CH2041:03

Page 1 of 7
CH2041:03

Page 2 of 7


[image: image13.wmf]N

O

2

1

,

4

-

d

i

n

i

t

r

o

b

e

n

z

e

n

e

O

2

N


SCHOOL OF PHARMACY AND MOLECULAR SCIENCES

Chemistry Department




This paper must be handed in at the end of the Examination:
Yes









Release to Library:
Yes

FIRST SEMESTER EXAMINATIONS 2005
Cairns Campus

STUDENT NAME:

(block letters)

STUDENT NUMBER:



SUBJECT CODE:
CH2041:03

SUBJECT NAME:
ENVIRONMENTAL CHEMISTRY

EXAMINER:

Dr M. Liddell


PHONE NO:
(07) 4042 1275

DURATION OF EXAMINATION (hours):
TWO (2) HOURS

PERUSAL TIME (minutes):


FIFTEEN (15) MINUTES

TOTAL NUMBER OF QUESTIONS:
6

INSTRUCTIONS TO STUDENTS:

Total marks for paper = 80
Answer ALL questions.


All questions are not of equal value.

Timings are indicated to allow 15 minutes of check-over time.
MATERIALS TO BE SUPPLIED BY EXAMINATION SECTION:

Examination Booklets required:

Yes

MATERIALS STUDENTS MAY USE:
Any type of calculator.

Access to an English Dictionary:

Yes

Question 1

Timing:  you should complete this question in 16 minutes.
(a)   
The atmosphere is conveniently arranged into two major regions according to the
 
variation in atmospheric composition with altitude.



(      Define the regions homosphere and heterosphere.
· Provide a sketch of the vertical profile of the homosphere showing the major regions, the temperature variations and the penetration of UV radiation.

· What ensures that this region is in fact a homosphere.






















(6 marks)


(b) 
Ozone destruction in the stratosphere is enhanced by the presence of halogenated compounds.  

· Provide a Lewis dot structure for CFC-12 and an IUPAC name.
· Provide details of the catalytic destruction of ozone that occurs in the polar regions.








(6 marks)
Question 2

Timing:  you should complete this question in 21 minutes.
(a)  
The major rivers of the world run into the oceans and yet the average ionic 
 
composition of the oceans does not closely resemble evaporated river water.   

· Discuss this statement with reference to the major ionic fluxes into and out of the oceans.

· List the major ions in ocean water. 

· How would you measure the ionic composition of sea water? 












(5 marks)

(b)  
 The availability of a good quality water source is a major determinant in the success of most organisms on the planet.

· List the major water reservoirs in the hydrosphere including approximate percentages.

· Indicate three major chemical constituents in a water body that help to maintain the biotic productivity of the water.







· Calculate the pH of a sample of unpolluted water in contact with the air given that the atmospheric CO2 concentration is 380 ppm, KH for CO2 is 3.38 x 10-2 mol l-1 atm-1 and Ka for the following equilibrium is 4.47 x 10-7.











(6 marks)

(c) 
In the aqueous environment surface effects on particles are important in determining the 
concentration of organic pollutants that are truly in the aqueous phase.  

(  The adsorption of the organic compound 1,4-dintrobenzene on a clay-fulvic acid 
    complex is described by the following Freundlich isotherm :  [is] = 0.40 x  [iw] 0.4              

(   Using the above equation calculate the distribution coefficient between the sorbed 
 
     state (adsorbed on the clay-fulvic acid complex) and solution for this organic 
 
     compound when the concentration of the 1,4-dintrobenzene in solution is 20 M.
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(  How is the organonitro compound likely to bind to the 

    clay-fulvic acid complex . 
              
    (N.B. this is a clay coated with fulvic acids)










(5 marks)

Question 3 

Timing:  you should complete this question in 14 minutes.
(a)   
The rock-forming minerals weather and in combination with organic matter form structured 
 
soils.

· Define the following classes of rocks and give an example of a mineral that belongs to each class (with chemical formulae):
  
i)  sedimentary rocks. 

      

ii) igneous rocks.

· Where do these rock types fit into Bowen’s reaction series?









(5 marks)

(b)   
Soils have distinct profiles with considerable variation in physical and chemical 
 
composition. 

· List 5 soil parameters that are typically used to define a soil.

· What are the base cations in a soil?

· How would you measure the cation exchange capacity (CEC) of a soil and why is the CEC of a soil important?










(6 marks)

Question 4

Timing:  you should complete this question in 24 minutes.
(a)
Describe the apparatus you would use for sampling and the methods you would use 
 
for analysing the following samples :

· Atrazine concentrations in an aquifer.

· A river  contaminated with the pulp waste from a paper mill.

· A sediment contaminated with Cd residues from a fertiliser plant.










(6 marks)

(b)   
UV-Visible spectroscopy is used in air quality analyses and in water 
 
analysis.  Provide details of how a UV-Vis spectrometer works.

· Explain the physical principal behind UV-Vis detection.

· What is an environmental analyte that is routinely analysed by UV-Vis, provide details of how the analysis is performed and an approximate IDL.









(6 marks)

(c)   
Ion Chromatography (IC) is essentially a variant of HPLC that is widely used for 
 
the analysis of anions in water.   

· Sketch the features of a typical IC instrument used for anion analyses and describe of the function of the membrane ion suppressor.

· Provide an example of a stationary phase that could be used for the separation of a water sample containing anions such as NO3-, SO42-.

· What type of detector is used?








(6 marks)

Question 5

Timing:  you should complete this question in 16 minutes.
(a)   
Large cities such as Sydney and Melbourne have photochemical smog events in the summer
despite the stringent controls on emissions that all new cars have.  

