Handout for 112 /Dr. Rezac


Handout for Exam 1 – Part 1

This handout is essentially a succinct version of my lecture notes. It might be a useful guide for you to study for Exam #1. This handout is not intended to replace your textbook, lecture notes or lecture attendance!! 

Measurements in Chemistry

Measurement is a determination of a quantifiable propensity: You are determining a property, which can be expressed in numbers. Outcome of a measurement is ALWAYS a number and a unit. 

Examples of what is and is not a determination of a “quantifiable” property

	IS
	IS NOT

	This table weighs 80 pounds
	This table is very heavy

	The distance to the City is 40 miles
	The City is very far

	He has a fever of 104 oF
	He has a very high fever


The measurement is essentially comparison of the unknown property of the measured object with the size of a unit (agreed upon object where the property is known): you take an unknown mass of a table and compare it with known mass of 1 pound. 

Every measurement has limited accuracy. For example, measuring certain amount of water with syringe is much more accurate than with a kitchen measure. This has to do with limitations of the measuring equipment. 

With digital instruments, what shows on the display, is sufficient. But with analog devices (such as ruler, old-fashioned mercury thermometer or the speedometer of majority of cars) you have to be careful as to how to read the measurement outcome. The figure below illustrates the issue. The syringe on the left is marked at tens of milliliter. The syringe on the right is marked at every 1 mL. The value is determined by reading from the marks and estimating one more digit “inbetween the marks”. On left, the volume is between 30 and 40  mL, so you read “30 mL”. You estimate one more digit, the volume coming out as 34. 

With the syringe on the right, you work the same way. You find that the actual volume is between the marks for 34 and 35 mL, and from position inbetween the marks you estimate one more digit, thus the volume coming as 34.3 mL. If I claimed that the volume is 34.37865 mL, the last four digits were “illegally” added. Only  digits “legally” obtained (= read down to the smallest mark + estimate one extra digit) should be displayed. These digits are treated as significant figures. 

So, the rule is that you read from the marks, and then estimate one extra digit (decimal place). This limit is due to the limitations of the measuring device, not due to your eyesight! If the marks are so close you can’t see them with a naked eye, you can use enlargement glass or microscope. However, there is no way to fill in missing marks on your scale… So, when the doctor says “draw 15.0 mL of adrenaline, which syringe should be used???
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Metric System of Units

Larger and smaller units easy to generate from the base unit and a prefix:

mega
M
1,000,000 of base units
1megawatt = 1,000,000 watts

kilo
k
1,000
  

1kilogram = 1,000 g

centi
c
0.01


1centimeter = 0.01 meter

milli
m
0.001


1 milligram = 0.001 gram

micro

0.000,001

1micrometer = 0.000,001 meter


The prefixes do not depend on what property you are measuring

Units within the metric system:

Property
Unit
Symbol
Larger or smaller units

Mass:
gram
g
kilogram, milligram

Length:
meter
m
kilometer, centimeter, millimeter

Volume
Liter
L
milliliter

Temperature
Kelvin
K
degree of Celsius


Note: for volume, two types of units exist in parallel: the Liter series and the cubic meter series. 

1L = 1dm3
1mL=1cm3

Please know the above mentioned units. You should know conversion between the base units and the larger/smaller ones (derived by prefix). Do not study conversion of units of density… 

Temperature

Temperature is probably the most dreaded and dreadful of them all. So, here is a list of things I expect you to know:

1) conversion btw. oC and Kelvins

2) please know that 0 oC = 32 oF and that 100 oC = 212 oF and what these numbers mean in real world (freezing, boiling of water)

3) be able to do oC to oF conversion and vice versa if I give you the formulas (in other words, you only need to know how to use them, but don’t have to memorize it…)

4) Please know that there is a difference between temperature and heat energy. 

Density

Density is essentially the mass of 1 volume unit. Please know that an object with lower density will “float” on top of a liquid, object with higher density will sink. Liquids of different densities make layers wBe able to calculate the third variable 

Specific heat and heat energy
Heat energy is the sum of all kinetic energies of the atoms and molecule of the object in consideration. And the good news it is impossible to measure and determine (. A change in heat energy is always coupled with change of temperature. 

What we can determine is the “change in heat energy” or E. This amount depends on the amount of the substance in question (mass) and the change in temperature of the object. The constant, which links everything together, is called specific heat…

E = s*m*T

Where E is the change of heat energy, s is specific heat, m is mass of the substance/object in question and T is the change of temperature in K or oC. 

