Day 26
	Time
	

	20
	Take up test

	
	Significant digits, Scientific notation

Quiz Sig. dig etc. in two days


Dimensional analysis – carry your units through your calculation.

eg]  d=120 km


t = 
d

or
 
t = 
v

v = 50km/hr


v




d







km




km/hr







km/hr



km






=
hr




1/hr

Conversion factors – multiply by 1

eg]
100 km
*
1000m
*
1hr

= 
27.7m/s



hr

  1 km

3600s

Problem solving – use logic to see if your answer makes sense – units and value.

eg] What is the mass of the school?

10 000 kg   10 000 000 kg  10 000 000 000 kg
10 000g
Scientific Notation – Powers of  10 are used to move a decimal place.

Ex)
1.7*103  = 1700  vs.  1.08*10-4 = 0.000108

Try ( 1.7*104 * 2.4*106 = 4.08*1010
How do you take proper measurements?

Measurements – measure all known digits plus one guess



           







certain    
    uncertain


 






   significant

Significant digits are those with meaning, not just place holders.

Add/Subtract - Put bars on uncertain digits


-  Keep bars on answer

· Answer should have all certain plus one uncertain

· Round properly


  11




+27.2

38.2 (  38

Multiply/divide – answer should have as many significant digits an number with least significant digits being operated on.

Rounding 


1-truncate if next digit is less than 5

2-If next digit is 5 or higher, round up (0.51, 0.6, 0.7, 0.5000001)

3-If next digit is 5 only then -round up if preceding digit is odd






   -
truncate if preceding digit is even

Why? Long strings of numbers would become very wrong.

Go through handout together.

HW - 
finish handout


Significant Digits

Every scientific measurement is associated with some degree of uncertainty. For example, a pencil was found to be 213.5 mm long.  If the ruler used to measure this is marked in millimeters, the   .5  represents a point between two lines on the ruler and is therefore only an estimate.  We are really estimating that the pencil is 213.5 mm long.  It could really be anywhere from 213.3 mm to 213.7 mm.  We can’t tell for sure because the instrument we are using to measure it only gives us accuracy to the nearest millimeter.  The pencil is definitely 213. mm long (we can read that much on the instrument) and maybe up to 213.7 mm long.  The 213 is known for sure (certain) and the   .5 in not known for sure (uncertain).  Significant digits are those digits that are certain plus one uncertain digit.  231.5 has 4 significant digits made of three certain digits and one uncertain digit.

Significant digits carry meaning.  Reporting more digits than are significant is implying more knowledge than you have and thus a lie.

Rules for Determining the Number of Significant Digits:

1.  All digits 1-9 are significant.  If they are written they must be true and meaningful.  The only digit that causes problems is 0.  When is 0 a meaningful number (significant) and when is 0 just a place holder (insignificant)

ex.  12.57  (  4 SD

134.567  (  6 SD

7 (  1 SD

2.  All 0’s between two significant digits are significant.  They represent the number 0 not just a place holder 0.

ex.  101.903 ( 6 SD

100.2  (  4 SD

2011  (  4 SD

3.  Any 0 printed to the right of a non-zero digit is significant unless it/they are used merely as place holders.  Usually a decimal is used to indicate significance.

ex.  500.  (  3 SD


500 (  1 SD

4.  Any 0’s to the left of significant digits serving only to locate the decimal place are not significant.

ex.  0.0005  (  1 SD


0.00053  (  2 SD


       0.00050  (  2 SD


1.0050  (  5 SD
Operations and Calculations Involving Significant Digits

1.  Addition & Subtraction

Place bars on uncertain digits.  Carry the bars through the calculation.  Report all unbarred (certain) plus one barred (uncertain) digit.


ex.
64.08



- 4.17



+6.1



66.01  (   66.0  (  66.0

2.  Multiplying & Dividing

The answer must have the same number of significant digits as the value with the least number of significant digits in the question.


ex.
16.4 * 3.8 =   62.32  (  62


ex.  
10 / 3.1  = 3.225806452  (  3

3.  Infinite significance

Numbers with infinite significance do not affect the number of significant digits. (ex.  dozen, 2 groups, 3 times as big – ask yourself, was the number a measurement which has uncertainty ( 3 cm ) or a given number that has infinite certainty ( 3 piles ).  When you count a dozen of something there is no estimating involved.  Either you have a dozen or you don’t.


