TABLE 4,2: Method of Standard Addition

g ABSCRBANCE READINGS
OF
Mg
1 2 3 L 5 6
0 10.0 10.2 10.2 9.5 10.0 9.5
10 14,5 1 15.0 15.0 1,0 15,0 1,0
20 19.0 19.0 20,0 19.0 19.5 18.5
30 23.5 24,0 24,0 23,0 2L, 0 23,0
Lo 28,0 28.0 28,5 27.5 28.5 2745
50 32.5 33.0 33.5 32,5 32,5 32,0
SAMPLE
(ug) ]22.0 22.5 22.0 21.5 22.0 21,5
A
MgCO3 3.63 3.71 3.63 3.55 3.63 3455

The percentage of magnesium carbonate by the Direct
Calibration method was found to be 3,58% with a standard deviation
of 0,11, By the method of Standard Addition it was found to be
3.62% with a standard deviation cd’p,oé. Roth results show good

comparison to the result found by Chilanga Factory Laboratory

(3.617%)
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On comparing the two results found by the two techniques,
one does not see any significant difference except that the values
found by the Direct Calibration method show more scatter as shown
by the standard deviation., In fect, taking the value found by the
Standard Addition method as a "true" value and applying the t-test
at 95% level of confidence, it turns out that there is no
determinate error in the Direct Calibration method. Applying the
same test at the same level of confidence on the standard addition
method against the Direct Calibration method leads to the sane

conclusion,

To explain the difference in the two results and why the
values found by the Direct Calibration method show more scatter,
it is better to look more closely at the possible interferences.
All the forms of spectral interference, except when more than one
absorbing line is in the spectral bandpass (case i), affect all
the samples in the same momnner, This means that these interferences
are not an adequate explanation for the observed discrepancy.
When more than one absorbance line is in the spectral beddpass, a
straight line calibration curve cannot be obtained. Since this
was not the case in the present work it is not far fetched to

assume that this form of interference was insignificant.

Chemical interferences were expected to come mainly from the

silicate, aluminate, phosphate and sulphate oxyacids., The effect



of the oxyacids is normally appreciable only when the anion is in a
chemical excess over the element under analysis. The aluminium
interference, hovever, is so adverse that if aluminium is present
in concentrations comparable to magnesium the bulk of it, or if

. . 35 .
possible all of it, must be removed from the sample””, The inter-
ference of the oxyacids when they are in excess suggest that an

equilibrium is being set up between the species M~Cl, or M=0 if the

rock is dissolved in perchloric acid, and M-O-X, where -O-X is the

oxyacid,
heat heat

M-0-X —————2 Mol —————————— M+ Cluesseeeeses(l)
" excess Tow flame
oxyacid temperature

In the presence of excess —0-X the equilibrium of equation (1)
will move to the left preventing the formation of free M. Low
flame temperatures and/or excess of the oxyacid thus favour the
persistence of the stable oxy-salt., It is clear from the equation
that the use of a hotter flame such as a nitrous oxide—~acetylene
flame will shift the equilibrium to the right. But the use of a
hotter flame also increases ionization which is undesirable. For
example calcium which does not ionize significantly in an air~
acetylene flame is almost 50% ionized in a nitrous oxide-acetylene
flameu. However, ionization can be reduced by introducing a second
metal with a lower ionization potential to act as an ionization

buffer., Lithium, with an ionization notential of 520KJ/mole has



been used for this purpose for most metals which include calcium
and magnesium whose ionization potentials are 489 kJ/mole, and

733 kd/mole respectively. Lanthanum, with an ionization potential
(541 kJ/mole) comparable to that of lithiqm can also be used as

an ionization buffer.

Another way, which was used in this work, of shifting the
equilibrium in equation (1) to the right is to employ a releasing
reagent (R)

excess R
M=0-X == R=0=-X + M .........(2)

If R is a metal which forms a similarly stable compound with the
oxyacid, and it is present in excess, then mass action dictates that
the reaction (2) must proceed to the right, producing a higher
proportion of free atoms of M. Good releasing reagents are therefore
those metals which themselves forw stable oxy-salts. Slavin and
Trent8 found that lanthanum removes interferences by silicate,
aluminate, phosphate and sulphate. Another metal that has been

36

used for the same purpose is strontium” ., It was also found that
lanthanum is a better reagent than strontium36. Lanthanum is
certainly a better reagent because it also suppresses ionization.

