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Question 1 (25 marks)

(a). (). Define a ‘Gaussian error curve’. )
(ii).  Give four of the main features of a ‘Gaussian curve’ )]
(iii)  State the percentage of the area under a normalized Gaussian curve covered
by the following:
pxlo, n £ 2o, and p + 30 (3)

(iv)  Give the expression that describes a Gaussian curve, and define all the
parameters contained in it. Under what condition is the equation applicable
to a given set of data? 4)

(b).  Given the following calculation:

(923 = 0.03) + (4.21 = 0.02) - (3.26 = 0.06)
Calculate the absolute and relative errors, and express your answers with
reasonable number of significant figures. (5)
©. The following expressi.on can be used to calculate the formula weight(F.W.), of a
gas:
F.wW. = mRT
PV
Where: m = (0.118 = 0.002)
T = (298.2 = 0.1)
P = (0.724 £ 0.005)
A% = (0.250 = 0.005)
R = (0.082056 = 0.0000001)
(i) Determine the formula weight of the compound. 2)
(ii). Calculate the absolute error, the % relative error and the %, relative errors in the
formula. (6)
Question 2 (25 marks)

An old method and a new one were used for the determination of the Ca levels
in a given set of biological samples. The data obtained are tabulated below:




NEW METHOD (mg/dL) OLD METHOD (mg/dL)
10.1 9.7
12.5 11.2
9.7 10.6
10.2 10.0
9.5 10.9
10.5 10.1

(a). Calculate the pooled mean and the pooled standard deviation for the two sets of
data. (&

(b). Employ both the paired t-test and the F-test to determine if there are significant
differences in the means and precisions of the two methods respectively at the

95% Confidence Level. : (10)
©. For the new method, identify any questionable datum and determine if it should
be discarded at the 95% Confidence Level. (7
Question 3 (25 marks)
(a).  Offer a brief explanation for the following terms:
(i). A normal calibration curve. 2)
(i)  Matrix marching (for external standardization process). (2)

(b).  Briefly describe how you would use the principles of the multiple/graphical
standard addition method for the analysis of copper in a given sample. (6)

©. Standard solutions of an element X, containing 1.00 mg of X per L were mixed
with an unknown sample containing X. The absorbance of the final solutions
obtained from an Atomic Absorption Spectrometer are shown in the table below:

Vol. of the Vol. of Standard Total Volume
Unknown (mL) (mL) (mL) Absorbance
10.00 0.0 100.06 0.163
10.00 1.0 10.00 0.240
10.00 2.0 10.00 0.319
10.00 3.0 100.00 0.402
10.00 4.0 100.00 0.478

(i).  Determine the final concentration of the added standard in each solution in mg/L.
(5)
(ii). Employ the multiple point (Graphical) method to determine the concentration of
X in the unknown sample. (10)




Question 4 (25 marks)

(a).

Define the term, ‘Distribution Ratio’ D, for a given system. Differentiate it from

the ‘Distribution coefficient’ for such a system. 3)

(b). (). A weak acid, HB, is distributed between an organic and an
aqueous phase. If the acid is monomeric in both phases and
without its anion penetrating the organic phase, obtain an
expression for the distribution ratio, D, of the acid between the two
phases. (7

(ii). Based on the expression obtained for D above, give the factors that
influence D. 2)
(ili). By rearranging the expression for D above, show how the values of
the K, and Kp, for the weak acid can be estimated graphically.
(6)
The distribution coefficient for an acid, HB, between an organic solvent and water
is 9.8. At pH 5.00, half of the material is extracted into the organic layer from an
equal volume of the aqueous phase. Calculate K, for the weak acid, HB. (7)

Question S (25 marks)

(a).

(b).

().

(d).

(i).  Explain the term ‘Homogeneous precipitation’. What necessitates this
method and what are its unique advantages? (5)

(ii).  With the aid of appropriate reaction equation illustrate this principles with
an example. Identify the generated precipitating reagent and give an
example of a process in which it has been used for precipitation.” (3)

Describe the different ways by which ‘Coprecipitation can occur during
gravimetric analysis. How would you minimize or treat the sample against each of
them? : ®

A 4,0 mg mixture of AgBr and AgCl was quantitatively treated, reducing to
2.6 g of pure silver metal. Calculate the % of the AgBr and AgCl] in the original
sample. (5)

Calculate the solubility product of AI{OH);, given that its solubility at 25°C is
0.137 g/L. (3)




Question 6 (25 marks)

(a). Define the following:

(b).

(d).
(e).

