Day 57

IS labs – make acid/base sol’ns

Day 58

IS labs - Standardize sol’ns

Day 59

IS labs – analyze unknowns

Day 60 

IS labs – analyze unknowns

Day 61

Take up test

Objectives

HW
R&MN
528-532,
P1-3


Handout – theories on acids and bases




Acids & Bases

Acid






Base

Sharp taste  (vinegar)




Bitter taste (soap)

Conducts e-





Conducts e-

Turns litmus red





Turns litmus blue

Corrodes metals





slippery

Neutralizes bases





Neutralizes acids

Arrhenius – 
acids donate  H+ ion in sol’n eg] HCl ( H+ + Cl-


bases donate OH- ion in sol’n eg]  NaOH ( Na+ + OH-

The strength of acids and bases can be measured by their conductivity.

Problems 1.  Does not apply to non-aqueous sol’ns

2. The H+ ion is too small to be responsible for acid characteristics. (bare proton) The 

proton has such a concentrated charge that in water it forms a stable coordinate bond with a lone pair on the oxygen atom of water – this hydrated ion is called hydronium. (H3O+)

3. Arrhenius thought that H+ or OH- must be released but NH3 is basic
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NH3 + H2O 

NH4+ + OH-
Bronsted – Lowry Acids & Bases

Acid – any substance capable of giving up a H+ ion – PROTON DONOR

Base – any substance capable of combining with a proton – PROTON ACCEPTOR

Can now explain NH3 as a base.

You cannot classify a substance as acid or base until you know the system
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NH3 + H2O 

NH4+ + OH-
water is acid, NH3 is base

HCl + H2O

H3O+ + Cl-
water is base, HCl is acid

Substances capable of acting as an acid or a base are called amphoteric or amphiprotic. 

Eg] Indicators

B/L acids contain H

B/L bases contain an unshared pair of e-

Monoproptic –
1 acidic H eg] HCl

      OO

Diprotic – 
2 acidic H’s eg oxalic acid

HOCCOH

Polyproitc - 
more than one acidic H

Oxyacid
-
acids that contain an oxygen (H’s are on oxygen  EN diff)

Conjugate Acid-Base Pairs

Acid ( conjugate base

Conjugate acid/base pair

Base ( conjugate acid


CN-
+
H2O

HCN
+
OH-

B-base

B-acid

B-acid

B-base



Conjugate acid/base pair

Day 62

R&MN 532 to end of 8.1


P 4-6,8-15,17-19


Q 1-7

Handout - Vital Signs

Acid & Base Strength

A strong acid dissociates completely in water to produce H3O+ (good proton donor)

A weak acid dissociates incompletely in water to produce H3O+ ( poor proton donor)

Eg] of Strong Acids

HClO4 
( H+ + ClO4-
strongest acid known

HCl
( H+ + Cl

HBr
( H+ + Br-



not eq’m so arrow goes one way

HI
( H+ + I-
but all are equally strong

HNO3
( H+ + NO3-
in water

H2SO4
( H+ + HSO4-

Weak acids are eq’m systems because they do not completely dissociate.

Eg]
CH3COOH(aq) + H2O(l)

H3O+(aq) + CH3COO-(aq)
Weak acids are weak because the H is more strongly bonded to the acidic species than in strong acids.

Talk about article

A strong base dissociates completely in water to produce OH-  (good proton acceptor)
A weak base dissociates incompletely in water to produce OH- (poor proton acceptor)`

Eg] of Strong Bases

NaOH
( Na+ + OH-
group 1 metals are soluble

KOH
( K+ + OH-
not eq’m so single arrow

LiOH
( Li+ + OH-
Weak bases are eq’m because they don’t completely dissociate.

Eg] NH3(g) + H2O(l)

NH4+ (aq)+ OH-(aq)
Not all of the ammonia molecules accept an H+ so eq’m is set up.