It is for the above reason that lanthanum was preferred to strontium

in this work. Nickel has also been found to block interference

from silicon and aluminium when the ratio of nickel to silicon and
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aluminium is 500:137. The ratio of nickel to magnesium is not

important as it does not interfere with the magnesium absorption,

The aluminium interference can also be overcome with 8-hydroxy-
quinoline38. The oxine, however, does not eliminate the interference
from silicon, phosphate and sulphate, The oxine overcomes the
interference by forming co-ordinate complexes with aluminium while

at the same time effecting what is commonly known as "organic
enhancement". Calcium has also been found to offer considerable
protection for magnesium against silicate., Tt affords little

protection against phosphate but none at all against aluminium,

With the above discussion in mind it is concluded that the
addition of lanthanum effectively eliminated, or at least minimized,
the chemical interferences. This conclusion is further supported
by the fact that, if there was any chemical interference, it would
have affected the results by the two methods in the same manner

as the same reagents were used for both methods,

Of the physical causes of interference scetter effects and
background absorption are the easiest to detect. Ideally calibration
curves should pass tkrough the origin, If this is not the case
then either there is a reagent blank in the standards or there is
background absorption and scatter or both, These interferences can
easily be corrected for by setting the instrument to read zero
absorbance using a blank solution, which was done in the present

work
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Incomplete volatilization is another physical cause of
interference, This means that, at the temperature of the flame
being used, the droplets produced by the nebulizer have given rise
to solid particles which are not completely converted to vapour,
This may be due to the speed with which tﬁe droplets pass through
the flame or because they have a high vaporization temperature,
This leads to a lower degree of atomization than expected. To
reduce incomplete volatilization hotter flames could be employed,
Alternatively, the flow rate could be reduced by using ultrasonic
nebulizers, For example, Stupar and Dawson39 showed that inter~
ference effects from silicon and aluminium on magnesium, previously
thought to be entirely chemical in nature, could be drastically
reduced when an ultrasonic nebulizer with flow rate less than 0.1
cm3 per minute, providing a more uniform smaller droplet size,
was employed, Large droplets are usually incompletely vaporized |
unless hot flames, such as a nitrous oxide-acetylene flame is used,
In the present work to make sure that incomplete volatilization,
if there was any, affected the absorbance readings in the same
proportion, the same nebulizer was used throughout, Furthermore,

all the readings were taken under the same flame conditions,

The other physical cause of interference are matrix effects,
These influence the number of atons actually entering the radiation
beam, They usually arise from differences in the physical

properties of samples and the matching standards. A difference in



acid concentration, for example, causes a difference in viscosity

or surface tension, The viscosity affects the rate of uptake of the
sample solution by a nebulizer and the surface tension affects the
size distribution of the droplets forred and hence nebulizer
efficiency. It is recommended that matching of standards and
samples is necessary in respect of corponents found in the sample,
or at least those components whose concentration is greater than

1% in the final solution4. It is for this reason that a calcium
compensating solution was used in the case of the Direct Calibration
method, The calcium compensating solution and the sample were all
prepared in the same amount of acid so that there would not be

much difference in acid concentration in the final solutioms,
Jowever, it is clear, from the way the standard and sample solutions
were prepared, that the solutions for the method of Standard
Addition had a more uniform composition in as far as the components
of the solutions are concerned, The sulphate concentration was,
however, different throughout for both methods due to the different
volumes of the magnesium stock solution added. The above discussion
means that matrix effects would be more pronounced in the Direct
calibration method., This is in agreerent with standard deviations

found for the two methods,

Another factor which could have contributed to the differences
in the results and their standard deviations is the way they were

computed, In the case of the method of Standard Addition, a
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calibration curve was first plotted and the concentration of
magnesium read off from it., Unless the points of the curve are in
a perfectly straight line, an ideal case, a line of best fit has

to be drawn. This goes to affect the results since the positioning
of the line will depend on the analyst. The results for the Direct
Calibration method were calculated theoretically by the method of

least squares.

One source of error in this method lies in the numerous
measurements that have to be made. Since the method is very
sensitive small fluctuations in the exact volume transferred can be
detected, fHmall fluctuations in the volumes may result in the
values showing more scatter, more especially if concentrated
solutions are used, Errors fro- this source can be minimized by
working with as dilute solutions as possible. Another source of
error lies in the sample solution preparation, and this has been
discussed in the preceeding chapter, The absorbance readings elso

have uncertainities which contribute to the error.

4.3, CONCLUSION

Atomic absorption spectrometry is one of the best methods
available for the determination of mernesium, and indeed for many
other metals, It has quite a number of advantares which makes it

quite attractive. The method is very sensitive. The detection
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limit for magnesium is as low as £.0001 mg/1 at 28542 nr' in an
air-acetylene flame, It is highly specific. Interferences such
as oxyacids of aluminium, phosphorus, silicon, titanium, etc,
interfere in an aireacetylene flame but their interference is
overéome by addition of 0.1% of lanthanum oy strontium chloride,
The method requires no waiting time as in colour development for
many spectrophotometric methods, drying of precipitates in
gravimetric methods, etc, High specificity makes a typical atomic
absorption procedure simple and eccnomicat since prior separations
are minimized and often avoided altogether, These facts, combined
with the ease of handling an atomic absorption spectrometer, meke

it possible for routine analysis to be carried out quickly,



CHAPTER 5

ABSORPTION SPECTROPHOTOMETRY
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2.1. INTRODUCTION

Methods based on the absorption of radiation are useful tools
in analytical chemistry. 1In the visible region, spectrophotometric
methods are widely used for the quantitative determination of many
substances, especially inorganic elements; the ultraviolet region
is mainly used for qualitative and quantitative determination of
organic compounds. The basic principle of quantitative analysis
lies in comparing the amount of radistion absorbed by the samnle

