Grundlagen der Chemie fur Studierende des Maschinen baus, Prof. Grunwaldt und
Prof. Heske

Chemistry for Students of Mechanical Engineering,
Studiengang Bachelor

Thursday, 2™ October 2014, 9:00-12:00

No unauthorised resources (e.g. lecture notes, textbooks etc.) may be used during the examination.
Any attempt to use such unauthorised resources will be considered as cheating, and will lead to
immediate exclusion from the examination and a mark of 5,0.

Foreign students may use a dictionary (mother tongue — English) but this may not contain any
handwritten notes. The use of a calculator is not permitted.

Numerical answers that are given without showing any working or explanation will receive no marks.

In general, short answers with keywords will be sufficient; long essays are not necessary! To illustrate
or explain a point, a clear sketch is often sufficient!

The maximum number of points for each question is given in parentheses.
Conversion from % to mark:
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Question 1:

a) What is understood by atomic number, and what are isotopes? 2P)

b) Give the number of electrons, protons and neutrons in atoms of uranium with atomic
weights 235 and 238. (2P)

c) Name the four quantum numbers that describe the energy levels of electrons in
atoms. Explain briefly (keywords are enough) the significance of each quantum

number. 4 P)
d) How many electrons must atoms of the elements strontium and bromine either lose or

gain, when they form ionic compounds? 2P)
e) What do (i) the Pauli Principle and (i) Hund’'s Rules tell us? 2 P)
f) Give the electron configuration of the oxygen (O) atom @apr)

g) Arrange the elements Na, Al, Cl and F in order of increasing electronegativity. (2 P)




Question 2:

a)
b)

What is understood by (i) enthalpy of reaction and (ii) entropy of reaction? 2P)

Modern power stations often use natural gas as fuel. Give the reaction equation for
the complete combustion of methane (CHy).

Use the values given below to calculate the enthalpy (AH), entropy (AS) and Gibbs
free energy (AG) of reaction for the complete combustion of methane at 1500 °C.
(n.b. these values are appropriate for 1500 °C, you do not need to take any
temperature dependence into account). (4 P)

Substance

AHZ [kJ/mol]

AS? [J/mol-K]

CH4

30

300

0O,

49

260

CO,

-312

300

259.5

d)

f)

9)

h)

H,0 -179.5

Using the Gibbs free energy of reaction AG, state the criterion for a spontaneous
process.

Give the reaction equation for the formation of ethene by elimination of H, from
ethane. Use the above criterion to explain why this reaction can take place at high
temperature, even though the reaction is endothermic. (3P)

For a reaction aA + bB S cC + dD, give the equation that relates the equilibrium
constant K to the concentrations of the substances taking part in the reaction, and
also an equation that relates K to a thermodynamic quantity. 2 P)

The formation of sulphur trioxide (SOs) from sulphur dioxide (SO,) and oxygen (O,) is
an equilibrium reaction. Give the reaction equation, and decide whether the entropy
increases or decreases when SO; is formed.

In which direction does the equilibrium position shift, when:
e the temperature is increased?
e an excess of oxygen is added to the starting gas mixture?

Explain your answers, noting that the formation of SO; is exothermic (AH° = -99
kJ/mol).

The reaction takes place with the help of a catalyst.

How does a catalyst affect a chemical reaction? Does it change the equilibrium
position of the reaction? What is the important chemical substance in the catalyst
usually used for the formation of SO3? (6 P)

What is understood by oxidation and reduction? For the formation of sodium chloride
(NaCl) from the elements (Na und Cl,), give the equations for the reduction and
oxidation half-reactions. (3P

What is the potential produced by a Ag/Sn Daniell cell, in which 1 molar solutions of
AgNO;3; and Sn(NO3), are used (see table of standard electrode potentials at end of
this exam script). What half-reactions take place at the electrodes? (3P)

Two glass beakers each contain a piece of iron (Fe) metal. A 1 molar solution of
CuSO0; is poured into one beaker; a 1 molar solution of MnSQ, is poured into the
other. For each beaker, do you expect a chemical reaction to take place, and if so,
what will happen? 2 P)




Question 3:

a) Give the reaction equation for the partial oxidation of hexane to hydrogen and carbon
monoxide. @ap)

b) What is understood by the term “greenhouse effect”, and what property of the carbon
dioxide (CO2) molecule makes it an efficient greenhouse gas? @apP

c) Name the two allotropes of the element oxygen that are found in the atmosphere.

For each one, give both the sum formula and the Lewis structure.
Which of these forms is the more common, and why is it attracted into a magnetic
field? 4 P)

d) How is ammonium nitrate (NHsNO3) produced from ammonia? Give equations for the
the four reactions involved in the process. (4 P)

e) For each of the metals aluminium (Al), iron (Fe) and copper (Cu), state one property
that is made use of industrially.

For each of these metals, give a raw material from which they can be obtained, the
most important production method, and an important industrial application. (6 P)

f)  Why is limestone (CaCOg3) added to the mixture of iron ore and coke in a Blast
Furnace? @apP

g) Give equations for the reactions that take place when iron rusts in moist air. (4 P)

h) Apart from platinum itself, name two further members of the “platinum group” of
metals. What is the main industrial significance of the platinum metals? 2 P)

i)  What is understood by corrosion, and what is a “local element” (bimetallic corrosion)?

