DEPARTMENT OF CHEMISTRY
UNIVERSITY OF SWAZILAND

C204 INTRODUCTION TO ANALYTICAL CHEMISTRY

MAY 2013 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) It is found from a reliable method that the glucose level in a blood sample is 125 pg/g. You have developed
a new method for glucose analysis, and your values for this blood sample are:

117 ug/g 119 pg/e 111 pe/e 115 pg/g 120 pg/g

(i) 1s your method significantly different from the reliable one at 95% confidence level? {(2)

{ii} Isthe value 111 pg/g part of the data set? Explain why (2)
{b) Yet another method has been developed in by another researcher, and the following results are obtained

for the sample mentioned above:

135ug/e  125ug/g 112 ug/g 122 pgle 115 pg/g 131 pg/g 119 pg/g
(i} Does your method give the same mean as the one above at 95% confidence level? (2)
{(ii) Does your method give the same precision as the one above at 95% confidence level? (2}
(c) For the following calibration,
Protein concentration (ug/g) 0.00 9.36 18.72 28.08 37.44
Titration volume (mL) 4.66 6.76 8.33 10.86 12.80
(i} Use the least squares method to determine the equation of the best straight line (4)

{ii} Drawthisline

{d) For diethyl ether with an autoprotolysis constant of 5 x 10™? as solvent, write down the autoprotolysis
equation and calculate the pH of its neutral solutions. (2)
(e} Calculate the pH of 0.55M NH, Cl given that K, for ammonia is 1.76 x 10° (3)
f Calculate the fraction dissociated in {e} above (2)
(g) Explain how you would prepare 500mL of a pH 8.64 buffer solution from solid NH,Cl and a commercial
solution that is 67% v/v NH; and density 1.24 g/mL. (5)
Question 2[25]

(a) (i) Briefly describe how dichlorofluorescein functions as an indicator in the Fajan’s precipitation titration. (3)

(i} In the determination of chloride ion in waste water, explain why dextrin is added to the solution prior to the
Fajans titration. (1)

(b} Describe the mechanism of formation of a precipitate in gravimetric analysis. (3)

{c) Using diagrams discuss the two impurity formation process of “occlusion” and “adsorption” in gravimetric
analysis. (4)



{d) With regards to the Mohr Method in precipitation titrations:
(i) Use chemical equations to explain how the end point is detected. : (3)

(ii) Use chemical equations to explain how low pH conditions result in titration errors, and how are these
eliminated. (2)

{iii} Explain why the concentration of indicator is critical in reducing indicator concentration induced errors. (2)
(e} With regards to the Volhard Method in precipitation titrations:
(i) Use chemical equations to explain how the end point is detected. (3)

{ii) Use chemical equations to explain why over time the indicator changes colour to the original titrant

colour. (2)
(ifi} Describe two ways in which the error resulting in {ii) above is eliminated. {2}
Question 3[25]

(a) For benzoic acid CsHsCOOH as solvent,
(i) Write down a chemical equation depicting autoprotolysis (2)
(i) Calculate the pH of its “neutral” solutions given that the autoprotolysis constant is 4.5x 10€at 25°C.  (3)
(b} In acid-base titrimetry,
(i) State two reasons why is NaOH not a sutable primary standard {2}
(i) Name a common primary standard for the standardization of NaOH {2)

(c) Draw the chemical structure of thymol blue, and explain why this indicator is able to be used over a very wide
pH range covering acidic and basic titrations. {4)

(d) Using phenolphthalein as indicator (pink in basic solution but colourless in acid),
{i) Derive the Henderson — Hasselbach equation for phenolphthalein (3)

{ii) Given that the Ka of phenolphthalein is 1 x 10° use the Henderson equation to derive the useful
pH range for the indicator. {4}

{iii) Plot the titration curve expected from titration of 50ml of 8.02M KOH with 0.100M HBr, using the
following data points. (5)

0.00 ml added 5.00 ml added 9.99 mi added 10.01 ml added 16.00 ml added



Question 4[25]
(a) In complexometric titrations,
{i} What does the acronym “DPTA” stand for, and draw its chemical structure (3)
(i) Use an example to explain the term “ Multidentate” ligand (3)
(iii) For the titration of Mg”* in the presence of AI**, excess fluoride is usually added at pH = 10. Explain why (3)
(b} Use an equation to explain what a condtional formation constant is in complexometric titrations. (3)
(c) Calculate the concentration of free Fe** in solutions of 0.10M Fe(EDTA) at pH = 8.00. {4
(d) Draw the chemical structure of Eriochrome Black T, and explain how this indicator works in EDTA titrations. (4)

(e) A 0.100 M EDTA solution is used to titrate 25ml of 0.050ml of 0.050M Mg** buffered at pH = 10 using
Eriochrome Black T as indicator.