(i). A primary standard for titrimetric analysis.
(ii). A secondary standard for titrimetric analysis. (2)

Give seven of the requirements a compound must satisfy before it can be used as
a primary standard. )]

Give one primary standard that can be used for each of the following titrations,
and give one specific example of such a titration reaction respectively.

(i). Acid — base

(ii)). Complex formation (Or Complexiometric titration).

(iii). Precipitation

(iv). Oxidation — Reduction. (6)
Define a p-function and give two advantages of using it. 3)
A sample which weighed 0.300g was a mixture of phosphoric acid and an inert
substance. The mixture was diluted with distilled water and then titrated with

5.0 x 102 M NaOH according to the following reaction:

H3;PO4 + 2NaOH - Na;HPO, + 2H;0

If 29.00 mL of the titrant was required to reach the end point, calculate the %
H3PO, in the sample. )




Values of Student's ¢

Confidence jevel (%)

Degrees of freedom 50 80 90 95 99
! 1000 3078 6.314 12.706 63.657
2 0.816 1.886 2.920 4.303 9.925
3 0.765 1.638 2353 3.182 5.841
4 0.741 1.533 2132 2.776 4,604
5 0.727 1476 2015 2.571 4032
6 0.718 1.440 1.943 2.447 3.707
7 0.711 1415 1.895 2.365 3.500
8 0.706 1.397 1.860 2.306 3.355
9 0.703 1.383 1.833 2262 3250
10 0.700 1372 1812 .2.228 3.169
15 0.691 1.341 1.753 2131 2.947
20 0.687 1325 1725 2.086 2.845
on Lo L6s3 L4uy 2570
Values of tforv Deqrees of Freedom for Vanous Can}‘lf:!erlc_t.a_l.'siyels L
L ‘Confidence Level, 80% 895% 99% 59.5%
1 6.314 12.706 63.657 127.32
2 2.920 4.303 9.925 14.089
3 2.353 3.182 5.84] 7.453
4 2.132 2.776 4.604 5.598
5 2.015 2.571 4.032 4773
6 1.943 2.447 3.707 4.317
7 1.895 . 2.365 3.500 , 4.029
8 1.860 2.306 3.355 3.832
9 1.833 . 2.262 3.250 3.690
10 1.812 2.228 3.168 3.581
15 1.753 2.131 2.947 3.252
20 1.725 2.086 2.845 3.153
25 1.708 2.060 2.787 3.078
= 1.645 1.960 2.576 2.807

e N = degrees of freedom.




Values of F at the 95% Confidence Level

Yy

v, =2 3 4 s 6 7 8 9 10 15 20 30

=2 190 192 192 193 183 194 194 194 194 194 194 195
3 955 928 912 901 89 889 885 88 879 870  8.66 8.0
4 654 659 639 626 616 609 604 600 .59 58 580  S5.75
5 579 541 509 505 495 488 482 477 474 462 ‘456 4.50
6 5.4 476 453 439 428 420 415 410 406 354 387  3.8)
7 474 435 412 397 387 379 373 368 364 351 344 3.38
8 446 407 384 369 358 350 344 339 335 322 . 315 3.08
9 426  3.86  3.63 348 337 329 323 - 348 314 30l 294 286
10 410 371 3.48 333 322 304 307 302 298 285 277 270
15 368 329 306 290 279. 271 264 259 254 240 233 2.25
20 349 310 287 271 260 251 245 239 235 220 2.2 2.04-

(72
[ =]

3.32 29 2.69 2.53 242 - 233 2.27 2.21 2,16 2.01 193 184

Rejection Quetient, @, at Different Confidence Limits®

Cor_‘:ﬁdence level

No. of

Observations an Qgs Q,g
3 0.941 0.970 0.994
4 0.765 0.829 0.926
5 0.642 0.710 0.82)
6 0.560 0.625 0.740
7 0.507 - 0.568 0.680
8 0.46% 0.526 0.634
9 0.437 0.493 0.598
10 0.412 0.466 0.568
15" 0.338 0.384 : 0.475
20 0.300 G342 . 0.425
25 0.277 . 0.317 0.393
30 ' 0.260 0.298 0.372

*Adapted from D. B. Rorabacher, Anal, Chem., 63 (1991) 139.