ex.
101 divided into 3 piles = 33.66666666666666666666  (  33.7

4.  Multiple Operations

Remember order of operations – BEDMAS !  When performing multiple operations carry extra significant digits while doing the calculation but keep track of how many significant digits there should be.  Report the final answer with the proper number of significant digits.

ex.  15.5 *3.1 + 1.2

       3 SD  2 SD =  48.05




  + 1. 2








   49. 25 (  49


  

Excercises
1.  How many significant digits?  Re-write each example in proper scientific notation.

a)  197


b)  0.6178


c)  0.61780

d)  6.080


e)  0.050


f)  20.

g)  5.0320


h)  0.000200

i)  70.70

j)  25.00


k)  600


l)  789832

2.  Perform the following calculations and express your answer with the correct number of significant digits and in scientific notation.

a)  0.21  +  4.33  +  0.008


b)  134.8  +  2.05  -  13

c)  14.896  -  2.42  +  4.60


d)  0.50/4.12

e)  4.18 * 0.051960



f)  2 * 6.3 – 0.001

g)  (17.04  -  3.135) / 0.25 * (5.0  +  1.10)

h)  (20.01  *  1.021) / 0.0510

j)  120.90g / 12 eggs

Day 27
	Time
	

	
	take up Sig. dig. handout

	
	Prep law of constant composition lab (% Comp MgO)

	
	R+MN    4.1 – P # 4-7,  Q # 1

             4.2 – P# 3,6,7,8,10,11

             Isotopes handout


SCH 3UI – Isotopes

1.  A natural sample of gallium consists of two isotopes of mass numbers 69 and 71 with abundances of 60.16% and 39.84% respectively.  What is the average atomic mass of gallium?

2.  Bromine has two stable isotopes.  79Br at 50.59% abundance and 81Br at 49.31% abundance.  Calculate the average atomic mass of bromine.

3.  Silicon has three stable isotopes.  Calculate the average atomic mass.

28Si @ 92.23%
29Si @ 4.67%
30Si @ 3.1%

4.  Calculate the average atomic mass of each.


a)  6Li @ 7.42%  

7Li @ 92.58%


b)  10B @ 19.78%

11B @ 80.22%


c)  12C @ 98.89%

13C @ 1.11%


d)  20Ne @ 90.92%

21Ne @ 0.257%
22Ne @ 8.82%


e)  24Mg @ 78.7%

25Mg @ 10.13%
26Mg @ 11.17%


f)  32S @ 95%

33S @ 0.76%
34S @ 4.22%

g)  50Cr @ 4.35%

52Cr @ 83.79%
53Cr @ 9.5%
54Cr @ 2.36%

5.  Antimony has two stable isotopes:
121Sb and 123Sb.  Calculate the relative abundances of the two isotopes.  The average atomic mass of antimony is 121.75.

________________________________________________________________
SCH 3UI – Isotopes

1.  A natural sample of gallium consists of two isotopes of mass numbers 69 and 71 with abundances of 60.16% and 39.84% respectively.  What is the average atomic mass of gallium?

2.  Bromine has two stable isotopes.  79Br at 50.59% abundance and 81Br at 49.31% abundance.  Calculate the average atomic mass of bromine.

3.  Silicon has three stable isotopes.  Calculate the average atomic mass.

28Si @ 92.23%
29Si @ 4.67%
30Si @ 3.1%

4.  Calculate the average atomic mass of each.


a)  6Li @ 7.42%  

7Li @ 92.58%


b)  10B @ 19.78%

11B @ 80.22%


c)  12C @ 98.89%

13C @ 1.11%


d)  20Ne @ 90.92%

21Ne @ 0.257%
22Ne @ 8.82%


e)  24Mg @ 78.7%

25Mg @ 10.13%
26Mg @ 11.17%


f)  32S @ 95%

33S @ 0.76%
34S @ 4.22%


g)  50Cr @ 4.35%

52Cr @ 83.79%
53Cr @ 9.5%
54Cr @ 2.36%

5.  Antimony has two stable isotopes:
121Sb and 123Sb.  Calculate the relative abundances of the two isotopes.  The average atomic mass of antimony is 121.75.

