CHAPTER 2

DETERMINATION OF ALUMINIUM(I) WITH
TETRACYCLINE AS A COMPLEXING AGENT

2.1 Introduction

Tetracycline(TC)[4~dimethyIamino-1,4,4a,5,5a,6,‘|1,12a-octahydro-
3,6,10,12,12a-pentahydroxy-6-methyl-1,1 1-dioxonaphthacene-2-carboxamide] HCl is an
important member of the tetracycline group of antibiotics which are used
extensively because of their broad-speétrum antibacterial properties {67]. It is active
against a wide range of gram-positive and gram-negative bacteria, spirochetes,
mycoplasmas, rickettasiae, and clamydiae. The structure of TC is shown in Figure
2.1. The molecule contains four rings in its structure capable to forming stable
complexes with many metal ions such as iron(ll} [15,68-69], aluminium(iil} {70],

magnesium{ll) [71], cobalt{lll) [72], copper{ll) [69], zirconium({IV) [73], etc.

Figure 2.1 : Structure of Tetracycline Hydrochloride [74].

This research project will describe the formation of a 1:3 complex between

aluminium{lll) and TC, the study of some structural and spectral characteristics, and
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the development of a simple and rapid flow injection (Fl) spectrophotometric

method for the determination of trace amounts of aluminium(lll) in some

environmental samples.

2.2 Experimental

2.2.1 Apparatus and Instruments

1.

o1 B W N

7.
8.
9.

UV-VIS spectrophotometer model U-2000 Spectrophotometer, Hitacht,
Japan.

CECIL 1000 SERIES, Cecit Instruments, Cambridge, England.
Spectronic 21, Milton Roy Company, USA.

Recorder, Servograph REC 51, Radiometer Copenhegen, Denmark.
Atomic absorption/ Flame emission spectrophotometer mode! AA-680,
Shimadzu, Japan. |

Home-made injection vatve [75].

Flow-{hrough cell for spectrophotometer, Hellma, Germany.
Peristaltic pump EYELA SMP-23S, Tokyo Rikakikai Co., Ltd., Japan.
pH/mV meter model 5986-2S, Cole - Parmer, Co., L1d., USA.

10. Plastic tube (1.D. 0.0173, 0.020, 0.030, 0.0402, 0.0448, and 0.060 in).

11. Teflon tube (1.D. 0.050 in).

12. Test tube (O.D. 1.20, 1.60 1.80, and 2.40 in}.

13. Disposable syringe (1 mi), Nissho Nipro Corporation Ltd., Thailand.

2.2.2 Chemicals

1.
2.

Alurninium chloride hexahydrate (AICI;.8H,0), AR. grade, BDH, England.

Tris{hydroxymethyl) aminornethane (C,H,;NO,), BDH, England.
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3. Hydrochloric acid {(HCI), 36.5-38.0%, A.R. grade, J.T.Baker Inc.,
Phillipsberg, USA.

4. Tetracycline hydrochioride, TC.HCI, C,,H,,N,0g.HCI, Fluka, Switzerfand.

5. Magnesium sulphate heptahydraté (MgS0,.7H,0), AR. grade, E.Merck,
Germany.

Zinc sulphate heptahydrate ZnS0,.7H,0), AR. grade, E.Merck, Germany.

N o

Sodium nitrate (NaNO,), A.R. grade, M&8 Ltd., England.
Potassium chloride (KCU, AR. grade, Carlo Erba, italy.

o

9. Sodium fluoride (NaF), A.R. grade, E. Merck, Germany.
10. Copperlll) chloride dihydrate (CuCl,.2H,0), AR. grade, E. Merck,

Germany.
2.2.3 Preparation of Standard Solutions and Reagents

{1} Standard aluminium(il!} solution {100 ppm)

Aluminium(lll} stock solution . was prepared by dissloving 0.8948 g
aluminium(lll) chioride hexahydrate {AICt,.6H,0) in deionized water and diluted in a 1
| volumetric flask. Solution of lower concentration were obtained by accurate
dilution of this solution.

{2) Standard TC solution (2.08 x 10" M)

This solution was prepared by dissolving 0.01 g of TC in water, adjusted to
pH 6.0 with tris-buffer solution, and then diluted to 100 m! with deionized water.
The solution was kept cool in the dark place. .

(3) Tris - buffer solution pH 6.0

Tristhydroxymethyl) aminomethane (12 g was mixed with 600 ml of

deionized water, then the pH of the solution was adjusted to 6.0 with 1M HC
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solution and diluted to 1 | with deionized water. Finally, add 31 ml of 1M KCl to the
portion of solution {500 ml) before use.

(4) Potassium chloride solution (1 M)

Potassium chloride (7.4551 g) was dissolved in the minimum of water and

* diluted to 100 ml.

2.3 Theory

The proposed method is based on the reaction of TC with Al inrbuﬁer
solution to form a yellow complex which can be used for the spectrophotometric
determination 61‘ Al by measuring its absorbance at 390 nm. The intensity of the
coloured product formed is related directly to the amount of Al present and
depends very much on the reaction conditions. |

In this research work, the reversed FIA mode (rFIA) as shown in Figures 2.2
and 2.3 is the most convenient because it is of great use when very frequent - '

analyzes of abundant and inexpensive samples of increased sensitivity.

