Fish tanks 









Day 42

Take up orgo test

Intro term 2 IS

Objectives

What is eq’m?  Examples…

How far does a reaction go?

FISH TANK DEMO
prep qualitative eq’m lab








Day 43
HW
R&MN
7.1
P  1,4-7




Q  3,4,7-10




Dance hall problem


R&MN 7.2
P 1-7




Q1-4,8

talk about dance hall

What is eq’m?  Examples…

How far does a reaction go?

Chemical Equilibrium

Eg] A+ B ( C + D
What’s happening?  Fwd rxn?Rev rxn?Over time ratef decreases, rater increases.
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Chemical equilibrium is the state where a balance is reached between the rate of the forward and the rate of the reverse reactions.  The two rates are equal at equilibrium.  (B-ball, hockey)
The equilibrium is the result of a reaction being reversible! (Most reaction are reversible, we’ve been lying again!)  As time goes on, [reactants]     So fwd rate 
and [products]
 so rev rate 
At some point they balance out so that there is no NET change in [reactants] or [products].  NOTE: both reactions are still going on but there is no net change in observable properties!! (Dynamic equilibrium) (constantly changing but constantly staying the same)
Eg]  




vs.






H2O

-water evaporates and is taken 


-water evaporates but builds up in 

away from the system 





volume above 

-water keeps evaporating





-water vapour recondenses

-OPEN system




-over time the two rates balance but 






it is a dynamic balance 






-CLOSED system

What happens if temp 
?

Equilibrium is characterized by 
1.    a closed system

2. constant macroscopic properties (observable)

3. dynamic microscopic properties

4. constant temperature

Equilibrium notation



A + B

C+D
eq’m in middle



A + B

C+D
eq’m to right



A + B

C+D
eq’m to left


Examples of eq’m – 1.  Saturated solution


2.  H2(g) + I2(g) 

2HI(g)
Equilibrium concepts are used to control the amount of product achieved in a chemical reaction.

Equilibrium is reached no matter what side of the reaction you start from.

1
A + B

C + D
These eq’m lie at the same point ie][A,B] in 1 is same as [A,B] in 2

2
C + D

A + D

What happens to the eq’m when you disturb it?

Once a system reaches eq’m, it it gets disturbed by something that changes the ratef or rater  such as (adding reactant or product, changing temp) the system re-adjusts.

shift eq’m

new eq’m

No matter where you start the process or how much of the reactant and products you start with the eq’m point is the same! (for a given temp)  3:1 for dance hall if kf=30,kr=10.  What about 50:10?

How can you tell where eq’m point is going to lie?

The position of eq’m depends on the magnitude of the rate constants.


kf=kr

eq’m im middle   

ratio = 1


kf>>>kr

eq’m is to the right
ratio > 1


kf<<<kr

eq’m is to the left

ratio < 1

Try all sorts of combinations with your dance hall problem ie] change kf,kr and [Initial ] 

This ratio is called Keq  and it measures how far a reaction will go


Keq    = 
kf

big Keq 
= complete reaction



kr

small Keq= incomplete reaction

Prep qualitative lab

Fe+3 + SCN-

FeSCN+2  (red)

your supposed to figure this out in the lab 

but it’s difficult

Eq’m is achieved very quickly

Clean, dry glasware – why?

Qualitative eq’m lab 








Day 44

Take up Dance Hall problem

Qualitative eq’m lab – Lab is great for a shortened day as the lab itself only takes 25 min.

Take up lab before end of period

Day 45

video, prep quantitative lab









Prep quantitative lab

Labs are going to be marked more strictly now that it is second term

R&MN
7.3
P 1-4,6,7



Q2-6,10



Handout – The N-bomb

LeChatelier’s Principle

If a system in eq’m is disturbed, the system will react so as to relieve that disturbance OR  the concentrations will change so as to maintain the Keq value (if T is constant)

How do we disturb a system?

To disturb a system we must do something that will affect the rate of the forward and/or the rate of the reverse reaction such as change [ ], change T, change Pressure(if gases are involved).  The system will react so as to minimize that stress.

[  ] - shifts equilibrium so that Keq is the same (same kf and kr)





T, P - new Keq as kf and kr change

Eg] change in concentration


H2(g)
+
I2(g)

2HI(g)

Init
1.00

1.00

0
mol

Eq’m
0.22

0.22

1.56

Disturb
1.22

0.22

1.56
what is going to happen? Why?

Eq’m
1.07

0.07

1.86
(note to teacher – the Keq values here are not the 

same due to rounding error)

Eg] change in volume (or pressure)

When an eq’m involves gases an increase in pressure due to volume change (what’s the other way to increase pressure?) will push the reaction towards the side with less gas molecules and vice versa for a decrease in pressure.