Day 28
	Time
	

	10
	Quiz – Sci not, Sig.dig etc

	
	Law of Constant Composition Lab – Pg 180

· full report

· group results next day

· % Mg = mass Mg   * 100%

                mass MgO

-  % O = 100 - %Mg

	
	Why add H2O?  Mg + air ( MgO + Mg3N2
                  but  Mg3N2 + H2O and heat (  MgO


Day 29
	Time
	various mole examples

	
	talk about lab – class results - due tomorrow

	
	Notes – Mole, Av #, molar mass, mole triangle.

	
	HW – R+MN  4.3 – P1-13, Q2-5   two days for these 

                     4.4 – P1-14,  Q1-5

mole worksheet

Why is Oct 23 at 6:02 am Mole day?  6.02 * 1023  oct=10


The Mole

What isn’t a mole? – not a fuzzy animal

· not a russian spy

· not a big freckle
The mole is a special number (like century, pair, dozen or gross) that is useful in chemistry.  What number would be useful?

· does atomic mass really mean that much to you?

· what is we pick a number (a conversion factor) that gets rid of AMU and replaces it with grams.

· we measure grams all the time – that number would be useful!

· but how many grams do we want to convert the AMU into?  

· How about the number of grams = the number of AMU?

The mole is the number of atoms necessary to change the atomic mass units into gram mass.  Since all atoms are made of the same parts (P,N & e-) this concept applies to all atoms.

eg]  1 H atom ( 1.00794 amu
1 mol of H atoms ( 1.00794g

       1 N atom ( 14.00674 amu
1 mol of N atoms ( 14.00674g
Demo mole amounts of various elements?

Note how they are NOT the same amount!!

The number that a mole represents is 6.022*1023.

Write this number out long form!

6.022*1023 atoms of any element will have a mass equal to the amu mass but in grams!  The mole concept is based on the 12C isotope because it was available in high purity at the time.

Mole – the quantity of a substance which contains the same number of units as there are atoms in exactly 12g of 12C.  This number is called Avogadro’s number = 6.022*1023.

Molar mass – the mass of 1 mole of a substance.  It can be found using the amu on the PT because we know they convert directly to grams.

eg]

item


Molar mass



H



C



N



O



F



Pb



H2O



CO2


C6H12O6
The Mole Triangle.

( molar mass






* 6.022*1023


* molar mass


(6.022*1023

Do Fun with numbers

Do sample problems in sections 4.3, 4.4

Day 30
	Time
	Jelly beans in bags

	15
	pick up labs – mark in class?? –lab quiz??

	15
	take up HW at board

	20
	Note - % composition

	
	HW – R+MN 4.5  P # 1-3,4a,5-8    Q # 1-5

finish last day’s questions

mole quiz tomorrow


Percentage Composition – a measure of the percentage of the molar mass contributed by each element expressed as a percentage.

What percentage did you get on the last test?  What does that mean?  You know ____ % of the material tested.

What is the percentage male to female in the room?

Do % compositon for LSD = C20H25N3O

Go through sample problems section 4.5

Do % jelly beans by colour!  (each bag has 10 or so jelly beans)

Day 31

	Time
	

	
	work period mole, % composition 

	
	quiz tomorrow

	
	

	
	


Day 32
	Time
	

	15
	Mole Quiz – mark in class

	
	Notes – EF, MF

	
	R+MN  4.6 – P # 1-5

            4.7 – P # 1-6,8-10,14,15    Q # 1-6


Empirical & Molecular Formula

In real life we often don’t know what a compound is but we do have the ability to break a compound apart and determine how much of each element is there.  Thus we can determine % composition.  This can help us find the chemical formula.

Empirical Formula – the simplest chemical formula for a compound showing only the whole number ratio of each element.

eg]  sugar
C6H12O6

-  actual molecular formula




CH2O

- empirical formula


The analysis of the unknown substance “sugar” would come up with the empirical formula CH2O but we would have no way of knowing if the compound were CH2O,  C2H4O2,  C3H6O6 etc.

