DEPARTMENT OF CHEMISTRY
UNIVERSITY OF SWAZILAND
C204 INTRODUCTION TO ANALYTICAL CHEMISTRY
MAY2012  FINAL EXAMINATION

Time Allowed: Three (3) Hours
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Instructions:

1. This examination has six (6) questions and one (1) data sheet. The total number of pages is four (4),
including this page.

2. Answer any four (4) questions fully; diagrams should be clear, large and properly labeled. Marks will be
deducted for improper units and lack of procedural steps in calculations.

3. Each question is worth 25 marks.

Special Requirements

1. Data sheet.

2. Graph paper.

YOU ARE NOT SUPPOSED TO OPEN THIS PAPER UNTIL PERMISSION TO DO SO HAS BEEN
GIVEN BY THE CHIEF INVIGILATOR.



Question 1 [25]

a. (i) Write down the equation that describes the Gaussian curve in chemometrics, and explain all terms appearing
init. (3) '

(ii) A new gravimetric method is developed for Iron (1II), in which the iron is precipitated in crystalline form
with an organoboron cage compound. The accuracy of the method is checked by analysing the iron in an ore
sample and comparing the results obtained using standard precipitation with ammonia and weighing of Fe,0s.
The results, reported as % Fe for each analysis, were as follows;

Test Method (%) Reference Method (%)
20.10 18.89
20.50 19.20
18.65 19.00
19.25 19.70
19.40 19.40
1999

Is there a significant difference between the two methods at the 95% confidence interval? (5)

(iii) In the gravimetric and reference methods of question (v) above, comment on the precisions at the 95%
confidence level. (4) V

b. The following data was obtained from an analysis.
124 125 126 128 147

Should the value “147” be considered as part of the data at the 90% confidence interval? (3)

c. (i) A 0.1000M solution of NaOH is used to titrate 10.00m! of 0.100M CH;COOH. Calculate the pH at the
following volumes of NaOH added during that titration (6)

1.00ml, at equivalence point, at 3ml past equivalence point

(ii) Plot the titration curve. (2)
(iii) Sketch the plot expected if a diprotic weak acid (e.g., oxalic acid) replaced CH;COOH in the titration in (i)
above. (2)

Question 2 [25]

a. (i) Use an example to describe the mechanism of adsorption in gravimetric analysis. How can adsorption be
minimized? (3)
(ii) Using Ba®* as an example, describe what is meant by “occlusion” in gravimetry. How can occlusion be
minimized? (3)
(iii)What is meant by “ Ostwald Ripening” in gravimetric analysis, and how is it accomplished? (3)

b. Consider the titration of 25mL of 0.100M KCI with 0.050M AgNO; using the Mohr method, given the
following: K= Agl: 8.3 107, AgBr: 5.0 x10™°, AgCl: 1.8 x107

(i) Name the indicator used for the Mohr method. (1)
(ii) Use equations to explain how the end point is detected using this indicator. (3)



(iii)Calculate the pAg at the following stages of titration: (6)
5mL added, at equivalence point, SmL past equivalence point
(iv) Plot the titration curve. (2)

c. (i) Explain how pH affects the Mohr titration, and state how such effects are avoided. (2)

(ii) Explain how the indicator concentration affects the Mohr titration, and state how such effects are
avoided. (2)

Question 3 [25]

a. For CH;NH,, as a non-aqueous solvent, write down the:

(i) Autoprotolysis equation. (1)
(ii) Expression for the equilibrium constant for autoprotolysis. (2)
(iiii) Calculate the pH of a “neutral” solution, given that the autoprotolysis constant is 3x 107, (3)

b. (i) Calculate the pH of a 400-mL buffer solution containing 0.200M NHj; and 0.300M NH,CL. (4)
(ii) Calculate the weight of NH,Cl required to make this buffer. (3)
(iii) Commercial ammonia solution is 70% NH; vol/vol, and density 0.85g/mL. What volume of commercial
NH; in mL, is required to make this buffer? (4)
(iv) Calculate the change in pH of the buffer system in 4(i) above upon addition of 10mL of 0.05M HCI. (2)
(v) Calculate the change in pH of the buffer system in 4(i) above upon addition of 10mL of 0.05M Ba(OH), (2)

c. (i) Give two (2) reasons why solvent extraction is carried out in analytical chemistry. (2)
(i) State the “Distribution Law” of solvent extraction, and express it mathematically. (2)