Quantjzy

Speed of lightt

Elementary
charge

Faraday
constant

Boltzmann
constant

Gas constant

Planck constant
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constant

Atomic mass
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electron
proton
neutron
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Permittivity
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Sonr radius

F 333

Symbol

c
z

F=ENA

A=kN,

h
A= hi2x
:V:\

L]

fo=1/c’u,
dxe,

s =ehf2m,
Un=ehf2m,

G

8, =4xe,A% m ¢

Rydberg R . =m, s8R e
constant
Fine structure == poelc/2h
consiant
Gravitational G
canstant
Standard ' g
acceleration
of free falit
f P n u m
femwo pico nano micra  milll
10—15 10‘-\2 10—! 10-—6 10“-:

Value Ceneral data ang
2.89792438%x 108 ms™' fundamental
: .constants-

80207775103 ¢
9.6485 x 10* € migi™!
1.38066 x 10~ J ~? T

8.31451JK™" mol™!

3.20578x 10°2
dm? atm K~' mol~!

62,364 LTorr K= mol™""
6.62608 X 10~ J 5
1.05457x 10> J s
6.022 14 % 10* mal—!}

1.880 54 x 107% kg

9.10839x 10" kg
1.672.62x 10~ 7 kg
"1.67483x 10 F kg
4rx1077 53 C-t Y
4 x 1077 T ' my?
B.85413x 102 J-1 g2ty
1.11265x 10~'° =V g2 =t
8.27402x 107 T
8.05079 x 10~ 31!

2.002 22

5.28177x10"""m
1.097 37 x 105 c !

7.297 35'x 102

6.67259x 107" N mikg~?

. 9,806 65352

t Exacx (defined) values

[ d % M G

Prefixes
centi deci kilo mega giga
107 0! 19° 100 100
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PERIODIC TABLE OF ELEMENTS

. GROUPS
_ 2 3 4 5 6 7 g8 | 9 [ 10 1] 12 13 14 15 16 17 18
PERIODS | 1A nA | mn |Tavs v v vy | ViR | un | WA _|TIVA | VA | VIA | VIIA [ VIlIA
106K : 4.0m
| 1 e
I 2
6.941 9.012 Atomic mass —¥ 10.811 [ 12.011 | 14.007 | 15.999 | 18.998 | 20.180
2 Li Be Symbeol E.W B C N O F Ne
3 4 Atomic No. —|* 5 6 7 8 9 10
22.990 | 24.305 26,982 | 28.086 | 30.974 | 32.06 | 35.453 | 39.948
3 Na | Mg TRANSITION ELEMENTS Al Si P S Cl Ar
1 12 . . 13 14 15 16 17 18
39.098 | 40.078 | 44.956 | 47.88 ] 50.942 } 51.996 | 54.938 | 55.847 | 58.933 | 58.69 | 63.546 | 65.39.] 69.723 | 72.6) | 74.922 | 78.96 | 79.904 | R3.80
4 I Ca Sc Ti A% Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
19 20 21 22 23 24 15 26 27 28 29 30 3 32 33 34 35 36
85.468 | 87.62 | 88.906 | 91.224 | 92.906 | 95.94 | 98.907 | 101.07 | 102,91 | 106.42 | 107.87 | 11241 | 114.82 | 118.71 { 120,75 | §27.60 | $26.90 | 13129
5 Rh | Sr Y Zr | Nb | Mo | Te | Ru | Rh Pd Ag | Cd | In Sn Sb Te I Xe
37 18 39 40 " 4l 42 4] 44 45 40 47 48 49 50 51 52 53 54
13291 | 137.33 | 138.91 | 178.49 | 180.95 | I83.85 | 186.21 190.2 | 192.22 | 195.08 | 196.97 | 200.59 | 204.38 | 207.2 | 208.98 (209) | 210) | (222)
6 Cs Ba *La Hf Ta w Re Os Ir Pt Au lig TI Pb Bi Po At Rn
55 56 57 72 73 74 75 76 77 78 79 80 81 82 83 84 8s 86
223 226.03 1 (227) (261) | (262) | (263) | (262) | (265) | (266) | (267
7 Fr Ra | **Ac] Rf | Ha | Unh | Uns | Uno [ Une | Uun .
37 38 89 104 105 106 107 108 109 110
. 140.12 | 14091 | 144.24 | (145) 150.36 | 151.96 | 157.25 | 158.93 | 162.50 | 164.93 | 167.26 | 168.93 { 173.04 | 174.97
'" rLanthanide Series Ce | Pr Nd | Pm { Sm | Eu Gd Th Dy Ho Er | Tm | Yb Lu
58 59 60 6l 62 63 64 65 66 67 68 69 70 71
#*Actinide Series 23204 | 231.04 | 238.03 | 237.05 | (244) | (243) (247) (247) | (251) (252) | (257) | (258) (259) (260)
Th Pa U Np Pu Am | Cm Bl cr Es Fm | Md No Lr
90 91 92 93 94 95 96 97 98 99 100 101 102 103

() indicates-the mass number of the isotope with the longest half-life.




