




Effect of non-linear temperature on determination of precise pH of buffers
	
[bookmark: _GoBack]                                                                         ABSTRACT
In article, we have reported a non-linear temperature effect on the determination of a precise pH value of buffers solutions. Knowing, a buffer solution is resist the changes in pH when small amounts of acid or base are added, although, these pH may still changes with respect of temperatures. The temperature effect on buffer solutions is not always remain constant, and, reveals how pH properties change in a way that is not directly proportional to temperature variations. This contrasts with changes in a linearity where a change in temperature results in a expectable proportional change in the pH of buffer solutions. This is due to the temperature dependent nature of equilibrium constant of reaction rates, leading to non-linear pH shifts.  Graphically, the plot of linear temperature against pH, show a straight line, either upward sloping (positive correlation), or downward (negative correlation), and a plot for non-linear as often sigmoidal.
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[1]- INTRODUCTION:
A buffer solutions contains either a weak acid and its salt with a strong base, or a weak base and its salt with strong acid. The buffer solution is a solution that can resist pH change by addition of an acidic or basic substances. Because of presence of common ion effect in buffer solutions and it obey the Le Chatelier’s principle 1, which is the suppression of the degree of dissociation of a weak electrolyte by the addition of a strong electrolyte having a common ions with that of the weak electrolyte 2, 3. A literature survey have been reported about the determination of pH of buffer solutions and effect of temperature behavior as well 4-6. Generally, the pH relationship which was given by Peter Sorensen in 1909 is as, 
pH = - log [H+] = log 1 / [H+]    …………. (1)
Here, the log is the base -10 logarithm, and, the [H+] is stands for the concentration of H+ ions in solution, as given in mole per litre. The pH or concentration of H+ ions in solution is a measure of the acidity or basicity of solution. From equation (1), the pH is a negative logarithm of hydrogen (H+) or hydronium (H3O+) ions concentration. In this article, we have reported a non-linear effect of temperature on determination of the precise pH value for buffer solutions. According to the mass law, the ionization reaction of pure solution for a weak acid is as HA = H+ + A-, the equilibrium condition are defined by the equation of the concentration law, K (HA) = (H+)(A-). Where, the enclosed quantities is stand for concentrations of the respective substances and K is the ionization constant of the acid or change in pH. This relation may be written as in more convenient form is, (H+) = K (HA) / (A-) 7, 8. For buffer solutions, we can apply the Henderson equation which is modified as follows, 
pH = pKa + log [ salt/acid] ……………… (2) 
The above described equation, 2 is known as Henderson-Hasselbalch equation and it applicable for all buffer solutions. where, the [salt] and [acid] is the concentration of the salt and acid in buffer, respectively 9. And, the pKa is the thermodynamical value of pK of acid and, when the  concentration of acid and the salt is equal then pH of buffer solution is equal to the pKa, (pH = pka). By applying equation (2) we can calculated the pH value of a given buffer solutions 10. For buffer solutions, the above equation (2) can be written as,
pH = pKa + log10 ([A-]/[HA]) ………..(3)
Where, [A-] and [HA] is as concentration of weak acid with its salt or, conjugated acid-base pair in buffer solutions.

[2]- THEORETICAL APPROACHE: 
[2.1]- Buffer Solutions and its Behavior:
Indeed, buffer solutions resist changes in pH when small amounts of acid or base are added. However, their pH can still shift with any changes in temperature. The buffering agents or buffer solutions is an solution of a weak acid (HA) or base (A-) in equilibrium with its corresponding base or acid 11-13. HA = H+ + A-, the equilibrium condition are defined by the equation of the mass law, 
K (HA) = (H+)(A-)……………….(4)
The equilibrium constant is referred to as the acid dissociation constant Ka or ionization constant 14-17. It relates to the degree of ionization or dissociation constant of the acid, and generally it is calculated on the basis of the concentrations of the reacting species,
Ka = [H+] [A-] / [HA]…………...(5)
Notable, the negative logarithm of the hydrogen ion activity to base is considered pH, represented as –log 10 [H+] or [H3O+], and the activity of hydrogen ions is a close approximation of their concentration. Practically, the pH scale is characterized as follows,
pH = pH0 + [(E – E0) / k]……………(6)
Here, E is the measured potential where the pH meter contains the solution under test (pH), E0 is measured potential where the pH meter contains the appropriate buffer solution for calibration (pH0), and k is the change in potential or unit change in pH and is derived from the applying of following Nernst equation 18, 
k = log (10)  (RT / nF) …………….(7)
Where, R = 8.314 J/mole/˚K; T is the temperature (in Kelvin); n is the number of moles, and, F is the Faraday constant (96485 Coulomb /mole), respectively.
[2.2]- Thermodynamic Linear and Non-Linear Approximation:
The effect of temperature on buffer solutions is not always remain constant 19. Many buffer systems exhibit the linear relationship between pH and temperature can be a reasonable approximation within a limited temperature range. While, some other buffer systems show more complex and predictable non-linear pH changes uniformly with temperature, especially over or wider temperature ranges or when approaching extremes of temperature 20, 21. This is due to the temperature dependent nature of equilibrium constants with enthalpy effect and the potential for selective precipitation of buffer components at low or high temperatures. When any changes in heat capacity or temperature which can affect the enthalpy of the protonation or deprotonation reactions within the buffer, leading to non-linear pH shifts. In buffer solutions, the chemical reactions with activation energies or complex reactions mechanisms may show non-linear temperature dependency in equilibrium constants and reaction rates 22, 23. 
In dissociation process the thermodynamic parameters have been reported at standard condition 24. These thermodynamic parameters are being as in term of entropy (S), heat content or enthalpy (H) and Gibbs free energy (G) in respect to temperature and pressure. For a buffer reactions, the pH dependent an equilibrium constant (K) is related to the standard Gibbs free energy change by the equation as,
∆G˚ = ∆H˚ - T∆S˚ = - RT ln K ...........(8) 
Since pH affects ∆G˚, it also affects the equilibrium constant. The standard free energy change (∆G˚) for a reaction is often different under standard conditions (pH 0 or 1 mole H+) compared to other specific conditions or state. Thus, the difference highlights how pH influences the thermodynamic favorability of the reactions in solution. The changing in pH is may alter the effective ∆G and thus the spontaneity of the reactions as well.