(i) Caiculate the pMg after addition of the following volumes of EDTA: {4)
2mbL 12mL 125mL 13 mL
{ii) Plot the titration curve. (1)
Question 5[25]
{(a) What does the acronym “redox” stand for? (1)

(b) For the electrochemical cell:
Cd (s) | CdCl,(aq, 0.0538M) | | AgNO; (aq, 0.0328M) | Ag (s)

(i) What component is represented by the symbol “||”? Explain how it works and why the component is used
in electrochemical titrations. (5)

{ii) Would the cell be galvanic as written? (5)

(¢} Inthe iodometric determination of cooper using thiosulfate as titrant,

(i) Name a suitable primary standard (1)
{ii) Name a most widely used specific indicator for the titration (1)
(iii) Explain the role of ammonium bifloride added to the samples prior to titration (2)

(iv} Explain why the indicator named in c (ii) above is added just before the end point is reached and
not at the beginning of the titration {3)

{v) Use chemical equations to illustrate how this acts as an indicator for this titration. (3)

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

(i) Calculate the potential (vs SCE) after addition of the following volumes during the titration {3)



5.00 ml 50.00 ml 100 ml
(i} Sketch the titration curve ‘ : (1)
Question 6[25]
(a) Given that at 20 °C only 0.24 g of an organic acid A dissolves in 100 mL of water, but 2.70 g of the same acid
dissolves in 100 mL of ether, calculate the value of the partition coefficient. {4)
(b} Using diagrams, explain how single stage solvent extraction works. (4)

(¢} List and describe any four (4) properties to be considered in the selection of an organic solvent for extraction.

(4)

{d) List three elements which form stable chloro complexes which are appreciably soluble in organic solvents and
used to separate these elements from complex matrices {(3)

{e) Describe two ways of recovering analytes from organic solvent during the stripping stage of solvent extraction.

(4)

(f) Metal chloro complex MCl; is extremely soluble in ether, the distribution coefficient for a water/ether system
being 50. Calculate the concentration of MCl; left in 50mi of aqueous 0.01 M FeCl; solution after extraction

{i} once with a 10 ml portion of ether {2)
(i) once with a 20 mi portion of ether (2)

(iii) twice with 10 m! portion of ether (2)
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Table 26-S VALUES OF F AT THE
957 CONFIDENCE LEVEL

L " —
2 3 4 s 6 ©
2 1900 1906 1925 1930 1933  19.50
3 9.55 9.28 912 9.0f 8.94 8.53
4 6.94 6.59 6.39 6.26 6.16 5.63
5519 541 519 505 495 436
6 5.14 4.76 4.53 4.39 4.28 3.67
© 3.00 2.60 2.37 2.2] 210, 1.00
___-i‘_'_..b___.
—
Table 4-2
Values of Student’s
. Conlidenec level (")
Degrees of freedom 50 L) 90 95 9y
i I 1000 3.078 6114 12.706 63.657
2 0816 #1886 2920 4303 9.925
3 0.765 71638 2.353 JAR2 5.841
4 0.741 1.533 2132 2776 4.604
5 0727 . 1476 2015 2371 4012
6 0718 1.440 1943 2447 3707
7 0711 1415 . 1893 2,365 3.500
R 0706 1.397 1.R6O . 2,300 3385
9 0.703 1383 833 2262 1250
10 0.700 1.372 1.812 2228 RRTY
15 0.691 1.341 1753 213} 3947
n 0.687 1.325 L7235 2.086 2843
7. 0.674 1.2K2 L6435 1960 2.576
¥
54 Table 4-4
£ STATISTICS Values of Q for tt‘:jcclion of data 7
Qo0 confidenue 0.94 0.76 0.64 0.56 0.5 047 0.44 041
Nuntber of ohservutions 3 4 5 6 7

