
 

 

TABLE OF CONTENTS 

 

 Page 

ACKNOWLEDGEMENTS    iii  

ABSTRACT  (ENGLISH) iv  

ABSTRACT (THAI) vi  

TABLE OF CONTENTS viii  

LIST OF TABLES xii 

LIST OF ILLUSTRATIONS xiv 

ABBREVIATIONS AND SYMBOLS xviii 

CHAPTER 1: INTRODUCTION 

1.1 Calcium, magnesium, iron, zinc and ethanol   1 

 1.1.1 Importance for determination of calcium, magnesium,   1 

         iron, zinc and ethanol 

 1.1.2 Methods for determination of calcium, magnesium,  5 

            iron, zinc and ethanol  

 1.1.2.1 Complexometry of calcium, magnesium, iron, zinc 16 

 1.1.2.2 On-line derivatization of ethanol 20 

1.1.3  Reasons for method development for determinations 21 

  of calcium, magnesium, iron, zinc and ethanol 

1.2 Flow Injection Analysis  21  

1.3 Detection system  23 

 1.3.1 Voltammetric detection of derivatized ethanol 23 

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d



 ix

1.4  Research Aims  24 

CHAPTER 2: EXPERIMENTAL 25 

2.1 Apparatus and instruments  25 

2.2 Chemicals 26 

2.3 Preparation of standard solutions and reagents 27 

2.3.1 Standard solutions and reagents for the determination 27 

 of calcium, magnesium, iron and zinc by flow injection 

 colorimetry 

2.3.2 Standard solution and reagents for on-line derivatization  29 

 of ethanol prior to voltammetric detection 

2.4 Studies on FI-colorimetric determination  29 

 2.4.1 Absorption spectra 29 

2.4.2 Manifold for flow injection colorimetry for the determination 30 

 of calcium, magnesium, iron and zinc 

2.4.3 Optimization 31 

2.5 FI-voltammetric system with on-line derivatization for determination  31 

 of ethanol  

CHAPTER 3: RESULTS AND DISCUSSION 34 

3.1  FI-colorimetric determination of  Ca(II), Mg(II), Fe(II) and Zn(II) 34 

 3.1.1 Preliminary studies 34 

 3.1.1.1 Absorption spectra of Mg-EBT complex 34 

 3.1.1.2 Study of stability of Mg-EBT complex 36 

 3.1.1.3 Batchwise colorimetric determination of zinc using 38 

             Mg-EDTA and EBT  

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d



 x

 3.1.1.4 Design and test of FIA system 40 

 3.1.2 Optimization 42 

 3.1.2.1The Mg-EDTA solution 42 

 3.1.2.2 Effect of EBT concentration 44 

 3.1.2.3 Effect of mixing coil 45 

 3.1.2.4 Effect of flow rate 46 

 3.1.2.5 Effect of pH of standard solution 48 

 3.1.2.6 Summary of the optimum condition 51 

 3.1.2.7 Calibration graph and detection limit 51 

 3.1.2.8 Precision  52 

 3.1.2.9 Applications 54 

3.2 Development of FI-voltammetry and on-line derivatization 60 

for determination of ethanol  

 3.2.1 Preliminary studies 60 

3.2.1.1 Investigation the reaction behaviour of batchwise system 60 

3.2.1.2 Study of OSWV parameters 64 

3.2.1.3 Design and construction laboratory made HMDE 67 

      flow cell 

3.2.1.4 Test the developed flow cell by analyzing zinc  68 

            analyte model  

 3.2.2 On-line derivatization combine with HMDE flow cell 69 

3.2.2.1 Set up system 70 

3.2.2.2 Effect of delay of starting time 71 

3.2.2.3 Calibration graph 73 

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d



 xi

3.2.2.4 Precision 73 

3.2.3    Suggestion for FI- on-line derivatization voltammetry 74 

 for determination of ethanol  

CHAPTER 4: CONCLUSIONS 75 

 
REFERENCES 77 

APPENDICES 84 

 APPENDIX A Complexation and titration e-book 85 

 APPENDIX B Voltammetry e-book 86 

CURRICURUM VITAE 87 

 

 

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d



 xii

LIST OF TABLES 

 

Table                                                                                                              Page 