Percentage Composition to Empirical Formula
Remember this…

Percent to Mass






Mass to Moles






Divide by Small






Multiply ‘til whole

eg]  In a compound we find 5.9% H and 94.1% O.  Find EF.

	a)  assume 100g
	5.9g H
	94.1g O

	b)  # of moles
	( 1g/mol = 5.9 mol
	( 16g/mol = 5.9 mol

	c) divide by smallest number of moles
	1
	1

	d)  multiply ‘til whole
	1:1

	so the empirical formula is HO


eg]  2.2% H, 26.7% C, 71.1% O

eg]  20% N, 45.7% S, 34.3% O

Molecular formula – the actual number of atoms of each element in a compound.

To get from EF to MF we only need to know the molar mass.


MF
=
EF
MF mass






EF mass

This ratio should always be a whole number ration.  It tells us how many EF are in the MF.

eg]  
EF = CH2O

MF mass = 180 g/mol


EF mass
1C  =  12

So…   MF=  CH2O * 180




2H  =  2





   3




1 O =  16


  MF=  CH2O* 6





  30


  MF
=  C6H12O6
Sample problem 3 page 192

Day 33
	Time
	

	
	take up HW

	
	

	
	WP for chapter 4 – finish all assigned questions

                             - do Chpt 4 review pg 199


Day 34
	Time
	

	
	take up HW

	
	It is absolutely essential that we know the products of a reaction before we can balance it.

Try to solve this   3x  +  2 =

you can’t because you don’t know what it is equal to

	
	Use handouts to predict products!

	
	


Types of Chemical Reactions

Classify each of the following by reaction type.  You should end up with 4 reactions for each of the 5 types of reactions.

	TYPE
	Reaction
	Balanced Reaction

	
	Mg  +  O2  (  MgO
	

	
	HgO  (  Hg  +  O2
	

	
	KClO3  (  KCl  +  O2
	

	
	Fe + CuSO4  ( FeSO4 + Cu
	

	
	HCl + NaOH (NaCl + H2O
	

	
	CH4  +  O2  (  CO2  +  H2O
	

	
	Fe  +  S  (  FeS
	

	
	CaCO3  (  CaO  +  CO2
	

	
	C2H2  + O2 ( CO2 + H2O
	

	
	Mg + NiCl2 ( MgCl2 + Ni
	

	
	Na  +  Cl2  (  NaCl
	

	
	KI+Pb(NO3)2( PbI2+KNO3
	

	
	C  +  Fe2O3  (  Fe  +  CO2
	

	
	C2H6   +  O2  (  CO2  +  H2O
	

	
	NH3  +  H2O  (  NH4OH
	

	
	Ca + H2O ( Ca(OH)2 + H2
	

	
	C6H6  +  O2  (  CO2  +  H2O
	

	
	(NH4)2S  (  NH3  +  H2S
	

	
	MgSO4+BaBr2(BaSO4+MgBr2
	

	
	FeCl3+Na2S(NaCl +Fe2S3
	


Chemical Reactions – Set 1

	
	Description
	Balanced Reaction
	Type

	1
	Hydrogen gas and chlorine gas form hydrogen chloride
	
	

	2
	Sulphuric acid reacts with sodium hydrogen carbonate to give carbon dioxide, water and sodium sulfide
	
	

	3
	Barium nitrate and sodium sulphate react to form barium sulfate and sodium nitrate
	
	

	4
	Ethane gas (C2H6) burns in oxygen to produce water and carbon dioxide
	
	

	5
	Nitrogen and hydrogen make nitrogen hydride
	
	

	6
	Lead (IV) oxide is heated to give lead (II) oxide plus oxygen
	
	

	7
	Silver nitrate and sodium chloride react to give silver chloride and sodium nitrate
	
	

	8
	Potassium plus water gives hydrogen plus potassium oxide
	
	

	9
	Zinc plus copper (II) nitrate yields zinc nitrate plus copper
	
	

	10
	Chlorine gas plus sodium iodide gives sodium chloride plus iodine
	
	

	11
	Sodium chloride plus electricity gives sodium plus chlorine
	
	

	12
	Hydrogen nitrate plus sodium hydroxide gives sodium nitrate plus water
	
	

	13
	Sulphur dioxide plus water gives hydrogen sulphate
	
	

	14
	Hydrogen phosphate plus magnesium hydroxide gives water plus magnesium sulphate
	
	

	15
	Magnesium plus water gives hydrogen plus magnesium oxide
	
	

