CH1012

Exam Tutorial 1 Answers

Question 1
 
(a)
The Group 2A metals show varying degrees of reactivity as one descends the 
 

group.  

· Describe the typical reactivity of Be, Mg and Ba with water, use relevant equations to support your answer and explain the differences that are observed. 

· What types of bonding would you expect for BeF2 and BaF2, respectively.

The reactivity increases as we descend the group as a result of the change from polar covalent/ionic to fully ionic bonding.
(  
Water

Be +  2H2O  ( 


no reaction

Mg +  2H2O  (  Mg(OH)2+  H2(g)
heat to 100oC

Ba +  2H2O  (  Ba(OH)2+  H2(g)
reactive at 25oC


BeF2 shows polar covalent bonding due to the small size and high IE1, EA1 of Be, whereas BaF2 would have typical ionic bonding.  In the case of BeF2 there is the likelyhood of bridge bonding as seen in BeCl2.

(b)
(  
Using n-butyl lithium  as an example describe the characteristics of an 
 

organometallic complex.
 
(  
Which of the following Group 1A elements is likely to form compounds 
 

with polar covalent bonding : Li or Cs?   Justify your choice.


Li-CH2CH2CH2CH3
This compound would have a very polar covalent bond between lithium and the carbon of the butyl group.  An organometallic compound must have both an organic group and a metal involved in a complex that includes interaction between the metal and the organic group.  It will more soluble in organic solvents that a typical metal comlex.

Li may form very polar covalent bonds with appropriate non-metallic elements whereas Cs can only form ionic bonds. The reason for this is that lithium is smaller and has a higher IE1 than Cs.  Cs is larger which places the valence electron further from the nuclear charge resulting in a lower IE1. 

Question 2
 
(a)
Coordination chemistry is a large area of inorganic chemistry.

 

(
What is a transition metal coordination complex?
 

(
Using [Fe(CO)5] as an example explain the nature of the bonding in this 
 


molecule within the framework of Lewis acid-Lewis base dative bonds.



(
How many ligands does this molecule have?

5



(
Is this metal in a high or low oxidation state?

low

A transition metal coordination complex is a complex between a transition metal (metals containing d-electrons in Periods 4-6) and various ligands which results from coordinate covalent bond interactions between Lewis base ligands (2 electron donors such as :NH3,) and the transition metal ion which behaves as a Lewis acid as a result of vacant d orbitals.  The ligands are bound and do not dissociate in solution.  The 2 electrons in each dative coordinate bond come from the ligand but are shared with the TM ion. 
eg.    Fe  Lewis acid,  :C(O Lewis base, [Fe(CO)5]  
Fe (:CO

(b)
 Give systematic names for the following compounds:


(  

[Cr(NH3)4Cl2]Br



tetraamminedichlorochromium(III) bromide

 
(  

K[Ag(CN)2]

potassium dicyanoargentate(I)

(c)
For the following complexes identify and draw any that may exist as:
 

    (i) coordination isomers
 

    (ii) linkage isomers
  

    (iii) geometric isomers 

    (iv) optical isomers


(  
[Fe(NH3)5SCN]Cl

(  

[ZnBrCl (H2O)(NH3)]
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Question 3







(a) 
Why do non-polar molecules such as alkanes attract each other?    



In non-polar molecules such as alkanes no permanent charge (+ve or -ve) exists in one portion of the molecule with respect to another.  At any instant charge separation can occur, however, due to the fact that the ‘centre of gravity’ of the electronic charge may not coincide with the ‘centre of gravity’ of the nuclear charge changes (due to molecular vibration).  

This charge separation will continuously fluctuate over all regimes of the molecule averaging out to zero over time. Instantaneous charge separation will result in a net attractive force between the non - polar molecules which is non-directional. 
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(b)
At 30oC benzene and toluene have vapour pressures in the pure state of 119.6 torr 
 
 
and 36.7 torr, respectively.  