Unit: the usual unit of heat energy is a calorie  (cal). The more “proper” unit would be joule (J).  Unit of specific heat is cal*g-1*K-1 or calorie per gram and Kelvin. Or, sometimes people write:
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Few words: The units used throughout formulas must agree. So, if by any chance you see heat capacity in cal*kg-1*K-1 you must use your mass in kilograms!!!! The symbol D means change. You get it by taking the final value and subtracting from it the beginning value. Thus, the T or E can be either positive or negative, depending whether the T or E is growing or decreasing, respectively. 

Significant Figures and Mathematical Operations

Significant figures communicate the accuracy of a measurement (or of any data, for that matter..). Significant zeros shown in bald. 

All non-zero digits are significant figures
345   428





“Sandwiched” zeros 
- significant
302   3.05   etc.

Trailing zeros: 
- significant if decimal point written
3.00   230.   Etc. 


-insignificant if no decimal point written
300 

Preceding zeros: 
-not significant


0.00035

So, combining all of this: 0.003050
420,020

Be able to count significant figures in a number. 

Know that from an analog equipment (ruler, old-fashioned watch etc.) you read all digits corresponding to marks and estimate one extra in-between the marks. From a digital equipment you read all the digits from the display – nothing more…

Know that when multiplying/dividing, the result will have the number of significant figures as the starting number with the least significant digits:

2.0001 * 3.0 = 6.0  

For addition/subtraction, the least precise number determines the precision of the result. You could say, when writing all numbers under each other, that the result will have the last significant digit on the right where all the starting numbers still have a significant figure (SF’s shown in bald): 
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If even one number is known with little precision, it will be a “spoiler” and limit the precision of the result. 

Scientific notation is a convenient in many respects. It allows you to write large and small numbers. Also, all the digits shown in the coefficient (the number which is multiplied by the power of 10) are significant – no worries there either! 

For example: 2.03*109 
(3 signif. figures)
9.800*10 –10 
(4 S.F.)

However, as with everything, there is some price to be paid (:

· when multiplying numbers in sci notation, you add exponents; when dividing exponents will be subtracted.


(3.05*105)*(2.00*103) = 3.05*2*105+3 = 6.10*108


Please be careful when working with negative exponents!

· when adding and subtracting, you must convert all numbers to the same power of 10


3.0*103 + 2*104 = 3*103 + 20*103 = 23*103 = 2.3*104


I guess one way to help you to remember is to memorize the following poem, composed by your instructor during his commute: 

Does scientific notation drive you mad?


Then live by this simple contract:

When you multiply, the exponents will add,


When you divide, they will subtract.

Adding and subtracting is just lame,


You must convert the exponents to be the same…

I know it’s silly, but for those of you who have hard time remembering, it might help…

Converting between normal and scientific mode requires to move a decimal point. 

move to the left 
– exponent increases

move to the right 
– exponent decreases
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Basic Concepts about Matter

Properties of matter:

· Physical – material has in and of itself, can be detected without another type of matter consumed or produced 

Example: 
volume,  mass, shape, color… 

· Chemical – their determination always involves another material – either consumed, or produced…

Example: 
reactivity with water (water needed!)


stability in the air – you need air to show if it rusts or not


thermal stability – you see if it decomposes upon heating; decomposition product is produced

Changes of matter:

· Physical – no new substance is formed

Example: 
boiling – liquid water turns into steam, but it is still water


melting – ice melts or water freezes, but ice and liquid water is still water


heating – material can get hot, but can get cold – cold or hot, glass beaker is a glass beaker


pulverization – you get the same material, just in smaller pieces


dissolving – material breaks into miniscule, invisible particles, which float, say, in water


dilution – addition of a solvent – most often water 

· Chemical – new substance is being formed

Example:
burning – wood reacts with oxygen giving ash and carbon dioxide


rusting – iron reacts with oxygen giving rust (iron chemically bound to oxygen)


polymerization – epoxide glue solidifies because many molecules of glue conjoin and form a 



huge molecule


leaves turn yellow in autumn – substance having a green color changes into a substance with 



red color (chlorophyl is being decomposed…)


meat rots – protein in meat is converted by bacteria to malodorous substances

Composition of matter

Atoms and molecules

· Atom is the smallest particle of matter, which still has any chemical properties. Atoms can exist either “free” or bound within a molecule. 

· Molecule is an aggregate of two or more atoms chemically bound – literally, atoms are glued together. If you have microscopic tweezers and grab a free atom, you would pull out of your sample one single atom – one atom is the “freely moving object”. If you grab an atom bound in a molecule, you would lift up the whole molecule – the molecule is the “freely moving object”. 
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· Homoatomic molecules is composed of atoms of the same kind – O2, O3, S8, P4
· Heteroatomic molecules are composed of at least two kinds of atoms (regardless how many pieces of atoms is there in the molecule…)

PURE SUBSTANCE can be either compound or element. 