Pump
Tetracycline reagent
l 100 cm 390 tm
Ay D T H{®]
' Mixing part
W
4 wlfmin

Figure 2.2 : Manifold for the determination of Alill} by rFIA.
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Figure 2.3 : reversed Fl4 system for the determination of Alllll) with tetracycline

as g complexing agent.

1 = sample reservoir
3 = injection valve
& = flow through cell

7 = recorder

2 = peristaltic pump

4 = mixing part
6 = detector
B = waste

2.4 Preliminary Studies of Spectrometric Determination of

Aluminium{lll) by Using TC as a Complexing Agent

2.4.1 Absorption Spectra

A5 ml of 100 ppm aluminiumilll) solution was transferred into a 25 mi

volumetric flask. A 5 mi aliquot of the 100 ppm TC solution was added and, after

mixing well, the pH was adjusted to 8.0 with & pH 6.0 tris - buffer solution. The

contents were diluted to final volume with deionized weter and mixed throughly.

Finally, the absorption spectra of TC and Alllll) - TC complex solutions were scanned

from 350 - 500 nm.

The sbsorption spectra of TC and Alllll} - TC complex solutions &re shown in

Figure 2.4.
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Figure 2.4 ; Absorption spectrum of A. Al{ill) - TC complex {against reagent blank)

and B., TC solution.

The Alilily - TC complex showed an absorption maximum at 390 nm (against

water) while the yellow solution of TC having an absorption maximum at 360 nm

{against blank solution) {see Figure 2.4).

2.4.2 Composition of the Aluminium(lil} - TC complex

Study of the composition of complex by Mole - ratio Method

The moleratio method is defined as a series of solution is prepared in which

the analytical concentration of one reactant {usually the cation) is constant while

that of the other is varied. A plot of absorbance versus mole ratio of the reactant is

then prepared. If the formation constant is reasonably favorable, two straight ines

of different siopes that intersect at a mole ratio that corresponds to the combining

ratio in the complex are obtained {76].
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In this research project, the composition of the aluminium{ll) - TC complex
vas determined at pH 6.0, the various volumes (2.0 - 10.0 mi) of 1.0x 10° M TC
solution were added to solution containing 1.0 X 10_3 M aluminium{iil), 10.0 ml buffer
solution and diluted with deionized water in 25 ml volumetric flasks. Absorbance of
cach solution was measured at 390 nm against a reagent blank. The results

obtained are shown in Table 2.1 and Figure 2.5.

Table 2.1 : Absorbanbe of various mole ratio of Al{lll) and TC solutions.

o omng | Absorbance -
1:0 0.012
11 0.100
1:2 . 0.19%
1:3 '0.280 N
1:4 0.320
1:5 : 0.360

Absorbance

1:0 1:1 1:2 1.3 14 1:5
(A ¢ {TC] (VM)

Figure 2.5 : Mole - ratio plots for a 1:3 Alilh - TC complex.
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2.5 Optimization of the flow system

2.56.1 Optimum wavelength

The optimum wavelength for the AKil) - TC complex was studied over the
range 360 - 430 nm by using the experimental condition as shown in Table 2.2. The

results obtained are shown in Table 2.3 and Figure 2.6.

Table 2.2 : Experimental conditions for studying optimum wavelength of

o AlllN - TC complex.
 Anslytical Characteristics " information

conditions of the Fl system
conc. of TC (M) 208 10"
conc. of Alllll) (ppm) 1.0
reagent volumé {ul) 100
oH ' 6.0
pump fiow rate {ml/min) 4.0
inner diameter of mixing tubing (in} 0.0402
fength of mixing tubing (m} 1.00
shape of mixing part coil
conditions of detector
absorbance range 0-2
conditions of recorder
chart speed {min/cm) 5
sensitivity (mV/cm} 20
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Table 2.3 : Peak heights at various wavelengths.

Wavelength ' Peak height *

_ (hm) - cm . my
360 103 20.60
365 1.38 27.60
370 197 39.40
376 245 49.00
380 327 65.40
385 4.05 81.00
390 493 98.60
395 492 98.40
400 4.90 \ 95.00
405 | 403 80.60
410 2.83 . 5660
415 1.83 36.60
420 0.92 1840
425 0.40 800
430 0.20 - 4.00

* average of triplicate results.
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Figure 2.6 : Peak height at various wavelengths.
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As the curve in Figure 2.6 show, a maximum peak height was observed at

390 nm. All measurements were, therefore, made at this wavelength.
2.5.2 Effect of pH

The effect of pH on the formation of the AN - TC complex in aqueous
solution was studied over the range 2.0 - 7.0. The results obtained are shown in

Table 2.4 and Figures 2.7 and 2.8.

Table 2.4 : Effect of the pH of tris - buffer sofution on peak heights.