Lo

with that of a set of standards ot a selected wavelength ~,

When filter photometers are used, a suitable filter is selected
in preparing an analytical curve for the unknown substance. These
devices are suitable for many routine methods that do not involve
complex spectra. With a spectrophotometer, the spectrum of the
absorbing compound is determined and a suitable working wavelength,
usually the wavelength of maximun absorption, is chosen. The
chosen wavelength, however, should not fall in a region where the
absorbance changes appreciably with a small change in wavelength,
In some cases the wavelength of waximum absorption cannot be used
as a working wavelength because the colour forming reagent also
absorbs significantly at or near this wavelength, Tor systems
that are sensitive to pH and for which an isosbestic point, i.v.,
a wavelength at which two absorbing compounds in equilibrium have

a common value of molar absorptivity, can be located, measurements



at the latter wavelength are preferred if the pH cannot be vendily

controlled,

“'or wmany cases, the samnle cowound does not absorb radiation

rovided on a spectrophotometer,

appreciably in the wavelength rerion
It then becowes necessary to form an absorbing compound by reacting
the element to be measured with ot reasents. The reagents used
should be selective in their reactions and should not form intei—

fering absorbing compounds with othier clements likely to be present

in the sample. Their reaction wikh the element to be measured must

quantitatively go to completion. In choosing these rearents such
factors as the time it takes for the colour to develop, the stability

of the formed absorbing compound and the pH of the solution must

1
also be taken into considerationgo.

¥or a large number of elewmerts there are usually more than one
reagent that can be used for their s»ectrophotometric determination.
For mayxnesiun several reagents have bezen used. One of the earliest
reasents to find reneral application is Titan vellow also known
commercially as Titan yellow 2GS, Clayton yellow, thiazole vellow,

;J

brilliant yellow and acridineselb 5G°, It is a water soluble
triazole dye which forms a red colovred lake with freshly formed
colloidel mwagnesium hydroxide., "%e colloid is protected from
precipitating by adding other colleoids sueh ns starch, slycerol nd

. ) Y
polyvinyl cleohol. 14 nag been shown ~ +hat the best colloird
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protector is polyvinyl alcohol at a concentration of 0.01% ir the
final solution. However, when polyvinyl alcohol is used a
higher wavelength has to be used to prevent interference from
the polyvinyl alcohol-Titan yellow complex which has maximum
absorption very close to the wavelengt£ of maximum absorption of
the magnesium complex.

King and Prudenhg, however, showed that the commercial dyes
differ considerably in their reasctivity towards magnesium, They
went on to separate an acetone~soluble material from a commercial

dye which, it was claimed, was the most active component and in

! . . .
a later paper'L3 published a synthesis procedure for the material.

When Titan yellow is used interferences are expected to
come mainly from calcium and the ammonia group elements, aluminium,
iron, phosphorus and titanium., Calcium can be removed from the
test solution as an oxalate2 and the ammonia group elements can

. Lk . .
be precipitated with ammonlaz’ . Alternatively, the ammonia

k5 at

group elements can be precipitated with sodium succinate
pH 6, Calcium is not removed but its interference is blocked

by adding sucrose.

Other reagents that have been used are phenazo (3, 3'-
dinitrilo=h, b'-bis-(p-hydroxyphenylazo)~diphenyl) and megueson

11 (2—p~nitrophenylazo)-l»naphthol)h6‘ The spectrophotometric



characteristics of these rearents vere 2lso compared to those of
Titan vellow. ¥rom the differences of the absorption snectrur:
maxima, it was found that of the three Titan vellow was the =ost

by
t

sensitive, Tut Kuznetsov et sl ' ~veferred phenazo to Mitan wellow.
They found +hat among other characteristics, its solutions are wore
stable, the alkalinity is not eritical and silicate interferences
are reduced. ' Thenazo, an azo dvy s insoluble in water and eccids.
It rives a red solution in alkeal’ne solutions and a yellow solution
in chloroforr, benzene, acetones and e¢thanol. It is ahsorbed on
magnesivn hydroxide to sive a “lue violet solution.