: . 8 9 10




A ARSI AZARLIBd ALV EL A NG LA A AN s omww

‘atgr pH range pKin  Acid
Thymol blue 12-28 16 red
Methyl yellow - 29—40 33 red
Meth¥1 orange 31—44 42 red
Bromocresol green 3.8 —54 4.7 yellow
Methyl red 42—-62 50 red
Chlorophenol red - 48—64 6.0 yellow
Bromothymol blue 6.0—-76 7.1 yellow -
Phenol red 64—8.0 74 yellow
Cresol purple 74—-90 83 wvyellow
Thymol blue 80-86 8.9 yellow
Phenolphthalein 80—-98 97 colorless
Thymolphthalein 9.3 -10.5 9.9 colorless

BB At b - -t

-

Base n Q n Qg n Qg DF. 4, ty,
yellow | 3 0.%?1 6 0.56 9 044 % égz 6.3. 13
yellow | 4 0.76 7 051 10 041 T ome a3 4
yellow | 5 064 8 0.47 1 o014 2'%3 5
blue 15. Bond. Enihalpics 5 073 202 ¢
y"d ow k¥ mol-1 at zsoc (le Bond Energiea) 6 072 194 ¢
re single O C1 7 071 190 :
blue H 463 391 413 368 563 432 8 071 186 ¢
red C 358 305 346 272 489 328 9 070 183 ¢
purple | N 222 163 [ MISC.| 275 192 10 070 181 !
blue S5 251 H—H 436 C=C 615 20 0.63 172
red S—F 327 N=N946 C=CB812 | 30 068 170 :
blue S-C1271 N=0 607 C=0 749 | = 067 164 !

12. ELECTRODE POTENTIALS, g°

16. HEATS OF FORMATION
A H° in kY mol-1 at 25°C

20. CONC. ACIDS AN!

Na' + ez Na SEA = 2713
Mg + 2e 5 Mg 4 — 237
Al + 3e s Al - 1.66
Zn'*+2es3Zn -~ 0.763
Fet + 2e 5 Fe - 0.44
Cd* + 2e #5 Cd — 0.403
Cr+esCr — 038 -
Tl* + e =Tl — 0.336
Vnw» + e V0+ — 0.255
Sn** + 2e £xSn - 014
Pb*+ 2e 5P — 0,126
He+2eesHy 0000
5,04+ 2e 28203” 0.09
TiO* + 2H' + e 5 Ti*** + H, O 0.10
S+ 2H* 4 2e &5 H,8 0.14
Sn't + 2e & Sn+ 0.14
CU" 4@ & Cu* 0.17
SO,~ +4H' + 2e s H,O + HaSO3 017
AgCl+essCl-+ Ag 0.222
Zaturated calomel / (0.244)
HgaCls + 2e#5 2C1- + 2Hg 0.268
Bion +‘3e = Bi 0-293
UQs* + 4H* + 2e & U4 + 2H,0 0.33

VO™ + 2H + e 5 Vo** + Ha O 0.34
Cu*+2e = Cu 0.34
Fe(CN)¢-3 + e 5 Fe(CN) 4+ 0.355
Cu' +exsCu 0.52
Ia-+2e 331" ' 0.545
I‘I:\.A.SO4 -+ 2H‘ -+ ?.e = HﬁﬁsOa -+ Hao 0‘56

. L+ 2ewll- 0.621
2i1gCl; + 2e == Hg,Cl, + 2C1- 0.63
03 -+ 2H- -+ Ze =4 HgOg 0.89
Quinone + 2H* 4- 2e &2 Hydroquinone 0.70
~Fe* + e w2 Fer 0.771

Hego* + 2e 2 2Hg 0.792
Ag +ess Ag 0.799
Hpgr + 2e &5 Hg 0.851
2Hg" + ze = ng -+ 0907
NL}:} + BI{‘ +- 2e HNO*} + Hoo 0«94
V(‘) o+ 2H + e &5 VO™ + HQO 0.999
Bro + 26 &5 2Br 1.08
2104 + 12H' + 10e &5 6H,O + I, 119

(,‘ O, + 4H 4 de 5 2H,0 1.229

7 MnOa + 4H* + 2e & Mn* + 2H.0O 1.23
Cr. ,O-, + 14H* + be & TH,O + 2Cr++ 133
Cl, + 2e = 2CI- 1.358
IBrOz- + 12H* + 10e =5 6H,0 + Br, 1.50
Mn(Q,-+ 8H* + Se =5 4H,0 + Mn* 151
Ce*t + g &5 Ce*3 1.61

