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 Abstract. The analytical methods of qualitative and quantitative determination of ions 
in solutions are very flexible to automation. The process of titration is a recurrent process that 
can be watched by permanent measurement of a simple property such as mass, current intensity, 
tension, volume [1-3] or a complex property such as adsorption, heat of reaction [4-6], which 
need a complex evaluation. The present work is focused on modeling the process of titration and 
presents a numerical simulation of acid-base titration. Titration parameter selected is the pH. 
The method permits to observe the titration process and identify the equivalence point of 
titration. 
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 1. Introduction 

Currently, over the two milliards of probes are sent to laboratories of medical 
clinics and this number growing. Most of these tests include the determination of 
glucose, urea, proteins, sodium, calcium, HCO3

-/H2CO3, uric acid and pH [7-9]. 
The science of environment are focused on chemical, physical and biological 

changes through contaminating or modifying natural parameters of air, water, soil, 
alimentary products and residues [10-12]. The analysis of these can give the measure of 
human provoked modifications and can indicate the conditions that make them possible. 
Thus, the applying of science and technology can control and ameliorate the quality of 
environment.    
 
 2. Analytical measurements 
 Any simple or complex the measurements can be, the assurance, utility, 
precision, interpretation and achievement of them depend of the analyst, that must be 
preoccupied -by making analysis and in same time by the how - why and where are the 
finally results of analysis used. The analyst has the obligation to make determination 
based on sure, reproducible and verified procedures. 
 The first step in design of an analytical process is to establish the objective to be 
followed. Only by clear identification of proposed scope it can imagined a logic way 
that lead to correct solving of the problem [13,14]. A big responsibility for the analyst is 
to choose an analytical method that is leading to best solving of followed scope [15]. 
 There exist cases when freedom of choosing is limited. The analysis of water or 
pharmaceuticals must be made through legal standard approved procedures [16] 
 If more than one similarly probe exists, such as quality control, the automation 
becomes possible.  
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 3. Neutralization 
 An easy way to make an analytical method for quantitative determinations is 
trespassing from an acid solution to a basic one, known as neutralization. In this case, 
evolution of reaction can be watched through pH measurements, continuously, when a 
known volume of titrating solution is added. 
 Usually, a strong acid or a strong base is solution added. The plot of the pH as 
function of added standardized solution is the titration curve. Many data result from a 
titration curve. Most important for the quantitative determinations is volume of titrating 
solution necessary for neutralization (pH = pOH = 7 at 25°C). 
 
 4. Modeled reaction 
 For obtaining a concrete model of titration, let consider the case of NH3 (Kb = 
1.79·10-5) solution titrate with CH3COOH (Ka = 1.76·10-5). Remark that NH3 is a 
typically soft base and CH3COOH is a typically soft acid. 
 From chemical perspective, there exist following reactions and associated 
equilibrium equations: 
  NH3 + H2O  NH4

+ + HO–,     (1) 

  Кb = 
]NH[

]HO[]NH[

3

4
−+ ⋅  = 1.79·10-5;     (2) 

  CH3COOH + H2O  H3O+ + CH3COO–,    (3) 

  Кa = 
]COOHCH[

]COOCH[]OH[

3

33
−+ ⋅  = 1.79·10-5;    (4) 

where [·] is a concentration and in considered case is molar concentration operator. 
 Based on equations (2) and (4) a sequence of equations can be written that 
simulate real conditions of titration. 
 If we consider that initially there exist 100 mmols of the first solution (NH3) and 
no reaction product (CH3COONH4) and we note with “a” letter quantities from first 
solution and with “b”, the quantities from second solution, initial conditions (IC) can be 
written as in equation (5): 
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 Integer values of substances from solution let be evolve by steps of 1 mmol 
added solution. The corresponding equation is: 

        (6) 
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 A correction is now necessary. The concentrations are of natural values (not 
negative numbers) and supplementary adding of one reactant in solution lead only to 
deplete the other one reactant. In conclusion, must reconsider (6) with following 
corrections for iteration n: 

       (7) 
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 In every moment of titration, the pH is given by: 
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where another environment condition was considered, the normal temperature, that 
make that pH + pOH = 14. 
 The following step is now simple. Fitting the dependencies pHn for n = 0, 1, …, 
200 with MathCad (as example) will be obtain a graphic in form similarly with fig. 1:  
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Fig. 1. Numerically fitted data in simulated titration of (1) with (3) 

 
 
 5. Conclusions and remarks 
 The titration process is simple in appearance but shows to be complex in details. 
Even the simple case of titration of monobasic base ammonia with a monoprotic acid, 
such as acetic acid, hangs up unexpected difficulties in simulation process. The 
difficulties exists especially because is no approximations in model. Only one (so 
called) approximation is sequent adding of titrate, that are also perfectly possible in 
practice. 
 The method permits to investigate more complex processes such as titration of 
polyprotic acids and polybasic bases. If no approximation will be made, more complex 
equations will be necessary and superior rank equations will appear to be solved. 
 Anyway, the advantages of the method are higher than disadvantages resulted 
from complexity of calculus. Lack of approximations permits to express pH in all 
domain points with maximum accuracy. 
 

