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QUESTION 1

a) Define or explain the following:
i) Accuracy
i) Determinate error
1i1) Precision

iv) Indeterminate error 4
b) i) List the four main types of determinate error. (2)

ii) Give a brief explanation/description of each of the types of determinate error you listed in
@. 4

iii) Explain two ways which can be used to detect determinate errors. (4)

¢) The following data were obtained for the analysis of a standard soil sample containing
the analyte acenaphthene, a known carcinogen. The concentration of acenaphthene

in the sample is given as 3.2 ppb

Determination Acenaphthene (ppb)
1 3.0
2 2.9
3 3.1

i) Calculate the mean of the data set.
ii) Calculate the relative error of the mean of the data set.

ii1) Calculate the standard deviation of the small data set.

iv) Calculate the confidence interval of the data set at a 95% confidence level.
v) Explain in your own words what the confidence interval calculated in (vi)
means. (8)

d) The following curves A and B represent two data sets for an analyte in the same sample

analyzed by two different analysts;



Which data set is the more precise A or B? Expl'aih (3) .

QUESTION 2

a) Explain what is meant by standardization in titration and give one example of a primary

standard used in acid-base titration to standardize HCI and one to standardize NaOH. (4)

b) In the determination of chlorine by Fajan’s titration in samples,
i)  Name the common adsorption indicator used in this titration. (2)

if) What is the reason for the addition of dextrin before titration? (2)

¢) You need to produce 500 mL of an aqueous solution in which the concentration

+ +

2 2
of Pb is 10 ppm. Your source of Pb ions is lead (II) nitrate. How much lead

(II) nitrate do you need to weigh out to produce this solution? (3)

d)
1) Find the pH in the titration of 25 mL of 0.3 M HF with 0.3 M NaOH after adding
10 mL of NaOH. (5) .
ii) What name is given to the resultant solution in b (1)?  (2)

e) The standard hydrogen electrode (SHE) is the electrode against which all electrode

potentials are referenced.



i) Draw the SHE and label all components. What is the role for the platinum? Why
is it a suitable metal for this role? (3)

ii) What specifications should be met by the SHE? (2)

iii)  State the function of the salt bridge and explain how it works. (2)

QUESTION 3

a) A young scientist determined the amount of Riboflavin (Vitamin B 2) in a cereal
sample by measuring its fluorescence intensity in 5% acetic acid solution. A
calibration curve was prepared by measuring the fluorescence intensitiesof a series of
standards of increasing concentrations. The concentration of the standard was found
to be 10.0 ppm. Explain in detail TWO ways which the young scientists can use to
show that the method and instrument used for measurements éves accurate results.

(Give a detailed explanation how this would be achieved) (5)

b) An enzymatic method for determining alcohol in wine is evaluated by comparison
with gas-chromatographic (GC) method. The sample is analysed several times by both
methods with the following results (% ethanol).

Enzymatic Method: 13.1, 12.7, 12.6, 13.3, 13.3

 GC Method: 13.5, 13.3, 13.0, 12.9.

Does the enzymatic method give the same value as the GC method at the 95 %
confidence level? (5)

¢}  One of the challenges in the quantification of elements is the problem of
interferences. Explain what is meant by interferences giving a specific example and a

solution on how this interference can be eliminated in analytical chemistry. (4)

d) A standard method for the determination of carbon monoxide (CO) level in gaseous
mixtures is known from many hundred measurements to have a standard deviation of
0.21 ppm CO. A modification of the method yields a value for s of 0.15ppm CO
pooled from data set with 12 degrees of freedom. Does the modification give more

precise measurements than the original method? ( 5)

3



€) An atomic absorption method for the determination of copper content in fuels yielded
a pooled standard deviation of spooled = 0.32 pg Cu/mL (s — o). The analysis of the

oil from a reciprocating aircraft engine showed a copper content of 8.53 pug Cu/ml..

1) Calculate the 99% confidence limits for the result based on a mean of four (4)
analyses. (3)
ii) How many replicate measurements are necessary to decrease the 99%

confidence for the analysis to + 0.20 pg Cw/mL? (3)

QUESTION 4 , -

a) The amount of iron (Fe) in drinking water was determined using the standard addition
method. The concentration of the Fe standard was 11.1 ppm. The dilutions and signals
for the different dilutions are given in the table below. Calculate the amount of Fe in

the water sample in ppb.