[3]- RESULTS AND DISCUSSION:
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Figure 1. The pH scale with pH scale range from 0 to 14.
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Figure 2. The plot of linear temperature against pH, show a straight line, either upward sloping (positive correlation;(a), or downward (negative correlation;(b), and non-linear plot as sigmoidal;(c).

Indeed, there are various factors which influences the pH of buffer solutions like as the temperature, ionic strength, activity of H+ ions, dilution of buffer and addition of electrolyte substances (acids, bases or salts) etc. Although, temperature plays a key role in pH measurements of buffer solutions, and as temperature is increases then the pH level drops. However, this does not means that the sample of solution becomes a more acidic. A solution is considered only acidic if there are more hydrogen (H+) ions than the hydroxyl ions (OH-) ions. The figure 1 elucidated the pH scale with their pH scale range is from 0 to 14. The pH scale is a measure of the concentration of hydrogen ions (H+) in a solution. Although, we can calculated pH of any solutions by taking the negative logarithm of the hydrogen or hydronium ions concentration, or pH = -log[H+] or [H3O+], respectively. At 25 ˚C, the pH values below < 7 indicate acidic, a with equal as = 7 being neutral, and a value with above > 7 is basic. A buffer can prevent a sudden drop or increase in the pH of a solution after the addition of a strong base or acid up to its buffering capacity 25. 
A non-linear heat capacity behavior often observed in physical and chemical systems, which describes how properties change in a way that is not directly proportional to temperature variations. This contrasts with linearity deviation where a change in temperature results in a predictable proportional change in the pH properties of buffer solutions. The thermodynamic pKa value, which is the negative logarithm of the acid dissociation constant (K) being temperature dependent. The changes in temperature can shift the pKa, which in turn may affect the effectiveness of buffers. The pH of a buffer solution might change slightly or rapidly with respect of temperature changes at certain points. If the pH change is due to a chemical reaction of buffer solution, the reaction kinetics (rate and mechanism) will play a major role 24.
By addition of the salts of conjugate acid-base pair to a solutions, an increase the pH range due to the common ion effect. For example,  when a pH meter reported into buffer solution of acetic acid-sodium acetate there was the pH value of sample solution is suddenly decrease before in fast and then after some gradually increase. Practically, at 25 ˚C temperature, the pH value have measured for CH3COOH-CH3COONa buffer solution, where, an initial reading was observed 4.0, and it raised up to 3.1 to 4.7 with 5.0 N NaOH base 26-28. Herein, a quite fluctuation may occurs when so much acid or base are added to the buffer solution they become the excess reactants. If a preparing buffer having more acid than base, a more H+ ions are likely to be present and then pH fall, and, if a buffer have more base than acid, more OH- ions are present thus pH rise. The acetic acid-sodium acetate buffer is a buffer and having the ability to resist in changing of pH at certain pH range. In phosphate buffers the pH increases instant with decreasing in temperature, the magnitude of this changes can vary depending on concentration and influence of the temperature range. At 4 ˚C, a buffer will have slightly higher pH than the same buffer at 25 ˚C. Similarly, at 37 C, a buffer will have a lower pH as compared to one at 25 ˚C 29.
Graphically, the plot would reveal how the pH of a buffer solutions changes as non-linearly and might not be a straight line with respect to temperature variations. For example, the temperature of a heated buffers might initially increases rapidly, then slow down as it approaches a steady state. Similarly, the cooling of a buffer solutions might be initially fast, then gradually slow down. In figure 2 (a, b, and c), a plot of linear temperature against pH have show a straight line, either upward sloping (positive correlation) or downward (negative correlation), indicating the changes in a constant rate between pH and temperature, respectively. For linear, the equation of the form can be expressed as; pH = xT + b, Where ‘x’ is the slope (rate of change) and ‘b’ is the y-intercept.  While, from figure 2 (c), a graph plot of non-linear temperature versus pH would typically depict a curve, rather than a straight line and are being often sigmoidal or S-shaped. It means, the rate of change between pH and temperature is not constant, and curve could be logarithmic, exponential, or any other non-linear shape. The non-linear relation is required more complex equation to represent them. Thus, the straight or curve shape of the graph plots depend upon the specific co-relationship in between of temperature and pH for a given buffers 17.

[4]- CONCLUSIONS:
In conclusions, we have reported an effect of non-linear temperature on determination of a precise pH value of buffers solutions. The buffer solutions is resist the changes in pH with adding of small amounts of acids or bases, although, these pH may still shift with respect of changing in temperatures. The effect of temperature on buffer solutions is not always remain constant. Although, the effect of non-linear temperature often observed in physical and chemical systems, which reveals how properties change in a way that is not directly proportional to temperature variations. This contrasts with changes in a linearity where a change in temperature results in a predictable proportional change in the pH of buffer solutions. This is due to the temperature dependent nature of equilibrium constant with rate of reactions and these leading to non-linear pH changes. In graph, the plot of linear temperature against pH, showing a straight line, either upward sloping (positive correlation), or downward (negative correlation), and a plot for non-linear versus temperature is as often sigmoidal type.
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