(  
What are the partial vapour pressures of each of these compounds and the 
 

total pressure over a solution consisting of equal weights of these two 
 

components at 30oC?







Equal wts, say  y g of benzene and 
y g of toluene

 (C6H6)


(C6H5CH3)

For ideal solution
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=  y / 78




Number of moles of toluene


=  y / 92

pB   =  pBo xB
=     pBo nB / ( nT + nB)
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Similarly  

pbenzene 

= 64.7 torr


ptoluene 

= 16.8 torr


Total gas pressure = 64.7 + 16.8 = 81.5 torr
c)
Explain why water ice melts but dry ice (solid carbon dioxide) sublimes under 
 

ambient conditions.    Illustrate your answer using phase diagrams.
Water has the triple point below 1 atm pressure therefore when solid ice is heated it crosses the solid-liquid phase boundary. CO2 has a triple point above 1 atm pressure therefore dry ice crosses the solid-gas phase boundary at 1 atm pressure as it is heated to R.T.
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Question 4
(a)
(  
What is a lyophobic colloid?


(  
Give two examples of characteristic physical properties that are displayed 
 


by this disperse system.

A lyophobic colloid is a dispersion of solid particles (with approximate diameters in the range 10-1000 nm) in a liquid.  The particles are made up of aggregates of large numbers of molecules or ions that are insoluble in the liquid dispersion medium, hence this is a 2 phase system.  Lyophobic colloids are thermodynamically unstable and form either through condensation from low M.W. ions or molecules or through dispersion of bulk matter.  e.g. soil colloid

1) Tyndall effect : Most colloids are cloudy or  opaque. Light is scattered because the wavelength  (l » 500nm) is comparable to the particle size. When light is shone through a colloidal solution if it is viewed from the side then the light beam will be clearly apparent due to this scattering. A regular solution will not do this.

2) Viscosity : the viscosity of a colloid is higher than that of the pure liquid medium due to hydrodynamic (finite particle volume in liquid) & interparticle (attr., rep., contact) effects.  At high concentration the viscosity may change with the applied shearing stress.
3) Brownian motion : viewed under low magnification the colloid particles display a characteristic random motion that is referred to as Brownian motion.

.

(b) 
Superconducting ceramics have great potential to revolutionise the transmission of 
 

high voltage power transmission .  

· 
Define a ceramic.
·  
Discuss the how the properties of a typical superconducting ceramic such as
  
YBa2Cu3O7 have both advantages and disadvantages for power  
 
transmission.
Ceramics are inorganic, non-metallic, solid materials. 


YBa2Cu3O7 is an ionic crystalline oxide ceramic. The YBa2Cu3O7 structure has Cu chains where Cu has the oxidation state of 2.33 which shows the unusual property of having virtually zero resistance
at the relatively high Tc of > 95K  (Tc = superconducting transition T) hence the name high Tc superconductor.  These high Tc superconductors may be made to superconduct by cooling to liquid nitrogen temperatures.  Most classic superconductors are made from exotic metal alloys and use liquid He for them to achieve the required Tc the cost of He(l) is $20/L (<77K)  whereas N2(l) is $1/L (>77K). This means there is much scope for using high-Tc ceramics in power transmission.

The typical properties of ceramics are that they are hard, brittle and stable to very high temperatures & chemicals.    The fact that ceramics are brittle  poses problems for manufacturing & use.  eg. high-Tc wires.  Under stress a microfine defect develops this widens rapidly until the material cracks.


(c) 
Describe the bonding in He2(   using a molecular orbital (MO) diagram.  
(  
What is the bond order in He2( ?



(  
Is He2(  likely to be paramagnetic?
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The bond order = 1/2 (2 - 2) = 0


The molecule will not exist as the bond
order is 0.

Question 5
(a)
A colourless organic liquid gave the following microanalytical results:



C: 51.91%
H: 9.82%
Cl: 38.29%

Infrared spectroscopy of the sample gave a strong band at 2905 cm-1. 
In a mass spectrum of the compound a molecular ion was obtained at m/z  92.  
 