References 
                                                 
[1] Martin Todd M., Gupta Ram B., and Roberts Christopher B. (2000), Measurements 
and Modeling of Cloud Point Behavior for Poly(propylene glycol) in Ethane and in 
Ethane + Cosolvent Mixtures at High Pressure, Industrial & Engineering Chemistry 
Research, p. 185-194, Volume 39, Issue 1, January 4. 
[2] Mussari Lelia, Postigo Miguel, Lafuente Carlos, Royo Félix M., and Urieta José S. 
(2000), Viscosity Measurements for the Binary Mixtures of 1,2-Dichloroethane or 1,2-
Dibromoethane with Isomeric Butanols, Journal of Chemical & Engineering Data, p. 
86-91, Volume 45, Issue 1, January 13. 
[3] Dunstan Dave E., Stokes Jason (2000), Diffusing Probe Measurements of 
Polystyrene Latex Particles in Polyelectrolyte Solutions: Deviations from Stokes-
Einstein Behavior, Macromolecules, p. 193-198, Volume 33, Issue 1, January 11. 
[4] Roncin Jean-Yves, Launay Françoise, Bredohl Harald, Dubois Iwan (1999), The 
Vacuum Ultraviolet Absorption Bands of the Pink Afterglow Spectrum of Molecular 



A&QT-R 2002 (THETA 13) 
International Conference on Automation, Quality and Testing, Robotics 

May 23-25, 2002, Cluj-Napoca, Romania 

4 of 4 

                                                                                                                                               
Nitrogen Revisited at High Resolution, American Society, JMSP, p. 243-249, Volume 
194, Issue 2. 
[5] Cedeño Fidel Oscar, Prieto María M., and Xiberta Jorge (2000), Measurements and 
Estimate of Heat Capacity for Some Pure Fatty Acids and Their Binary and Ternary 
Mixtures, Journal of Chemical & Engineering Data, p. 64-69, Volume 45, Issue 1, 
January 13. 
[6] Dai Wenbin, Kojima Kazuo, and Ochi Kenji (2000), Measurement and Correlation 
of Excess Molar Enthalpies of Carbon Dioxide + 2-Butanol and 2-Propanol Systems at 
the Temperatures 303.15 K and 308.15 K and at Pressures from 7.0 to 8.5 MPa, Journal 
of Chemical & Engineering Data, p. 6-10, Volume 45, Issue 1, January 13. 
[7] Chakraborty Debashis, Chandrasekhar Vadapalli, Bhattacharjee Manish, Krätzner 
Ralph, Roesky Herbert W., Noltemeyer Mathias, and Schmidt Hans-Georg (2000), 
Metal Alkoxides as Versatile Precursors for Group 4 Phosphonates: Synthesis and X-
ray Structure of a Novel Organosoluble Zirconium Phosphonate, Inorganic Chemistry, 
p. 23-26, Volume 39, Issue 1, January 10. 
[8] Gabelnick Aaron M., Capitano Adam T., Kane Sean M., Gland John L., and Fischer 
Daniel A. (2000), Propylene Oxidation Mechanisms and Intermediates Using in Situ 
Soft X-ray Fluorescence Methods on the Pt(III) Surface, Journal of the American 
Chemical Society, p. 143-149, Volume 122, Issue 1, January 12. 
[9] Chapman Wendy Webber, Fizman Marcelo, Chapman Brian E., Haug Peter J. 
(1999), A Comparison of Classification Algorithms to Automatically Identify Chest X-
Ray Reports That Support Pneumonia, American Society, JBIN, p. 4-14, Volume 34, 
Issue 1. 
[10] Jackson Togwell A., West M. Marcia, and Leppard Gary G. (1999), Accumulation 
of Heavy Metals by Individually Analyzed Bacterial Cells and Associated Nonliving 
Material in Polluted Lake Sediments, Environmental Science & Technology, p. 3795-
3801, Volume 33, Issue 21, November 1. 
[11] Bishop Gary A., Stedman Donald H., Hektner Mary, Ray John D. (1999), An In-
Use Snowmobile Emission Survey in Yellowstone National Park, Environmental 
Science & Technology, p. 3924-3926, Volume 33, Issue 21, November 1. 
[12] Fernández Pilar, Vilanova Rosa M., and Grimalt Joan O. (1999), Sediment Fluxes 
of Polycyclic Aromatic Hydrocarbons in European High Altitude Mountain Lakes, 
Environmental Science & Technology, p. 3716-3722, Volume 33, Issue 21, Nov. 1. 
[13] Sârbu Costel, Jäntschi Lorentz (1998), Validarea şi Evaluarea Statistică a 
Metodelor Analitice prin Studii Comparative. I. Validarea Metodelor Analitice folosind 
Analiza de Regresie, Revista de Chimie, Bucureşti, p. 19-24, 49(1). 
[14] Naşcu Horea, Jäntschi Lorentz, Hodişan Teodor, Cimpoiu Claudia, Câmpan 
Gabriela (1999), Some Applications of Statistics in Analytical Chemistry, Reviews in 
Analytical Chemistry, Freud Publishing House, p. 409-456, XVIII(6). 
[15] Baker G. L., Gollub J. P., Blackburn J. A. (1999), Inverting chaos: Extracting 
system parameters from experimental data, Chaos, p. 528, Vol. 6, No. 4.  
[16] Hatton Angela D. and Gibb Stuart W. (1999), A Technique for the Determination 
of Trimethylamine-N-oxide in Natural Waters and Biological Media, Analytical 
Chemistry, p. 4886-4891, Volume 71, Issue 21, November 1. 


