C-Base Review Guide
Science

[image: image16.png]pH=0 ACIDIC

pH=14 BASIC




The Scientific Method

The following are vital to the Scientific Method. The Scientific Method may be used to logically solve problems in many areas of life. 

Observation: 

A good scientist is observant and notices thing in the world around him/herself. (S) he sees, hears, or in some other way notices what's going on in the world, becomes curious about what's happening, and raises a question about it. An observation is something taken in by the observer through one of the five senses.

Inference:
An inference is what you conclude from an observation.  (Ex:  I smell smoke.  The house is on fire.)

Hypothesis: 

This is a tentative answer to the question: an explanation for what was observed. The scientist tries to explain what caused what was observed (hypo = under, beneath; thesis = an arranging). 

· Hypotheses are possible causes. A generalization based on inductive reasoning is not a hypothesis. A hypothesis is not an observation, rather, a tentative explanation for the observation. 

· Hypotheses reflect past experience with similar questions ("educated propositions" about cause). 

· Multiple hypotheses should be proposed whenever possible. One should think of alternative causes that could explain the observation (the correct one may not even be one that was thought of!). 

· Hypotheses should be testable by experimentation and deductive reasoning. 

· Hypotheses can be supported or not supported, but can never be proven or confirmed with absolute certainty. Someone in the future with more knowledge may find a case where the hypothesis is not true. 

Prediction: 

Next, the experimenter uses deductive reasoning to test the hypothesis. 

· Inductive reasoning goes from a set of specific observations to general conclusions: I observed cells in x, y, and z organisms, therefore all animals have cells. 

· Deductive reasoning flows from general to specific. From general premises, a scientist would extrapolate to specific results: if all organisms have cells and humans are organisms, then humans should have cells. This is a prediction about a specific case based on the general premises. 

· Generally, in the scientific method, if a particular hypothesis/premise is true, then one should expect (prediction) a certain result. This involves the use of if-then logic. 

Testing: 

Then, the scientist performs the experiment to see if the predicted results are obtained. If the expected results are obtained, that supports the hypothesis. If the hypothesis is not supported, a new hypothesis is formulated and tested.

In science testing/performing an experiment, it must be a controlled experiment. The scientist must contrast an "experimental group" with a "control group". The two groups are treated EXACTLY alike except for the ONE variable being tested. Sometimes several experimental groups may be used. For example, in an experiment to test the effects of day length on plant flowering, one could compare normal, natural day length (the control group) to several variations (the experimental groups). 

The experimental group in a study receives treatment. 

The control group in a study does not receive treatment. They function as a comparison group to assess the effectiveness of the treatment given to the experimental group. 

Several trials for each experimental group is necessary to prevent errors in the results of the data collected.  This means that you perform the exact same experiment at least three times and average the results.

The scientific method has six steps 

1. Observation and description of a phenomenon or group of phenomena. (We notice something in the world around us that causes us to say What or Why is that?)

2. Formulation of a hypothesis to explain the phenomena. In physics, the hypothesis often takes the form of a causal mechanism or a mathematical relation. (We respond to the curiosity by trying to explain or account for the observation.)

3. More observations are made to test the hypothesis.  Usually in the form of an experiment.

4. Determine if the hypothesis is consistent with ALL observations.

5. If the answer is yes then a scientific law or theory can be established.  (If the hypothesis fits all observations, we accept it as true.)

6. If the answer is no the hypothesis does not fit all observation, we reject the hypothesis and begin the process over again.

A scientific theory or law represents a hypothesis, or a group of related hypotheses, which has been confirmed through repeated experimental tests. 

Variables 

The Dependent variable is so called because it "depends" upon some other variable (the independent variable). The dependent variable is always the subject matter of any particular science. Focus on the "dependent" variable. That's the thing that actually comes second --it's the result or the consequence. The reason for starting with the dependent is because that's always the subject matter of the science. It's what the researcher is trying to explain. It's the phenomenon, which he/she is curious about.  (What is observed, measured and recorded.)

The Independent variable, which comes first, is the cause of the behavior. What we know in an experiment is the change we make in the independent variable. Independent variables are manipulated according to the purpose of the experiment. Independent variables are manipulated according to the purpose of the experiment. (What is changed.)

The Controlled variable, remain constant in both the experimental group and the controlled group.  (Ex: heat sources, room conditions, types of containers used, any chemicals, and sample sizes)

A Placebo is an inert, harmless treatment (such as a sugar pill) given to the control group so that both control and experimental groups receive what appears, to be identical treatment during the study.

