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1. (6%) An aqueous solution contains NaNO3 and KBr. The bromide ion is 

precipitated as AgBr by addition of AgNO3. After an excess of the precipitating 

reagent has been added, (a) what is the charge on the surface of the coagulated 

colloidal particles? (b) what is the source of the charge? ( c )what ions make up the 

counter-ion layer? 

2. (10%) Tris(hydroxymethyl)amiriomethane (TRIS) is one of the most commonly 

used buffers. Its acid dissociation constant, Ka, is 8.32 x 10-9 M. You have 

available at your lab bench a 0.1 M solution of TRIS in its protonated form, 0.1 M 

solutions of HCl and Na OH, and distilled water. Describe the preparation of a 1 L 

solution of 0.02 M TRIS buffer, pH 7.8. 

3. (10%) Two different analytical methods were used to determine residual chlorine 

in sewage effluents. Both methods were used on the same samples, but each 

sample came from various locations, with differing amounts of contact time with 

the effluent. The concentration of Cl in mg/L was determined by the two methods, 

and the following results were obtained: 

Sample Method A Method B 

1 0.39 0.36 

2 0.84 1.35 

3 1.76 2.56 

4 3.35 3.92 

5 4.69 5.35 

6 7.70 8.33 

7 10.52 10.70 

8 10.92 10.91 

(a) What type oft test should be used to compare the two methods, and why? 

(b) Do the two methods give different results? State and test the appropriate 

hypotheses. 



i Pfr J)I fli Ji1] : ~ ttr ~ Jf tf f4 ~ ~ 1E Pfr 

~ti(,f4 El ( 1-\i.~): ~tf1t.~(2901) 

# _ 6_ 1( , J _2_ J( 

(c) Does the conclusion depend on whether the 90%, 95%, or 99% confidence 

levels are used? 

Table 1. Values oft for Various Levels of Probability 

Degrees of 
80% 90% 95% 99% 99.9% 

Freedom 

1 3.08 6.31 12.7 63 .7 637 

2 1.89 2.92 4.30 9.92 31.6 

3 1.64 2.35 3.18 5.84 12.9 

4 1.53 2.13 2.78 4.60 8.61 

5 1.48 2.02 2.57 4.03 6.87 

6 1.44 1.94 2.45 3.71 5.96 

7 1.42 1.90 2.36 3.50 5.41 

8 1.40 1.86 2.31 3.36 5.04 

9 1.38 1.83 2.26 3.25 4.78 

10 1.37 1.81 2.23 3.17 4.59 

4. (4%) Distinguish between the equivalence point and the end point of a titration. 

5. (10%) Compute E1 for the process 

ZnY2- + 2e- ~ Zn(s) + y 4-

where y 4- is the completely deprotonated anion of EDTA. The formation constant 

for ZnY2- is 3.2 X 10 16
. (E1zn2+/zn= - 0.763 V) 

6. (10%) A solution contains NaHCO3, Na2CO3, and NaOH, either alone or in 

permissible combination. Titration of a 50 mL portion to a phenolphthalein end 

point requires 22 .1 mL of 0.1 M HCI. A second 50 mL aliquot requires 48.4 mL of 

the HCI when titrated to a bromocresol green end point. Deduce the composition, 

and calculate the molar solute concentrations of the original solution. 
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Figure 1. Titration curves and indicator transition ranges for the analysis of (a) 

NaOH, (b) Na2C03, and (c) NaHC03. 

7. (6%) (a) Describe the source of pH dependence in a glass membrane electrode and 

how does a glass electrode measure pH? (b) Describe the alkaline error in the 

measurement of pH. Under what circumstances is this error appreciable? How are 

pH data affected by alkaline error? 

8. ( 4%) Make a comparison between two-electrode system and three-electrode 

system used for electrochemical analysis. 

9. (6%) Please state the working principle of flame ionization detector (FID). Why 

FID is considered an almost universal detector for the measurement of organic 

compounds by GC? 
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10. ( 4%) Why are ionization interferences usually not as severe in the ICP as they are 

in flames? 

11. ( 4%) In the atomic absorption determination of uranium (U), a linear relationship 

is found between the absorbance at 351.5 nm and the concentration in the rage of 

500 to 2000 ppm of U. At lower concentrations, the relationship becomes 

nonlinear unless about 2000 ppm of an alkali metal salt are introduced. Explain. 

12. (6%) Please fill in the blanks in the following table . 

Types of Transition 

Nuclear 

Inner electron 

Bonding electron 

Rotation/Vibration 

Rotation 

Absorption Spectroscopic Technique 

Mossbauer spectroscopy 

(a) ____ _ 

(b) ____ _ 

(c) ____ _ _ 

Microwave 

13. ( 10%) List the variables that lead to zone broadening in chromatography. Please 

explain why the length of LC columns (~25 cm) are much shorter than GC 

capillary columns (50 m). 

14. (10%) In spectrometry, the Beer-Lambert law, also known as Beer's law relates 

the absorption oflight to the properties of the material through which the light is 

travelling. The diagram below shows a beam of monochromatic radiation of 

radiant power Io, directed at a sample solution. Absorption takes place and the 

beam of radiation leaving the sample has radiant power I. The absorbance of a 

sample can be related to the concentration of the absorbing species through 

Beer 's law: 

Transmittance, T =I/ Io 



* ?Jr JjI tJI. }j1j : )i° ~Jr~ Jltlt# ~ ~ '.JE ?}T 

~t~# § ( 1\i,!!j) : 7i"~JT1t.~(2901) 

# _ 6_ 1l , i_s_J 

A=i:;bc 

Where A is absorbance (no units, since A= log(Io/I) ) 

Eis the molar absorptivity with units of L moi-1 cm-1 

b is the path length of the sample - that is, the path length of the cuvette in 

which the sample is contained. We will express this measurement in 

centimetres. 

I 0 

Incident Light 

b 

c is the concentration of the compound in solution, expressed in mol L-1 

(a) The relationship between absorbance and transmittance is illustrate in the 

following diagram: 
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Why do we prefer to express the Beer-Lambert law using absorbance as a 

measure of the absorption rather than % T. 

(b) What is the significance of the molar absorptivity, i:;? 

(c) In the following figure, it shows the effect of polychromatic radiation on 

Beer's law. Consider a light beam consisting of just two wavelength, 'A,' and 'A,". 

Based on those equations given in this question, please derive an equation and 

describe the reason why the relationship between A and concertation is no longer 

linear when the molar absorptivities differ. 
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