Question 4 [25]

a. (i) Usean example to describe the “chelate effect”. (2)
(ii) State two (2) elements that are best extracted into ether after forming metal-chloro complexes. (2)
(iii) Name and draw the chemical structure of a commonly used chelation agent for AI**. (1)
(iv) Name and draw the chemical structure of a commonly used chelation agent for Ni**. (1)

b. (i) Draw the chemical structure of EDTA, and write down the expression relating the fraction dissociated to the
formation constant and pH. (4)
(if) What is meant by conditional formation constant in EDTA titrations? (2)

¢. Consider the titration of 50mL 0.05M Mg in a pH = 10.00 buffer with 0.05M EDTA as titrant. Calculate the
pMg at the following volumes of EDTA added: (8)

OmL SmL S50mL SimL

d. (i) Draw the chemical structure of the indicator Eriochrome Black T. (2)
(ii) Use equations to explain how the indicator Eriochrome Black T works in EDTA titrations. (3)



Question 5 [25]

a.

d.

(i) What is the difference between “Galvanic” and “non-Galvanic” electrochemical cells? (2)
(i)  Consider the cell reaction Cu(s) + PbFy(s) <=> Cu® + 2F + Pb(s) and indicate whether it would be
Galvanic as written. (4)

@) Draw and label the silver-silver chloride reference electrode. (4)
(ii)  Write down the half cell reaction taking place inside the clectrode in b(i) above, and state its potential. (2)

A titration is carried out in a cell, whereby the potential vs SCE (0.241V) is measured for a 25ml solution of
0.020M Cr** (E? = -0.41V) titrated with 0.010M Fe** (E® = 0.770V).

(i) Calculate the potential (vs SCE) after addition of the following volumes during the titration: (6)

5.00ml 50.00ml 100ml]
(i) Sketch the titration curve. (2)

(iii)  Use chemical equations to explain how redox indicators are chosen in electrochemical titrations. (3)

Use chemical equations to explain the technique of iodimetry in redox chemistry. (2)

Question 6 [25]

a.

@) Describe the principle of “indirect titration” in analytical chemistry. (3)

(ii) Suppose an unknown is CI ion in 25mL of a water sample, and that 30mL of 0.01M AgNO; was added
to it, and that a titration of the resulting solution with 0.01M HCI took SmL, calculate the concentration
of CI' in the sample. (5)

(iv) Inthe Volhard method of indirect titration, explain how the indicator works. (3)

(v)  What is the main disadvantage of the Volhard method, and describe the two ways on which this can be
overcome, (3)

b. Use chemical equations to explain how the Karl Fischer Method for the determination of water works. ®

c.

(i)  Explain why I, is an excellent primary standard, but still needs standardization. Name the commonly used
reagent for this purpose. (3) '

(i)  Na,;S,0; is widely used as a titrant for the iodimetric determination of Cu. Use equations to describe how
Na,8,0; is standardized in these titrations. (4)
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SOME STANDARD AND FORMAL ELECTRODE

