A contaminant must be present in the flask

34.)What can be said about the value of K for the Hind 48 Ind + H* equilibrium
reaction based on the observation made in the last question?

A) K>1 B) K<1 C) Q<K D) Q>K E) K=1

35.)Which of the following will result in a change in the solubility of silver chloride for
the endothermic reaction shown below?

AgCl(s) 8 Ag'(ag) + Cl(aq)
A) Addition of NaCl

B) Heating the reaction vessel
C) Addition of AgCl
D) A& Bbut notC|

E) A/B,&C
36.)Which of the following is true for any isothermal expansion of an ideal gas?

A)w=0 B)jw>0  C)g=0 D) ?E <0
Choose from the following graphs to answer the next four questions.

iy
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37.)Which of the graphsisaplot of In K vs. /T for an endothermic reaction where the
change in entropy is positive? C

38.)Which of the graphsis a plot of pressure vs. volume for area gas above its critical
temperature? B

39.)Which of the graphsis a plot of kinetic energy vs. frequency of incident light for
photoel ectrons g ected from a metal? D

40.)  Which of the graphsis aplot of the equilibrium constant vs. initial concentrations
of reactants for a chemical reaction of thefomA +B ® C? E
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Part 2. Short Answer Problems (140 ptstotal)
Instructions: Enter answers in the boxes where provided. Show all work for which you
wish to receive credit.

For the following questions consider the two forms of the hydrogen cyanide molecule.

H —C=N: :C =N —H

Formal Charge: O O O - 1 + 1 O

1.) Fill in the boxes for the forma charge of each atom in both forms.

2.) Which of the following would be the best classification for the pair of structures.
(Circle your answer.)

A) Resonance structures B) Structural isomers C) Stereo isomers

D) Mirror images E) None of these

Consider the interconversion of the two forms for the next three questions.

HCN@ 4 HNCg

3.) What is the size of the equilibrium constant? (Circle your answer.) Explain your
reasoning in the box provided.

A)K=1 B)K=0 COK>1 E) none of these

Explanation:

based on formal charge, HCN ismore stablethan HNC
equilibrium favor sreactants so K<1

Cdculate the approximate enthalpy for the forward interconversion reaction in kJ/mol.
Put your final answer in the box provided.

H-C=N .‘Y@l H-N=C evaluatethe problem based on bond enthalpy

bonds broken: H-C and C=N bonds formed: H-N and C=N

net differenceis between the strength of H-C (412 kJ/mol) and H-N(388 kJ/mol)
broken —formed = 412 — 388 kJ/mol = + 24 kJ/mal

Enthalpy: + 24 kJ/mol




Name

TA

4.) What value would you expect for the entropy of the interconversion? (Circle your
answer.) Explain your answer.

A)?S=1 C)?S<O D)?S>0  E) Noneof these.

Explanation:
since both moleculesarevery similar in structureand
both arein the gas phase, there should be no net change

in entropy

5.) Write the reaction and an expression for Ky when HCN is added to water.

Reaction:

HCN + H,0g H30" +CN”

Ka

_[HO"][CN"]
a [HCN]

6.) ThepK,for HCN is 9.31. Isthe acid-base reaction in the previous question
spontaneous? Explain.

v
Explanation:

The higher the pKatheweaker theacid. HCN must be
very weak so the equilibrium should favor products.
K<1 sothereaction is not spontaneous.
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7.) Fill in the boxes on the diagram for the titration of 0.01 M HCN with 1.0 M strong
base (ignore volume changes due to the added base). Show all work.

pH =10.65

pH=19.31 C

pH = 5.65

Point A- just weak acid in water before the titration begins
HCN + H,QOp H3O" +CN”  pKa=9.31 so Ka=4.9x10'™
At equilibrium 0.01IM-x +X +X

- 2 2
:[H30+][CN 1__x _X —49 1010 Xxisnegligible whenK issmall

77 [HCN]  001-x 001
x = [H30"] = 2.2x10°°pH = -log[Hs0'] 50

Point B- in the buffer region at half equivalence point, half of the acid has been converted
to its conjugate base, use the Henderson-Hasselbach to calculate pH of buffer solutions

oH = pKa+log [CNT  Since[HCN] = [CN-] log term equals zero [pH=pKa= 9.31|
[HCN]

Point C — equivalence point of titration, all of the HCN has been converted to CN™ but

CN- isaweak base so it reacts with water to from OH" ions.

CN™ +H,0g OH ™ +HCN KaxKb=Kw Kb=2.0x10"

At equilibrium 0.01IM-x +X +X
- 2 2

kK, =LHCNJ[OH ] _ x* _ X" _,5 105  xisnegligiblewhenK issmall
[CN ] 0.01- x 0.01

x =[OH] = 4.5x10*
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Over what pH range would HCN act as a buffer?

A)3.7-5.7 B)10.3-12.3 C)6.4-83 D)5.7-7.7

8.) Assuming all species are stable in solution, would you expect the pK, for HNC to be
greater, less than or equal to HCN? Explain.

Greater than Equal to

Explanation:
H-N bond isweaker than H-C bond so HNC isa
stronger acid than HCN and would have a lower pKa
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9.) Draw arrows indicating al of the possible transitions that occur upon absorption of a
photon for an atom with the energy levels shown.

/u\ A A

a2 A

\/

\V

10.)Which of these transitions corresponds to absorption of a photon of the shortest
wavelength? (Put a circle around the arrow of the transition.)

Shortest wavelength will be highest energy

11.)Which of the following is the best depiction of the spectrum obtained for this atom?
(Circle your answer.)