Equilibria in the Acid/Base System

Review 
SA
(
weak conj base
vice versa


SB
(
weak conj acid

In acid-base reaction the eq’m favours the weak acid and weak base.(think of the SA or SB as a stress on the water system so eq’m shifts to relieve that stress by making the WA and WB)


HClO4  + 
H2O

H3O+ 
+ 
ClO4-
Very

base

acid

base

SA

HClO4 is a stronger acid than H3O+.

so eq’m shifts right

H2O is a stronger base than ClO4-.


HCN
+
H2O

H3O+
+
CN-
WA

base

acid

base

H3O+ is a stronger acid than HCN

so eq’m shifts left

CN- is a stronger base than H2O.

Ion Concentration and pH

Water is amphiprotic so collisions between water molecules can result in acid/base reactions.  This is called the self-ionization of water.


H2O + H2O 

H3O+ + 

An eq’m of H3O+ and  OH- ions

The Keq for the above reaction is given a special symbol  Kw.


Keq = [H3O+][ OH-]


Kw  = [H3O+][ OH-]


[H2O]2  


what’s the conc of water –constant at 55 mol/l

Kw is the dissociation constant or ion product for water (Ksp)

Experimentally in pure water
[H3O+] = 1*10-7
[ OH-] =  1*10-7
So Kw = (1*10-7)(1*10-7) 

Kw = 1*10-14
So for any aqueous sol’n ( [H3O+][ OH-]= 1*10-14
Assume that the [H3O+] and [ OH-] from pure water is very small.  So the [H3O+] (or [ OH-]) for a strong acid (or base) is simply due to the H+ (or OH-) from the acid (or base).

Using Kw we can calculate the [H3O+] and [ OH-] for acid/base systems.

Eg] calculate the [OH-] if [H3O+] is 1*10-3

Kw = [H3O+][ OH-] = 1*10-14

[ OH-] =  1*10-14

= 
1*10-11



 1*10-3
The pH scale  - is a comparison of the concentration of H3O+ ion in sol’n (potency of Hydrogen)

1      2      3      4      5      6      7      8      9      10      11      12     13      14


acidic

neutral

basic

pH is determined by electronic pH meters or chemical indicators. (dyes that undergo colour change as pH changes)


[H3O+] = 10-pH

eg] a pH of 3 has [H3O+] = 1*10-3

pH = -log[H3O+]


pOH = -log[OH-]


pH + pOH = 14
Do sample problems pg 535, 536, 538, 539, 541, 542, 543, 545, 547-549

Day 63

HW
R&MN 8.2-574


P1-10,12,13

Assignment

Solutions of Strong Acids (SA)


HA(aq)
+
H2O(l)

H3O+(aq)
+
A-(aq)
All strong acids and bases are assumed to be completely dissociated into ions (strong electrolytes) in water.  Therefore H3O+ is the strongest acid that exists in aqueous sol’ns.

The strongest base that can exist in water is OH-. Any stronger bases react with water to produce OH-.

Eg]
 O-2 + H2O(2OH-
Solutions of Weak Monoprotic Acids (WA)

A weak acid reacts incompletely with water froming an eq’m system.  The acid dissociation constant, Ka, is used to quantitatively determine the strength of the acid.


HX(aq) + H2O(l) ( H3O+(aq) +   X- (aq)

Keq = 
[H3O+][ X-]
but [H2O] is constant



[HX][H2O]


Ka =
[H3O+][ X-]
the larger the Ka, the stronger the acid (App. C)



    [HX]

Solutions of Weak Bases (WB)

Same as WB  (ZOH) only…


Kb = 
[Z+][OH-]




  [ZOH]

NOW…..

HCN + H2O

H3O+  +  CN-
acid rxn

CN-  +  H2O

HCN +  OH-
conj. base of that acid

Ka = [H3O+][ CN-]
Kb = [HCN][OH-]
[HCN]


[CN-]

cancel

Ka*Kb = [H3O+][ OH-]  but that’s Kw 
So
Kw=Ka*Kb
(this is for acid/conj. base pairs OR base/conj. Acid pairs)

Do examples pg 553, 554, 561, 563-567, 569, 571-57

demo acid/base properties of salts







Day 64

HW
R&MN  574-end of 8.3



P 1-5, 8,9,12



Q1-3,5


Handout – problems using K

Overhead notes – polyprotic acids etc.

