CH101 General Chemistry Final Examination
Fall Semester 2014

Wednesday December 17 Time Limit: 19:00 ~ 21:00

Write down your answers neatly in the spaces provided below the questions; print your
Student ID in the upper right-hand corner of every page.

Professor Name Class Student I.D. Number Name

Problem Points Problem Points TOTAL pts
1 /10 7 /10
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** This paper consists of 14 sheets with 10 problems (pages 12 & 13 contain constants & the
periodic table; page 14 is the claim form). Please check all page numbers before taking the exam.

Write down your work and answers in the answer sheet.

Answers to numerical questions should include correct units: there is a 30% deduction for missing

or incorrect units.

NOTICE: SCHEDULES on RETURN and CLAIM of the MARKED EXAM PAPER.
1. Period, Location and Procedure
1) Return and Claim Period: December 19 (Friday, 11:00-13:00, 2 hrs)
2) Location: Creative Learning Bldg.(E11)
Class Room
406

3) Claim Procedure:
Rule 1: Students cannot bring their own writing tools into the room.
(Use a pen only provided by TA)
Rule 2: With or without claim, you must submit the paper back to TA.
(Do not go out of the room with it)
(During the period, you can check the marked exam paper from your TA and should hand in the paper with a
FORM for claims if you have any claims on it. The claim is permitted only on the period. Keep that in mind! A
solution file with answers for the examination will be uploaded on 12/19 on the web.)
2. Final Confirmation

1) Period: December 20(Sat) — 21(Sun)
2) Procedure: During this period, you can check the final score of the examination on the website again.

To get more information, visit the website at www.gencheminkaist.pe.kr.
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1. (a) Write structural formulas and name all the straight chain alkenes with the
molecular formula CsHio. (5 points)

(Answer)
HsC_ — _-CH2CH3 HC — _H
(&)  H2C==CH—CHzCHzCHs3 _CTCc PN
1-pentene H " : s
_ cis-2-pentene trans-2-pentene
(2 points) (2 x 1.5 points)

(allow for different correct styles of structural formulas)

(b) Write the structural formula of all the structural (constitutional) isomers that
have the molecular formula CsH1o, but which are not alkenes. (5 points)

(Answer)
b —H— Ha
(b) H,C——CH, H,C——CH, H,C C~ CHs H,C——CH,
\\/ / / AN
| H>C CH2
CH C CH H,C——CH \ /
| /\ | | H,C——CH,
CH;—CHz  HC  CHs CHg CHs

(5 x 1 points)

(allow for different correct styles of structural formulas)

2. (a) Write the hybridization mode (sp® etc) for each of the carbon atoms in 2,3-
butadien-1-ol, below. (2 points)

H\C . c‘\\\H
H/ ~NCH,0H
(Answer)

H.SP® sp sp?
N w
Sc—c=—=c\

CH,0H
H 3 .
Sp (2 points)

(b) Write balanced equations, showing structural formulas, for each of the
following reactions.

(i) Dehydration of 3-heptanol to give 3-heptene. (1.5 points)

(i) Dehydration of ethanol to give diethyl ether. (2.5 points)

(iif) Dehydrogenation of phenylmethanol (benzyl alcohol) to phenylmethanal
(benzaldehyde). (1.5 points)

(iv) Bromination of propene and then dehydrobromination of the product to give
1-bromo-1-propene. (2.5 points)



(Answer)
OH

. |
(i) CHs—CHz—S_(CHmCHs — > CH3—CH~CH=CH—(CHCHs + H,0 (1.5 points)

(i) 2 CH3—CHz~ —> (CHz—CH2)20 + H0 (2.5 points)

(iii) O —OH ——> @—c/ H, (1.5 points)

(iv) CH3 —CH=CH, + Brp, —> CH3_(|3 C|:H2 —_— CHs—CH=|CH + HBr

Br Br Br
Allow partial points (2.5 points)
Allow for correct alternative styles of

writing equations and structural formulas

3. (a) Write a chemical formula for each of the following compounds:
(i) ammonium diamminetetracyanochromate(lll),

(ii) pentacarbonyltechnetium(l) iodide,

(i) potassium pentacyanomanganate(lV),

(iv) tetra-ammineaquachloridocobalt(l1l) bromide (4 x 1 points)

(Answer)

(@) (i) NH4[Cr(NHz)2(CN)4]

(ii) [Tc(CO)s]!