13. MEAN ACTIVITY COEFFICIENTS
M KCl Na:SO.; ZnSO.;
0.001 0.965 0.89 -0.70
0.01 0.901 0.72 0.39
0.1 0.769 0.45 0.15

n oy

HnAx

\a e

All lons in HO solution except as noted .
All Elements = 0 ) MW, Density W
H, 218 H* 0.0 H,0, —242 Acetic 60.05 105 9
0O, 249 Na* -—240 H,0, —286 g%?o* ggg" ﬁi g
C, 111 Ag 106 CO, —i| pf 22 4é 11 3
N, 473 NH,* —133 CO,, —3%4| pp o9l 152 4
F, . 719 OH- —230 NH;, —46 HNB "63.01 141 6
Cl, 122 F —333 NO, 90 g
) HCIO4 100.46 187 7
I, 107 Br 122 Ngo.“, 9 NgOH 40 00 1.53 [
P, 315 S= 33 SO,;, —396 3 : :
Na, 107 80,=-909 H.,S, —21 21. DENSITIES (g «
B o SO AL | et A (0
a‘g I e, al Ls ] N
Kr, 54 HCl, —92 KF, —567{ Jpe oooen |Ne s
F‘p —255 HBr, —36 KCL, —437 20° 0.9982 NaCI
C1, —233 HI, 26 AgCl,—1271 a2° 09978 |BaSO,
CHyy, —75 HCN, 135 AgBr,—100} 24> 09973 |AgCl
C,H4, 227 PHjy, 5 PCly, —287 | 26° 0.9968 | Aluminum
C:Hy, 52 CgHg: 49 PCl;, —375] 28° 0.9963 |Iron
C,Hg, —85 CH3;O0H; —2381] 30° 0.9956 |Brass
CsHg, —105 C,H;OH, —235| 90° 0.9653 |Mercury
nCyH;os —127 C,H;OH;—278 | 100,° 0.0006 |Platinum
anﬁlgg —209 COClgg 219 2
Clys —135 CHaCl, —81 | 22. MOBILITIES (m*V~'s
17. ABS. ENTROPY S° II,fa 23 I}QI%IO,, 3§§ i
J mol-1 K- at 25°C K+ 74 A.g"'i 62 _&
Neo 131 Feor 184 SFo 29 oy 76 OH- 198
Ny, 192 , 174 NO, 211 |p7 .2 [ o
2y 205 HC1, 187 NO,, 240 r Ml
Cl,, 223 H,0, 189 N,0,, 304 23. WATER V.P. (to
F,, 203 CO, 198 gy 192 0°C 46 5
Cgra 57 CO,, 214 PCi,, 312 | ¢ 28 | 2
Sgr 254 SO,, 248 PCl,, 365 ag° 175 | 5
CH% I}186 Szo“ 256 SF,,, 254 :
oHe, 229 CH,OH, 127 FLL
CEY 0 G.LOH, 200 24. KISCELLANT
Csz 201 ngs?%x 161 (S:;ifd‘;;“z V;{(X‘u )\!“/(
2Hyy 219 (CH3):0, 266 EeE< o (0.0582/m) Lo
CoHys 269 CH,COOH, 282 | logli k. abem A = lox 1y
Jog Ne=logNo+ 6,301T/T
18. AG°> FORMATION X2 (b = VBT = ias/3a
kJ mol-1 at 25°C “'\*':12‘1 sin gwl
H, 203 HF, —2713 H0, —220 | 25 %0 5850
Ky 62 HCl, -—95 HoO; —237 | e=1602X 101°C
Cl, 106 HBr, —54 SO,, —300 | N, =6.022 X 1023 mol-!
O, 232 HI, 1.7 SO;, —371 | F=96431C
NO;, 87 NHs, —16 PClg, —268 | §=380msr
NO;, 51 CO, —137 PCly, —305 | 5= 2998 X0 M
N2Ogp 98 CO., —394 CH,, —51 | R o) 987 cals moll K-t
C.Hy, 68- C,H,, 209 C,H,, —33 = 0.08206 litre atm mol
CaHg 1 125 CH3 OHg —162 == 8.314..L mol-t K‘_l
CCly —65 C,H;0H, —175 ;_*8.314kPadm3mol"
BF;,  —1120 CHCl,, ~10 | O = A 0 g
SF,,  —1105 CH,;COOH,—374 | o= i3855
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Name ’ . Structure' pk,} K,
Acetic acid . ‘ < ' -3
(ethanoic acid) CH,CO,H 4957 175 x 10
NH
. . 2348 (COLH) 449 x 1073
Alanine CHCH, 9.867 (NIL,) 136 x 107"
CO,H -
Aminobenzene . A ))—nns 4.601 251 x 10°
(aniline) \ /
4-Aminobenzenesulfonic acid . \ 429 " -4
(sulfanilic acid) 0,S Q NH, 3.232 586 x 10
NH;
2-Aminobenzoic acid O ) 2.08 (CO,H) 83 x 1073
(anthranilic acid) 4.96 (NH,) 1.10 x 10~%
COLH
2-Aminoethanethiol O 821 {SH) (1 = 0.1) 62 x 107°
(2-mercaptoethylamine) HSCH,CTI,NH; 10.71 (NH,) (¢ = 0.1) 195 x 107!
g 2-Aminoethanol s -10
% (ethanolamine) HOCH,CH,NH;} 9.498 - 318 x 10
OH
j > Arminoshenl ) /\r 4.78 (NH,) (20°) 166 x 10-5
-Aminopneno 9.97 (OH) (20°) 105 x 1071
i b /\NH: .
i Ammonia NH, 9.244 570 x 1071
NH;
; p e _-NHI 1.823 (CO,H) 1.50 x 1072
% Arginine CHCH,CH,CH,NHC? - 8.991.(NH,) 1.02 x 107°
i "WH. 12, 5 3 -13
3 oyt NH. (12.48)(NH ) x 10
§ Arsenic acid ? 2.24 58 x 1073
i FSenIE acl: HO—As—OH 6.96 110 x 1077
{hydrogen arsenate) . 11.50 39 x 10° 12
3 l : - L X
] . OH )
i T Each woid is wrilten in its protonated lorm. The acidic protons are indicaed in bold 1ype.
¥ T pK,values vofer 10 25°C ard zero ionic streagth uniess otherwise indivated. Yalues in parentheses dfe ronsidered 10 be iess reliable. Duta are from AL E. Martell
§ an¢ R. AL Smit. Crivical Stability Constanty {(New York: Pleasm Press. 1974,
t N=Wwor (U-23545  H- o019 .