	16
	Calcium carbonate plus hydrogen chloride gives carbon dioxide, water and calcium chloride
	
	

	17
	Gasoline (C8H18) burns in oxygen to produce carbon dioxide plus water
	
	

	18
	Iron (III) chloride reacts with calcium to give calcium chloride plus iron
	
	

	19
	Copper plus sulfur gives copper sulfide
	
	

	20
	Hydrogen sulfide plus arsenic (III) chloride gives hydrogen chloride plus arsenic (III) sulfide
	
	

	21
	Aluminum iodide is heated to give aluminum plus iodine
	
	

	22
	Calcium carbonate plus hydrogen sulfate gives carbon dioxide, water and calcium sulfide
	
	

	23
	Hydrogen sulfate plus potassium hydroxide gives water plus potassium sulfate
	
	

	24
	Iron plus oxygen forms Fe2O3
	
	

	25
	Sulfur burns in oxygen to produce sulfur dioxide
	
	


Chemical Reactions – Set 2

one product missing – complete the reaction, balance, give type

	
	Description
	Balanced Reaction
	Type

	1
	Lead reacts with hydrogen bromide to give hydrogen and…
	
	

	2
	Propane (C3H8) burns in oxygen to produce carbon dioxide and…
	
	

	3
	Aluminum plus bromine react to give…
	
	

	4
	H2O2 reacts on its own to produce water and…
	
	

	5
	Barium plus water give barium oxide plus…
	
	

	6
	Bromine plus calcium iodide gives calcium plus…
	
	

	7
	Butane (C4H10) burns in … to produce carbon dioxide and water
	
	

	8
	Sodium oxide plus water gives sodium hydroxide plus…
	
	

	9
	Magnesium plus hydrogen phosphate gives hydrogen plus…
	
	

	10
	Silver oxide is heated to give silver plus…
	
	

	11
	Calcium hydroxide plus hydrogen nitrate gives water plus…
	
	

	12
	Diphosphorous trioxide plus water gives hydrogen phosphate plus…
	
	

	13
	Arsenic (III) oxide is heated to give oxygen plus…
	
	

	14
	Calcium plus water gives calcium oxide plus…
	
	

	15
	Aluminum plus hydrogen sulfate give hydrogen plus…
	
	

	16
	Tin (IV) nitrate plus sodium hydroxide gives tin (IV) hydroxide plus…
	
	

	17
	Hydrogen plus copper (II) oxide gives oxygen plus…
	
	

	18
	Sulfuric acid plus magnesium carbonate gives water plus magnesium sulfide plus…
	
	

	19
	Ethane (C2H6)burns in oxygen to produce carbon dioxide plus…
	
	

	20
	Sodium plus water gives sodium oxide plus…
	
	

	21
	Hydrogen chloride plus iron gives hydrogen plus…
	
	

	22
	Calcium chloride plus potassium carbonate gives calcium carbonate plus…
	
	

	23
	Potassium carbonate is heated to produce potassium oxide and…
	
	

	24
	Nitrogen plus water gives nitrogen monoxide plus…
	
	

	25
	Calcium plus hydrogen chloride gives hydrogen plus…
	
	


Chemical Reactions – Set 3

Challenge - all products missing – complete the reaction, balance, give type

	
	Description
	Balanced Reaction
	Type

	1
	Iron (III) sulfate plus calcium nitrate
	
	

	2
	Chlorine plus ammonium iodide
	
	

	3
	Sodium plus iodine
	
	

	4
	Zinc plus copper(II)nitrate
	
	

	5
	Hydrogen chloride plus potassium hydroxide
	
	

	6
	Methane (CH4) burns in oxygen
	
	

	7
	Lithium plus water
	
	

	8
	Iron plus hydrogen chloride
	
	

	9
	Mercury (II) oxide is heated strongly
	
	

	10
	Calcium carbonate plus hydrogen chloride
	
	

	11
	Sulfur dioxide plus water
	
	

	12
	Sodium bicarbonate plus hydrogen chloride
	
	

	13
	Hydrogen gas burns in oxygen
	
	

	14
	Ammonium sulfate plus barium nitrate
	
	

	15
	Hydrogen sulfate plus aluminum hydroxide
	
	

	16
	Acetylene (C2H2) burns in oxygen
	
	

	17
	Magnesium plus water
	
	


Day 35
	Time
	

	
	Quiz - % comp, EF, MF

	
	WP – for predicting rxns and balancing


Day 36
	Time
	

	
	

	
	Notes – Relating the Mole to Chem. Equations

	HW
	R+MN  5.1, 5.2

handout - Stoichiometry


Relating the Mole to Chemical Equations

What do the coefficients of balanced equations mean?