N2(g)
+
3H2(g)

2NH3(g)
Haber Process

Init
1

3

0
mol

Eq’m
0.5

1.5

1

Increase pressure by decreasing volume

Eq’m
0.1

0.3

1.8

Decrease pressure by decreasing volume

Eq’m
0.2

0.6

1.6

Eg] changing temp

Increasing T pushes the reaction in the endothermic direction while decreasing T pushes reaction in the exothermic direction

Can think of energy as a product or reactant and increasing T increases that energy term that then needs to be offset by the eq’m –all this happens at a new Keq

N2(g)
+
3H2(g)

2NH3(g)

+
Heat

Init
1

3

0



mol

Eq’m
0.5

1.5

1

Increase temp – what happens?

Eq’m
0.75

2.25

0.5

Decrease temp – what happens?

Eq’m
0.1

0.3

1.8

How would a catalyst affect eq’m point?

A simple catalyst only affects how fast eq’m is achieved but it does not affect the position of eq’m because the catalyst affects both ratef and rater the same. Other catalysts may affect eq’m but we’ll go with this idea.

LeChatelier’s principle is the main idea behind controlling the amount of product and efficiency of chemical reactions.  By knowing some properties of the chemical system, LeChatelier’s principle can be applied to maximize output of the desired product. 

equilibrium and relationships….

Boy

Girl

Or

Boy  +  Girl

relationship

Video 
1 – Steady Unsteadiness


2 – Dynamic equilibrium


3 – Reaction Kinetics

quantitative eq’m lab








Day 46

Quantitative lab – Spectrophotometer?



Overhead projectors?



Computer

Spreadsheet is called Spectrophotometry lab – this is in excel

Or spreadsheet is called EXP 10-5 (for old procedure)

Day 47

Talk about lab – take up 1 set of calculations



Which constant is useful?

HW equilibrium problems handout

The Equilibrium Constant

Given the following balanced reaction…




aA + bB

cC + dD

If elementary then 


ratef =kf [A]a[B]b

rater =kr[C]c[D]d
but at eq’m rf=rr
so…


kf [A]a[B]b = kr[C]c[D]d

but


kf 
= 
Keq
=
[C]c[D]d

kr



[A]a[B]b

If not elementary???

Eg]
H2(g) + I2(g) 

2HI(g)

If elementary then Keq =  
   [HI]2



[H2][I2]

but if mechanism is

I2

2I

Keq1 =  [I]2




            [I2]

I + H2

H2I

Keq2  = [H2I]





          [I][H2]
I  +  H2I

2HI

Keq3 =  [HI]2




          [H2I][I]

H2(g) + I2(g) 

2HI(g)

Since the reactions add  up to the desired reaction then multiplying Keq1*Keq2*Keq3 just guves us another constant that we will call Keq for the overall reaction.

Keq1*Keq2*Keq3 =  [I]2 * [H2I] * [HI]2


[I2]   [I][H2] [H2I][I]


Keq  =       [HI]2
( same as before


  

[H2][I2]

So in general, for elementary or non-elementary reactions

aA + bB

cC + dD

Keq
=
[C]c[D]d

These must be eq’m concentrations.





[A]a[B]b
Temperature and Keq
How does increasing Temp affect fwd and rev reaction?

Changing temperature has different effects on the rate of fwd and rate of rev reactions.  These different effects result in different kf and kr and hence different Keq at different temps.  So every Keq value must have a temp associated with it.  BUT at a given temp the Keq value is always the same so disturbing the system will have a predictable effect! OR  - At a given temperature when the concentration of one participant is changed the concentrations of the others vary in such a way as to maintain a constant value for Keq.

Keq and Stoichiometry

The Keq value depends on the form of the balanced reaction.

Eg] at 448’C



H2 
+ 
I2

2HI

0.22

0.22

1.56

Keq 
= 
  [HI]2
=
50.28



[H2][I2]

but

2H2 
+ 
2I2

4HI

Keq 
= 
  [HI]4
=
2528.18

or  (50.28)2


[H2]2[I2]2
When stoichiometry is doubled, Keq is squared?

Reverse reaction…Keq
= 
[H2][I2]
=
0.01988 

or   (50.28)-1




  [HI]2

Keq is inverted.

Since a larger value for Keq means a more complete reaction we must be sure we compare the same stoichiometry before comparing Keq
Day 48

Lab due

Talk about Q as a trial Keq we just can’t call it that.