Waveiength : O Peak height (mV) * at pH

-~ (om) 20 | 20 | 40 | 50 | 55 | 60 | 65 | 78
380 4660 | 5300 | 5160 | 5460 | 6480 | 6240 | 6420 | 6080
385 2240 | 4480 | 5000 | 5500 | 61.00 | 6460 | 6240 | 62.00
390 4060 | 4760 | 5460 | 56.00 | 64.00 | 7040 | 6840 | 6740
395 3400 | 4200 | 5000 | 5540 | 5800 | 60.20 | 6840 | 70.00
400 2660 | 3760 | 4360 | 4640 | 5300 | 67.40 | 5340 | 5800
205 | 2400 | 4140 | 4000 | 4100 | 5260 | 5060 ; 5260 | 5560
410 3400 | 4460 | 4400 | 4500 | 43.40 | 4400 | 4240 | 4740

* average of triplicate results.
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Pagk height {mV)

Wavelength (nm}

Figure 2.7 : Absorption spectra of Al{lll) - TC complex at various pH.
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Figure 2.8 : Effect of pH on peak height at wavelength 390 nm.
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The optimum pH for a constant maximum absorbance at 390 nm was found
t0 be 6.0. By increasing the acidity or the alkalinity of the absorbance decreased

and A, was shifted.
2.5.3 Effect of TC concentration

The effect of various TC _concentrations on peak heights was studied by
5 5
varying the concentration of TC solutions in the range of 1.04 x 10 - 520 x 10 M.

The results obtained are shown in Table 2.5 and Figures 2.9 - 2.10.

Table 2.5 : Effect of the TC and AHII) concentration on peak heights.

010 | 37x10° | 200 4.40 7.40 9.00 5.00
020 | 74x10° | 500 10.40 13.40 14.00 9.60
030 | 11x10° | 640 16.00 | 10.20 22,00 14.60
040 | 15x10° | 800 18.00 25.00 26.00 16.00
050 | 18x10°°] 1000 22.00 31.00 3060 | 2040
Slope (mV/ppm) 1983 | 44.69 61.03 60.57 40.00
Correlation cosfficient | 08940 | 09806 | 08991 09916 | 0.8907

* average of triplicate results.
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Peak height (mV}
& &8 B

[y
<

0.00 0.10 0.20 0.30 040 0.50
(AT (ppm)

~ Figure 2.9 : Effect of TC concentration on peak height; (g} 4.16 x ‘IO-S,
() 3.12 x 10°, (c) 208 x 10°, () 520 x 10", and (e} 1.04 x 10" M.

80
g
€ 40 +
[14]
g 20+
D
0 ' ] i
0.00 2.00 4.00 6.00

TC concentration x10° M)

Figure 2.10: Relationship between slope (mV/pprh) and TC concentration (M).

The results indicate that the highest peak height and optimum sensitivity are
5
obtained when the concentration of TC in buffer solution is between 3.12 x 10 -

4 - -5
4.16 x 10 M but the appropriate concentration is 3.12 x 10 since the linearity of

calibration curve is better.
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2.5.4 Effect of flow rate

The flow rate of standard aluminium(lll) and/or sample solution plays an
important role in the Fl system. Therefore, it is necessary to investigate the
optimum flow rate in order to obtain the maximum sensitivity. The ﬂQW rate was
studied by kesping all other conditions constant as shown in Table 2.6. The results
obtained are summarized in Tabfes 2.7 - 2.8 and Figures 2.11 - 2.13, which show
that the better sensitivity can be attained at the flow rate 4.0 mi/min. A flow rate
of 4.0 mifmin was chosen in order to obtain a reasonable sample throughput which

is the essence of using a F| method.

Table 2.6 : Experimental condition for the study of the pump flow rate on peak

heights.

aivical Chractarioies -
.conditions of the FI system
conc. of TC (M) 312x10°
conc. of Al(lil} {ppm} 1.0
reagent volume {ul) 7 100
pH 6.0
pump flow rate (mi/min) . 3.0-80

|| inner diameter of mixing tubing (in) : 0.0402

tength of mixing tubing (m} _ 1.00
shape of mixing part ' ol
conditions of detector )
absorbance range 0-2

conditions of recorder

chart speed {min/cm) 5

sensitivity (mV/cm) ' 20




Table 2.7 : Effect of the pump flow rate on peak height.

31

ed
PRPMLL: g P
0.10 440 6.60 4.40 5.60 5.40 4.90
0.20 0.60 15.00 12.60 13.00 13.00 10.00
0.30 12.00 22.40 20.60 21.00 20.00 13.00
0.40 13.60 34.00 28.00 29.00 28.00 | 1740
0.50 16.00 4260 36.00 37.00 36.00 20.00
Slope 31.43 86.46 72.51 84.16 7280 | 40.14
(mV/ppm)
Corelation | 00766 | 009966 } 0.9975 09752 | 08984 | 0.9946
coefficient

* average of triplicate results.

Table 2.8 : Analytical characteri

stics for the determination of standard

aluminium(iih) solution 0.50 ppm at various pump flow rate.

45.0

420
36.0
30.0
30.0

80
86
100
120
120
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Peak height (mV)

0.60 0.10 0.20 0.30 0.40 0.50
LANIEY (ppm)

Figure 2.11 : Effect of the pump flow rate; ta) 4.0, (b} 6.0, {c} 7.0, (d) 5.0, (e} 8.0,

and () 3.0 mifmin.