. hg, ke
Another rearent that has beew used often is magon ° ., Tt

is usually used as the sodium snlt, sodium~-l-azo~2~hydroxy-3-{2, bL-
dimethylcarboxanilido)-naphthalene-1L{2~hvdroxvbenzene-5-sulnhonate).
It is &« brilliant red solid soluble in vater and ethanol.. In the

pll ranre §-11, magnesium causes a colour change from blue-violet

to pink. The complex has a wavelen;:ih of meximum absorntion at

540 nm while that for the complev is ot 555 mm. If the solutions
are in 95% ethanol the colour of the rearent is blue and thel of
the complex is salmon-pink. The wavelensth o maximum absorniion
shifts to 515 nm for the rearen’ while the complex now has two

oeaks at 540 nm and 510 mm. “his slso shows that the choice of

solvent’ is important in absorniion shectrophotometry.
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The other reagent that has been used quite often is Erio T°,

| g o
50~5k4 . .
°" that are very similar

Several methods have been reporteds’
to each other except for the masking reagents employed and the pH

at which the determination is done, The method described by Young
54

et al” 1s for the simultaneous determination of calcium and
magnesium. The reagent forms a pink coloured complex with the

cations.

Other reagents that have been used, thoush not quite often

ﬁ;
23 and 8—hydroxyquinolinc55 56, 57. SPADNS, 3-(4-sulpho-

are SPADNS
phenylazo) chromotropic acid, can be used for both magnesium and
calcium, The reagent forms a crimson coloured complex at pH 8,

The absorbance readings are taken at 570 nm. Calcium is determined

at pH 10,6 where it forms a blue-violet complex with the reagent,

Most methods that use 8-hydroxyquinoline involve extraction
of magnesium as oxinate into chloroform. The extraction is done
in the presence of n~butylamine and potassium tartarate. Calcium
is not extracted by the oxine eitiher in presence or absence of

butylamine. The magnesium is extracted as the ion-association

+ - . .
system (n-ChHQNHB) (Mg(OX)B) ; OX = anion of oxine. In the
absence of butylamine the normal magnesium oxinate, Mg(OX)2.2H20,

vhich is sparingly soluble in neutral solvents that are immiscible
with water, cannot be extracted into chloroform. A preliminary

extraction with oxine and chloroform in the sbsence of butylamine
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serves to remove other metals, such ag iron, that would interfere

with the masnesium extraction.
L5

An indirect method with 8-hydroxycuinoline was described bv
. . 58 . . .. . p
MeAllister” , The marnesium is precinitated from ammoniacal solution
with the oxine. The precipitate is “hen redissolved in dilute
acid. The oxine is determined colorimetrically by means of the
orance-red colour that it pives vhen it is reacted with b-aminovhen-

azone and the complex oxidized with potassium ferrocyanide in

alkali solution.

Another indirect method involves precipitation of magnesium

as magnesium ammonium phosphate (WﬁNHhPOh.). The precipitate is

=,

then dissolved in acid and the concentration of phosphorus in the

solution, which is prorortional to the magnesium concentration,

29

is determined by anv one of the methods for phosvherus”™, It has

60, 61

been found that this method is reliable, accurate and can be

applied to a wide ranre of materials but it requires more timc

than the direct rethods.

5.2. EXPERIMENTAL

The nrocedure used here was adavted from that eciven by Malat

Miroslavs.
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REAGENTS

Hydrochloric acid: concentrated, Sp. Gr..1.18,
Magnesium stock solution: The heptehydrate magnesium sulphate
(1.0187 g) was dissolved in water and diluted to the mark in a

1000 om> volumetric flask ( 1 emS £100 ug Mg).

Magnesium working solution: A 10,00 cm3 aliquot of the stock
solution was pipetted into a 100 cm3 flask and diluted to volume

with water (1 emS = 10 ug Mg).

Eriochrome plack T solution { 0,057 w/v): The reagent (0.0500g)

3

was dissolved in 100 cm” of 95% ethanol in a 100 cm3 volumetric

flask,

Buffer solution (NHhCl - NHhOH, pH 10): Ammonium chloride
(70.00 g) was dissolved in 300 em’ of water then 570 em” of
ammonia solution (Sp. Gr, 0.910) was added. The mixture was

diluted to volume in a 1000 cm3 volumetric flask.

Pctassium cyanide (KCN) solution (0,100M): The reagent (6.5110 g)
was dissolved in water and diluted to volume in a 1000 cm3

volumetric flask,

Sodium hydroxide (NaOH) solution (0,10 M): The reagent (0,40 g)
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3

was dissolved in water and diluted to volume in a 100 cm

volunetric flask.

Calcium compensating solution: Calcium carbonate (0.0375 g) was
dissolved in 5 cm3 of concentrated hydrochloric acid. The
solution was neutralized to the methyl red endpoint (pH 6) and

then diluted to volume in a 100 cmj volumetric flask (1 cmsi = 150

ug Cal.