-POTENTIALS
) Hulf-reaction* BV Formal potential, V
Ag* + ¢ = Agls) +(,798 0.228, 1 M HCI; 0.792, I M
HCIO,; 0.77, 1 M H,SO0,
AgBr(s) + ¢ = Ag(s) + Br- +0.073
AgCls) + e = A;(s} + CI- +0.222 0.228. 1 M XCl
Ag(CN}. + e Ag(\) + 2CN- "0.31
A CrO,s) + 2¢ = 2Ag(s) + CrO§™ +(.446
Aglls) + e = Ag(s) + I -{1151
Ag(S;0.8™ + ¢ &= Agls) + 25,04 +0.017
AP + 3¢ = Al(s) -1.662
HyAsQ), + 2H* + 2¢ & HiAsOy + H,O +(.559 . 0.577, 1 A HCI, HCIO,
Ba¥* + 2¢ = Ba(s) -2.906 -
BiO)* + 2H* + 3¢ &= Bits) + 11,0 +0.320
BiCl; + 3¢ &= Bils) + 4Cl +(1.16 -
Brdl) + 2e = 2Br +1.065 1.05, 4 A1 HCI
Brglug) + 2¢ == 2Br- +1.0874
BiQ; + 611" + 5e = Bl + 31,0 +1.52
By + 611" + 6c =.Br + 31,0 + 144 - -
Cu* + 2¢ = Culy) ~2.866
Celt,0; (quinone) + 2H' 4 2 == ClL(O1L), +{1.69Y 0.696, 1 a1 HC), HCIO,,
H,50,
200, + 21° + 20 = 11,G,0, ~0.49
CdBr + 2e = Cdiy) ~0).403 :
Cet + ¢ = Ce® 1.70, 1 M HCIQ,; 1.61, 1 M
HNOg; 1.44, 1 M H,80, ;
1.28, 1 M HCI
Cly(g) + 2¢ = 2CI- +1.359
HCIO+ 1" + ¢ = i(‘l,(;, ) + H,O +1.63 — .
ClO; + 6H* + 5¢ = ICl(g) + 31,0 +1.47 R
. Co* + 2¢ = Cols) -0.277 =
Co™* + ¢ = Co* +1.808 %
Cr* + ¢ = Gt -0,408
Cr** + 3¢ &= Cris) -0.,744 ]
Cry(% + 14H* + 6¢ = 2Cr** + TH,O +1.33
Ciu#* + 2¢ & Culs) +0.337
Cu*' + ¢ = Cu” +0.153
Cu™ + ¢ = Culs) +{.521
Cu** + 1™ + ¢ = Cul(s) +{1.86
al(s) + e = Culs) + 17 -0.188
Fulgg) + 2H* + 2¢ = 2HF(aq) +3.06
Fe* + 2¢ &= Fels) ~{().440
Fe'* +'¢ & Fett +0.771 0.700, 1 M HCI; 0.732, | M
HCIO,; 0.68, 1 M H,50,
Fe(CN)g + ¢ = Fe{CN) +{).36 0.71, 1 M HCI, 0.72, | M
o ' HCIO,, H,50;
. SHY 4+ 2 = Hylg) 0.000 -0.005, 1 M HCI, HCIO,
Hyg” + 2¢ & 2Hg(l) +4.788 0.274, 1 M HCI; 0.776, 1 M
HCHO,; 0.674, 1 A H,80,
2Hg?* + 2¢ = Hyd' +0.920 0.907, 1 M 11CIO, .
N + 2¢ = Hl) +0.854
Hg, Cly(s) + 2¢ = 211g(l) 4 2CH +{1.268 0.242, sat’d KCI; 0.282, 1 M
KCI; 0.334, 0.1 M KCI
HgS0s) + 2e = 21g(d) + SO +{.615
HO; + HO + 2¢ = 301 +(.88 -




{CONTINUED)
SOME STANDARD AND FORMAL ELECTRODE POTENTIALS

Hullreaction®* kY Formal poteutial, V

Lis) + 2¢ = 217 +0.5355

Ialaeg) + 2¢ =217 +0.6151

Iy + 2¢ =3I +0.536

ICl; + e = L,(s) + 2CI- + 1.056

105 + 6H' + 5¢ = {14(s) + 31,0 +1.196

105 + 811% + S¢ = L) + 31L,O +1.1784

107 + 2CI" + 611" + 4¢ = I1Cl; + 314,00 +1.24

HJO, + H* + 2e = 107 + 3H,0 . .. +1.601

K* 4+ ¢ & K(s) -2.925

Li* + ¢ = Li(s). -3.045

Mgt + 2¢ = Myts) -2.363

Mn** + 2¢ = Mn(s) -1.180

Mot + ¢ & Mn** 1.51, 7.5 M H,S0,

MnO,(s) + 4H* + 2¢ = Mn** + 2H,0 +1.23 . 1.24,1 M HCIO,

MnQ7 + BH* + 5¢ & Mn** + 4H,0 +1.51 e

MnO7 + 4H* + 3¢ & MaQO,(s) + 2H,0 +1.695

MnO7 + ¢ & MnO}~ +0.564

Ng(g) + SH* + de = N,H; - -0.23

HNO, + H* + ¢ &= NO(g) + H,0 +1.00

NOj + 3H* + 2¢ = HNO, + H,0 +0.94 .92, 1 Af HNO,

Na* + ¢ & Na(s) -2.714

Ni** + 2¢ = Ni(s) -0.250

H:0y + 2H* + 2¢ = 2H,0 * +1.776

Os(g) + 4H* + 4¢ = 2H,0 +1.229

O,(g) M2H* + 2¢ = g,(o; HO +g.g$2

Oy(g) + 2HY + 2¢ = + Hy +2.4 .