1H NMR  ( (ppm):
3.21 (d, 2H), 1.95 (m, 1H), 1.01 (d, 6H) 


(    
Give the molecular formula, IUPAC name and a structural formula for this 
 


compound.  

(    
Explain clearly how you arrived at the formula. 

(  
What peaks would you expect to find in the 13C NMR spectrum of this 
 
compound?

(  
How could you convert this compound into the corresponding alcohol?

n = 
51.91 /12.01
9.82 / 1.008
38.29/35.45


n = 
4.3222

9.7421

1.0801




Ratio
4.00

9.02

1

Integral  4

9

1



Empirical formula : C4H9Cl1
Molecular formula : C4H9Cl1
(4x12)+(9x1) + (1 x 35) 
 




= 92 = m/z

IR 
CH

2905 cm-1
1H NMR  ( (ppm):
3.21 (d, 2H), 1.95 (m, 1H), 1.01 (d, 6H) 




CH2

CH

(CH3)2




CH2-Cl

C-sp3

C-sp3

(CH3)2CHCH2Cl

13C NMR :  (ppm):  

60

30

15
 



CH2Cl

C-sp3

C-sp3

You could carry out a SN2 reaction using NaOH.  The conditions would involve using an aprotic solvent such as acetone.

(b) 
The polymerisation of ethene to form polyethylene (HDPE) occurs by a radical 
 

chain mechanism in the presence of benzoyl peroxide C6H5C(=O)OOC(=O)C6H5.  


(  
Describe in detail the mechanism for the formation of the polymer.

Initiation


Propagation



Termination

Question 6
 (a) 
Define and use a specific example to illustrate each of the following :
 

(  
carbanion nucleophile 
A carbon anion which is "nucleus liking". This means it has an available lone pair of electrons which is attracted to electron deficient centres.




(  
heterogenic bond formation

A polar bond formation mechanism where both electrons are provided by the nucleophile in the formation of a new covalent bond (the nucleophile donates electrons to an electrophile).











(b) 
Predict the product(s) from THREE of the following reactions.  
 

Briefly justify your answer in each case.


(i) 


Regioselective (3o>2o>1o) radical substitution reaction

2-bromo-2,3,3-trimethylbutane






(ii) 


Regioselective Markovnikov electrophilic addition reaction

2-bromo-2-methylbutane

H adds to the carbon with the most Hs, this forms the most stable carbocation intermediate.

(iii)  


nucleophilic substitution reaction SN1

2-iodo-2-methypropane

Question 7
(a)
The bromination of ethane occurs by a radical chain mechanism in the presence of 
 

ultraviolet light.  


(  
Describe in detail the mechanism for the formation of the major organic 
 


product in this reaction.











(b)
The reaction between bromine and (Z)-2-butene proceeds to generate a dibromoalkane product.   

(  
Predict the product and provide a detailed mechanism for this reaction.

(  
How could you verify that a carbocation is involved in the mechanism?



Carry out the reaction in the presence of NaCl.  If there is an intermediate carbocation formed then there should be some 2-bromo-3-chlorobutane product formed.
Question 8
(a)
The bromination of benzene shown below illustrates a typical reaction of 
 

aromatic compounds with electrophilic reagents. 



(  
Explain in detail why substitution rather than addition is observed.


(
What is the role of FeBr3 in this reaction?











(4 marks)


Substitution occurs rather than addition as resonance stabilisation is not regained after addition whereas it is after substitution. This results in the substitution being an exothermic reaction while the addition reaction is endothermic.

As  shown above the FeBr3 acts as a Lewis acid which reacts with the bromine to form bromine cation which undergoes the substitution reaction. Without the activation of FeBr3 the halogen reagent will not act as an electrophile and will not react.

(b)
Provide a detailed mechanism for the Aldol reaction of pentanal under basic 
conditions (NaOH). 
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