ColLuTionS

————

Name SID

1) Consider the reaction shown below, in which MgCl; reacts with NaOH to produce
Mg(OH)z2 and NaCl.

MgClz (aq) + 2 NaOH (aq) — Mg(OH)z (s) + 2 NaCl (aq)

A sample initially contains 0.02 mole of MgCl; and 0.03 mole of NaOH. The reaction
then proceeds until one of the reactants is completely consumed.

Identify the limiting reagent and the amount of Mg(OH); produced.
O MgCl;; 0.01 mole

. NaOH; 0.015 mole

O MgCly; 0.02 mole

Q NaOH; 0.02 mole

2) The equation for the combustion of butane is shown below.
2 ciole+ 3o > 8B o+ 10mo00)

Balance the reaction by adding stoichiometric coefficients to the equation. Then
calculate how many molecules of CO; will be formed from the combustion of 0.0829 g
of butane, and select the correct answer below.

x 3.44 x 10*! CO; molecules
(O 8.59 x 10% CO; molecules
(O 1.16 x 10* COz molecules
(O 2.15x10% CO; molecules

3) An atom is excited from its ground state by absorbing a photon. It relaxes back to the
ground state by emitting two photons, an orange photon at 600 nm and an infrared one
at 1200 nm.

What is the wavelength of the absorbed photon?

(O 900nm
(O 1800 nm
(O 1200 nm
x 400 nm
(O 600 nm
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4) Alight beam with wavelength A=700nm strikes a metal surface and causes emission of
electrons.
If the same metal surface is struck by a light beam with wavelength A=560nm, the
kinetic energy of the electrons emitted by the surface will be

x greater by a factor that depends on the metal's work function
(O smaller by a factor that depends on the metal's work function
(O thesame

(O smaller by a factor of 4/5

(O greater by a factor of 5/4

5) Consider a single photon with wavelength A, frequency v and energy E.
What is the wavelength, frequency and energy of a beam of light containing 100 of
these photons?

100 A, 100 vand 100 E
0.012,100vand 100 E
0.014,vand 100 E

A, vand 100 E

0.012,0.01vand0.01E

O OMWOOO

1004, 100 vand E
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6) Ethylene, C;H,, is a small molecule that can link end-to-end with other ethylene molecules
to form a chain. Structures are shown below for chains that result from linking n molecules of

ethylene together.

f ] SRS EEE:

s se N SRR R

H H H H g H HH HHHHH
n =2 large n

[The difference between single bonds (-) and double bonds {=) is not important here. Nor is
the detailed connectivity between H and C atoms.]

i. Write a balanced reaction equation for this process.

N CQ_HL‘. = Can4n

ii. What is the mass of a chain with n = 107? Give your answer in units of g/mol.

N=102 moleake & CypoHayo D
Mosc= 20XI12 9 4oxtd = 280 9/w |
mol o | Final Answer
-3
__"'_8.0__g/mol

iii.  Balance the following reaction equation for the bonding of ethylene molecules to
form a chain withn = 3.

ZLCZ Hy — Lcele
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For the remaining parts of this question, consider a sample that initially contains 1 mole of
C,H, molecules. These molecules bond to one another in successive rounds, forming longer
and longer chains at each stage, as depicted in the tree diagram below.

C;H, C,H, C,H, C.H,

CSHlﬁ

e In the first round, each C,H, molecule bonds to another C;H, molecule to form chains
withn = 2.

C,H, + C,H, — C,Hg

This reaction goes to completion.

¢ |nthe second round, each n = 2 chain bonds to another n = 2 chain to form chains
withn = 4.

This reaction goes to completion.

e Subsequent rounds similarly convert all chains of length n to chains of length 2n.
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iv.  How many rounds of binding are required to form chains with n = 16? How many
moles of n = 16 chains are produced?

roand 4 n=1=72 4o prodice o chain with n=N, 2% %punds
purd 2 Nn=2-74 e neded 2 4 prundg {)—cr n=16
TBW‘A 3 n=4— 8 (Where N= Df Final Answer
E [ #mcféz &CTM s J‘_rounds
ownd N MNZ2N gy X 1/16

moles

v.  Which of the plots below correctly shows the mass of a chain molecule that is
present after each round of bonding? Mark the appropriate circle.

m Q,xfonenﬁa( 8@"4/1"'\ ! O

£ =

5 = :

3 2 o -

9 Q

- o)

o - .

gl . - e
1 2 3 4 5 P

# of rounds of bonding # of rounds of bonding

molecular mass
.
molecular mass

# of rounds of bonding

1 2 3 4 5
# of rounds of bonding
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vi.
this one remaining molecule?