100
80 -1

Slope (mV/ppm)

20 —+

1 I } 1 |
0 1 ] 1 | ]

20 3.0 4.0 50 - 6.0 70 80

Purp fiow rate {mifmin}

Figure 2.12 : Relationship between slope (mV/ppm) and purmp flow rate (ml/min).'
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2.0 3.0 40 50 6.0 7.0 8.0

Pump flow rate {ml/min)

Figure 2.13 : Relationship between 1., {sec) and pump flow rate {ml/min}.

2.5.5 Effect of the inner diameter of mixing tubing

" The diameter of mixing tubing has a significant effect on the flow
parameters, influencing the maximum achievable sampling rate. To investigate this,
the whole fine length was made of tubing ranging from 0.0173" to 0.060” LD. The

results obtained from the experiment are given in Tables 2.9-2.10 and Figures 2.14 -

2.16. .
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Table 2.9 : Effect of the |.D. of mixing tubing on peak heights.

0.10 9.40 5.40 12.60 7.00 4.40 9.00
0.20 11.00 10.60 18.00 113.00 8.00 14.00
0.30 1460 13.60 32.40 22.60 19.40 18.60
0.40 27.60 14.60 4160 33.40 3160 28.00
0.50 28.00 1400 | 4800 | 4140 48.60 31.40
Siope 56.63 28.74 9754 | 8451 9600 | 62.46

imV/ppm) | ‘

Correlation | 0.9669 0.9192 0.9939 | 0.956 0.9656 | 09926

coefficient .

* average of triplicate resulis.

Table 2.10 : Analytical characteristics for the determination of standard

aluminium{lil} solution 0.5CG ppm.
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Peak height {(mV}

0.00 0.10 0.20 0.30 0.40 0.50
[Al} ppm) '

Figure 2.14 : Effect of the 1.D. of mixing tubing on peak heights; (a) 0.0307,
(b) 0.0449", (c) 0.0402~, {d) 0.060", (e) 0.0173™, and (f} 0.020”.

Slope (mV/ppm)

ID. of miing thing (n)

Figure 2.15: Re;ationship between slope'(m\f!ppn’i) and 1.D. of mixing tubing {in).
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90
80 T
70 T
60 T
30
40
30 T ! i %

tbase (sec) .

0.010 0.020 0.030 0040 0050 0.060

1.D. of mixing tubing {in)

Figure 2.16 : Relationship between 1, (sec) and 1.D. of mixing tubing {in}.

2.5.6 Effect of the length of mixing tubing

- The length of mixing tubing is defined as the portion or part of the tubing,
where the sample and reagent are mixed and reacted. The colour develops and the
absorbance of which is measured. The distance between the point of injection and
the flow through cell should be kept as short as possible, yet should still be long to
allow sufficient time for colour deve-l-opment and/or effective reaction taking place.
In this work, the eHfect of the mixing tubing length was studied by varying the
tubing length from 0.25 to 1.25 m. The results are shown in Tables 2.11 - 2.12 and '

Figures 2.17 - 2.19.
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Table 2.11 : Effect of the length of mixing tubing on peak heights.
0.10 5.60 6.20 10.00 6.00 8.00
020 10.60, 13.80 1640 | 13.00 21.00
0.30 16.60 21.40 22.80 26.00 32.00
0.40 20.60 20.00 2020 37.40 36.00
0.50 2840 36.60 35.60 44.00 45.00
Slope BE8.14 74.00 £69.14 93.49 91.43
{mV/ippm)
Correlation 0.8873 0.9986 0.9963 0.9924 0.9911
coeflicient | '

* average of triplicate results.

Peak height (mV)

0 0.1 0.2 0.3 0.4 0.3
[AIID} {ppm)

Figure 2.17 : Effect of the length of mixing tubing on the calibration curve;

{a) 0.25, (b} 0.50, () 0.75, {d) 1.00 and (e} 1.25 m.
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100

Siope (mV/ppm)

000 025 050 075 100 125 150
Length of mixing tubing (M)

Figure 2.18 : Relationship betvween slope {(mV/ppm) and length of

mixing tubing {m}.

Table 2.12 : Analytical characteristics for the determination of standard

aluminium{ll} solution 0.60 ppm.

‘Length of mixing - sample/br

50
0.50 60 B0
0.75 42 85
1.00 42 85

1.25 36 100
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80
70 T
60 -+
50 1

those (50C)

40__

30

20 i i | ! f

000 025 050 075 100 125 150
Length of mixing tubing {m}

Figure 2.19 : Relationship between 1., (sec) and length of mixing tubing (m).

The results showed that the optimum length of mixing tubing is 1.00 m
which giving the best sensitivity and appropriate sample thrc;hghput for using a Fl

method.
2.5.7 Effect of the size of coiled mixing part

The effect of O.D. of coiled mixing part was tested by using various size of
test tube over range 0.75 - 2.40 cm. The resuits obtained are shown in Table 2.13
and Figure 2.20. The results showed that the optimum size of coiled mixing part is

) 075 cm.
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Table 2.13 : Effect of the O.D. of test tube of coiled mixing part on peak heights.