(iii) KIMn(CN)s]

(iv) [Co(NH3)4(H20)CI]Br2 (4 x 1 points)

(b) Sketch the structures of all the distinct isomers of the following two complexes
indicating the types of isomers present in each case. (6 points)

(1) [Pt(NH3)2Br2]
(if) [Co(H20)3(CN)2Br]

(Answer)
BU11111,, pr g NH3 HaN 11y, pr o BY (2 points)
M B NH3 Br NHs
cis isomer trans isomer (geometric isomerism)
OH, Br CN

(i) NC My, o

\\\\\\\\\CN Hzoulu,,,luc
0 .
H,0 ™ | OH, NC™ ‘ oH, B ‘ OH, (4points)

\\\\\\\\\CN HZO Iu,,”“”C \\\\\\\\\CN
{0}

Br OH2 OH2
fac isomer trans mer isomer cis mer isomer

Allow for alternative correct sketch styles



4. (a) Use crystal field theory to draw ‘line and arrow’ diagrams illustrating the eq
and txg electron configuration of the following, and state the number of unpaired
electrons for each:

(i) Fe(H20)s** and Fe(CN)s*
(i) Fe(H20)s>" and Fe(CN)s> (6 points)

(Answer)
Fe(CN)g*
(i) Fe(H,0)s*" &g — —
€y -
TS N (R T
4 unpaired electrons no unpaired electrons

(4 points for correct

i Fe(H 3+ 3 configurations
(ii) Fe(H;0)s Fe(CN)s 2 points for correct

number of unpaired
electrons)

L ? €9 Allow partial points
e —

St W LN

5 unpaired electrons 1 unpaired electron

(b) Estimate the crystal field stabilization energy (in terms of A,) of the two
configurations in (ii). (2 points)

(Answer)

(For Fe(H20)6"" [(t2g)° (eg)*]), CFSE =0
(For Fe(CN)6® [(t2)°]), CFSE =2A, (2 x 1 points)

5. Chemical analysis of a newly discovered gaseous compound showed that it
contained 33.0% silicon and 67.0% fluorine by mass. At 35.0 °C, 210 mL of the
compound exerted a pressure of 1.72 bar. If 210 mL of the compound weighed
2.38 g, under these conditions, determine the molecular formula of this
compound, assuming it behaves as an ideal gas. Show working. (10 points)
Molar masses (g mol™): Si = 28.09; F = 19.00.

R =8.314 x 10° L bar K™ mol™,



(Answer)
100.0 g of the compound contains 33.0 g Siand 67.0 g F, hence

No moles of Si = 33.0 g/28.09 g/mol = 1.17
No. moles of F =67.0 g/19.00 g/mol = 3.53

Therefore the empirical formula is SiF3. To find the molecular formula, use the
ideal gas equation to compute molar mass via the number of moles
corresponding to 2.38 g.

pV = nRT
(1.72 bar)(0.210 L)
n =
(8.314 x 1072 bar L/K mol)(308 K)
= 0.0141 mol
Because there are 0.0141 mol in 2.38 g,
2.38¢
molar mass = — =169 g/mol
0.0141 mol

Since the molar mass of the empirical formula is 85.1 g/mol,
the molecular formula is twice the empirical formula, that is
(10 points) (Allow partial points and alternative correct working)

6. Submarine design teams have investigated the use of potassium superoxide,
KO,, as an air purifier because this compound reacts with carbon dioxide and at

the same time releases oxygen, according to the equation,
4KO, (s) +2C0,(g) — 2K,CO4(s) + 30,(g)

(a) Calculate the mass of KO, needed to react with 100 L of CO, at 25.0 0C and
1.03 atm, and the volume of O: released under these conditions. Show working.
Both gases can be considered to be ideal. (8 points)

[R = 0.0821 L atm K™ mol™. Molar masses (g mol™): K =39.1; O = 16.0]