‘.Pl';(’&)-l- 2¢ = Ph(s) e ~{.128 ~0.14, 1 M HCIO,; -0.29,
1 Af H 80,

PbOs(s} + 4H* + 2¢ = Ph** + 21L0O +1.455

PhSO,(s) + 2¢ = Phis) + SO%- -0.350

PtCE~ + 2¢ = Pi(s) + 4Cl- +0.73

PtCl{~ + 2¢ = PICl{~ + 2C1 +0.68 -~ )

Pd* + 2¢ &= Pd(s) +0.987 -

5(s) + 2H* + 2¢ = H,S() +(.141

H,80, + 4H* + 4¢ = S8(s) + 3H,0 +{).450

5,08 + 2¢ = 28,0 +{L08

SO + 4H* + 2¢ = H,50; + H,0 +{(L172

5,08 + 2¢ = 28504 +2.01 -

Sh,O4(s) + 6H* + 4¢ = 25hO* + 3H,0 +(1.581

H,8¢0, + 4H* + 4¢ = Se(s) + 3H,0 +(1).’i4()

3~ + 4H* + 2e &= H,8¢0, + H,0 +1.15 .

Sov 4 o b Sn(s) ~0136  -0.16, 1 A{ HCIO,

Sn** + 2¢ & Sptt +{1,154 0.1, . G

Ti** + ¢ = Ti* - —{1.369

TiO* + 2H* + ¢ = Ti** + 1LO +0.099 0.04, 1 M H,80,

TH + ¢ = Tl(s) -(1.336 -0.5851, 1 M ICl; -0.33,

1 Bf HC‘O,‘, llgs()‘

o TPt + Ze = TI* +1.25 0.77, 1 M RCI
D UOP + 4l + 2¢ = U + 2H,0 +1.334 ) ‘

Vit o2 Vo —{1.256 -0.21, 1 M HCIO,

VO + 2H' + ¢ =V + H,0 +{.359

VIOH)] + 2HY + ¢ = VO + 3HO + 100 1.02, 1 M HCIL, HCIO,

L 4+ 2 = Zids) -0.763 :

* Sources for £ values: AL ] deBethune wixd N, AL S, Loud, Standard Agucous Ll o Ll Poooowids and
Femperature Cocfficients at 25°C. Shokie, tH: Clillord A. Thoupel, 1964, and G. Miluzzo, 8. Caroli, und
V. K. Sharia, Tables of Standaed Electrode Potentinls. New York: Wiley, 1978, Source of fornsal
potentials: B, 1L Swilt wd E. AL Butla, Quantitative Measurements and Chewival Equilibria. Sun
Francisco: W L Freeosa and Company . Copyright ) 1972,

1 These poteatials are hypotltical hecuse they carrespond to solutions i are 1O0AL in Bryorl,. The
sohubilities of these two compounds at 259C are 5,18 M -l 0.0020 AL, respectively. In saturaled solbu-
Hons contiining an cxeess of Brgdl) or Lyts), the standard poteatialy for the half-reactions Brytl) + 2e &
2Br or Bds) + 2 =2 31 should be used. On the other Land, at Bz andd 1y concentrations less than satura-
tion, these hypothetical electrode potentinls shoubd be ('lllpl())‘t"t,‘.

\
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4 { GTATISTICS

Table 26-5 VALUES OF F AT THE
95% CONFIDENCE LEVEL

LI " ,
2 3 4 5 I3 .
21900 1906 1925 1930 1933 19.50
3 9.55 9.28 9.12 9.01 8.94 8.53
4 6.94 6.59 6.39 6.26 6.16 5.63
5579 541 509 505 495 436
6 5.14 4.76 4.53 4.3% 4,28 3.67
] 3.00 2.60 2.37 2.2} 210 L.oo
e
Table 4.2
Vitlues of Student’s 1
Conlidenee level ()
Degrees of frecdom 50 K0 90 95 949
! 1.000 3078 6314 12.706 63.657
2 0816 #1886 2920 4303 9925
3 0765 1638 2353 3182 5.841
<4 0.74t 1.533 2 2776 4.604
5 0.727 1476. 2015 25714 4032
6 0718 1.440 1943 1447 3707
7 0711 1415 . 1895 2.365 3.500
8 0,706 1.397 .86 2306 3355
9 0.703 1L3X3 1.R33 2262 3250
46 0.700 1.372 1812 2228 J169
15 0.691 1.341 1.753 2131 2947
20 0.687 1.325 1.723 2.086 2843
4. 0.674 1282 Lod43 1.960 2576
%
Table 4-4
Values of Q for rejection of data
Q 907, contlidence) 0.94 0,76 0.64 056 p3) 047 044
Number of observations 3 4 N s - N )
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