Do sample problems pg 464,465,467,469,470,472 (chemistry math assumption),476,478

Video #
4 – Reaction tendencies


5- Eq’m constant


6- Haber

HW R&MN 
7.4  P3,4

7.5  P1-10



Q     1-8

Day 49

Lab test – eq’m

Start next day’s lessons

un, sat, super sol’ns, 
qualitative lab 





Day 50 & 51

Check progress of term 2 IS – review dates

HW
R&MN
7.6
P1-12




Q1-11, 12,13 tell me what’s wrong with these.




handout – types of eqn’s 

handout – solubility problems

Objectives

A solute dissolved in a solvent produces a solution – solute gets dissolved, solvent does the dissolving.  This is NOT a chemical change.
Heterogeneous mixture – Two or more phases (visible sections) eg] salad dressing

Homogeneous mixture -  one phase – also called solutions

Eg] 
salt water

solid/liquid

   
beer(alcohol/water)
liquid/liquid


air (N2/O2 etc)

gas/gas


brass (Cu/Zn)

solid/solid


pop (CO2/H2O)

gas /liquid


foams


gas/solid

Miscible – soluble in all proportions


Eg]
beer – 5% alcohol in water



wine – 7-12% (yeast kills itself)



liquor (distilled) – 40-80 proof = 20-40%



Jamaican rum – 100-140 proof



Overproof – 180-190 proof

Electrolytes  - solutions that conduct e- due to the presence of dissolved ions

Strong electrolyte – a solute that dissolves into only ions and is very soluble ie] sugar dissolves completely but is not an electrolyte while salt dissolves completely into Na+ and Cl- 

Weak Electrolyte – a solute that dissolves only into ions and is only slightly soluble.

How do we know which are only slightly soluble? – General Solubility Rules – or pg 801

Demo un, sat, supersaturated solutions.  Which is eq’m?

Ksp – The Solubility Product Ion

(special case of Keq – NOT solubility)

Saturated solutions are eq’m situations and the Ksp is just a special case of Keq.(dogs - poodle or rottweiler)
Eg]
AgCl(s)

Ag+ + Cl-
Keq = [Ag+][Cl-]

but [AgCl(s)] does not change because it is solid.  It is a constant that

           [AgCl(s)]

can be incorporated into the Keq value.

Ksp = [Ag+][Cl-] 

This Ksp value sets out guidelines telling us when precipitates will form.  It is just reversing the eq’m rxn.

Eg] Ksp of AgCl is 1.8*10-10 at 25’C.  This means that as long as [Ag+] multiplied by [Cl-] is less than 1.8*10-10 no precipitate will form.  If the multiple (product has two meanings here) of the concentrations is greater than 1.8*10-10 then a ppt does form  ie) we get a shift to the left.

See table pg 801

IT DOES NOT MATTER WHAT THE INDIVIDUAL CONCENTRATIONS ARE, ONLY THAT THE PRODUCT IS GREATER THAN Ksp.

Eg] Ag(CH3COO)
Ksp = 1.9*10-3

Ag(CH3COO)

Ag+ + CH3COO-

If  [Ag+] * [CH3COO-] > 1.9*10-3 ( ppt


     [Ag+] * [CH3COO-] < 1.9*10-3 ( no  ppt


Eg] CaF2 

Ca+2 + 2F-

Ksp = [Ca+2 ][ F- ]2 = 3.9*10-11

If [Ca+2 ][ F- ]2 > 3.9*10-11 = ppt

    [Ca+2 ][ F- ]2 < 3.9*10-11 = no ppt

Do example pg 485

The Common Ion Effect

Given

AgBr(s)

Ag+(aq) + Br-(aq)
What happens if we add Ag+ or Br-?

Upon addition of Ag+ or  Br- the eq’m shifts left

Tell me about the solubility of AgBr is the following…







vs.

Common ion effect – in a solution that contains one of the ions that is supposed to be produced the solubility is reduced as compared to pure water.  (Pre-shift in eq’m)

Eg] Find the solubility of Ag2CO3 in 
a)  pure water

b)  0.1M Na2CO3
a) ?

b)
Ag2CO3

2Ag+ + CO3-2
Init
excess

0
0.1 (completely soluble)

Eq’m
excess-x

2x
0.1+x

Ksp 
= [Ag+]2[CO3-]



8.4*10-12 = (2x)2(0.1+x) 

assume x is small

8.4*10-12 = (2x)2(0.1)

8.4*10-12 = 0.4x2 + 4x3 (ouch!)
compared to 0.1


8.4*10-12 = 0.4x2 








x = 4.582*10-6
Check x is small – less than 5% of what it was compared to.

Since these are all concentrations then x is the solubility.

Solubility of Ag2CO3 in 0.1M Na2CO3 = 4.582*10-6 mol/L.

Solubility rules can be applied in order to determine the ppt that results from a ppt reaction.

Eg] AgNO3(aq) + NaCl (aq) ( ppt???