(Answer)
(a) Since CO, can be considered to behave ideally,

PV = nRT
(2.03 atm)(100 L) = n(0.0821 L atm /Mol K)(298 K)
No. moles of CO, absorbed = 4.21
Hence no. moles of KO, reacted = 8.42
.. Mass of KO, reacted =(8.42 mol)(71.1 g/mol)
=5994g (5points)
No. moles and volume of O, = 3/2 x no. moles and volume of CO,

(under same consitions)
Hence Volume of O, released = 150 L (3 points)

Allow for alternative correct working and allow partial points



(b) State whether more or less KO2 would be needed to absorb the same
volume of CO; at 1.03 atm and 30.0 °C. (2 points)

(Answer)
Less (2 points)

7. (a) Identify the major attractive force(s) that exist in associations amongst
particles of the following substances:

() Clz2 (liquid) (i) SO2 (liquid) (iii) KH (solid) (iv) CuS0O4.5H20 (solid)
(6 points)

(Answer)

(a) (i) London dispersion force (1 point)

(i) Dipole-dipole force and London dispersion force (1 point)

(iii) lonic (electrostatic or Coulombic) force (1 point)

(iv) lonic (electrostatic or Coulombic) force, ion-dipole force (or covalent force)
and hydrogen bonding (3 points)

(b) Acetic acid (CH3COOH) exists as hydrogen bonded dimers in nonpolar
solvents such as carbon tetrachloride. Draw a suitable structure for the dimer and
state which intermolecular force is mainly responsible for holding the two
monomers together in the dimer. (3 points)

(Answer)
() o H—oO
CH3_C</ //C_CH3 (2 points)
O—H @)

The major intermolecular force is hydrogen bonding (1 point)

(Allow partial points)

State whether these dimers are likely to exist in aqueous solutions of acetic acid
(yes or no). (1 point)

(Answer)

No (1 point)



8. Study the phase diagram for carbon dioxide below and answer the following
guestions.

735 | o

Pressure
{atm)

5.16
Vapor

1.00 —

195 216.6 303.2
Temperatiire (K}

() Identify points C, B, and A. (3 points)

(i) Summarize the general properties of carbon dioxide at temperatures above
303.2 K and pressures above 73.5 bar. (2 points)

(iif) Describe the sequence of events that occur when carbon dioxide at 2 bar
pressure is heated to 273 K. (2 points)

(iv) Decribe the sequence of events that occur when carbon dioxide at 70 bar
pressure is heated to 273 K. (2 points)

(Answer)

(i) C is the (normal) sublimation point; B is the triple point; A is the supercritical
point (3x1 points)

(i) Under these conditions carbon dioxide is a supercritical fluid; its properties are
intermediate between those of a gas and a liquid (it flows, but has no meniscus).
(2 points)

(i) Solid is converted directly to vapor (it sublimes), at the temperature given at
the interception of the 2 bar constant pressure line with the solid-vapor curve. (2
points)

(iv) Solid melts at the intercept of the 70 bar constant pressure line with the solid-
liquid curve and the liquid vaporizes at the intercept with the liquid-vapor curve.
(2 points)

9. A solution of hydrobromic acid in water is 48.30% HBr by mass. Its density is

1.488 g/cm3 at 20 OC. Compute the concentration of HBr in terms of molarity,
molality, and mole fraction, at this temperature. (10 points)
[Molar masses (g/mol): H = 1.008; Br = 79.90; O = 16.00]

(Answer)



Exactly 100 g of solution contain 48.30 g HBr and 51.70 g water

It I is 100 ( LmL soln ) 67.20 mL w
s volume is X\ T/ ) =67.
g 1.488 g soln m
1 mol
No. Moles HBr = 48.30 g HBr
g 80.91g L Josint
- 0.5970 (4 points)
1 mol
No. moles water = 51.70 g water
18.02g
= 2.869
. 0.5970 mol
Molarity of HBr = ( X 1000 mL) = 8.884 mol/L (or M)
67.20mL 1L ]
(2 points)
Molality of HBr = <0-5970 mol ><1000 9> = 11.55 mol/kg (or m)
51.70 1k .
g 9 (2 points)
Mole fraction of HBr = 0.5970 mol =0.1722 (2points)