Sample | Standard
Volume | Volume
(mL) (mL) |Signal (V)

10 0 0.215
10 5 0.424
10 10 0.685
10 15 0.826
10 20 0.967

Note: All solutions were diluted to a final volume of 50 mL. (7)

b) External calibration is one other method which can be used in the determination of
iron in water. Explain in detail how external calibration differs from standard addition

and also give the main advantage of using standard addition over external calibration.

®



¢) Explain two disadvantages of using the standard addition method (3)

d) Internal calibration is another method of calibration which is used in determination of
the concentrations of unknown. In detail, explain the principle of internal standard,
explain the advantage of using .this type of method over the external calibration and
standard addition. (7)

e) Give the three (3) properties which an internal standard should meet. (3)

QUESTION §

a) The COina 20.3 L sample of gas was converted to CO, by passing the gas over

iodine pentoxide heated to 150 degrees Celsius.
1205 (s) + 5CO () — 5CO2 (g) + L, (g) ’

The 1odine was distilled at this temperature and was collected in an absorber containing 8.25
mL of 0.01101 M Na;8,0;

I () +25:05” (aq) — 2I (aq) + S404” (aq)
The excess NapS,03 was back titrated with 2.16 mL of 0.00947 M L, solution.

i) Calculate the concentration in milligrams of CO (28.01 g/mol) per litre of sample.
)
i1) The method used in a(i) is known as back titration, explain what is meant by back
titration? (2)
iiiy  Give four (4) purposes of back titration i.e. cases which would require the use of
back titration instead of direct titration. (4)
b) In titrimetry;
i) Differentiate between primary standard and a-secondaw standard for
titrimetric  analysis (2)
i) Give four (4) desirable properties for a primary standard used for titration
purposes. (4) |
¢) Titration Curves describe how pH changes during various acid-base titrations. Draw
the titration curve for the titration of 25 mL HCl of 0.100 M with 0.100M HCI. (5)



d)

Using sketch diagrams, explain what would be the difference of a titration curve
obtained when 10 mL 0.1 M acetic acid is titrated with 0.1 M sodium hydroxide from
that of 0.1 M hydrochloric acid titrated with 0.1 M sodium hydroxide. (Do not
Calculate) 3) _

QUESTION 6

a)

b)

d)

One of the properties of a homogeneous precipitate in gravimetry is that it has fewer
impurities. Describe the_two (2) ways which can be used in the formation of a

homogeneous precipitate. Give an example for each. (4)

Explain how the particle size of a precipitate can be controlled with reference to

relative supersaturation. (3)

i) What is meant by ‘digestion of a precipitate’? Briefly describe what happens in the
process of digesting a precipitate and give twe (2) advantages of this step during
gravimetric analysis. (3)

i) What is peptization? How can this phenomenon be avoided during gravimetric

analysis (2)

One of the gravimetric titration methods used in analytical chemistry is the Volhard

titration.

i) Describe the Volhard titration method. What is this type of titration used fqr‘?r
- | .

i1) Give the two main challenges encountered when using this method of
titration.(2)

iil)  How can these problems listed in b(ii) be solved? (2)

A 0.2356g sample containing only NaCl and BaCl2 Yielded 0.4637 g of dried Ag Cl
on adding AgNOs; to the sample. Calculate the percent of each halogen compound in
the sample. (6)