0.10 033 | 660 | 037 | 740 _;3;0
0.20 077 | 1540 | 072 | 1440 | 063 | 1260
0.30 098 | 1960 { 1.00 | 20.00 0.90- 18.00
0.40 136 | 2720 | 135 | 2700 { 1.00 | 20.00
0.50 170 | 3400 | 1 .7(5 3400 | 110 | 2200
Slope (mV/ppm) 67.43 66.97 4326
Correlation coefficient 0.8976 0.9994 0.9700

0.10 020 | 400 | 017 | 340 | 052 | 1040

0.20 065 | 1300 | 062 | 1240 | 083 | 1660

0.30 080 | 1600 | 085 | 19.00 | 1.07 | 2140

0.40 093 | 1860 | 118 | 2360 | 1.30 | 26.00

0.50 120 | 2600 | 135 | 27.00 | 145 | 2000
Slope {mV/ppm) 4546 57.77 56.09
Correlation cosfficient 0.9752 0.9893 0.9661

* average of triplicate results.
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0.D. of test tube {cm)

Figure 2.20 : Relationship between slope (mV/ppm) and size of coiled mixing part.

2.5.8 Effect of the length of s.b.s.r.

The effect of the length of single bead string reactor {s.b.s.r.} on peak height
was studied over the range 3.00 - 15.00 ecm. The resuits are shown in Tables 2.14 -
2.15 and Figures 2.21 - 2.22. The results indicated that the s.b.sr. length of 7.00

cm should be the most appropriate as giving the best sensitivity.

Table 2.14 : Effect of the length of s.b.s.r. on peak heights.

- ?eék helght x
0.10 0.15 3.00 0.48 9.60 0.40 8.00
0.20 0.50 10.00 0.63 12.60 0.80 | 16.00
0.30 0.70 14.00 1.20 24.00 1.17 2340
0.40 085 | 17.00 1.50 30.00 1.50 30.00
0.50 1256 | 258.00 1.73 34.60 187 | 37.40
Slope (mV/ppm) " 4886 7017 74.4
Correlation coefficient 0.9908 0.9907 . 0.9094

¥ average of triplicate reselts.
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Table 2.14 : {continued)

-0.10 0.50 10.00 0.30 600 | 043 8.60

0.20 0.88 17.60 0.60 12.00 0.93 18.60

0.30 1.20 24.00 1.00 20.00 1.37 27.40

0.40 1.30 26.00 113 2260 1.80 30.00

0.50 1.70 34.00 1.23 2480 1.80 36.00
Slope (mV/ppm) _ 64.11 51.66 72.28
Correlation coefficient 0.9846 0.9802 0.9849

* average of triplicate results.

Table 2.15 : Analytical characteristics for the detrmination of aluminium(lii)

standard solution 0.50 ppm at various iength of s.b.s.r. mﬁxing part.

3.00 1.00 60.0 60
5.00 1.10 66.0 54
7.00 1.10 860 54
9.00 1.10 66.0 54
13.00 1.10 66.0 54
15.00 1.20 72.0 50

{chart speed 1 minfcm)



Slope (mV/ppm)

3.00 5.00 7.00 9.00 13.00 15.00
Length of s.b.s.r. (em)

Figure 2.21 : Relationship between slope (mV/ppm) and fength of s.b.s.r. {cm).

tiase (SEC)
s 8
\*

3.00 5.00 7.00 9.00 13.00 15.00

Length of s.bsr, (cm}

Figure 2.22 : Relationship between t,,, (sec) and length of sb.sr. {cm).

2.5.9 Effect of various shapes of mixing part

This effect was studied by comparing the peak heights obtained ffom the

use of various shapes of the mixing parts namely coil, zig zag; knitting, straight, and
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sbsr The results obtained are shown in Tables 2.16 - 2.17 and Figures 2.23 -
295, It was found that the knitted mixing part is the optimum shape, since it
exhibits the best sensitivity.

Table 2.16 : Effect of various shapes of mixing part on peak heights.

0.10 : 0.33 6.60 0.20 4.00 0.33 6.60

0.20 0.65 13.00 0.32 6.40 050 10.00

0.30 1.00 20.00 0.70 14.00 0.87 17 .40

0.40 | 1.30 26.00 0.88 17.60 1.00 20.00

050 153 30.60 1.40 28,00 1.50 30.00
Slope (mV/ppm) 6234 53.83 55.14
Correlation coefficient 0.9983 . 09781 0.9762

IAII]:
0.10 0.70 14.00 0.32 6.40 0.30 6.00
0.20 1.13 2260 0.60 12.00 0.47 9.40
0.30 155 | 31.00 0.20 18.00 0.77 15.40
0.40 1.98 39.60 1.10 22.00 080 | 18.00
0.50 242 | 4840 1.60 30.00 1.27 25.40
Siope (mV/ppm) 93.48 57.94 48.28
Correlation coefficient 0.9955 0.9975 09938

*  average of triplicate results.
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Table 2.17 : Analytical characteristics for the determination of standard

aluminium(ilf) solution 0.50 ppm at various shapes of mixing parts.

coil

zig zag 1x4
zig zag 3x4
knitted
straight

sbsur.

0.75

060
0.60
1.00
0.70

0.80 .

450
48.0
36.0

36.0

60.0
420

80
75
100
100
60
85

{chart speed 1 min/cm).

Peak height (mV)

0.00 0.10

0.20 0.30
[AIET (ppmi

:

040 0.50

Figure 2.23 : Effect of various shapes of mixing parts on peak height;

(a) knitted, {b) coil, (c) straight, {d} zig zag 3x4 cm, (e} zig

zag 1x4 cm and (f) s.bsr.