(2P)
Question 4:

a) There are two organic compounds with the sum formula C,HsO. Give Lewis
structures for both compounds. To which classes of organic compounds do they
belong? Give their correct names. (3P)

b) Give the Lewis structure for the compound 2,2,4-trimethylpentane. (3P)

c) Explain with the help of sketches the different covalent bonding in ethane, ethane and
ethyne, giving the hybridisations of the carbon atoms, the orbital structures and the
bond angles. (6 P)

d) Describe the mechanism of a radical chain reaction, using the formation of CHsBr
from CH,4 and Br;, as an example. (3P)

e) Draw the Lewis structures of the functional groups characteristic of the compound

f)

classes alkenes, ketones and carboxylic acids. (3P)

Give the structures of the characteristic repeating units in polyethene and
polystyrene. From which monomers are these two polymers produced? 2 P)



Question 5:

a)

b)

9)

h)

What pollutants can be formed during the combustion of hydrocarbon fuels in a

combustion motor? 2P)
What catalyst system is used to remove toxic substances from the exhaust gas of a
petrol engine? apP)
Describe with the help of a diagram how the amounts of the pollutants formed
depends on the fuel:air ratio used in the engine. (2 P)
Why is it only sensible to use an exhaust catalyst for a petrol engine, when it is being
run with a stoichiometric (A = 1) fuel:air ratio? @apP)
What is understood by “knocking” in a petrol engine? What number is used to
describe the knock-resistance of a petrol, and how is it defined? 2 P)

Why are more nitrogen oxides (NO,) formed during the running of a Diesel motor than
for a petrol motor? What process is used to treat the exhaust gases to minimise the
amount of pollutants released? In Diesel vehicles, what substance is added to the
exhaust gases, and what compound is formed from this in situ that acts as a reducing
agent in this process? 2 P)

How much CO, is emitted by a car with a petrol engine that consumes 5,7 litre per
100km? You may assume for the calculation that the fuel is 100 % isooctane with a

density p = 0,7 g/ml, and that it is completely combusted in the engine. (3P
State an important function of lubricants. @apP)
Name one solid lubricant, and one application of solid lubricants. apP)



