CHM 212
Neutralization Titrations – Acid/Base Chemistry

Acid/base chemistry plays a significant role in our everyday life

· acid rain – SO2, NO2 from car emission reacts with water to form H2SO3 and HNO3
· biochemistry – pH of blood has to be well maintained for life and normal bodily functions
The reaction between an acid and a base is called a neutralization reaction and the result is the formation of a salt and water. 

Examples:



NaOH + HCl (  NaCl (salt) + H2O



CH3COOH +NaOH ( CH3COO-Na+ (salt) + H2O

Acid/Base titrations are normally performed using standard strong acids or strong bases

(a) strong acid – strong base (e.g. HCl and NaOH)

(b) strong acid – weak base (e.g. HCl and NH3)

(c) strong base – weak acid (e.g. NaOH and CH3COOH)
Strong Acid-Strong Base Titrations:
In a strong acid, there are two sources of H+/H3O+

· the reaction of the acid with water

· H+ + H2O ( H3O+
· the dissociation of water itself

· H2O  + H2O ( H3O+ + OH-
The dissociation of water however is quite negligible and concentrations of acids greater than ~ 1.0 x 10-6M, the contribution from water is often ignored
In strong bases, there are also two sources of OH-, one form the base itself and the other from the dissociation of water as seen above

At the equivalence point in the titration of a strong acid with a strong base
· The pH = 7.00 (remember this!!!)
· The number of moles of H+/H3O+ and OH- are equal

· All other points can be readily calculated
· The pH of a strong acid is found by taking the –log[H+]

· The pH of a strong base is found by taking –log(Kw/[OH-])

· Recall that Kw = [H+][OH-] therefore, in a strong base the [H+] = Kw/[OH-]

· Also, pKw = pH + pOH = 14

There are three regions of the titration curve of a SA with a SB and three different types of calculation need to be performed

Region 1: pre-equivalence point
· [H+] is found from the starting acid concentration and the amount of base added

Region 2: at the equivalence point

· Moles H+ =  moles OH- 

Region 3: after the equivalence point

· All of the acid is gone and converted to salt

· You are simply diluting the excess base in water because no more acid after the equivalence point to react with it

EXAMPLE 14 – 1.  Generate the theoretical titration curve for the titration of 50.00 mL of 0.0500 M HCl with 0.100 M NaOH

First calculate the equivalence volume of any titration curve

· remember at Veq, mole H+ = mole OH-
· Macid x Vacid = Mbase x Vbase
· Veq/Vbase = (50mL x 0.05M)/0.1M = 25 mL

· The pH at this point is 7.00 in the titration of a strong acid with a strong base

Region 1 – before the equivalence point

At 0.00 mL NaOH added


pH = - log[H+] = -log(0.050) = 1.30

At 10.00 mL NaOH added

Moles OH- added = 0.0100 L x 0.100mol/L = 0.001 mol OH-

Moles H+ neutralized by base = 0.001 moles


Initial moles H+ = 0.0500 L x 0.0500 mol/L = 0.0025 mol H+

Moles H+ after adding base = 0.0025 – 0.001 moles = 0.0015


New volume = 50 mL + 10 mL = 60 mL or 0.0600 L


New Molarity of H+ = 0.0015 mol/0.0600L = 0.025mol/L



pH = -log(0.025) = 1.60

The calculation is the same for all points before Veq – find number moles OH-, then subtract this number from initial moles H+


- added OH- neutralizes the same number of moles of H+
SIMPLE CALCULATION: to calculate the [H+] at any point before the equivalence point use the following expression
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Region 2: at the equivalence point

· From the calculation above, Veq =  25.00 mL
At this point moles H+ = moles OH-

Kw = [H+][OH-]


[H+] = (Kw)1/2  = 1.00 x 10-7


pH = -log (1.00 x 10-7) = 7.00

Region 3 – after the equivalence point

At 25.10 mL NaOH added
At this point all HCl has been neutralized by added OH-, only excess OH- in solution of new volume (50 + 25.10 mL)


[OH-] = moles NaOH added – original moles H+




Total volume solution

Simple Calculation: to calculate all points after the equivalence point, you can use the following relationship:
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pOH = -log(1.33 x 10-4) = 3.88

pH = 14 -3.88 = 10.12

The resulting titration curve is shown below:
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Titration of Strong Base with Strong Acid
Titration curves for SB with SA are derived in an analogous way as for SA with SB as we just did