1 CH4  +  2 O2  (  1 CO2  +  2 H2O

On the simplest level this means that 1 molecule of CH4 reacts with 2 molecules of O2 to give 1 molecule of CO2 and 2 molecules of H2O.

BUT… it is very difficult to count single molecules so… what unit can we deal with instead of single molecules – we use “moles”.

1 mole of CH4 reacts with 2 moles of O2 to give 1 mole of CO2 and 2 moles of H2O.

Does 1 gram of CH4 reacts with 2 grams of O2 to give 1 gram of CO2 and 2 grams of H2O????? Convert each of these to number of particles to see if it works.

*** !!! CHEMICAL EQUATIONS ARE MOLE RATIOS !!! *** 

(not mass ratios)

eg]
C  +  O2 (  CO2



1,2,3,10,20  
mol C  (  _____  mol CO2

7,12,3.2, 0.5 
mol O2  (  _____ mol CO2

2,4,8
mol CO2  comes from  ____ mol C and ___ mol O2
eg]
2 H3PO4  +  3 Mg(OH)2  (  Mg3(PO4)2  +  6H2O


same questions as above

eg]
2A  +  3B  +  C  (  7X  +  2Z  +  Q


same questions as above

eg]
2A  +  B  (  A2B
If I give you 6 moles of A and 2 moles of B what do you get?  (2 mol of A2B with 2 moles of A left over)

Day 37
	Time
	

	
	take up HW

	
	Notes – Mass to Mass problems

	
	lab Exercise 5.4.1 pg 227

	HW
	R+MN  5.4

P # 1-6,8-10

Q # 1-4

handout


What does this mean?

eg]


2 H2

+
O2
(

2H2O




2 moles

1 mole

2 moles





4 g


32g


36 g


NOT!!!

2g


1g


2g

Mass-Mass Problems

Remember – Chemical equations are mole ratios not mass ratios!

BUT… balances don’t measure moles they measure mass.

FORTUNATELY… you can convert from mass to moles.

Use the following form to solve these problems.





A
+
B
(
AB



moles



mass

eg]
How many moles of O2 are required ot react with 9.7g of Mg?

     
What is the mass of that O2?

eg]
How many grams of KclO# must be decomposed to give 0.96g of O2?

How many moles of KCl are produced?

Do sample problems from section 5.4

Day 38
	Time
	

	
	Stoichiometry quiz

	
	Notes - Limiting Reagent

	HW
	R+MN  5.5

P # 1-10

Q # 1-7

Handout – Limiting Reactant Problems


Limiting Reagent

Often when chemicals are reacted there is too much of one reagent and too little of another.  The one that runs out first is called the LIMITING REAGENT and it controls the amount of products formed.

eg]  Make bicycles – you get 10 frames and 20 wheels.  What do you get?
10 bikes
eg]  10 frames and 28 wheels…
10 bikes, 8 extra wheels
the frames were the liming reagent and you ended up with reactant left over unreacted ( 8 wheels)

2 wheels
+
1 frame
(
1 bike

28


10


10

8


0


10 
left at the end

eg]

2H2

+
O2  
(  
2  H2O

given
2 mol

1 mol 

??

given
3 mol

1 mol

??

given 
10mol

35 mol

??
To decide which is the LIMITING REAGENT – pick a reagent (A) then figure out how much of the other reagent (B) is necessary and see which reagent there is too little of.

Do sample problems section 5.5

Day 39
	Time
	

	
	

	
	Notes – Theoretical yield, % yield

	HW
	R+MN  5.6, 5.7

5.6  P # 1-6,9-11


Yield

Yield – the amount produced

The Limiting Reagent and stoichiometry can be used to find out how much product SHOULD be produced – this is called the THEORETICAL YIELD.  No reaction is 100% efficient so the ACTUAL YIELD is less than the theoretical yield.