At end of lesson do ex pg 575-577, 585-587, 589,590

	
	Acid from
	Base from
	result
	bromothymol blue

	KCl
	HCl (strong)
	NaOH (strong)
	neutral
	green

	K2CO3
	H2CO3 (weak)
	KOH (strong)
	basic
	blue

	NH4Cl
	HCl (strong)
	NH3 (weak)
	acidic
	yellow

	NH4CH3COO
	CH3COOH (weak)

Ka = 1.8*10-5
	NH3 (weak)

Kb=1.8*10-5
	neutral
	green


Bromothymol blue
pH
2-6
yellow

6-7.5 green

7.5-12 blue
Kb=Kw/Ka


Day 65

HW
R&MN 8.5
P 1-3




Q 1-9


Handout – titration curve/problems

Overhead notes - Buffers

Day 66 

HW
R&MN
8.4
P1-9




Q1-10

Titration

(Volumetric Analysis)

Indicators – a weak acid or bae that changes colour depending on pH

Eg]
HPh
+
B-

HB
+
Ph-

Acidic phenolphthalein 




Magenta

       (colourless)

Because of the small Ka the indicator has virtually no effect on the titration.

An indicator should be chosen such that Ka of indicator is equal to [H3O+] at equivalence. ie) the colour change range of the indicator should contain the equivalence point of the titration.


HIn
+
H2O

H3O+
+
In- 

Ka = [H3O+][ In-]

OR
[H3O+] = Ka[HIn]


[HIn]



    [ In-]  

Colour changes when [HIn] is different than [In-].  At the point where these are equal is the equivalence point of the indicator.  At this point Ka=[H3O+].  If we want the equivalence point of the titration to be the same as the indicator the [H3O+] at equivalence from the titration must be the same as the Ka of the indicator.  If you can calculate the approximate pH of the solutiion at equivalence you can choose the correct indicator.

Titration Curves

SA/SB – because they are strong the calculations are straight forward mole to mole ratios.  [H3O+] at any point is a simple calculation.

WA/SB – the weak acid acts as a buffer affecting the pH of the equivalence point and hence the choice of indicator.

Eg] Titarate 50 mL of 0.1M acetic acid with 0.1M NaOH.  Show pH at 1)  before rxn   2)  25 mL added  3)  50 mL added 4)  50.1 mL added.

1) Before

CH3COOH
+
H2O

CH3COO-
+
H3O+


Init        0.1

  0

       0 


  0


Eq’m
0.1-x



       x


  x

Ka = [CH3COO-][ H3O+]
=
1.8*10-5

=
x2
assume x is small


      [CH3COOH]




           0.1-x



x = 1.3*10-3


pH = -log[H3O+]



pH = 2.87

2) at 25 mL added

i) assume complete rxn


CH3COOH
+
  NaOH

CH3COO-
+
Na+
+H2O

5*10-3 moles

  2.5*10-3 moles

Init  
2.5*10-3 mol in 75 mL    
   0

2.5*10-3 mol in 75 mL



0.03333M

  0.03333M


ii) acetic acid eq’m (Buffer – more on this next day)

CH3COOH
+
H2O

CH3COO-
+
H3O+



Init
0.03333




0.03333


Eq’m
0.03333-x



0.03333+x

x



Ka = [CH3COO-][ H3O+]
=
1.8*10-5

=
(0.03333+x)( x)




[CH3COOH]




   (0.03333-x)



assume x is small



x = [H3O+] = 1.8*10-5
(pH=pKa at ½ equivalence point)



pH = -log[H3O+]




pH  = 4.74
Acetic acid buffer 

3) at 50 mL added – equivalence

i)assume complete rxn

no more CH3COOH but 

5*10-3 moles of CH3COO- = 0.05M 

0.1 L

CH3COO-
+
H2O

CH3COOH
+
OH-

Init
0.05


0

0


0


Eq’m
0.05-x




x


x


Kb = Kw = 1*10-14
 = 
5.6*10-10 
= 
[CH3COOH][ OH-]