APPENDIX

VALUES OF £FOR VARIOUS LEVELS OF PROBABILITY

Number of Factor for Confidence Interval
Observations
~ 80% 90% 95% 99% | 99.90%
1 3.08 6.31 12,7 63.7 637
2 1.89 2.92 43 9.92 31.6
3. 1.64 2.35 3.18 5.84 12,9
4.~ 153 | 213| 278 4.6 8.6
5. 1.48 2.02 2.57 4.03 6.86
6 | 144 194 2.45 3.71 5.96 |
7. 1.42 1.9 2.36 3.5 54
8 1.4 1.86 2.31 3.36 5.04
g 1.38 1.83 2.26 3.25 4.78
10 1.37 1.81 2.23 3.17 4.59
11 1.36 1.8 2.2 3.11 4.44
12 1.36 1.78 2,18 3.06 4.32
13 1.35 1.77 2.16 3.01 4.22
14 1.34 1.76 2,14 2.58 4.14

| CRITICAL VALUES FOR REJECTION QUOTIENT Q
i

Number of

90% 95% 99%
Observations Conﬁdénce Confidence | Confidence
3 0.941 0970 | 0994
4 0.765 0.829 0.926
5 0.642 0.710 0.821
6 0.560 0625 | 0740
7 0.507 0.568 0.680
i 8 0468 | 0.526 0.634
% 9 0.437 0.493 0.598
: 10 0.412 0.466 0.568




Confidence Levels for Various Values
ofz

Confidence Level , % . z
50 0.67
68 1.00
S;‘; 1.28
90‘: | - ‘ 1.64
95 1.96
' 95.4 | 2.00
99 2.58
99.7 3.00
99.9 3.29




Table 4-5] riticel vulues of F

»t B84, confidence level

Kw=1.00 x 10°%

Degrees of Degrees of freedom for s,
freedom oo : :
fors, 2 |3 14 |35 |6 7T |8 |8 1B |12 |15 |2 (B i=
T2 00 192 {102 | 193 | 193 | 194 | 104 [ 194 | 104 104 | 104 |194 {195 (105
3 955 | 928 9I2| 901 | R94| RRO| RBA| KR | R0 | R | 870 | 866 862 . 85
4 694 G591 639 626 6.16| 609! GO | 500 | 596 591 | 586 | 580 575 563
5 59| 3411 S1U1 505| 495 | 488 | 482 | 477 474 | 463 | 462 | 456 450 : 436
'l >
6 504|476, 433| 439 428 421 415 410| 406 | 400 | 394 | 387{ 381 [ 147
=S 47| 435] 412| 397 | 2E7| 379| 373 368 | 364 | 353 3501 | 344, 33! A
8 446 | 4077 384| 39| 35B| 350| 34| 339 335 328 | 32| 315 308 293
9 26| 386; 363 | 348| 337| 329 3B | 38| 14| 307 | 301 | 284 286 27
10- 40| 3700 A4R| 333 | 32| 314 | A07| 302) 208 | 291 | 284 | 277} 270 254
I | 39| 359) 336| 320 340 30| 295| 290 285 | 279 | 272 | 265 257 240
12 388 | 340, 326| AN1| 30| 290 285 2801 275 | 269 262 | 234 247 230
" ARI| 341; YIR| 32| 292| 283 | 27T| 27| 46T | 260 | 253 | 246 28R 2%
14 AT 334 RN| 296 | 2R3 | 236 2| 265 | 260 | 253 | 246 | 239 231, 213
15 3eb| 529 506 | 1401 279 271( 264| 259 254 | 249 | 240 233 : 225 . 1
16 363 | 3241 A0 | 228] 27| 266 259 | 284 249 | 242 | 235 | 228} 218 201
17 359 3200 29| 181 270| 261 | 255| 249 245 | 23% | 241 | 223 215 1%
I 356| 3060 293| 277| 26| ASB| LST| 246 | 241 | 234 | 227| 219 211 ¢ 1w
19 A52| 33 290 1M 263 | 284 248) 242 238 231 223 | 206 207 : 188
20 349 | 3001 287 27| 20| 251 245] 239 235 | 228 | 220| 212 ] 204 1ma
30 3320292 269 253 241 233 27 220 L6 209 200 193 1M 162
® 300 260 237 220 200 201 194 188 183 173 167 15T 14 100
USEFUL CONSTANTS



