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UNIVERSITY OF OSLO 
Faculty of Mathematics and Natural Sciences 

 
Exam MENA1000 – Materials, energy and nanotechnology 

Day: 6 December 2007 

Duration: 3 hours 

The set counts 6 pages (12 questions) 

Attachments: None 

Allowed aids: Calculator without communication or stored information 

Language: English 

 

Note:  
 

Control that the set of questions is complete, before you start answering questions.  

 

All questions 1, 2, 3 etc. count equal. 

 

Chemical reaction equations shall be balanced unless otherwise stated. 

 

Standard conditions shall be assumed unless otherwise stated. 

 

Question 1 
 

By help of diffraction we can determine the distance between atomic planes in crystals. For 

this we need radiation with a wave length of a similar order of magnitude as the plane 

distances in the crystal, i.e. distances between atoms. If we use electromagnetic radiation, 

what is roughly the wave length domain we need, and what range of frequencies and energies 

does this correspond to? 

 

Question 2 
 

Three plates are put flat on top of each other on horizontal ground. The bottom and top plates 

are metal plates, while the middle is a light, elastic plate. All plates measure 0,1 m x 0,1 m x 

0,01 m each. The metal plates weigh 1 kg each. 

 

a) What is the gravitational force that the top plate acts on the middle plate? What is the force 

that the middle plate acts on the top plate? 

 

b) What is the normal stress that the middle plate is subjected to? The middle plate has 

stiffness (E-modulus, Young’s modulus) of 0.1 GPa. How much is it compressed under the 

weight of the top plate? 

 

Question 3 
 

a) The inner energy U of a crystal has many contributions. Mention the most important ones. 
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b) The inner energy U can be approximated by the enthalpy, H. This can, in turn, be split into 

Gibbs energy G and TS, where S is entropy. What do we know (or don’t we know) about H, 

G, and S for a perfect crystal of a pure compound at T = 0 K?  

 

Question 4 
 

Lanthanum cuprate, La2CuO4, was among the first oxides to be investigated with respect to 

high temperature superconductivity 

 

a) Assign formal oxidation states for the elements in lanthanum cuprate, La2CuO4.  

 

b) What is a probable electron configuration in the ground state of copper ions in this 

compound? 

 

c) Every copper ion has six oxide ion neighbours in this oxide. Consider whether the 

compound can be coloured and whether it can be paramagnetic in view of crystal field 

considerations for the copper ions in an octahedral field. 

 

Question 5 
 

Graphite consists of only carbon atoms, forming layers 0.335 nm apart. In the layers the 

atoms are found in six-rings with bond lengths of 0.142 nm.  

 

a) Draw a Lewis structure (using dots or simply lines to show bonds) for a small part of a 

graphite layer so as to show the essentials of the electron structure and bonds in the material. 

Ensure that all valence electrons are included. 

  

b) Explain why diamond is an isolator and a very hard material while graphite conducts 

electrical current and is soft enough to be used as lubricant and in pencils. 

  

c) Name at last one other element that takes on the diamond structure. If you do not know the 

answer, make a guess, and explain your choice. 

  

d) If one could “cut out” an elongated rectangle of a graphite layer, roll it up, and bond the 

carbon atoms along the ltwo ong edges to each other, a single walled carbon nanotube would 

result. Explain what kind of functional and mechanical properties we may expect that such a 

nanotube gets. What can such nanotubes be used for? 

 

Question 6 
 

We shall make a zinc-manganese battery. We make two half-cells: In one we put a zinc bar in 

a 1 M aqueous solution of ZnSO4, in the other we put a manganese bar in a 1 M aqueous 

solution of MnSO4. In both half-cells we have pH = 0. The two half-cells are connected with 

a salt-bridge, and the two metal bars are connected with a resistor (load). Standard reduction 

potential for the half-cells are: 

 

Zn
2+

(aq) + 2e
-
 = Zn(s)      E

0
 = -0.76 V 

Mn
2+

(aq) + 2e
-
 = Mn(s)     E

0
 = -1.18 V 
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a) Draw the setup of the cell. Mark cathode and anode, positive and negative electrode, and 

direction of flow of electrons when the cell delivers current. 

 

b) Write a total cell reaction. What is the standard cell voltage? 

 

c) Under neutral or basic conditions divalent zinc can be precipitated as zinc hydroxide with 

solubility product Ksp = 3·10
-17

. What is the concentration of Zn
2+

(aq) in a saturated solution 

of zinc hydroxide at pH = 7? 

 

Question 7 
 

Zirconium oxide, ZrO2 has a monoclinic unit cell when undoped. When we substitute in 

yttrium, Y, we get defects and as a result of this, structures with higher symmetry. Y-

substituted ZrO2 has several areas of applications which are based on particular mechanical 

or functional properties. Describe one such area of application and how the material’s 

essential property is obtained and utilised. 

 

Question 8 

 

Below is given the phase diagram for silver (Ag) – copper (Cu) alloys. We have an alloy of 

silver with 4 weight-% Cu in a crucible and heat this to 1000 °C. Describe the alloy at this 

temperature. We cool to 800 °C and equilibribrate. What do we have now? We cool slowly 

further to room temperature. The alloy has become harder and stronger than the metal. Give 

an explanation of this. 
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Question 9 
 

a) Super-pure germanium, Ge, is an intrinsic semiconductor, in which electrons and holes are 

formed by thermal excitation over the band gap. Write a reaction equation for this process. 