A sample of an element is composed of atoms of the same kind. Now, in this case it does not matter whether the atoms are “free” or two or more identical ones are combined within a molecule. Even if you crack the molecule of an element into atoms, you still have the same substance, the element.

Compound is always composed of molecules. Any sample of compound can be physically separated (that is no reaction, such as explosion is needed…). Now, the molecule is the smallest particle, which still can be identified as that particular compound and has properties of that compound. What will happen if we use chemical process and crack molecule into atoms?  We will get particles, which still have some chemical property, but noone will be able to tell what compound you began with… 
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Substance: 
Pure substance is a single kind of matter, which cannot be physically (by a physical process) separated into any two or more different kinds of matter. This is a rather vague definition, since in order to distinguish a substance we would have to explore all possible physical ways of separation… Pure substance contains only one kind of molecules (or on rare occasions of free atoms, if substance is not formed of molecules- gold…)

Mixture:
Sample of material containing several different “freely moving objects”. Mixture consists of several constituents (pure substances) simply mixed together. These can be separated by a physical process. 


Most common ways of physical separation:

· Evaporation – solution of salt in water can be separated into water vapor and salt by evaporation of water

· Sifting/mechanical separation – mixture of table salt and powder sugar can be separated on a sift based on different grain size

· Distillation – components of crude oil can be separated into gasoline, diesel oil and asphalt based on different boiling points of its components
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SAMPLE can be further described as: 


Heterogeneous – different parts of sample have different chemical or physical properties – that can mean 

anything such as ratio of its components, density, color etc. For example, in mixture of sand and crystal sugar you will be finding regions – grains of sand and grains of salt – which have different color (yellow or white), composition (sand or salt), density etc. 

Homogeneous – the whole bulk has the same properties – color, density, chemical composition. For example, 

when making sugar-water solution, you start with two pure substances (sugar and water). Immediately after “dumping” sugar to water, you have heterogeneous mixture –crystals of sugar with water on top. After thorough stirring all sugar dissolve and you end up with a homogeneous mixture, solution of sugar in water.  

Substance: 
Pure substance is a single kind of matter, which cannot be physically (by a physical process) separated into any two or more different kinds of matter. This is a rather vague definition, since in order to distinguish a substance we would have to explore all possible physical ways of separation… Pure substance contains only one kind of molecules (or on rare occasions of free atoms, if substance is not formed of molecules- gold…)

Mixture:
Can be physically separated into different kinds of matter. 


Most common ways of physical separation:

· Evaporation – solution of salt in water can be separated into water vapor and salt by evaporation of water

· Sifting/mechanical separation – mixture of table salt and powder sugar can be separated on a sift based on different grain size

· Distillation – components of crude oil can be separated into gasoline, diesel oil and asphalt based on different boiling points of its components

Discovery of elements: Most of elements were discovered by chemical decomposition of compounds (“chemical separation”). Other elements were prepared by nuclear physicist by nuclear reactions in an accelerator. There are about 115 currently known elements. Natural elements – there are roughly 88 of them – are not uniformly represented. On the Earth, the most abundant is oxygen, in the whole Universe, hydrogen is #1. 

Name, Symbol: Each element got its name one way or the other. Symbol of an element is an abbreviation (1 or 2 letters) derived from its Latin name. Please be very conscientious about capitalization: the first letter of the symbol is always in caps, the second – if applicable – in lower case. 

You must know the following elements and their symbols:

Ag
Silver

Al
Aluminum

Au 
Gold

Br
Bromine

C
Carbon

Ca
Calcium

Cl
Chlorine

Cu
Copper

F
Fluorine

Fe
Iron

H
Hydrogen

K
Potassium

Mg
Magnesium

N 
Nitrogen

Na
Sodium

O
Oxygen

P
Phosphorus

Pb 
Lead

S
Sulfur

Zn
Zinc

Chemical formula is a textual way to describe composition of a molecule. It tells which atoms and how many there are in a molecule. Additionally, chemical formula can preserve some information about arrangement of atoms in the molecule by keeping certain groups of atoms together: 

C2H4
tells us there are 2 atoms of C and 4 atoms of H

NaNO3 
tells us there are 1 atoms of sodium, 1 atom of nitrogen, 3 atoms of O

Ca(NO3)2 
tells us there is an atom of calcium with two nitrate groups NO3 bound to it; since nitrate group is very 


common so one can estimate properties of the molecule

NH4NO3 
tells us that compound contains one ammonium group bound to one nitrate group

Be able to do atom inventory, i.e. to be able to determine the number of what atoms does a molecule contain. Additionally, if you are told that molecule contains this many atoms of X, this many of Y etc. you need to be able to write down a chemical formula. 
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