 1.1  Summary of analytical methods for the determination for  7 

  the determination of calcium, magnesium, iron and zinc using 

  complexing agent  

 1.2  Summary of analytical methods for the determination of ethanol 14 

 1.3  Formation constants for metal-EDTA complexes 17 

 1.4  Some of mettalochromic indicators for calcium, magnesium, 18 

    iron and zinc 

 3.1  Absorbance (530 nm) values of Mg-EBT (replacement of 37 

   Zn(II) with Mg(II)-EDTA complex ) measured in various periods 

   after mixing  

 3.2  Absorbance (530nm) of solutions containing Zn(II) and 39 

   a mixture of Mg-EDTA (0.05 M) EBT (0.012 % w/v) in 

   NH3/NH4Cl /NH4Cl (0.1 M, pH 10) buffer (measured at 

   5 min after mixing)  

 3.3  Preliminary conditions for the first set of experiments  41 

   employing a double line FI manifold (Figure 2.1) 

 3.4  Variation of EDTA in the Mg-EDTA solutions 42 

 3.5  Effect of mixing coil length on peak height of a series 45 

   standard Ca(II) solution  

 

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d



 xiii

Table                                                                                                              Page 

 3.6  Correlation of peak heights and Ca(II) concentrations at  47 

   various flow rates 

 3.7  Results determined by employing  calibration graphs of 49 

   standards of pH 2 

 3.8  The optimum conditions of the FI-colorimetry procedure for 51 

   the determination of Ca(II) , Mg(II), Fe(II) and Zn(II) 

 3.9  Calibration results for the determination Ca(II) , Mg(II), Fe(II)  52 

   and Zn(II) 

 3.10 Precision studies 53 

 3.11 The determination results of Ca(II), Mg(II), Fe(II) and Zn(II) in  58 

   drug and  minerals supplements  by FI-colorimetry and titrimetry 

 3.12 Precision of overall procedure for determination of Ca(II), 59 

   Mg(II), Fe(II) and Zn(II) 

 3.13  OSWV conditions for batchwise analysis 61 

 3.14 Adjustment parameters of OSWV 65 

 3.15 Size of data file from using various measuring cycle 67 

 3.16 Starting time (t1) and waiting time (t2) 71 

 3.17 RSDs (%) for the determination of ethanol by 73 

   FI- on-line derivatization voltammetry 

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d



 xiv

LIST OF ILLUSTRATIONS 

 

Figure                                                      Page 

 1.1 Structure of EDTA and sodium 1- (1-hydroxy-2-naphthylazo) 18 

               -6-nitro-2-naphthol-4-sulphonate (II) or Eriochrome Black T (EBT) 

1.2 A simple flow injection manifold is consisted of pump, 22 

 injection valve, mixing coil, detector and recorder. 

 2.1 Flow injection system for the determination of calcium(II),  30 

  magnesium(II), iron(II) and zinc(II); R1= Mg-EDTA reagent in 

             NH3/NH4Cl buffer solution, R2 = EBT reagent in NH3/NH4Cl  

  buffer solution, P = peristaltic,  pump, S = injection valve,  

  M = mixing coil, D = colorimeter, R = recorder, and W = waste 

 2.2 Schematic diagram of the FIA manifold for on-line  32 

  derivatization and detection of ethanol; R1 = supporting  

  electrolyte (0.15 M  NH4Cl, 0.03 M NaOH, 0.05 M KH2PO4  

  and 3 x 10-4 M eosin), R2 = 0.1 M NaOH, M = mixing coil, 

  G = gas diffusion unit, V= voltammograph and W = waste 

 2.3 A side view of laboratory-made hanging mercury dropping  33 

  electrode flow cell   

 3.1 Absorption spectra of solutions recorded against deionized  35 

  water as reference. (a) 0.0012% w/v EBT + 0.05 M Mg-EDTA 

   + 0.1 M  NH3/NH4Cl buffer (blue solution) (b) 2.25 x10-3 M  

  Zn(II) + 0.0012% w/v EBT + 0.05 M Mg-EDTA  + 0.1 M 

  NH3/NH4Cl buffer (wine red solution) 

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d



 xv

Figure                                                      Page 

 3.2 The absorbance of Zn(II) 0-2.25 mM in 0.0012 % w/v EBT 37 

  + 0.05 M  Mg-EDTA + 0.1 M NH3/NH4Cl buffer pH 10 in  

  various time (0, 30, 150 and 300 min) 

 3.3 Correlation of absorbance and Zn(II) concentration:  39 

  Mg-EDTA (0.05 M) and EBT(0.012 % w/v) in NH3/NH4Cl 

  (0.1 M, pH 10) buffer  

 3.4 Plots of absorbance (530 nm) vs. metal ion concentration 41 

 3.5 Study on variation of EDTA concentration by fixing Mg(II)  43 

  at 8.0 mM for Mg-EDTA reagent for (a) Ca(II), (b) Mg(II),  

  (c) Fe(II) and Zn(II) 

 3.6 FI-grams of Ca(II) obtained 44 

 3.7 Effect of mixing coil length on peak height of a series standard  46 

  Ca(II) solution.  