INSTRUMENTS

Coleman Spectrophotometer 295 E with matching cuvettes.
PROCEDURE

The finely ground rock (2 gz) was dried in e electric oven
at 280 K for one hour and left to cool in a desiccator. A 0,1027g
sample was then weighed out and quantitatively transferred to a
250 cm3 beaker. The sample was moistened with a small volume
of water snd then dissolved in hydrochloric acid (5 cm3). The
inside of the beaker was rinsed with water; more water was then
added to bring the volume to about 50 cm3. The beaker was put
on a hotplate and the solution boiled gently for three minutes.
The beaker was removed from the hotplate and left to cool. The
cocl solution was neutralized to the methyl red endpoint (pH 6)
with sodium hydroxide. The neutral solution was then filtered

through a Whatman No. 41 filter paper into a 250 cm3 volumetric
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flask, After wesking the residue with water the flask was filled

up to the mark,
SELECTION OF WORKING WAVELENGTH

An aliquot (0.5 cm3) of the standard magnesium working solution
was pipetted into a 25 cm3 volumetric flask. This was followed
by the addition of 5 cm3 of the buffer solution and 2,5 cm3 of the
potassium cyanide solution. Then 0.5 cm3 of the calcium
compensating solution and 1 cm3 of ®rio T were pipetted into the
flask. The flask was then filled to the mark with water. The
absorbance of the resulting solution was measured from 500 mum to
560 nm at 5 nm intervals (table 5,1), A blank solution, containing
all the other components excent maghesium was prepared and its
absorbance measured over the same range (table 5.1). The plots
of sbsorbance against wavelength (FIGURE 5.1) were made and the

working wavelength (530 nm) seiccted,

DIRECT CALIBRATION METHOD

. . 3 . .
An aliquot of the sample solution (0.2 cm”) was pipetted into

e
a 25 cn” volumetric flask. This was followed by the addition of
5 cm3 of the buffer solution and 2,5 cm3 of the potassium hydroxide

3 of Eric T was pipetted into the flask

solution, Finally 1 cm
and the flask filled to the mark with water. A set of standards
containing 1, 2, 3, 4 and 5 ug of mscnesium were prepared as

. . . 3 . .
above but with the inclusion of 0,2 cr” of the calcium compensating



solution. A blank solution containing all the other reagents

except magnesium was also érepared. Using the blank to set zero
absorbance reading the absorbances of the solutions were measured

at 530 nm (table 5.2.). A plot of absorbance against concentration
of magnesium was made (FIGURE 5.2)., The procedure was repeated five

more times, . The concentration of magnesium in the sample was

calculated by the method of leas® squares,

METHOD OF STANDARD ADDITICN

An aliquot of the sample solution (0.2 cm3) was pipetted
into six 25>cm3 volumetric flasks, Then 0.0, 0.1, 0.2, 0.3, 0.4
and 0.5 cm3 of the standard magnesium working solution were
pipetted into the flasks. The buffer solution (5 Cm3) and
potassium cyanide solution (2.5 cms) were then addeds Erio T
(1 cm3) was then pipetted into the flask and the flask filled to
the mark with water. A blank solution was also prepared as in
the Direct Calibration method., Using the blank to set zero
absorbance reading, the absorbances of the solutions were messured
at 530 mm (table 5.3). A plot of absorbance sgainst concentiration
of magnesium was made (FIGURE 5.3), The concentration of
magnesium in the sample was read {rom this graph. This procedure

was repected five more times,
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‘5.3.  RESULTS AND DICCUSSION

‘Teble 5.1: Selection of working wavelength

55 560

N
N
O
N

.xv (nm) 500 505 510 515 520 525 530 535 540 545

coMPLEX |o.okcl 0,075 ©.105] 0.145] 0.170| 0.190 | 0.200 | 0.195 { 0,175 | C.1%0 | 0.120] 0,110 | C.100

ERIO T |0.010{ ©.010}| 0.010} 0.012} 0.015 | 0.018 | 0.025 | 0.032 0.040 {0.0k8 {0.060}0C.072 |0.038

ABSORBANCE




Table 5.2: Results of Direct Calibration method

ug ABSORBANCE READINGS

OF ‘ '

Mg R -

l . *..‘,._.—___-—-.-2_.—.- —-—— 4 - . 3 —— n-— — S - 5 e anmpan e - t)
0 0.00C 0.000 0.000 | 0.000 0.000 0,000
1 0.025 0.026 0,630 0.030 | 0,030 | 0.028
2 0.050 6.058 0,760 0,060 0.060 0,060
3 0.075 0.090 0.090 0.090 0.088 0,088
N 0.098 0.110 0.120 0.120 0.122 0,115
5 0.130 0.1k0 04150 0.150 0.150 0.1he
savppE | 0.022 0.025 0,025 0,026 0.025 0,026
IMaCO., 3.7h 3.62 3,5¢ 3.66 3.53 3,64
9
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Table 5.3: Results for the Method of Standard Addition

ug OF Mg | ABSORBANCE FEADINGS
STAﬁgARD DR e P 5 6
0 0.025 | 0.025 {0,025 0.026 0.024 0,025
1 0.055 | 0.055 |0.05k 0.055 0.05k4 0,054
2 0.086 | 0.086 [0.,085 0.08€ 0,085 C 086
3 0,112 {0.11k ]0.115 0.115 0.112 0,115
b 0.145 | 0.1k 0.1k 0.1k5 0.1h2 0.1'h
5 0.175 |0.176 |[0.178 0.178 0.172 0,178
SAMPLE 0.800 |0.850 |0.,85C 0.875 0.800 0.838
% HgCO, 3.5 |3.59 [3.00 3,70 3.38 3,50
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Table S.b: Results for the comparison of the I'itan yellow and

Erio T methods.