After many rounds of bonding, only a single molecule remains. What is the mass of

Mogg O cenavwed  §o Huk s

Ne starlid with 1 sl ‘,m(,;\ w 29

7 €

Final Answer

i:_‘_ﬂ_g

vii.

When only a single molecule remains, how many carbon nuclei does it contain?

We Stoodzd with 2 mel TCT o mmw;_
,mcuk-

Haig WM T, e Wl howe Z.NA
1‘ 22X 10 Final Answer

24

If this last remaining molecule were pulled completely straight, as in the picture

viii. i
below, how long would it be? For reference, the length of C—H and C—C bonds is
about 1A.
H HH HHHHHMHHHUHHH H
| I [ A [ N A N A R O A |
T T
H HH HHHHHHHHHH H H

The distance from the first carbon nucleus to the last is about:

O B O

1m

O

10A 100 nm 1um

~{0 23 o :
Wa’ 5 mK bozxio A~

1km 101 km

wyv o A

i 41 .
OIL\ : ‘Di ‘(J‘V\
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7) The diagram below shows the allowed energy levels of a certain molecule, which include a
large number of states with energy between E = —E; and E = 0. The state with highest
energy is labeled n -

EJ\
0" Mmax
—-Eot =3
A = 900nm
—2Eq+ M= 2
_3E0T n=1

i. A transition fromn = 2 ton = 1 is accompanied by emission of a photon with
wavelength 4 =q‘00 nm, as shown in the energy level diagram. Using this information,
calculate the value of E in units of kl/mol.

At = -2 o (-3%0) = Eo= he . 6-63%10 1 J-s X3 K108 s
Goonm Fo0xic T m

. -9 e .. 20
At = 2-21% 16 TXg¥10™°
Wl

k7,
130 /""“-‘3'l Final Answer

ii. What wavelength of light would be absorbed in a transition from n = 2 to np,,,?

(O 300nm .
ﬂ 450 nm Atl—% _— = ZED
~ : z= . ™
O 750nm > '/\zamax 400 n
(O 900 nm _ .
O 1800 nm ( iy\ Mgt‘!a’ Fr’?)f&-” he;ry\fl»( 'h'J
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iii.  For the states shown above, what transition (or transitions) involves the largest change
in this molecule's energy, and by how much does its energy change? (Give answer in
units of Ej).

iv. What is the shortest wavelength of light that can be absorbed by this molecule? All of
the energy levels shown should be considered as possible initial states.

Sherfest A Lerreaffmdzh WAE.

A‘Em(mr - ?)Eo = Am;,\ = qOO im
-

30 O nm Final Answer
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On the graph below, sketch the complete emission spectrum for this molecule over the
range of wavelengths shown. (Transitions that emit light outside this range do not need

to be considered.) Recall that the complete emission spectrum includes transitions from
all possible excited states.

You may assume that excited states between n = 3 and np,, are so numerous that the
spectrum is very smooth.

emission

e IS
la.:)[‘w-eu\ 400 nm E‘
400 nm

———t——t—t A/nm
400 500 600 700

vi. Based on the spectrum you drew in part (v), describe the appearance of light emitted

(not reflected) by this substance as it undergoes all of its possible transitions.

[(W Ceaers alk c{ H\.&Z’(.S'P(’cf‘fum-
w‘g{b{g
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8) Consider an electron with position x, in a 1-dimensional potential V(x). Panels (a), (b), (c)
and (d) of the figure below show 4 different wavefunctions y/(x) for this electron (solid lines),
alongside the potential V(x) (dashed lines).

-1t 4

i True or false: The kinetic energy of an electron described by the wavefunctions in
panels (a) and (c) is equal. Explain your answer in 1-2 sentences.

True,  becanae %3 hove Ha same cwwalone.

ii. True or false: The potential energy of an electron described by the wavefunctions in
panels (a) and (b) is equal. Explain your answer in 1-2 sentences.

Falee, (a) 15 lewer fhan (b) as e ebchon
ity i (@) is maximwn where V(K) «»
M\r‘\ifv\ftec{-
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iii. Which wavefunction(s) has the highest probability of finding the electronatx = 0 ?

(C) M - ;wawemf m;?am& :‘i

iv. Which wavefunction(s) has the lowest total energy?

(a_) sy W\L%{' ki/UZ/uL -+ FS'{Q(:\M'F

V. Which wavefunction(s) has the lowest kinetic energy?

(&), (O - [eoest cwwaliut, no nodes
and  Hair widlh s He fame

vi. If the potential is removed (setting V(x) = 0 at all x), which wavefunction(s) has the
highest kinetic energy?

(d) =5 AR MM H 06 yedd
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