 

b) A super-pure (undoped) intrinsic semiconductor can be mainly an n-type or a p-type 

conductor. Give an explanation based on what you know about the conductivity for a charge 

carrier. How can we measure whether the material is n- or p-type conducting.? 

 

c) What can Ge be doped with to make it i) a good n-type conductor and ii) a good p-type 

conductor?  

 

d) How does a diode work? (Use a drawing if you like.) 

 

Question 10 
 

a) Methanol, CH3OH, is a possible fuel and energy carrier today and in the future. It can be 

produced from fossil or biological sources. Explain the production route for at least one of 

these. 

 

b) Write the reaction equation for complete combustion of methanol with oxygen. 

 

c) What is the standard cell voltage for a fuel cell at 25 °C that runs on methanol dissolved in 

water and oxygen gas, from the following thermodynamic data? 

 

 O2(g) CO2(g) H2O(l) CH3OH(aq) 

∆fH
0
, kJ/mol 0 -394 -286 -246 

S
0
, J/molK 205 214 70 133 

 

Question 11 
 

A possible energy carrier for cars and other vehicles in the future is hydrogen. Describe 

briefly three different ways of storing hydrogen onboard, and point out what challenges each 

of them face, especially regarding materials.  

 

Question 12 

 

a) Describe briefly two of today’s technologies for digital data storage or processing within 

what we may call microtechnology. 

 

b) Describe two areas where nanotechnology can bring data storage and/or processing further 

with respect to data density and speed. If you think that pointing out such an area is 

dependent on a definition of nanotechnology, you may also include the definition. 

 



Exam MENA1000–Materials, energy and nanotechnology, 6 December 2007             Page 5 

 

Formulae and tables 
 

2

2
1 mvE =      2

mcE =  

2

21

r

mm
F

γ
=  gmF =   

2

0

21

2

21

4 r

qq

r

qqk
F e

πε
==  

r

Qqk
E

e

p =  

qvBF = .   lvB=ε  

p

s

p

s

N

N

U

U
=  

 

T

a
m =λ    4

TM e σ=  

WhfEk −=  
mv

h
=λ    

 

Lukket system: wqU +=∆  

Bare volumarbeid, konstant 

trykk: VPw ∆−= . 

Entalpiendring PqH =∆  

∫=∆
2

1

T

T

PdTCnH  

 TCnH P∆=∆   

 

WkS ln=       
T

H

T

q

T

dq
S

trykkKonst
revrev ∆

=
∆

≈=∆ ∫
.2

1

 

irrevirrevrevrev wqwqU +=+=∆  PV = nRT 

Gibbs energi: TSHG −=   Frivillig prosess: 0<∆−∆=∆ STHG  

b

B

a

A

d

D

c

C
r

eksempel

rr
aa

aa
RTGQRTGG lnln

00 +∆=+∆=∆        

nFEGwel −=∆=           00
nFEG −=∆        Nernst: Q

nF

RT
EE ln0 −=   

Likevekt:  KRTQRTG likevektr lnln0 −=−=∆   K
nF

RT
Q

nF

RT
E likevekt lnln0 ==  

∑∑ ∆−∆=∆
reaktanter

0

produkter

00
HHH ffr  ∑∑ −=∆

reaktanter

0

produkter

00
SSSr  ∑∑ −=∆

reaktanterprodukter

GGGr  

 

pH = -log[H
+
]   pKa=-logKa          Buffer: 

[ ]
[ ]A

B
pKpH a log+=  

 

Konstanter 
Tyngdeakselerasjonen  g 9,80665  m/s

2
 

Atomær masseenhet  u 1,6605*10
-27

  kg 

Elektronets masse  me 9,110*10
-31

  kg 

Elementærladningen  e 1,602*10
-19

 C 

Elektronvolt   eV 1,602*10
-19

 J 

Protonets masse  mp 1,673*10
-27

 kg 

Nøytronets masse  mn 1,675*10
-27

  kg 

Lyshastigheten i vakuum c 2,99792*10
8
 m/s 

Boltzmanns konstant  k 1,381*10
-23

 J/K 

     8,6174*10
-5

 eV/K 

Plancks konstant  h 6,626*10
-34

 Js 

Rydberg-konstanten  ℜ 1,097*10
7
 m

-1
 

Bohrs konstant  B 2,18*10
-18

 J 

Avogadros tall   NA 6,022*10
23

 mol
-1

 

Gasskonstanten  R 8,31451 J/molK 

     0,0820578 Latm/molK
 

Faradaykonstanten  F 96485  C/mol 

Gravitasjonskonstanten γ 6,672*10
-11

 Nm
2
/kg

2 

Permeabiliteten for vakuum µ0 1,257*10
-12

 H/m 

Permittiviteten for vakuum ε0 8,854*10
-12

 F/m 

Elektrisk konstant =(4πε0)
-1

 ke 9,0*10
9
 Nm

2
/C

2
 

Magnetisk konstant  km 2*10
-7

  N/A
2
 

Stefan-Boltzmannkonstanten σ 5,67*10
-8

 W/m
2
K

4
 

Wiens konstant  a 2,90*10
-3

 mK 

Volum av 1 mol ideell gass Vm,298K 24,4651 L 
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