7 MgC03 ‘

TITAN YELLOW ERIO T
3.66 3.7k
3.60 3.55
3.75 3.65
3.75 : 3.59
3.67 3.60

The percentage of magnesium carbonate in the sample by the
Direct Calibration method was found to be 3.62% with a standard
deviation of 0,09, Ry the method of Standard Addition it was
found to be 3,577 with a standard deviation of 0,10. Both results
compare well with the result found by Chilanga Factory laboratory
(3.61%). Unlike in atomic absorption spectrometry, the two methods
have comparable standard ceviations, The standard deviations

are so close to each other that a ststistical comparison is not
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necessary. Also in contrast to ztomic sbsorption is the observration
that the Standerd Addition method has a slightly higher standard

deviation,

There are several sources oOf error in this method. Some
of them, such as sample preparation and the uncertaimty in the
sbsorbance readings have already been discussed in the preceding
chapters. The other source lies in the interference from the
other elements. It is because of excessive interference from
other elements that absorption spectrophotometry has not found
general application for the determination of magnesium as is the
case with atomic absorption spectrometry. As an example, when
m.agonhB is used as the complexing resgent, interferences are
expected from not less than thirty clements. With such a lerge
number of interfering elements it becomes difficult to choose a

suitable masking reagent. For some reagents, such as Titan

yellow and Erio T, interferences mainly come from the elements of

L5
the ammonia group and calciums’ ¥). Tor the Titan yellow procedure

the armonia group elements are removed as succinates at pH 6 srd
the calcium interference is blocked by adding sucrose. In the
Erio T procedure the ammonia group eiements are masked with
cyanide., In this work the Titan yellow procedure was compared

to that of Erio T using the Direct Calibration method. The results
are shown in table 5.4, These resulhs were statistically compnred
using the Student's t-test at 5% level of confidence and found to
be the same. The Erio T procedurc was then chosen as it required

less time {less than 30 minutes). 7The Titan yellow method takos



more than one hour, From the same vesults it was concluded that
removal of the ammonis grouv elements was not necessary.

When Frio T is used the major interference, after masking
the ammonia group and other heavy elements, thus comes from
caleium. Calcium also forms a complex with the reagent that
absorbs strongly at the wavelength of maximum absorption for the
magnesium complex. So far no uwasking reagent for calcium has
been reported that does not affect the absorption of the magnesium
complex. In view of this a calcium compensating solution had to
be employed for the direct calibration mcthod. This solution was
added to all the standard solutions including the blank, In this
way the absorrtion due to the calcium complex was corrected for,
Mternatively, calcium can be removed from the test solution
either gravimetrically or by ion—exchangeg. The ion=-exchange
procedurc, however, requires at least 2l hours and would thus
make the overall procedure too long for routine quality control
in a production factory such as Chilanga Factory. The gravimetric
method, besides, making the procedure long, increases the error
due to co~precipitaﬁion of magnesium snd also due to the amount

of solution handling required.

Tt ig also worth mentioning Lore that the instrument that
was used in this work is not the best available. However, at the
. - .. . . . L b
time of analysis it was the only one zvailable. It is recommcnded

that the <bsorbance readings should fnll within the range
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0.2 = 0.7. This is due to the fact that smell errors in measuring
the absorbance cause large relative errors in the calculated
concentration at low and high absorbances., However, with the
instrument used, this was not possible because of the way the

scale is graduated.

CONCLUSION

Quantitative absorption spectrophotometric methods have
been employed for the determination of a large number of compounds
and elements., The major requirement is that the compound to be
determined should absorb radiation, especielly ultraviolet and
visible light. It should alsoc ohey Beer's law, the basis of
quantitative analysis. If the compound of interest does not
absorb visible light then, in most cases, a reagent can be found
thet forms a coloured complex with it., With most transition
metals, such a problem does not arise as most of their complexes
are coloured., The major problem, however, is finding a reagent
that is specific for a particular element or compound. Indirect
methods are also impertant and have been used quite often,
especially when a lot of interferenccs are expected with the

direct method.