   1.8*10-5



      [CH3COO-]





5.6*10-10
=
   x2







0.05-x

x = 5.27*10-6 =[ OH-]

pOH = -log(5.27*10-6)

pOH = 5.28

pH = 14 – pOH

pH = 8.72
equivalence point has a basic pH due to buffer action of weak acid.



ie) strong base/weak acid has basic equivalence.


4)  At 50.1 mL NaOH added

0.1 mL * 0.1M = 1*10-5 mol NaOH

[NaOH] = [OH-] = 1*10-5 mol


    0.1001L



= 9.9*10-5 M

pOH = -log[OH-] = 4

pH = 14-4

pH = 10 
buffer is swamped, the excess CH3COO- in sol’n can’t make CH3COOH + OH- because the OH- from NaOH neutralizes the acid.



Estimating pH at Equivalence

Do we need to make a whole titration curve?  NO – We only need pH at equivalence.

Method

a) mass sample 

b) molar mass – just assume your unknown is a given acid

c) moles acid 

d) volume water added to dissolve acid 

e) conc base 

f) volume base needed to neutralize acid 

g) conc of conjugate base

h) Kb (  Kb = Kw/Ka 

i) B-  +  H2O 
  
   HB  +  OH-
j) can calculate [OH-] then pOH and pH

k) choose proper indicator

For endpoint o a monoprotic weak acid/strong base titration see equivalence point calculation from previous titration curve.

What about di (or tri) – protic?

a) 0.6g sample
b) oxalic acid = 90g/mol  H2C2O4
c) 0.00667 moles acid
d) 50 mL H2O added to dissolve acid
e) 0.5 mol/L NaOH
f) n=c*v  (  v=n/c
=
0.00667/0.05
=
0.01334 L but diprotic so we actually need 0.02668L
g) 0.00667/(0.05 + 0.02668) = 0.087 mol/L C2O4-2

h) Kb1 = Kw/Ka = 1*10-14/5.4*10-2 = 1.85*10-13

Kb2 = Kw/Ka = 1*10-14/5.4*10-5 = 1.85*10-10 

This base reaction happens first.

i)  

C2O4-2  +  H2O  

HC2O4-     +  
OH-

I
0.087


0

 0


E
0.087-x


x

 x


1.85*10-10 = x2/(0.087-x)     assume x is small


x = 4*10-6

pOH = 5.4


pH = 8.6


Indicator = phenolphthalein

But the HC2O4- can accept another proton forming more OH-
Let’s assume the worst case scenario and have 100% HC2O4- from the first equilibrium not just the small amount of HC2O4- from the equilibrium of an equilibrium.





HC2O4-  +  H2O  

H2C2O4     +  
OH-

I
0.087


0

0


E
0.087-x


x

x



1.85*10-13 = x2/(0.087-x)
assume x is small

x = 1.27*10-7

this is only a 3% increase in [OH-] from the first equilibrium (x was equal to 4*10-6)and that is with the drastic over assumption of 100% reaction. 

SO… if there are two or more Kb values, use the biggest one to do your estimate of pH at equivalence and if the other Kb values are less by a factor of 100 or more they have no effect on pH.

Back-titration –


All you’ve done is start here, and gone backwards.  The pH at equivalence is the same as for the forward titration.


HW – do (check from you I.S.) the pH at equivalence for all of your I.S. acids and see which indicator should have been used for all of them, even back-titration.

Day 67

Work period for test

Acid base song

Day 68

Work period

  Day 69

Test – Acids and bases

Use overheads or powerpoint presentation?





Do titration and estimating pH at equivalence.
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C2O4-2  +  H2O  		HC2O4-     +  	OH-


				   +


				  H2O





			


				H2C2O4-2


				   +


				 OH-	








_1106214550