Ka Acid Base
Name Formula Formula Name
Large Perchloric acid HClO, Clo,” Perchlorate ion
3.2 *10° Hydroiodic acid HI I- Todide
1.0 * 10° Hydrobromic acid HBr Br- Bromide
1.3 *10° Hydrochloric acid HCI Cl- Chloride
1.0 * 10° Sulfuric acid H,SO, HSO, " Hydrogen sulfate ion
2.4* 10 Nitric acid HNO; NO;~ Nitrate ion
-------- Hydronium ion H;0+ H,0 Water
Ka .= Acid Conjugate Base
- Name Formula Formula Name
Large - Perchloric acid HCIlO, Clo,~ Perchlorate ion
3.2*10° Hydroiodic acid HI I- Todide
1.0 * 10° Hydrobromic acid HBr Br- Bromide
1.3 *10° Hydrochloric acid HCl Cl- Chloride
1.0 * 10° Sulfuric acid H,SO, HSO,~ Hydrogen sulfate ion
2.4 *10" Nitric acid HNO, NO; - Nitrate ion
-------- Hydronium ion H,O+ H,0 Water
5.4 %107 Oxalic acid HO,C,0.H HO,C,0y Hydrogen oxalate ion
1.3 * 10~ Sulfurous acid H,S0; HSO; ~ Hydrogen sulfite ion
1.0 *10° Hydrogen sulfate ion HSO, " SO, ~ Sulfate ion
7.1*10° Phosphoric acid Hs;PO, H,PO, " Dihydrogen phosphate
ion
72*10* Nitrous acid HNO, NO;~ Nitrite ion
6.6 *10™ Hydrofluoric acid HF F- Fluoride jon
1.8*10* Methanoic acid HCO.H HCO," Methanoate ion
6.3 %107 Benzoic acid C:H;COOH C¢H;COO- Benzoate ion
5.4*10° Hydrogen oxalate ion HO,C,0% 0,C,0, % Oxalate ion .
1.8*10° Ethanoic acid CH;COOH CHsCOO Ethanoate (acetate)
ion
44 %107 Carbonic acid COos* HCOs " Hydrogen carbonate
ion
1.1* 107 Hydrosulfuric acid H,S HS- Hydrogen sulfide ion
63*10° Dihydrogen phosphate H,PO,~ HPO, * Hydrogen phosphate
- ion ion
62*10° Hydrogen sulfite ion - JHS s* Sulfite ion
2.9*10° Hypochlorous acid HCIO ClO Hypochlorite ion
62*107"° Hydrocyanic acid HCN CN Cyanide ion
5.8* 10 Ammonium ion NH, " NH, Ammonia
5.8*107° Boric acid H;BO; H,BO;~ Dihydrogen carbonate
ion
47 %101 Hydrogen carbonate ion HCO; CO,*’ Carbonate ion
42* 10" Hydrogen phosphate HPO,* PO, ™ ‘Phosphate ion
. ion :
1.8*10° Dihydrogen borate ion H,BO; HBO; - Hydrogen borate ion
1.3*10"° Hydrogen sulfide ion HS- S+ Sulfide ion
1.6 * 1077 Hydrogen borate ion HBO, * BO;° Borate ion
--------- water H,0 OH- Hydroxide




¥

Quantity

Speed of lightt

Elementary
¢charge

Faraday
constant
N -

Ech:zmg nn
cunstant

Gas cofistant

N

Planck constant

Avogadro
constant

Atomic mass
unit

Mass of
electron

praton
neutron

Vacuum
permeabilityt

.

Yacuum

permittivity

Bohr magneton

"~ Nuclear

magnetan

Electron g
vajue

Sohr radius

Rycdberg
canstant

Fine structure
caasant
Cravitational
constant

Standard *

acreleration
" of free fally

f P n

femto

pico nano micre

Symbol

[~
k4

FﬂﬁN,g

A= kN,

b= hf2x
a‘v’;

My
my
My

Y

fo=1/c%,
dreq

-uﬁ = ’eﬁfzml
M= afi/2m,

g

da= 4.?:,:‘11{31‘1,(

- R.mm s Bh

o= peeace’zh

G

u m

milli

1071 1g~'3 qg-8 gg-4 ygma

.