Absorption spectrophotometric methods have advantages over
such methods as gravimetry and classical titrations as they can

be used for concentrations as low as narts per million., However,
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it is at & disadvantage in this respect when compared to atomic
absorption spectrometry. It is not edvisable to use concentrations
as lovw as those used in atomic absorption, unless the compound

has a large molar absorptivity, as this would give low absorbances,
the consequences of which have becn discussed in the preceding
section., The other disadvantage of this method is that prior
separation of the element under annlysis from the interfering
clements is often required; in most cases such o separation would
not be required if atomic absorybion was to be used. When

applied to magnesium using Erio ¥ the rethod required quite &

number of reagents for an instrunsrtal method.
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APPENDIX A: The Method of Least Squares.

The analyst is frequently confronted with plotting data
which fall on a straight line, as in an analytical curve. This is
usually done by simply "eyeballing" the best straight line by
placing a ruler through the points, wvhich invariably have some
scatter. A better approach is to apply statistics todefine +the
most probable straight line f£it of the data, If a straight line

is assumed, then the data fit the equation.

where m is the slope of the line and b is the intercept on the
ordinate (Y~axis). y is usually the measured variable, which is
plotted as a function of changing x., Statistically, the best stra-
ight. line through ° a series of experimental points is that line
for which the sum - of squares of the devistions of the points from
the line is & minimum. This definition is known as the method of
lesst squares, With the definition put in mathematical form and

differential calculus applied it has been shown that

Zx.yi - (inZyi)/n

m= i
. 2 2
Ix; ( in) /n
b = 5 - mx

where n is the number of experimental data:
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Fxample: DIata from table 4,1,

ug Mg absorbance
2

X Vy. X. X
1 N 1 1
0.0 0,0 0 0
10.0 5.0 100 50
20,0 10.0 100 200
30.0 15.5 200 Lés
40,0 21,0 1600 8ho
50,0 26,0 2500 1325
£150.0 78.0 5500 2880

X =25,0 ¥ =13.0

o= 2880 - (150)(78)/6

2
5500 - (150)°/6

= 2880 - 1950

5500 = 3750

b o= oy - omx
= 13,0 = 0,53 x 25,0
= ~0,250

Absorbance of the sample = 11,5



The sarple concentration is
115 = 0.53 x = 0,250

x = 22,2 ug Mg,

)

Therefore 5,00 cm3 of the sample solution contains 2z2.2 ug Mg.

Therefore the

The total volume of the sample sclution is 250 cm3.

total amount of magnesium is

5
= 1.1 x 1072 g Vg
This is equivalent to
1,11 x 105 x 84,313
24,305
= 3.85 x lO'.3 ¢ MeCl

-3

Mass of the sample taken = 0,1051 g

9 MgCO3 in the sample is

3:85 x 10 ° x 100
0.1051.

= 3.667

This procedure was followed for all the results shown in tables

Lo and 5.2,



APPENDIX R: Confidence limits of the results at 95% level of

confidence.

Statistical theorv allows the estimation of the range within
which the true value might fall, within a given probability (or
confidence level), defined by the experimental mean and standard

deviation. The range is called the confidence interval, and the

limits of this range are called ths confidence limit, Mathematically

Confidence limit = x *+ %.s
)

Y

vhere X is the mean result, s is the estimated standard deviation
of the experimental data, n is the number of data and t is a
statistical factor (obtained from Statistical Tables) that depends
on the number of degrees of freedom and the confidence level
required, For 5 degrees of freedom and 95% level of confidence ©

is equal to 2.571.
Example: The classical titration method (table 2.3)

¥=3.7h%, 5 =0,12, n=6and t = 2,571

Confidence limit = 3,7k + 2,571 x 0,12
e

= (3,7h + 0,13)%

Following the same procedure for the other methods the

following confidence limits were obtained.



METHOD ‘ CONFIDENCE LIVIT
Classical titration 3,74 + 0.,13%
Complexometric titration 3.62 + 0,19%
Atomic absorption (direct calibration) 3.58 + 0,12%
Atomic absorption (standard addition) 3.62 £ 0,06%

Absorption spectrophotometry (direct calibration) 3.62 # 0.,09%

I+

Absorption spectrophotometry (standerd addition)| 3.57 *+ 0.10%

APPENDIX C: Statistical comparison of the methods using the

Student's t-test st 95% level of confidence

The Student's t-test is used when an analyst wishes o
decide whether there is a statisticsl difference between the
results obtained using two different vprocedures, thatis whether
they both measure the same thing., 4 statistical t value is
calculeted and compared with o tabulated value for the given
number of tests at the desired confidence level, If the calculated
t value exceeds the tabulated value, then there is a significent
difference between the results by the two methods at that confidence
level. If the calculated value dozs not exceed the tabulated
value, then it can be predicted that there is no significant

difference between the methods,



Example: A comparison between the clessical and complexomafric

titrations,

Classicel titration (x = 3.74)

- -2
X X3 =X (xi x)
3.92% 0,18 0,032k
3.65% -0.09 0.0081
3.61% ~0,13 0,0169
3,48% -0.06 0.0036
3.76% 0.02 0,0004
3.85% 0.11 0,0121
L = 0,0735
) BN (X- ';)2

variance 8, = 1

1 o

nl -1

where n, 1s the number op gntq,

2 )