Vulues of oy
EDTA at 20 C and

for

= 0HM
pH Aya
0 13 x 10°%
1 1.9 x 10718
2 33 = 10718
3 26 x jo it
4 38 x 1077
5 37 % 1077
6 23 x 107°
7 50 x 107
8 56 x 1077
g 54 x 102
10 0.36
i 0.85
12 .98
13 1L.OO
14 .00

Table 14-2

Frormation constants for metal FDTA complexes

fon fog A,
1i 21
Ny 1.06
K-’ 0.R
Be™ 0.2
My’ R.79
[ Theo
Sre R73
R 7.86
Ra'~ 7.1
Sett 231
Yy [EXEY
lat 15.50
v 12.7
QSN 16
NMn™’ 1187
1o 14,32
(AT 16,31
Ni ' 18,62
Cu’’ 18.80
T LISy
v 2640
ort! 234

lon

Mn''
Fet
(ot
/J,J t
et
vy
VO
Ag’

T

ATt

VAL
cd
fle®
Snt
Pl\.'
‘\l‘ .
Gia Y
int
T

logh,

I5325Cy
251
A5 O
RUR
298¢ = 0.0)
188

1558

7.32

6.54
IRA2S

p=072)

6.5
16,46
217
Rigp=1)
1R0d
.3
203
2540
S L
218

<o

lon
Cet
pet!
Nd**
Pt
Smt!
Fut!
Gd'
'rh‘ )
[)}”‘ '
Ho'*

[5.9%
16.40
16.61
17.0

17.14
17.35
17.37
1791
18.30
18,62

[{.RS
1932

1051

[9.83
1780250)
1125 C)
IRS(I5()
1R7(25 ()
232

258
246025 Copr= 1)

Nore The stthifity comstant s the cquilibrinm constant fer the rawtion M™
in tuble appis we 20 Capd jonie srenpgth 1] AL anlese ntherwise neted,

SOURCT Thta fom A P Maszellamd RN Sinith, € vioal Stabilte Cemstants, Vol. | tNes York
Plenum Prese 3, pp 2040 241
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