0.5970 + 2.869 mol

Allow partial points and correct alternative working

10. (a) When an unknown non-volatile hydrocarbon (5.50 g) is dissolved in
benzene (100.0 g), the boiling point increases by 0.903 °C. If the boiling point
elevation constant (ebullioscopic constant, Kp) for benzene is 2.53 K kg mol™,
determine the molar mass of the unknown hydrocarbon. Show working. (6 points)
(Answer)

(a) ATb = Kbm

m= 99803K— = 0357 molkg
2.53 K kg/mol
This corresponds to  0.357 mol/kg x _1009  mol
1000 g/kg
=3.57 x 102 mol

mass (q)
molar mass M (g/mol)

Since no. moles =

5.50 ¢g
3.57 x 102 mol

= 154 g/mol

(6 points)(Allow partial points)



(b) Study the temperature versus mole fraction diagram below for the binary
acetone/chloroform solution and answer the following questions.

C 64.7-—-—-—==
|
A I
|
Tem I
o e I B
(“C) |
1
|
: X
Chloroform 1 0.66 0.25 0 Chloroform
Acetone 0 0.34 0.7 1 Acetone

Mole fraction

(i) Identify the points A, B, and C. (3 points)
(ii) Explain what happens when a solution of composition X (0.25 mole fraction of
chloroform and 0.75 mole fraction of acetone) is distilled. (3 points)

(Answer)

(b) (i) A is the boiling point of pure chloroform; B is the boiling point of pure
acetone; C is the boiling point of the azeotropic (constant boiling) mixture. (3 x 1
points)

(i) Pure acetone distills first so the liquid in the flask will become gradually
depleted in acetone and richer in chloroform until the composition of the liquid
reaches 0.66 mole fraction of chloroform and 0.34 mole fraction of acetone. At
this point the temperature rises to 64.7 °C and the azeotropic mixture distills until
the flask is empty. (3 points)
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** For further information, please visit General Chemistry website at www.gencheminkaist.pekr.
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1. (a) Determine which one in each of the following pairs has the higher first ionization
energy. (4 points)

(i) CsorBa (i) TlorBi (iii) Xeor Cs (iv) Ge or Pb
Answer
() Ba (i) Bi (iii) Xe (iv) Ge (4 x 1 points)
(b) Arrange the following in order of bond strength. (4 points)
(i) H2Se; H2S; HoTe
(i) O2; F2; N2
(iii) The CO bond in H2CO; CO; CO2
Answer
(i) H2S > H2Se > HoTe (1 point)
(i) F2<O2<Nz2 (1 point)
(i) CO > CO2 > H2CO (2 points)
(c) Explain briefly why the bond length of Hz (0.75 A) is approximately twice the
atomic radius of H (0.37 A), whereas the bond length of F2 (1.42 A) is considerably
longer than twice the atomic radius of F (0.64 A). (2 points)
Answer
Lone pair-lone pair repulsion on opposite F atoms in F2 results in a longer than

expected F-F bond distance, so as to minimize repulsion. No such repulsions exist in
H>. (3 points) (Allow other correct explanation)

2. The diagram below illustrates the potential energy versus distance relationships for
Na and Cl atoms and also for Na" and CI ions (all in the gas phase).

Effective
potential
energy
/T E
B Distance
D /A
C




(a) Identify the curve A. (1 point)

(b) Identify the curve B. (1 point)

(c) What is the distance C? (1 point)
(d) Identify the energy D. (1 point)
(e) What is the energy E? (2 points)

Answer

(@) Na* + CI (1 point) [can include (g)]

(b) Na + CI (1 point) [can include (g)]

(c) The optimum distance for NaCI (1 point)

(d) The bond dissociation energy of Na*CI" (1 point)
(e) lonization energy of Na minus the electron affinity of Cl (2points)

3. (a) Write a Lewis structure for carbon monoxide, showing formal charges. (2 points)

Answer

+
:C—01 (2 points)

(b) Write a Lewis structure for carbon monoxide that shows partial charge separation
(6+, 8-), according to electronegativities. (2 points)