46

120

E
o
=
=
£
0

40 -

20 i i } %
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1x4 3x4

Shape of mixing part

Figure 2.24 : Relationship between slope {mV/ppm) and various shapes of

mixing part.

thase {5€C)

20 1 l I {

coil zig Zag zZig zag knitted ~  straight shsr.

1x4 3x4
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Figure 2.25 : Relationship between 1., {sec) and various shapes of mixing part.
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25.10 Effect of the reagent injection volume

The influence of the reagent injection volume was studied by changing the

loop, i.e., to give a reagent volume in the range 50 - 250 pl

n order to find out the

optimal reagent injection volume. The results obtained are shown in Table 2.18 and

Figures 2.26 - 2.27. 1t is found that the optimum reagent injection volume is 100 pl.

Table 2.18 : Effect of the reagent injection volume on peak heights.

|

0.10 0538 [ 1160 {058 | 11.60 [ 0.70 | 14.00 052 | 1040 | 0.72 | 14.40
0.20 095 | 19.00 | 1.23 | 2460 | 1.20 | 24.00 | 0.93 | 18.60 1,16 12320
0.30 132 | 26.40 | 188 | 3760 | 1.68 | 33.60 | 1.36 | 27.20 169 {31.80
0.40 168 | 3360 | 250 | 50.00 | 2.17 | 43.40 | 1.78 | 35.60 203 | 4060
0.50 2.06 | 41.20 | 3.18 | 63.60 | 266 [ 5320 |2.20 44.60 2.46 1 49.20
Slope 79.83 127.48 103.94 86.91 85.20
(mV/ppm)

Correlation 0.9962 0.9998 0.9977 09993 0.2951

coefficient

*  average of triplicate results.
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Peak height {mV)

0.00 0.10 0.20 0.30 0.40 0.50
[AII] (ppm)

Figure 2.26 : Effect of the reagent injection volume on peak height of Al{il!)

solution, {a) 100, (b} 150, (c} 200, (d) 250 and (e) 50 ul.

150 _

""E; .

a 100 T

=

E

2

k=] 50 T

w

0 % % i i

0 50 100 150 200 250

Reagent volume (pl)

Figure 2.27 : Relationship between slope (mV/ppm) and reagent injection

volume (ul).
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2.8 Study of the analytical parameters for aluminium(iil} determination

2.6.1 Linear range

The linear range of the proposed method was studied by injecting AL
standard solution (0 - 5.00 ppmy) into the Fl system. The experimental conditions
are given in Table 2.19. The results obtained are shown in Table 2.20 and Figure
228, The results indicated that linear range was in range 0-1.40 and 2.20 - 400

pprm Al{lll) solution.

Table 2.19 : Experimental conditions for the study of linear range of the

determination of Al

nformation -

nelytical Cheractsristies |

conditions of the Fl system

conc. of TC (M) 312x10°
cone. of Al(iil} {ppm) | 0-5.00
reagent volume {u!) ' | 100
pH | _ - 6.0
purnp flow rate {ml/min} 4.0
inner diameter of mixing tubing (in) - 0030
length of mixing tubing () 1.00
shape of mixing part | knitted

conditions of detector

absorbance range - 0-2

conditions of recorder

chart speed {minfcm) 5

sensitivity (mVvfcm) 20
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Table 2.20 ; Study of linear range.

ENOE ok height {cm)
0.00 5.30 5.20 5.30 5.27 105.40 i
0.20 5.65 5.65 5.70 5,67 113.40 8.00
0.40 5.95 6.00 6.08 6.01 12020 | 1480
0.60 6.35 6.40 6.33 6.36 12720 | 21 80
0.80 6.70 6.68 6.72 6.70 13400 | 2860
1.00 7.00 7.00 7.12 7.04 14880 | 3540
140 775 | 775 7.78 7.76 15520 | 4980
1.80 800 | 795 7.90 7.95 15900 | 53.60
2.20 8.10 8.00 8.00 8.03 16060 | 5520
2.60 8.25 8.25 8.20 8.23 16460 | 5920
3.00 8.45 8.40 8.45 843 16960 | 63.20
4.00 900 | 890 8.90 8.93 17860 | 73.20
5.00 9.10 9.12 912 | 912 18240 | 77.00
0.0 T
% 600 —
.‘Eﬂ 40.0 —+—
;5; 2000 —
0.0 i I —
0.0 1.0 2.0 30 50

[AICIDY] (ppm)

FiQUre 2.28 : Relationship between et signal (mV) and various concentrations of

AN {ppm).
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2.6.2 Precision

2.6.2.1 Precision of the flow injection system

The precision of the ﬂ‘ow injection (Fl} system was determined by repeating
injection of a standard solution (1 -ppm, 100 ul) into the Fl system for 12 replicates.

The results are summarized in Table 2.21.

Table 2.21 : Study of the precision of the flow injection system.