8] = 0.0135 = 0,0147

6 -1
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Complexometric titration (¥ = 3.,62%),

ys Y=y (v, =¥)
3.59% -0,03 ' 0.0009
3.89% 0.27 0.0729
3.69% 0,07 0.,00k49
3.39% -0,23 0.0529
3.69% 0,07 0.,00k9
3.497% -0,13 0,0169
£ = 0,153k
variance Sg = 0,1534 = 0.02068
6 -1
F = Sx2 where 82 > 82
SX < .
<2
v
Therefore

F =0,03068 = 2,087
0.01hk7
For 5,5 degrees of freedom at 95% level of confidence, the
tabulated velue of F is 5.05 which is greater than the calculated
value (2,087). This means the two methods have comparable variances

and thus the Paired t-test can ba apolied.
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ard Pl - eIy D)
sp = : )
n1 + n2 -2
Sp is the pooled standard devistion
5 53% 4% = 0,150
Sp ( 0.0735 + 0,153 )" 0.150
E+6 -2
then
T =

For 10 degrees of freedom the tabulated t value at 5%
level of confidence is 2,228, "hiz value is greater than the
calcuated value (1.380) and, therzfore, this means that there is

no statistical difference in the results by the two methods,

Following the same procedure for the other methods, the
calculated t values at 95% level of confidence were found to be
less than the tabulated value exceut for two methods namely
Atomic Absorption - Direct calibration (2,379) and Absorption
spectrophotometry - Standard addition (2.596), This means that
there is no statistical difference in the results by the methods
except between the classical titration and the two methods
mentioned above, Howéver, the calcvlated t values of the two
metheds that failed the t-test are close to the tabulated value
end this prompted the use of another test, the correlation

coefficient, to ascertain whether the methods were used on sgamples
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that have a truly different magnesium content,
APPENDIX D: Corwelation coefficient

The correlation coefficient (r) is used as a measure of the
correlation between two variables which are not functionally
related, that is, are not directly dependent upon one another, As
a general rule, 0,90 <r < 0,95 indicates a fair correlation,
0,95 < r< 0,99 a cood correlation, and r « 0,99 indicates a
very good correlation, It should Le mentioned that it is possible
to have a high degree of correlation between two methods {r near
unit) but to have statistically sipnificant different between the
results of each according to the t-test, This would occur, for
example, if there were a constant determinate error in cne method,

Mathematically the correlation coefficient is given as:

ni Xy - z Xy L Y;
r = T

(arx? cexplazyl- eypd )

where xi, yi are the two variables and n is the number of data,

Example: Correlation between the classical and atomic absorptione
direct calibration with x denoting results by the classical

titration method and if bty atomic absorption,
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< X e v2 X.¥y
x5 73 i Y1 ivy
3.61 3.52 13,0323 12,360k 12,7072
3465 3.52 13,3825 12.390L 12.8480

3.68 3.62 13,5k2k 13,10kk 13.3216

3475 3.6k 14,1376 13,2496 13.686h
3.55 2.66 Lhdpon 13.3956 14,0610
3.92 2,74 154366 13,0876 14,6508
I = 22,47 21,70 8l 2035 78,5180 81.3150

= (22,47)° = 50k ,9009

i

(21.70)° = L70.6900

[
.

(Zyi)
Correlation coefficient

(6)(81-3150) - (22,47)(21,70)

ro=
M |
{ ((6)(84.2235) - 504,9000) ((6)(78.5180)- 470.,8200)3}2

|

Ui

487,690 - 487,599
((0.4101)(0,2180))"

¥

Using the same forrula +the coxrelation coefficient betwenn
the classical titration and Absorrhion Spectrophotometry-ttandard

Addition methods was found to be 0.52, . From the r value (0.92,)
1 Q

there is a fair correlation botween > classical titration and

the atomic ebsorption methods, i could mean that therc was a



nstant determinate error in one of the methods as the t-test
showed that there is a significent statistical difference in the
results by the two methods., “he correlation between the classical
titration and absorption spect opho?ometry is not good { » = _REM)
This could mean that the methods vere used on samples that had
different magnesium contents sltogother or the ssmmle dissolution
was incomplete in the case of ahsorphion spectrophotometry.,
However most of the results lic around 3.60%7 ‘cf 3,57% for the
absorption spectrophotometry and 3,747 for the classical titration)
which rules out incomplete dissoiution, When all the reswlts
are compared at the same time, and taking into consideration the
difficulties encountered with the cndpoint for the classical
titration (discussed in chapter 2, section 23), it seems that

nagnesium was over estimated with the classical titration method,

The correlation coefficient formula used sbove was also uszed
to examine the linearity of the calibration curves used in
chapters 4 and 5. The coefficients were all found to be greater

than 0.99 indicating very good linesrity.
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