Answer
3+ O-—
:C==0: (2 points)
(c) Use your answer in (a) and (b) to predict the size of the dipole moment of carbon

monoxide as zero, small, or large. (2 points)
Give a brief explanation. (2 points)

Answer
Small (2 points). The formal charge allocation and electronegativity partial separation

oppose each other. (2 points)

4. For nitrogen tetraoxide, write the best Lewis (resonance) structures, with formal
charges, assuming there is an N-N bond. (6 points)

Answer
o . o: 0 . E):_ O_ _O
NW__7 >N_ﬁ<-- '?\N_N/ \+—N//O
- O/ \o: O/ N _:o/ \\O : O// \-(.-?:_

(4 x 1.5 points)



5. (a) Use the Bohr model to determine the excited electronic state of B** that has the
same energy as the ground state of hydrogen. (6 points)

[Ru (Rydberg constant) = 3.29 x 10" /s; ¢ (speed of light) = 3.00 x 10°® m/s; h
(Planck’s constant) = 6.626 x 1073 Js]

Answer

ForH, Z =1 and for B*, Z =5.
The energy of electronic levels is given in rydbergs by
En = -Z¢
nZ
For the ground state of H, n = 1, hence

(2), - 3

H K B4+
or
1 25
-1 = n?z
n,2 = 25

n =5 (= 4" excited state) (5 points)

(b) B* ions have been observed in the atmospheres of stars.

Use the Bohr model to calculate the wavelength (in nm) of the light emitted in a
transition from the n = 5 state to the n = 1 state of this ion. (4 points)

[speed of light in vacuum = 2.998 x 10® m s™, Planck’s constant = 6.626 x 10>* Js, 1
rydberg = 2.180 x 108 J]

Answer

AE = Ep— Ey = <_22_55 N 2—15>(rydbergs) (2.180 x 1078 J/ rydberg)

5.232 x 1017 J
=34 8 -1

Since AE = th c 030y 10173 - (6:626x10 Js)2.997x10 ms )
o A (m)

A = 3796 x 10°m = 3.796 nm (4 points)

6. (a) The diagram below shows the allowed energies of a particle in a one-
dimensional box of 1 unit length (L = 1), in units of h%/8m. In the space to the right
sketch the positions of the corresponding energy levels for a particle in a one-
dimensional box of 2 units length (L = 2). (3 points)



Answer

Einunits | | = 1 ynit L = 2 units
of h2

8m
—— =3
8
7
6

5
4

3—
——— =

|
| 3

2_| (3 points)
|

I
|
i
|
—|— n=2

]— — ) =] e =2

- =1

(b) Write the equation for the energy of a particle in a two-dimensional box of sides L

(a square box). (2 points)

Answer

2

E = _h? (n* + ny”) ,wheren;=1,2,3,...andn,=1, 2, 3,... (2 points)

8mL?

(OI’ Enl’nZ)

(c) Assuming that the energy levels are not influenced by repulsion between multiple
electrons, use the Aufbau Principle (and associated principles and rules) to draw a
‘line and arrow’ diagram of the ground state electronic configuration for four electrons
in the box. (3 points)

Answer

L
L E]_,]_

(3 points)

7. Study the following hydrogen atom wave functions (b)- (e) and fill in the spaces in
the box below. The answer for (a) is given as an example (10 points)



-rl2aq .
1 32 0 sinbcos¢

(a) \llnlm:
ag e
aN 2n do
— 1 2
b)) VYam= 8—6 30'3/2( %;10) e 339 (300329 -1)
M T
1 -312 2
© Vam= mao (27 - 18r/ag + 2r¥/ag ) e 330
1 =32
— a ) -rl2ag
(d) Ynim 4 m 0 R coso
© Vom= 1 %280 - 20r N s ) L e sinBsing
512V5m 8 @0’ a
Answer
Orbital Name n, ;L mvalues | No. radial No. angular
nodes nodes
@) 2px 2,1.+1(or—= |O 1
1)
(b) 3dz2 3,2,0 0 2
(c) 3s 3,0,0 2 0
(d) 2p; 2,1,0 0 1
(e) 4py 4,1, +1(or— |2 1
1)

(4 x 2.5 = 10 points)

8. The Photoelectron spectrum of atomic fluorine shows ionization energies of 689 eV,
34 eV and 12 eV. Assign these energies to the orbitals of F (3 points) and estimate the
value of Zest for F for each of these orbitals. (6 points) Assume 1 rydberg = 13.61 eV.

