Chemistry I-H

Introductory Concepts

Elements of note:

I. Elements of the universe

Most abundant element  – H

Second most abundant – He

These two elements comprise most of the mass of the universe because most of the universe’s mass is concentrated in the stars.  These stars are undergoing fusion reactions.

II. Elements of the earth’s biosphere (crust, oceans, and atmosphere)


oxygen - 49.5%


 silicon - 25.7%


 aluminum @ 7.5 %


#4 – Fe @ 4.7%;  #5 – Ca @ 3.4%; #6 – Na @ 2.6;  #7 – K @ 2.4%;

#8 – Mg @ 1.9%;   #9 – H @0.87%;   #10 – Ti @ 0.58%

These 10 elements account for 99.2% of the biosphere (by mass).

If only the earth was considered, iron & nickel would have much higher percentages because we believe the core to be made mainly of these two metals.

Four elements actually have ferromagnetic properties.

Obviously, there’s Fe, but Co, Ni, and Gd are also magnetic.

Since 75% of the earth’s surface is covered in water – H2O – a large part of that is oxygen.  In addition, 2/3 of the dry surface is desert – sand or SiO2 – thus the reason that oxygen is #1.  

(The desert composition is the reason that silicon is #2.)  

The most abundant of the metals is aluminum, since a large portion of the earth’s crust contains bauxite – the mineral form of Al2O3.

III. Elements in living organisms

Carbon – key element for living organisms

Hydrogen, Oxygen, Nitrogen

C, H, & O are found in carbohydrates as well as lipids (fats & oils)

In addition to these three, N is a key component of proteins

Sulfur – important in membranes & bonding in skin, hair, etc.

Phosphorus – needed for bones as well as for nucleic acids

Calcium – needed for bones

Nucleic acids – DNA and RNA

DNA – 5-carbon sugar (deoxyribose), phosphate groups, and nitrogen containing bases


(adenine, guanine, thymine, and cytosine)

RNA – same as DNA except that it uses ribose, and uracil is substituted for thymine


Catenation – property exhibited by carbon – can form long chains of carbon atoms bonded 

to each other

IV. Most malleable metal is gold – can be pounded to 4 millionth of an inch thick.

V. Electrical conductivity – best – Ag; #2 – Cu; #3 – Au;  #4 – Al

Notes on Significant Figures (“Sig Figs” or “SF”)

Numbers may either be considered to be counting numbers or measured quantities.  For any measured quantity there will always be a limit to the accuracy of the number based on the accuracy of the measuring device - ruler, graduated cylinder, etc.  These measured quantities include all digits that are accurately known as well as one approximation.  

I. Rules for Determining the Number of Significant Figures (SF) in a measured quantity:

1. All non-zero digits are significant.  For example, 345.7 grams has 4 SF.

2. Any zero between non-zero digits is significant.  For example, 302 liters has 3 SF.

3. All digits in the non-exponential part of a number are significant.  Example, 3.05 x 10-4 has 3 SF.

4. If a zero is to the right of a sig. fig. and to the right of the decimal, it is significant.

For example, 0.00340 only has 3 SF.

5. For a number like 500, there may be one, two, or three S.F. – there is a degree of uncertainty.  For this class, we will assume that this number has only one SF.  If you want this number to have two SF, change it to scientific notation; ie. 5.0 x 102.  We will discuss in class other ways of defining SF, but the conversion to scientific notation is the way I want you to show SF.

II. Rules for mathematical calculations, using sig. figs.

1. In multiplication and division, the product (final answer) contains only as many digits as the least accurate term in the process.  For example, 0.0305 cm x 12.556 cm = 0.382958 = 0.383 cm2
2. For addition and subtraction, the final answer has as many digits as the least accurate term with respect to the position of sig figs around the decimal.

Consider:   0.10345 grams  +  23.34 grams + 1203 grams =  1226.44345  = 1226 grams

==========================================================

In Class Examples:

1. Determine the number of significant figures in the quantities below:

(a) 50.50 ___________           (b) 0.0080 ___________               (c) 3.5090 x 10-4 ___________
2. Compute each of the following mathematical operators and then report your answer to the correct number of significant figures:
(a)   (67.004  - 13.04)   +   (45.23  -  9.022)    =   _____________

(b)  (5600.0)0.5  = ____________

(c)   (50.126 x 13.1) / 20.158745 = _______________

(d)  A word of caution: 57.32 + 42.68 = _______________  

Notes on Conversion & Dimensional Analysis with Factor-Label Method


The United States uses one of the most unrecognized and outdated systems of measurement known to man. As a former English colony, it adopted the English System of Units. Science, however, uses the International System of Units (Le Système international d'unités or SI); which is based off of the metric system. The beauty of the metric system is that it separates its units by factors of ten instead of the cumbersome, arbitrarily defined equivalents derived by the English system.

The following is a list of Fundamental SI Units and what they measure:

	Mass
	kilogram (kg)

	Time
	second (s or sec)

	Length
	meter (m)

	Quantity (Amount of substance)
	mole (mol)

	Luminous Intensity
	candela (cd)

	Electric current
	ampere (A or amp)

	Temperature
	Kelvin (K)


It is important to note that not all substances will measure – let’s say – their mass in kilograms. It makes perfect sense to weigh a person or a dinner table using kilograms (kg) as its unit of measure. It does not make sense, however, to use the same units for a paperclip or an atom of carbon. Therefore, these units can easily be converted to a different mass unit; recognizing that each of these subunits is separated by a factor of ten.