Percentage yield
= 
    actual yield

*
100%






theoretical yield

Do sample problems section 5.6

Day 40
	Time
	

	
	Quiz – Mass/mass problems & L.R.

	
	Fun with numbers (  E=mc2

	
	Nuclear ass’t


Balance the following reactions:

1.
21182Pb
(
0-1e
+


2.
22086Rn
(
42He
+

3.  
24586Cm
(
42He
+

4.
14056Ba
(
0-1e
+

Write balanced nuclear equations for:

1. Alpha and gamma emission from plutonium-242.

2. Beta emission from magnesium-28

3. Beta emission from potassium-42

4. Alpha emission from californium-251

5. Beta emission from aluminum-30

6. Alpha and gamma emission from einsteinium-252

Day 41
	Time
	

	
	Quiz – Theoretical & % yield

	
	nuclear notes – OH and HO

	
	WP – nuclear etc. Chapter 5


O

V

E

R

H

E

A

D

S

Nuclear Energy

Stability of a Nucleus

- The stability of the nucleus of an isotope depends on the number of protons and neutrons.

- Isotopes are different forms of an element that have the same number of protons but a different number of neutrons.  Therefore they are chemically equivalent (behave the same in a chemical reaction) but are physically different. ( can be centrifuged – Iran

- Why does the nucleus not fly apart due to the repulsive forces between protons?  At that close range, there is a stronger nuclear force holding the nucleus together.  However, in the larger nuclei, there are enough protons to make the repulsive forces felt and therefore make the nuclei unstable.


1 - Stable nuclei up to Z=20 have #p=#n


2 - #n>#p for elements 20 to 83


3 - Nuclei above 83 are unstable

4 - An even number of p or n is more stable than an uneven number of p or n.  This is due to spin pairing just like how electrons spin pair.

5 - The nucleus can be thought of as having a shell structure much like the shell structure of electrons.

Binding Energy - the energy required to separate a nucleus into its component protons and neutrons.  Because this binding energy is so strong within the nucleus, changes in the nucleus, radioactive changes, have a very high energy associated with them.  Nuclear reactions are generally a million times more energetic than chemical reactions.  When comparing binding energies, the greater the binding energy, the greater the stability of the nucleus.

Formation of Helium from protons, neutrons and electrons

P+mass = 1.6726*10-24g 
Nmass  = 1.6749*10-24g 
e-mass  = 9.11*10-28g

1 He (  2P++2N + 2e- = 2(1.6726*10-24g) + 2(1.6749*10-24g) + 2(9.11*10-28g)

=  6.696822*10-24 g per atom He
= 4.032856 g per 1 mole of He
( 
but on the P.T. He = 4.002602 g/mol

(
when bonded the P+’s, N’s & e-‘s have a mass that is 

less than the individual P+’s, N’s  & e-‘s
( called the mass deficit

( 
mass deficit = 4.032856g-4.002602g = 0.030254 g/mol





ΔE
= mc2



***





 
= (3.0254*10-5 kg)(3*108m/s)2





=  2.72*1012 J






=  2.72*109 kJ/mol

(compare ( burn 1 mol Carbon ( 393.5 kJ

Nuclear reactions are millions of times more energetic than chemical reactions.

Fe has the highest binding energy.  Thus when nuclear reactions take place, they tend to create nuclei that are more like Fe.  By combining small nuclei into larger nuclei, a very very large amount of energy is released (fusion).  By breaking larger nuclei into smaller nuclei (fission) we also get a large amount of energy released, but not as much as fusion.

Nuclear Reactions - involve change in the nuclei.

 Radioactivity - the emission of alpha and beta particles and/or gamma rays from the nuclei as it relaxes to a less energetic state.  This radiation results in change in the number of neutrons and/or the number of protons in the nucleus.  Therefore when writing nuclear reactions be sure to include the mass number (A) and the atomic number (Z) which is the number of protons.

AZX

An alpha particle is a helium nucleus with a charge of +2 and mass of 4.  

Emission of a helium nucleus is known as alpha particle decay.
22688Ra ( 42He  +  22286Rn
Alpha particles are massive and have a high charge.  Therefore they have low penetrating power, but high ionization power.  In air they can typically range 

2-3 cm making up to 100,000 ionizations of the air molecules.