152.00

) 20 154.00

- 765 153.00

\ J20 154.00

; 775 165.00

6 7.75 156,00

| ) 163.00

; 7.85 167.00

9 7.70 154.00

0 7.65 163.00

. 70 184.00

" 280 156.00
X 154 17 mV
S.D. 1.40 mV

% RSD 091 %
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2.6.2.2 Precision of the proposed method

The precision of the proposed method was determined by prreparing 12
spiked sampies of 1.00 ppm Al{lll) which were then, injected into the Fl system
under the experimental conditions as shown in Table 2.19. The results obtained are

shown in Table 2.22.

Table 2.22 : Study of the precision of the proposed method.

1 8.35 8.45 8.40 8.40 168.00
2 8.30 8.35 8.20 8.28 165.60
3 820 8.35 8.20 8.25 165.00
4 8.30 8.20 8.30 827 165.40
5 795 7.95 8.05 7.98 159.60
6 7.85 778 785 7.82 156.40
7 8.50 850 8.30 8.43 168.60
8 7.90 8.00 8.15 803 | 160.60
9 7.95 7.85 7.80 7.87 157.40
10 8.15 8.05 8.15 8.12 162.40
1 775 | 185 7.90 7.83 156.60
12 8.05 8.15 7.95 8.05 161.00

X 162.22 mV

S.D. 430 mV

%R.S.D. o 2.65
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2.6.3 Detection limit

The detection limit is defined as the concentration of the analyte which
gives the signal equivalent to'three times of the standard deviation (3o} of the blank
signals. The results are given in Tables 2.23 and 2.24. The detection limit of the

proposed method was found to be 0.020 ppm of aluminium(lil) solution.

Table 2.23 : Peak height obtained for biank solutions.

1 555 111.00
2 565 113.00
3 5.60 112.00
4 5.55 111.00
5 5.60 | 112.00
6 555 - 111.00
7 5.50 110.00
8 5.50 110.00
9 5,55 111,00
10 5.55 111.00
1 5.45 109.00
12 5.40 108.00
X 110.75 mV

S.D. | 1.37

%R.S.D 1.23
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Table 2.24 : Peak heights of various aluminiumtill) concentrations near the

detection limit.

0.015 5.68 b.68 5.63 5.66 113.20
0.020 5.73 5.73. 573 5.73 114.60
0.030 5.76 576 578 5.76 115.20
0.040 570 5.78 578 5.78 115.60
0.060 5.83 5.80 5.8b 5.83 116.60
0.080 5.93 5.93 593 5.93 118.60

2 6.4 Calibration curve and sensitivity

An ahquot of TC solution was injected into standard aluminium(li} solution .
0.2 - 1.0 ppm) stream under the recommended optimum conditions. The results
were shown in Table 2.25 and Figure 2.29. The calibration curve as shown in
Figure 2.30 was established by plotting peak heights versus the various aluminium
(ill) concentrations. !t was found to be linear over the range 0. O 1.0 ppm with the
following calibration equation:

Y= 6629X+072
where Y is peak height in mV and

X is concentration of Al{il)) solution in ppm with correlation

coefficient {r) of 0.9993.
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Table 2.25 : Peak heights for calibration curve.

blank 480 4.90 490 490 | 9800 ;
0.20 5.60 560 560 5.60 112.00 14.00
0.40 6.30 6.36 6.30 6.32 126.40 28.40
0.60 6.80 6.95 695 6.90 138.00 40.00
0.80 7.60 7.60 772 7.64 152.80 54.80 -
1.00 8.30 8.20 810 8.20 164.00 66.00
100
0.80
0.60
020 040
Blank
Peak
~ height
26 mV | |
d Utl I '
) J
i min

Figure 2,29 : Calibration signals for the determination of Alfill) with TC as a

complexing agent {ppm;, shown above each set of peaks).
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80.0 —
Y = 66.29X + 0.72

r = 0.9883

Pegk height (mV)
8
=]

0.00 0.20 0.40 0.60 0.80 1.00
[AKI] (ppm

Figure 2.30 : The calibration curve for determining AHIlI).

2.6.5 Effect of foreign ions

The effect of foreign ions was investigated by adding known amounts of
each foreign ion to a solution containing 1.0 ppm of Al{lll) and then .determining the

latter using the recommended procedure. The results are presented in Table 2.26.
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Table 2.26 : Effect of interfering ions.

1:1 89.0 +1.14
1:2 936 +6.36
1:5 998 +13.2
1:10 100.0 +136
1:20 1006 +143
1:50 1200 +364

Na 1:0 8380 -
1:1 88.0 0
1:2 86.6 -159
1:5 87.0 1.4
1:10 80.0 .09
1:20 70.4 -20.0
1:50 70.4 -20.0

Mglll 1:0 88,0 -
1:1 79.0 -10.2
1:2 72.0 -18.2
1:5 65.0 -26.1
1:10 6186 -30.0
1:20 58.0 -34.1
1:50 496 438

Cutll 1:0 88.0 -
1:1 88.0 0
1:2 88.6 +0.68
1:5 90 4 4273
1:10 9256 +6.23
1:20 996 +132
1:50 105.0 +19.3