Valye

29792438 x 102 m 5~
TBO27TX 1079 ¢

8.8485 % 10 C mal™*
1.380 66 % 10°23 3 ¢~

8.314 510K mol™
8.20578 x 10-2

dm? atm K= mol~!
62.364 L Torr K™ moi=!"
6.52608x107*)s
105457107y s
6.022 14 X 102 mo(='

1.66054 X107 kg

8.108233x 10~ kg
1.67262%x 10" 7 &g
"1.57483 % 10"7 K3

Axr X107 J2 =iy
42 %1077 T 42
8.88418x 10~12 J’,;‘ Cim~t
111265 % 10-10 g=r'éa pi=s
827402 x 10=* T
5.05078 % 10~ 11

00232

520%77 % 107" my
1.097 37 x 10% e "

7.297 35'x 10~3
6.67259% 10" N m?kg~?

. .808 55 ms?

c d k M G
centl
102

deci kilo mega giga
10! 10° 10° 10?

Ceneral data ang
" fundamental
.canstants-

. PExact{defined) vuives

Prefixes
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PERIODIC TABLE OF ELEMENTS . |
. ’ ]
: GROUFS N S 9
' 2 | 3 4 3 6 L 8 "ol w el 14 [ 15 ] 16-4 17 | I8 X (o
PERIODS | 1A NA | min | ivim_| VB | Vi | vil | _ vilip, mo | uB | WA [ IVA | VA [ VIA | viiA | ViliA L
11K , . , - o K.
| | 1 y He L
al : 2 4
6l941 | 9.012 Atoritic miss —FTU8TT | 12071 | 14007 | 15.999 | V8.098 | 20.180 ]
2 Li Be N , Symbol -1 B | C N 0 F Ne ’
4 : - AtomicNo. ~}> 5 6 7 8 2 | 10
22.950 | 24.305 S 26982 | 28,036 | 30.974 | 32.06 | 35433 | 39,948 ;
3 Na | Mg | TRANSITION ELEMENTS Al 1 &t | P S | Q[ Ar
1" 12 . ) 13 14 15 i 1 1B
39.098 [-40.078 | 44.936 | 47.48 | 5U942 | 51.996 | S4.938 | 55.847 | 58.933 | 58.69 | 63.546 | 6539.] 69.723 | 7261 | 74.922 | 78.96 | 79.904 | 3.0
4 K Ca Se Ti Y Cr | Mn | Fe | Co Ni Cu | Zn | Ga | Ge | As Se Br | Kr
i 19 20 21 2 2 ] 25 26 21 28 29 | 3 2 33 34 35 | 36
85468 | 81.62 | 88.906 | 91.224 92906 | 95.94 | 98.907 { 101.07 | 10291 | 106.42 | 107.87 | 112.41 | V1482 | 118.71 | 12175 | 127.60 | 126.9¢ | 131.29
5 Ry 78TV T e PNET Mo ] T TR | Pa Ag | Cd | In | Sn | Sb Te I..] Xe
hEj 38 9 | 40 4l 42 43 44 A3 46 41 | 48 | 49 | s0 5! 52 53 54
- | 13291 | 13733 | 13891 | 178.49 | 180.95 | 183.85 | 186.21 | 1902 | 19222 | 195.08 | 196.97 | 200.59 | 20438 | 207.2 | 208.98 [ (209) | (210) | (222)
R W L"@lmw '=*v*TmWf;$§ﬂkzv“ Rt ~-Oge} m Pt | Au | Hg | TL | Pb | Bi | Po | At | Bm
I 3.0 | I - (A 78 79 | 80 | 8 | 82 | 8 B4_| 35 86
423 Y6 T e @m 7 T
7 nh | Jno | Une | Uun
' e | .08 ] 109 | 1o
L M 140:32 | (4091 14424 (145) | 150.36 | 151.96 { 15725 | 158.93 | 162.50 | 164.93 [ 16726 | 168.93 [ 173.04 17497
“Lanthanidé Series .Ce | Pr . tid “Pm Sm | EBu Gd Th Dy { He Er | Tm Yh Lu
! -os5g- | 5o 6l 62 | 6 64 65 66 | 67 | o8 59 70 71
*¥ Acliniile Series 23204 | 230.04 \23803 23705 | (244) | @43) [ (247) | (24T) | (250 | @s2) | 257) | @@58) | (239) | (260)
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