Answer

According to Koopman's approximation, the orbital energies are: -689 eV, -34 eV, and -12 eV,
corresponding to 1s, 2s and 2p orbitals, respectively. (3 points)

2 /
E, ~ —Z - or  Zef ~ Y= E,n? ,where E, isinrydbergs
n

2 2
Zesf(1S) = /(w =712 Z.(2s) = /(M =3.16
(13.61eV/rydberg) ~— (13.61eV/rydberg)
Zoip) = [C12eV)2) =168 (3 x 2 points)
(13.61eV/rydberg)



9. The dioxygen species O,", O, Oz and O,* are all known and are well
characterized.

(a) Construct a full LCAO-MO correlation diagram for Oz". (6 points)

Answer

o) O, MOs ADs

a0
ba L 4&. . uszy;u.i. .

E i d
o ’
L GSZPZ

Zsi ~~-~ — -
-_\_‘i Szs o

(6 points) Allow partial points (the g and u can be dropped)

m— G* uzpz

(b) Write the electronic configuration of O2". (2 points)

Answer

02" (6g25)%(6%u2s)*(0g2p2)* (tuzpx) 2(Tuzpy)*(T*g2px)* (the g and u can be dropped)
(2 points)

(c) Determine the bond order for O2*, O2, Oz and 0. (2 points)
Answer

Bond orders O2" (2.5):02 (2);02 (1.5);02* (1) (2 points)

10. (a) Draw the best Lewis structures for the nitrite ion (NO2). (2 points)

Answer

:Q_'.\.l:.c.): <—> 0O=—=N—0 '@ (2 points)

(b) Use the VSEPR theory to determine the steric number of N and the shape of the
ion. (2 points)

Answer

Steric number of N = 3; V-shape (or bent) (2 points)



(c) For just one of the structures in (a), sketch the valence bond (VB) description of
bonding, showing clearly the hybridization on N, the ¢ and = bonds, and lone pair
electrons. (5 points)

Answer
sp?
.
I - 6 points

’ Yo(spp N 4 Allow for correct
B T (R S . different slyle of

. " = lone pair sketch

o 2

or o{sp-s
or o{sp-sp3) O PSP

(d) Sketch the © molecular orbitals and & MO correlation diagram for NO>". (5 points)

Answer

E,Q\:
B : : ™,

N

N R
5/ i \g x 1 2, 2p, sz“.‘ M_ N
E

" ! 2p(A), 2p(B)

)
\ [}

vl ¥

(4 points) Allow different accepiable versions of © MOs (e.g. see Oxioby, page 2893)

11. Determine whether the following statements are true or false. Write T or F in the
boxes adjacent to the questions. (10 points)

(a) According to the Aufbau Principle, 5g orbitals will be occupied in the 8" T

period.

(b) Fluorine is the most electronegative element, but its electron affinity is

somewhat smaller than chlorine’s due to the small size of fluorine’s orbitals T

(c) The 3" row D-block elements have similar atomic radii to those of the 2™
row D-block elements.

(d) Both Sc and Sc™ are paramagnetic. T




(e) The sulfur trioxide (SO3) molecule is tetrahedral and highly polar.

(f) For the B atom, the principal quantum number (n) completely defines the energy of

a given electron, whereas n and /(the angular momentum quantum number)
are both needed to define the energy of a given electron in B*".

(9) The allowed energy levels of an electron in a box are lower and more
closely spaced than those of an electron in a small box.

(g9) The normalization constant of a wave function is calculated by setting to 1
the integral of the wave function over all space.

(h) According to LCAO-MO theory, the Be,?* molecular ion has stronger
bonding than the Be2> molecule.

(i) According to VB theory, the molecule CH3-CH=C=CH, has sp, sp® and sp®
hybridized C atoms.

F
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