Table 2.26 : {continued)
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Zn{ii} :0 88.0 -
01 88.0 0
12 £8.0 0
15 85.0 -3.41
£ 10 84.6 -3.86
120 75.0 -14.8
1 50 706 -19.8
Fe(l} 0 88.0 .
1 75.4 -14.3
:2 65.8 -26.2
'B 616 -30.0
£ 10 56.6 35.7
£ 20 53.0 -39.8
. 50 484 450
cr 0 88.0 -
1 88.0 0
12 88.0 0
'8 8.0 -2.27
1:10 5.4 -2.95
1:20 856 -273
1:50 80.4 -8.64
50, [0 88.0 A
1 880 0
12 88.0 0
' 5 88.0 0
1:10 896 +1.82
1:20 83.6 +1.82
1:50 89.4 +159




Table 2.26 : (continuéd)
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Il o’
1:0
1:1 858.0 0
1:2 83.0 +1.14
1:5 836 +1.82
1:10 _93.4 +6.14
7:20 978 +10.9
1:580 8980 +11.4
F 1:0 8240
1:1 92.0 0
1:2 816 043
1:8 916 -0.43
1:10 80.0 217
1:20 864 609
1:50 83.0 978 . .

2.6.6 Accuracy

The accuracy of the proposed method was studied by determining the

recoveries of the added Al(lil) with varying concentrations in the sample solutions.

The results are presented in Tables 2.27 and 2.28.

Table 2.27 : Peak height obtained by using standard addition FIA.

14.00
28.40
40.00
64.80

66.00

10.50
22.60
36.40
48.80
62.00
76.00
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Table 2.28 : Assessment of the accuracy of the proposed method.

JARHDL, ppm SRR I '-‘..%r'é'coyeAr_y
Added | o Initiafly present. - { Becovéred | |
0.00 0.147 - -
0.20 0.330 - 0483 91.50
0.40 0.538 0.391 97.75
0.60 ' 0.725 0578 96.33
0.80 0.924 0.777 97.12
1.00 1.136 0.989 98.90
X ' 96.32
S.D. 2.85
% R.S.D 2.96

2.7 Application of the proposed FIA method

2.7.1 Determination of aluminiumi{lit} in tap water samples using TC

Tﬁe proposed Fl-spectrophotometric method was applied to the
determination of aluminium{ill) in tap water samples. Different tap water samples
collected from student’s dormitories in Chiang Mai University were analyzed by the
proposed and flame atomic absorption spectrophotometric {flame-AAS) methods.
The results are summarized in Table 2.29 which are showed that the aluminium(ti)
contents in tap water samples are ranging from 0.043 - 0.556 ppm Al(I) and 0.035 -
0.548 ppm Al(ll) by the propc-yged and the flame-AAS respectively. The resuits
obtained by both methods were comnpared by applying the ttest at the 95%
confidence level. The calculated t values did not exceed the theoretical value

{t=2.12) indicating that there was no sign‘rficant difference between the two
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methods with respset to accuracy. The proposed method permits the

determination of aluminium(lll) in tap water samples.

Table 2.29 : Comparative determinations of Al{ll}) in tap water using the proposed

procedure and the standard method (AAS).

cone-of Allll {pprm)

MD1 0.321 - 033 0.015
mp2 | 0.315- 0.322 | 0.007
MD3 0.110 0082 -0.018
MD4 0.179 0.213 0.034
MD5 0411 0.425 0.014
MD6 0.400 0.476 0.076
MD7 0656 0548 - 0.008
FD1 0.110 0.072 - 0.038
D2 0170 0.178 | 0.008 -
FD3 0.043 003 - 0.008
FD4 0.261 0.245 - 0016
FDS 0.191 0.190 0.001
FD6 0.168 0,147 -0.011
FD7 0.215 0.118 - 0.097
FDS. 0.396 0.443 0.047
FD9 0.261 0299 0.038

B - 2625 % 10°
sD. | 3.766 X 10"

t 0.28

*  MD and FD represent tap water samples collected from male’s and female’s dormitories respectively.

** average of triplicate results.
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2 7.2 Determination of tetracycline in drug formulations by using

single standard calibration curve

The proposed method was also applied to the determination of tetracyciihe
in proprietary drugs {TC mycin and TC.HC! capsules) under optimum experimental
conditions as shown in Table 2.19. A single standard calibration curve over the
range 0 - 10.0 ppm TC was shown in Table 2.30 and Figures 2.31 - 2.32. Table 2.31
summarized the results obtained with percentage labelled amounts 116.6 and

109.7% for TC mycin and TC.HCI capsules respectively.

Table 2.30 : Peak height (mV) for 0.0 - 10.0 ppm TC (100 pl} by single standard

method

05 : 7.00
10 16.80
20 | 28.80
3.0 48.20
4.0 68.40
5.0 86.40
6.0 104.00
8.0 , 139.00
10.0 176.66

t,,., (sech - 36

Sample/hr _ 100
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2000 Ty o 17.77x - 266
150.0

= 0.9989
100.0

50.0

Peak height (mV)

0.0

0.0 20 4.0 60 80 100

concentration of TC solution {ppm}

Figure 2.31 : Single standard calibration curve for determination of TC in

proprietary drugs.

100

80

6.0

5.0

40
Peak

height

Time

Figure 2.32 : Fi signal for various concentrations of TC obtained by using

single sfcandard method.
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Table 2.31 : Analysis of some prdprietary drugs by using single standard

calibration curve.

TC mycin capsule

TC.HCI capsule 250

108.7

* avérage of triplicate results.