Beta particles are high energy electrons resulting from the transformation of a neutron into a proton.

10N  (  11P  +  0-1e
This transformation occurs when a nucleus has a high ratio of neutrons to protons.

3215P ( 3216S + 0-1e

Beta particles typically travel up to 5 metres in air.

The reverse can also occur ( called electron capture.  The nucleus actually captures an electron from one of the low lying energy levels.

11P  +  0-1e  (  10N

This process usually releases X-rays.
If the amount of energy is correct, (mass equivalent of 2 electrons), an electron and positron may be formed.  A positron is a positively charged electron.  The electron would be captured and the positron would be emitted.  This positron is antimatter and positrons and anti-protons (negatively charged protons) and anti-neutrons (oppositely neutral neurons) do exist.  If this antimatter comes into contact with normal matter the two bits annihilate themselves into pure energy equivalent to their mass so everything you hear on Star Trek is not fictional. 

A gamma ray is a form of electromagnetic radiation.  Gamma rays help to carry off some of the excess energy in radioactive changes.

13755Cs ( 0-1e + 00γ + 13756Ba

These rays have very high penetrating power and would most likely pass through you without actually hitting anything.  It takes thick lead sheets or concrete walls to stop them.
The becquerel (Bq) is the SI unit for decay of a radioactive isotope.

1 Bq = 1 decay





   second
Nuclear Fission - the process in which a heavy nucleus is split into smaller fragments.

Because the neutron has no charge it is an excellent projectile for bombarding the nuclei of atoms.  (no charges to be repelled by the electron or the protons.)

Critical Mass – the density of fissile material needed to sustain a nuclear reaction.


Once the critical mass of Uranium 235 (U-235) exists, if a neutron
 collides with a U-235 atom, the uranium atom splits into fragments releasing large amounts of energy and more neutrons.  On average 3 neutrons are released for each splitting.  These neutrons then collide with other U-235 atoms and cause them to split releasing energy and more neutrons.  This process is known as a chain reaction and can grow exponentially to an explosion unless some of the neutrons are removed form the system.  Hence the need for graphite rods or heavy water in nuclear reactors. (Chernobyl – oops!)

Nuclear Fusion - the process in which hydrogen nuclei are fused together to form a helium nucleus.  This is the process that fuels the sun.

4 11H ( 42He + 2 01e + lots of energy

A hydrogen bomb (or thermonuclear bomb) uses a fission based nuclear explosion to get the conditions necessary for hydrogen to undergo fusion which results in a much greater release of energy.


chemical explosive

uranium

hydrogen
Energy comparison for fuels.

To keep the average power plant fuelled for a year, the following amounts of fuel are required:

1 - Coal - A train fully loaded with coal cars that has a length of 400km. (T.O. to Detroit)

2 - Oil - 7 supertankers of oil (each the length of the CN tower)
3 - Fission - 8 tractor trailers filled with uranium oxide
4 - Fusion - (if possible) 1 pickup truck (0.6 tonne)

Also fusion produces no radioactive byproducts, the fuel is easily extracted from seawater, the fuel is easy to transport and the fusion process is safer - self stopping.  Unfortunately as of now, fusion is uncontrollable.  The only thing we can do well with fusion is make bombs.

Recent developments in fusion:

· 1980 – news reports that sustainable, inexhaustible, non-polluting fusion generated electricity would be widespread within 25 years.

· 1989 – cold fusion discovered – even better than regular fusion because you didn’t need 10,000,000oC temperatures.

· 1990 – cold fusion debunked!!

· 2010 – ITER ignition facility in development - sustainable, inexhaustible, non-polluting fusion generated electricity would be !possible! within 50 years.

Fusion may never happen or at the very least it will be too late to stop the environmental damage.  Coal, Oil and Natural gas energy sources a throwing billions of tonnes of CO2 into the air – global warming.  Fission based electricity is HUGELY expensive and there is no plan for the waste – NIMBY.  Even alternative power like windmills suffer from NIMBY.  Solar power is low density – you need large tracts of land to get enough electricity for the masses.  Geothermal only cuts down on fuel used and is very expensive.  

Something needs to be done….

I just don’t know what….
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Unit 2 test – Chapters 4 & 5
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