 3.8 Effect of flow rate on peak height 47 

  (Conditions: A, B, C, D and E) (see Table 3.6)  

 3.9 FI-gram of Ca(II) 4.0 mM under the condition set D 48 

 3.10 Results of the determination of cations in various pHs  49 

  (2, 3 and 5) determined by using calibrations graphs prepared 

  by standard solutions of pH 2 

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d



 xvi

Figure                                                      Page 

 3.11 Absorption spectra of Fe(II) (a) 5.0x10-4 M (b) 5.0x10-3 M  50 

  (c) 5.0x10-2 M in 0.1 M NH3/NH4Cl buffer  

 3.12 Osteryoung Square Wave voltammogram of ethyl  62 

 dithiocarbonate from ethanol 5.0-60 % v/v 

 3.13 Effect of NaOH vs. peak current 63 

 3.14 Effect of CS2 volume 64 

 3.15 Potential waveform for OSWV 64 

 3.16 Voltammograms of derivatized ethanol 15% v/v at various  65 

  potential amplitude (U. amp) 5-45 mV (Modul. freq = 50 Hz,  

  U. step = 12 mV and Sweep rate 80 mV/s) (see Table 3.13) 

 3.17 Voltammograms of derivatized ethanol 15% v/v at various  66 

  potential step (U. step) 4, 6  and 12 mV (Modul. freq = 50 Hz, 

  U. amp=20 mV and Sweep rate 80 mV/s ) (see Table 3.13) 

 3.18 Voltammograms of derivatized ethanol 15% v/v at various  66 

  Modul. freq = 50, 100 and 150 Hz (U. amp = 45 mV ,  

  U. step = 12 mV and Sweep rate  80 mV/s) (see Table 3.13) 

 3.19 A manifold and of Zn(II) determination using a laboratory  68 

  made HMDE flow cell and a time diagram of one injection  

  when t1=waiting time1 (injected zone move to flow cell),  

  tm = measured time (press start button for operate 693 VA processor) 

  and t2=waiting time 2 (time for signal down to baseline) 

 3.20 Calibration graph of Zn(II) 0.1-4.0 ppm using  69 

  FI-voltammetry with a laboratory made flow cell 

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d



 xvii

Figure                                                      Page 

 3.21 Gas-diffusion unit for carbon disulfide using in on-line  70 

  derivatization system 

 3.22 Plots of delayed starting time vs. peak current of derivatized 71 

  ethanol 25% v/v from on-line system using equal flow rate 

  of (a) 0.6 mL/min (b) 1.1 mL/min and (c) 2.0 mL/min 

 3.23 Calibration graph 73 

 

 

 

 

  

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d



 xviii

ABBREVIATIONS AND SYMBOLS 

  

AAS Atomic absorption spectrometry 

Abs  Absorbance 

ADH  Alcohol dehydrogenase 

AOH  Alcohol oxidase 

A.E. Auxilary electrode 

EDTA  Ethylenediaminetetraacetic acid 

EGTA  Ethylene glycol-bis (2-aminoethylether) tetraacetic acid 

FAAS  Flame atomic absorption spectrometry 

FI   Flow injection 

FID  Flame ionisation detector 

HMDE  Hanging mercury dropping electrode 

HPLC  High-performance liquid chromatography 

HSGC  Headspace gas chromatography 

ICP  Inductively coupled plasma 

IEC-EC  Ion-exclusion chromatography- electrochemical 

detection 

LOD Limit of detection 

LR Linear range 

NAD+  β- nicotinamide adenine dinucleotide 

NIR  Near-infrared spectrophotometry 

PMS-INT  Phenazine methosulphate-p-iodonitrotetrazolium violet 

PTFE  Polytetrafluoroethylene 

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d



 xix

R.E. Reference electrode 

RSD Relative standard deviation 

SCE Standard calomel electrode 

W.E.  Working electrode 

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d