wnpuaime] [ wnijpqoy | wninapppuayy| wnmwey | wnwisui | wniwiopey | wnyppag | wnuny | wnpuawy | wniuoing | wnumday uely  |wnunoeoig| wnuoy)
- - - e - e - e euf+e eif+e euf+e euf+e euf+r eLf+s eL|+9 vi|+s Su|+r €
€501°09¢ 6001652 | 1085z | 1960262 | €0zse |96L01sz [eoove | e | viooeve |zvooviz | zevosce |168z08ez|98ser I cz|ooseozez| £ USPIUARY
£01 17204 ONJO} PWDO} W66 S3 | 8640 |26 48 |96 W |56 Wy|p6 nd [£6 N | 260 |16 Bd |06 UL
wnpainy | wmqieny | wninyg wniqay | wmwioy | wnisoadskq | wmiqia) | wnuijopen | wmdony | wnuewes | wniyawoid| wApody | wApoasesq )
+€ zu|+e Li|+e zi|+e zi|+e zi|+e zi|+e zu|+e zi|+e zi|+e zi|+e vif+e vifse Lif+e 1
196721 | voesL |izveseol| 6sziol [zeoeevoL| ooszol [seseesst| szist | voist | oeost | szl | evevl |soosovt| ooy | 9 USPIUEWIUET
1AN7 [0L9A[69 WL[8943 |9 OH |99 Ad [S9 9L |9 PO |£9 NT [29 WS L9 Wd |09 PN| 66 Id (85 3D
wnipounup | wnndasunugy wnixayunup |wnnuadunuplunipenbunup| waugunup | wmiquaup [wniweSiusoyfunnperswieq wnusney | wmssey | wnuyog | wniSiogeas | wnwgng pumipiopaying wnwmy | wnipey | wnouey
S B L T I e e I e I I e I I N - B A Y] A
- - 62 - 682 - 1z 2z 6oz |escro0z| e | wize | avege | wzoe | wiee |eszolzz |vezogee | L610€2
1L onakL snrgLl ungil dnil bopgLuinndil annibLl B L1 S 601 JNBOL SHYO0L Ug90L BS EOL aaj0L 44 68 9V 98 €Y | /8 4
uopey JeIsy wniuojod | Inuwsig 1]q wneyy | sqpspand | pron une|q wnipu| wmwsy | wnuayy | weyjom [e3ue] wniuey | ueyuey wnueg wnise)
- | Tz ozf+e 6|8 e[+ et euf+e vz|+r ce|wr zE[+w Tl e[+ L1|+e Guf+r El|+ve Vifsz 60|41 L0
9110z | L8660¢ | vzss g0z (ovosssoe| 0z |ecsevoe | 6500z [1s996961L| v80GEL | ZzzeL | €zoeL | 02981 | veesL |ssuib0sl| evsLL |iveoesel| lzesel |sveoeEl
08Uy | 581V |pg od (€818 |28ad |18 1L [08 BH|6L NV |823d | L21 |92SO |SL3Y | p2 M €L BL [2LH |46 €T |96 Bg |56 SO
uoudy po| TN uownuy uuiz wnipy| wniwpe) 1qI wnipejed | wmpoyy | wmuayny | wnnauya) | uepghjoy qoIN wnuosi | wnumy | wnnuong | wnipigny
SR IE-Y- YRR I ogve s L eufsz zTlee 2zl celvs e[+ gif+s @u|+r vi|se €|+ 0L|+L 80
oz il | roeel| 09221 | oozizl | ovzsu | sieviL | uvzi |2eogsor | zvool [ossoezor| ZoloL | zooees | veSe | scoezs | vzzle |sssoess | 298 | si9vss
pgoX | €61 |25 3L Jus as oS us | 6 ul |87 PO |2y B |9y P |S¥ U |#y M €7 OL |zb OW |1 AN | O 47 | 6 A [8€4S |16 QY
uoydAuy woig UdJs uasty  fwnuewsay [ wnigen yuig 13ydny PPIN 1eq0) uasiy ueduey wouy) wnipeuep uey| wnipueds | wnpje) wnijey
- | osew vz|n 0w oif+e oilvz o]l e+ eu|TE eu|TE euflt gl 9u|+s ou|wr gi|+e elf+z 0L[+ 80
geLeg | voe6L | 968L | oowzev] vozs | ceseo | eovse | ovceo | vesuss |seleesss| Svess |svosests| 19661S | Sive0s | 98y |zessety | sL00v | css06E
o¢ Y | o€ 48 |vg 35 | e svfec 99 [ €9 |0g uz |62 nD | 82 IN |12 09 |92 24 |ST U #2490 | €ZA | 2211 295 |02D | 6l M
uod1y 10[y) jpyemps | aoydsoyq | wnnis [ wniuiwnyy qll gl [ A | galA gin an anl am | wmsaudey | wnuey
- -] oe|+r gif+s 1z|+r sile su| g m 8 8 g 2 9 P b e |+ zi[+ 60
gveee | esvse | S90ze |coses608| G808z Jpesiesae 0S0EVZ |69/68672
814V | 2119 [91S |Sikd |pL1S JeLiv 2 BN |1} eN
uajyezsuonepixQ abyney weN
uodN Jonj4 tcum._m:m.m .toumv_u_a.m t_SEm__._.wx 104 . / toum._wmmw;\\w E=___>._m.m Ez_f_._.
- - |- oz gele+e ogver g+ 02 ! 2 gL+ 01
161102 | covese8l| v666GL | 2900%L | L0102 | LgOL 16001 | YeNAREBOUOINEIT 2812106 | 1169
0LoN| 64180 | LN| 99|68 sesmucy sies <1 ) peg | ¢
wnpy | VIA  VIA VA VN VI s // VIl | Hoisiassep
= - Ll 9l Sl vl €l lyezsbunupiQ |[oquiAg z +l 1T
200200°% 61001
Z9H | H
VIIA Vi

8l

}




Reduzierte Form = Oxidierte Form +ze” Standardpotential
E°inV
Li = Lit + e~ —3,04
K =K* + e~ —292
Ba = Ba?* +2e~ —2,90
Ca = Ca2t +2e” —-2.87
Na = Na*t + e~ 2,71
Mg = Mg?* +2e” —2,36
Al =cAPE +3e” —1,68
Mn = Mn4t +2e” —1,19
Zn =7Zn%t +2e~ —0,76
Cr =GP +3e~ —0,74
S?- =S +2e” —0,48
Fe = Fe?+ +2e” —0,41
Cd = Cd** +2e” —0,40
Co = Co*t +2e” —0,28
Sn =502 +2e~ —0,14
Pb = Pb%* +2e~ —-0,13
Fe = Fe3* +3e~ —0,036
H, + 2H,0 = 2H;0" +2e~ 0
Sn2+ = Sp*+ +2e” +0,15
Cut = Cu?t + e~ +0,15
SO, + 6 H,O = SO, +4H,;0" +2e- +0,17
Cu = Cu?t +2e~ +0,34
Cu = Cu™* + e~ +0,52
21 =21 +2e” +0,54
H202+2H20 = 02+2H30+ +2e” +0,68
Fe?* = Fe** + e~ +0,77
Ag = Ag™* + e~ +0,80
Hg = Hg?* +2e~ +0,85
NO + 6 H,O = NO; +4H;0" +3e~ 40,96
2Br— = Brn, +2e~ +1,07
6H20 = 02+4H3O+ +4e +1,23
2CP* +21H,0 = Cr,05 + 14H,0™ +6e~ +133
2CI— = Cl, +2e” +1,36
Pb’* + 6H,0 = PbO, +4H;0* +2e~ +1,46
Au = Au’t +3e~ +1,50
Mn2* 4+ 12H,0 = MnO; +8H;0™ +5e~ +1,51
3H,0 + O, = 0, + 2H,0+ foe 1207
2F~ =F +2e” +2,87