· however the titration curve is the reverse to that above

· the pH starts high because strong base and ends up low because after the equivalence all base is gone, so adding excess acid

· the excess acid determines the pH after the equivalence point

· the pH at the equivalence point in the SB-SA titration is 7.00 as in the SA-SB titration – remember this point

Titration Curves for Weak Acids with Strong Base
Because weak acids do not dissociate completely, there is an equilibrium and we need to use Ka expressions as earlier in the semester to find the [H+] and thus pH

There are again three regions of the titration curve: 

· before equivalence point, at the equivalence point and after the equivalence point

· at the beginning before the addition of any base, the [H+] is calculated from the concentration of the acid and its Ka
· after adding the first drop of base some of the acid is converted to its conjugate base, so the mixture of acid and conjugate base is a buffer

* recall Henderson-Hasselbach equation for buffers 

· at the equivalence point all acid is convert to conjugate base, so pH is calculated from the concentration of the conjugate base

· after the equivalence point, there is an excess of strong base in the total new volume – the excess base determines the pH of the solution

EXAMPLE: 14 – 3. Generate the titration curve for 50.00 mL of 0.100 M acetic acid with 0.100 M sodium hydroxide. Ka = 1.75 x 10-5
Veq = (50 x 0.100M)/0.100 M = 50 mL

At 0.00 mL NaOH added:

HAc  +  H2O  (  H3O+  +  Ac-

[H+] = (1.75 x 10-5 x 0.1)1/2 = 1.32 x 10-3 M


pH = - log (1.32 x 10-3) = 2.88

At 5.00 mL NaOH added:

At 25.00 mL NaoH added:

At ½ Veq, pH = pKa
Proof:

At 50.00 mL NaOH added (equivalence point):

At 50.01 mL NaOH added (after equivalence point)

Titration Curves for Weak-Base with Strong-Acid:
The titration curves for WB with SA are generated in an analogous manner as WA with SB as above

· pH starts high because starting with a weak base

· three regions of the titration curve: before the equivalence point, at the equivalence point, after the equivalence point

· before the addition of any strong acid, the pOH is found by calculating the [OH-] from the concentration of the WB and its Kb
· Recall, Kw = KaKb, so Kb = Kw/Ka
· Only Ka are given, so you’ll need to calculate Kb
· The pH is then 14 – pOH

· All other points before the equivalence point can be found using analogous relations to the WA calculations above, except, using Kb and the appropriate species

Acid-Base Indicators:
· used to determine the endpoint of a titration

· give a visible color change

· indicators are usually a weak organic acid or base itself

· the acid or base being titrated reacts with the indicator itself

· e.g. phenolphthalein, bromocresol green, bromothymol blue – see table 14-1 for list of indicators and pH ranges
Titration Error with Acid-Base Indicators
The titration error occurs because at the point at which the color change is observed, you have already past the equivalence point


Titration error = endpoint – equivalence point

Endpoint is the volume determined by the observed color change
Equivalence point is the point at which moles acid = moles base

· this error can be corrected by using a blank titration as you’ve already done

A second source of indicator error arises because of our varying abilities to determine a color change


- you might be color blind

- different people detect colors differently, i.e. more sensitive 

   to detecting color changes

· can be corrected by comparing to a reference solution with the same amount of indicator

· can also use pH to determine the equivalence point as in experiment 2 and experiment 5

In experiment 2 you determined the equivalence point by plotting the first and second derivative of your titration curve.  The equivalence point occurs at

· maximum slope (highest point) in the first derivative curve or

· zero slope (point at which graph crosses zero) in the second derivative plot, i.e. when d2y/dx2 = 0

First derivative graphs for Equivalence point:

Plot average volume (average successive volume from the titration curve) against the slope dy/dx or here, it is (pH/(V
· (pH is found by taking the difference between successive pH values

· (V is found by taking the difference between successive volume (average volume) points

· The slope is found as (pH/(V

Second Derivative graphs for Equivalence point:u

Sometimes the second derivative is necessary, especially when the first derivative isn’t so clear as to the equivalence point

The second derivative is calculated by plotting change in the slope against average volume, i.e. (((pH/(V) vs. average volume
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