Possible products are AgCl    (Ksp = 1.8*10-10
 or NaNO3 ( Ksp = BIG – nitrates are soluble


so if a ppt occurs it is AgCl.

Knowing the value of Ksp and the concentrations of ions in solution we can predict if a ppt will occur by doing the Ksp calculation (call it Q) and seeing if the value is higher or lower than the actual Ksp.

Do examples pg 488, 491

Can also find how much ppt – I’ll let you think about that.

Prep qualitative lab

Qualitaitve lab,  hot and cold pop






Day 52

Do Qualitative lab – identifications in 35 min – check with me

Do not do a quantitative lab – just give quantitative question based on number of drops etc for PbI2




- an old lab test would be good!

Solubility of Gases

Think…





Vs.

Gas in closed container


Gas in solution (pop)

Entropy – high



low

Enthalpy – high



low

So entropically unfavourable but energetically favourable so….

CO2(g)


CO2(aq)   + Heat

What happens when you heat a can of Coke? It forces the gas out and goes flat.






But if it was sealed it goes boom






oxygen in water & fish in winter

Explosives NI3,  Endo – Ba(OH)2, NH4SCN (or NH4NO3)




Day 53
Do not do a lab – just give quantitative question based on number of drops etc for PbI2



an old lab test would be good!

Thermodynamics and Equilibrium

What are the two natural drives in the universe?

Reactions can be 
exo, spontaneous





exo, non-spontaneous
can this be explained?  THERMODYNAMICS



endo, spontaneous



endo, non-spontaneous

Thermodynamics – the study of heat transfer

First Law of Thermodynamics – Conservation of mass/energy – the total amount of energy in the universe is constant – energy can’t be created or destroyed.

The formation of chemical bonds is a lowering of potential energy.  Therefore the molecule is more stable than the free atoms that make it up.

Bond Energy – minimum energy required to break bonds

· measures stability (see chart pg 495) add in N=N ( 940kJ/mol

      N-I    (155kJ/mol


Talk about explosives.  What element does each contain?  TNT, Nitroglycerine, Diesel/fertilizer

Demo NI3 

Break bonds – endo
Form bonds – exo 

Usually exo reactions proceed spontaneously because the heat released bumps other reactants over the Ea.

Usually endothermic reactions are non-spontaneous but some are…

Demo endo rxn

How can an unstable product be formed spontaneously?

Entropy – the second natural drive in the universe can overcome the first ( lower energy – get a student to stand on one leg)

Second Law of Thermodynamics – all changes increase the entropy of the universe.Talk about plate falling.

Enthalpy = ΔH
Entropy   = ΔS

Enthalpy AND entropy determine spontaneity.

Eg] salts ( 
 solid – highly ordered crystal



Dissolved – dissordered solute (this drives the process in endo reactions)

Entropy 
(  solid<liquid<gas

Look at summary pg 497

Do sample pg 498
Now



exo with   S ( very spontaneous

exo with   S (  may be spontaneous if       S is not too big

endo with   S ( may be spontaneous if     S is big enough

endo with   S ( non-sponataneous.

How do we know? 


Gibbs free energy – work through demo pg 499, copy blue box at bottom

ΔG = ΔH-TΔS
can predict spontaneity – NOT rate



if ΔG is –ve 

spontaneous



if ΔG is +ve

non-spontaneous




Try this pg 503

Third Law of Thermodynamics – the entropy of a perfectly ordered pure crystal at 0 K is 0.





OR S=0 at T=0 K

See table pg 503 or Appendix C

ΔSo     =     ΣnpSoprod     -     ΣnrSoreact



ΔS for reaction

# moles    absolute entropy value
  # moles      absolute entropy value


Do sample problems pg 506-507

What is ΔG = 0?
Equally spontaneous forward and reverse ( EQUILIBRIUM

But if ΔG = 0   then    
0 = ΔH-TΔS




T= ΔH



      ΔS

T represents the temperature when eq’m will be reached for the given reactants and products.  If the reaction is a phase change (freezing, boiling etc.) then this eq’m can tell us what temp systems will freeze or boil at.  (only an estimate because ΔH and ΔS values are at 25oC not necessarily at the temp of the phase change.)

Why put salt in water when boiling?

Why put salt on ice?

Reread 7.7

Day 54

WP for 7.7
R&MN
7.7 do all P&Q

Day 55

Work period 

Day 56

Test Equilibrium and Ksp




   H2O





� EMBED PBrush  ���





1 L of 5 mol/L Ag+





1L of pure water 
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ΔG	= 	ΔH	- 	TΔS


	=	-	-	+	very neg


	=	-	-	-	neg if ΔS small


	=	+	-	+	neg if ΔS big


	=	+	-	-	always pos.	








_1105695042