· List the pollutants and the conditions required for the formation of a typical photochemical smog.

· What type of technologies are involved in emissions controls in cars?

· Why are there still smog events despite the introduction of mandatory emissions standards in 1986?










(6 marks)


(b)
The greenhouse effect is a normal part of the radiation balance at the Earths surface.  

· List three major natural greenhouse gases.

· Describe the physical basis for these gases functioning as greenhouse gases.
· Where is radiative forcing measured and what is it?

· How has man increased the radiative forcing? 










(6 marks)

Question 6
Timing:  you should complete this question in 14 minutes.
(a) 
Give an example of each of the following common organic pollutants :

· Herbicide

· Dioxin

For each example explain how the compound behaves in the environment ie. bioconcentrates, 
 
biodegrades etc. and what environmental reservoir is likely to be contaminated.








(6 marks)

(b) 
Mercury pollution is now widespread in the Amazon as a result of archaic gold 
 
mining practices that remain in use.

· Why is mercury classed as a toxic, heavy metal?
· What is the main use of mercury in society at present?
· Why is bio-magnification important in the case of mercury?









(5 marks)

TABLE OF FORMULAE

pTotal =  pi





[i(aq)] = pi KH
pi = (%i / 100) patm




%i = ppmvi x 10-4
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 = p M / RT
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Flux = A / 
ai = [i(aq)] x (i





pH = -log10{a H+}

[BNC] = [HA] + [H+] - [OH-]



[ANC] = [A-] + [OH-] - [H+]

[alk]tot = [HCO3-] + 2[CO32-] + [OH-] - [H+]


I = ½ ( ci zi 2
pEo = Eo1/2 / 0.0591 at 25oC



pE = pEo - 1/n log ( [Red] / [Ox] )

For the cell reaction aA   +   bB   (   cC  +  dD               
Eocell = EoRed - EoOx
Ksp = [cation]c[anion]d




Q = [cation]oc[anion]od

Lifetime(i)  = Inventory(i)  / Input(i) 


GR= P± R- ET-MR
IAP = aCationn+ x aAnionn-




( = IAP / Ksp

F = vg [ig ]






[image: image4.wmf](

)

]

[

]

[

r

1

F

l

g

i

i

-

=



[image: image5.wmf]][aerosol]

[

 

]

[

K

g

(aer)

part

i

i

=







[image: image6.wmf]]

[

]

[

 

K

w

s

dist

i

i

=




[is] = KF [iw] n





[image: image7.wmf]100

x

O

K

 

 

O

Na

 

 

*

CaO

O

Al

O

Al

CIA

2

2

3

2

3

2

÷

÷

ø

ö

ç

ç

è

æ

+

+

+

=



[image: image8.wmf]2

/

)

]

[Mg

]

[Ca

(

]

[Na

SAR

2

2

+

+

+

+

=






[image: image9.wmf](

)

SAR

0.015

ESP

100

ESP

=

-










KOW  = i(solubility octanol) / i(solubility H2O)



BCF = [i(organism)] / [i(water)]

Ephoton  = hc / 





 = K2/K1 = k2’/k1’ = tr2’/tr1’
A =  l [i]





I = k Po [i]
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ln No - ln N = k t   




 t½ = ln2 / k

EBE = mc2





mrem = 1 rad x RBE x 10-3
R  =  8.314 J mol-1 K-1




1 atm.  =  1.013  x  105 Pa = 760 torr

T(K) = T(oC) + 273.15
TABLE OF EQUATIONS

{CH2O}   +  O2  

( CO2   +  H2O
pEow   22 
(Go -475 kJ/mol

5{CH2O} + 4NO3-     

( 2N2 + 4HCO3- + CO2 + 3H2O
pEow  21   
(Go -448 kJ/mol

{CH2O} +3CO2 + H2O + 2MnO2 
( 2Mn2+ + 4HCO3-
pEow  18 
(Go -349 kJ/mol


{CH2O} +7CO2 + 4Fe(OH)3 

( 4Fe2+ + 8HCO3- +3H2O
pEow  9.2 
(Go -114 kJ/mol

2{CH2O} + SO42-   

( H2S + 2HCO3-
pEow  4.5 
(Go  -77  kJ/mol


2{CH2O}  

( CH4 + CO2
pEow  4.1 
(Go   -58 kJ/mol
3{CH2O} + 2N2 + 4H+ + 3H2O 
( 4NH4+ + 3CO2


(Go    -56 kJ/mol

CO2 + H2O + h 

(  {CH2O} + O2

(Go +478 kJ/mol

CaCO3 + 2H+ 
( Ca2+ + CO2 + H2O

CaCO3 + H2SO4 + H2O 
( CaSO4.2H2O + CO2
2CaCO3  + 2SO2 + O2 + 4H2O
( 2CaSO4.2H2O +2CO2
4FeS2 + 15O2 + 14H2O
( 4Fe(OH)3 + 8H2SO4

KAl3Si3O10(OH)2  +  3C2O42-  +  10H+
( 3AlC2O4+ +3Si(OH)4+ K+


2NaAlSi3O8 + 2H2CO3  +  9H2O    
( 2Na+ + 2HCO3- + 4H4SiO4 +  Al2Si2O5(OH)4

2SO2 + 2H2O + O2
( 2H2SO4    (Mn cat.)

CH4 + OH + 2O2 + 2NO
( HCHO + 2NO2 + H2O + OH

CH3CHO + OH +O2+ NO2 
( CH3COO2NO2  + H2O
106CO2 + 16NH4+ + H2PO4- +106H2O ( C106H263O110N16P1 + 106O2 + 15H+
PERIODIC TABLE
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