Base Units and a Mnemonic Device used to remember them:

______  ______  ______   base  ______  ______  ______



         kilo      hecto      deka                 deci       centi      milli

“king henry died by drinking chocolate milk”

It is increasingly important to recognize the relationships between these base units. From here, it can be surmised that in 1 kilogram (kg) there are 1000 grams (remember gram is the base unit). Also, there are 10,000 milligrams in a dekagram. The same is true for the other Fundamental SI Units listed above.

Factor-Label Method:

The factor-label method is a tool that will be used extensively in this course to convert units through dimensional analysis. Master the topic now. Dimensional analysis treats the SI units as algebraic functions. Units in the numerator are canceled by units in the denominator.

[image: image1.png]SI - Metric

English

Multiply to change larger units to smaller units.
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Discuss “Given”, “Know”, and “Need” numbers.
Problem #1
How many cups are in 4.5 pints (pt)?

Problem #2
How many inches are in 355 millimeters (mm)?

· Discuss exact vs. approximate numbers.

Problem #3
How many minutes are in 34.5 years?

Problem #4
If an object can move at a rate of 23.670 microns per nanosecond, how fast is it moving, in units of miles per hour? Note: microns is the same thing as micrometers.

In-Class Practice:

1. A car is traveling 65 miles per hour. How many feet does the car travel in one second?

2. The density of water at 4°C in 1.00 gram per cubic centimeter. What is the density in pounds per liter?
3. A sample of water weighs 35.0 kg. How many ounces are present in this sample of water?
Notes on Density & Specific Gravity
Density is one of matter’s intensive properties.  An intensive property is a property of the substance that is independent of the amount of the substance.  Color, luster, malleability, and ductility are some other examples of intensive properties.  In contrast, properties such as volume, mass, length, weight, and heat capacity are examples of extensive properties, because they depend on the “extent” of the amount of the substance.

Density is defined as the mass-to-volume ratio of a substance.  D = M/V

Using this formula, and being given any two of the variables, the third value can easily be determined.

ex.#1

    What is the density of a piece of metal if the mass of the metal is 562 grams, and it occupies 44.9 ml?


D = M/V  = 562 g / 44.9 ml  =  12.5 g/ml
Problem #1
A piece of metal has a mass of 245 grams and has a volume of 33.6 cm3.  What is its density?

ex. #2
If the density of liquid mercury is 13.g g/ml, what is the mass of 35 ml of a sample of Hg?


since D = M/V, then   M = V x D   =  35 ml x 13.6 g/ml  = 476 g  = 480 grams.

Problem #2

The density of aluminum metal is only 2.70 g/cm3.  What is the mass (in kg.) of 520 cm3 of aluminum?

Units for density are g/ml or g/cm3 (or g/cc) for liquids & solids, and g/liter for gases.

ex. #3   What volume will 45.0 grams of an unknown gas occupy if the density of the gas is 2.26 g/liter?


since D = M/V, then  V = M/D  =  45.0 grams / 2.26 grams/liter  =  19.9 liters 

Problem #3

Iridium has the distinction of being one of the densest elements (D = 22.6 g/cm3).  What is the volume

of a 25.0-gram sample of this transition metal?

Problem #4
Helium has the distinction of being one of the lightest elements (D = 0.1786 g/L).  

What is the volume of a 25.0-gram sample of this noble (inert) gas?

While mass is usually determined by using a balance, volume determinations can vary.

A) If the object has a regular shape, then volume can be calculated using regular dimensions.  

     Make sure you know the formulas for calculating the volume of a sphere, a cube, a cylinder, and a box.

B) Volume can also be calculated, based on volume displacement, according to Archimedes’ Principle.    

      This idea states that the volume of a substance being displaced  is equal to the volume of the object 

       displacing it. 

C)  When an object is suspended in a liquid, it is partially held up by a force called “buoyancy”.

The reason that an object will weigh less in a liquid is that an equivalent mass of the liquid will be “buoying up” the object.  If the density of the buoying liquid is known, then the volume of liquid displaced can be calculated.  Once the volume of the liquid displaced is known, then the volume of the object doing the displacing is also known.

ex.  
mass of a metal cylinder weighed in air……….122.566 grams

      

       


mass of the cylinder suspended in water………108.044 grams

      




 

     difference in mass…………..  14.522 grams

    assuming that the density of water is 1.00 g/ml, then the mass of water buoying up the metal is the

    same as the volume of the water being displaced which is the same as the volume of the metal cylinder.

D =  122.566 g / 14.522 ml    = 8.440 g/ml 

Note:  if the same data were obtained, but the liquid was an alcohol with a density of 0.658 g/ml, then you would need to calculate the volume based on the mass displaced first:

  [14.522 g x (1 ml / 0.658 g)] = 22.1 ml      Then D = 122.566 g / 22.1 ml  =  5.55 g/ml
Notes on Temperature Conversions
Equations: (can be found on the conversion sheet as well).

°F = 1.8oC + 32           °C = 5/9(°F - 32)   or (oF- 32)/1.8
 K = 273.15 + oC    (<--- the most important)       

Examples:

Imagine today’s high is 75.0°F. What would be the temperature in °C? Kelvin? Rankine?

____________ °C;
             ____________ K;
       ____________ R

Review Notes on Scientific Notation
Scientific Notation is an application used by scientists and mathematicians to express large and small quantities in a more manageable way. It uses a superscript notation paired with powers of ten. For large numbers the power of ten is a positive number. For small numbers the power is a negative number. The magnitude of the power is derived by how many times the decimal would is moved so that it is in between the first two digits. Consider the following examples:
45600000  =  4.56x107
       0.00000025678  =  2.5678x10-7        (notice the difference in power)