States of Matter

There are three main states of matter (Solids, Liquids and Gases).  Each state is known as a phase.  Elements and compounds can move from on phase to another with special physical forces are present (physical not chemical).  Energy is either lost or gained during phase change.
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One compound or element can move from phase to phase, but still be the same substance.  Example:  You can see water vapor (gas) over a boiling pot of water.  That vapor can condense and become a drop of water (liquid).  If you put that drop in the freezer, it would become a solid.  No matter what phase it was in, it was always water and it always had the same chemical properties.  A chemical change would change the way the water acted, eventually making it not water, but something completely new.






SOLIDS 

Solids can be made up of many things. They can have ELEMENTS or COMPOUNDS inside. They can also be made up of mixtures, or combinations, of different elements and compounds. Most of the solids you see are mixtures. Most rocks are mixtures of many elements and compounds. Concrete is a good example of a man-made solid mixture. 

One of the main characteristics of solids is that they hold their own shape. So if you put a solid in a container, it will not change its shape, no matter how much you move or slide it around. You can even grind a solid up, so that it fills up a container, but if you look at the powder under a microscope you will still see little tiny solids that you couldn't change. You know that liquids are different because if you put a liquid into a container, it will fill it up as much of the container as it can. 

In the same way that a solid holds its shape, the atoms inside of a solid are not allowed to move around much. This is a physical characteristic of all solids. It happens no matter how small the piece of solid. The atoms in liquids and gases move around in all directions, but the solid atoms and molecules are trapped in their places. The atoms still spin and the electrons still move but the entire atoms really don't go anywhere. They just jiggle in place. 

LIQUIDS

Liquids are a between phase of matter. They are right between solids and gases. One characteristic of a liquid is that it fills the shape of any container that holds it. So you pour some water in a cup. It fills up the bottom of the cup first and then fills the rest. It also takes the shape of the inside of the cup, starting at the bottom because of 

GRAVITY. When it is in that cup, it also has a flat surface. That's because of gravity too. 

One other characteristic of liquids is that they are very hard to COMPRESS. When you compress something you try and take a certain amount and force it in a smaller space. 

Solids are tough to compress too, but gases are easy. When you compress something you can squeeze it so the atoms in the substance are closer together. When pressure goes up things are compressed. Liquids already have their atoms close together so it's hard to push them even closer together. 

To become a gas you need some ENERGY. Atoms in a liquid have more energy than the atoms in a solid. The easiest energy around is probably heat. There is a magic temperature for every substance called the MEL TING POINT. When a solid substance reaches the temperature of the melting point, then it can become a liquid. For water the temperature has to be a little over zero degrees Celsius. If you were salt or sugar it would be a higher temperature. 

So solids need more energy, the reverse is true if you are a gas. You need to lose some energy from your very excited gas atoms. The easy answer is to lower the surrounding temperature. When the temperature drops, energy will be sucked out of your gas atoms. When you get to the CONDENSATION POINT, that's the temperature when you become a liquid. If you were the steam of a boiling pot of water and you hit the wall, the wall would be so cool that you would quickly become a liquid. 

EVAPORATION 

Sometimes a liquid can just be sitting there and the molecules will become a gas. That's called EVAPORATION .You might be wondering how that can happen when the temperature is low. It turns out that all liquids can evaporate at room temperature and pressure. Evaporation is when there are atoms or molecules escaping from the liquid and turning into a VAPOR. Not all the molecules in a liquid actually have the same energy. The energy you measure is really an AVERAGE of all the molecules. There are always a few molecules with a lot of energy and some with barely any energy at all. It is those with a lot of energy that build up enough power to become a gas and leave the liquid. When it leaves, it has evaporated. 

GASES

Gas is everywhere. There is something called the ATMOSPHERE. That's a big layer of gas that surrounds the Earth and it's all gaseous. Gases are random groups of atoms. There are solids where atoms and molecules are really compact. Liquids have them a little more spread out. But gases are really really spread out and the atoms and molecules are full of ENERGY, bouncing around constantly. 
One of the physical characteristics is that a gas can fill a container of any size or shape. Think about a balloon for a minute. No matter what shape you make the balloon, it will be completely filled with the gas. The atoms and molecules are spread equally throughout the entire balloon. Liquids can only fill the bottom of the container while gases fill it entirely. 

You need energy to become a gas. The atoms in a gas have more energy than the atoms in solids and liquids. The easiest way to think of energy is to think of temperature. When you increase the temperature of a system you are pouring energy into that system. 

When you want to be a gas you usually start out as a liquid. When you add energy to a liquid, the atoms get all excited. When you boil water, the steam you see is small water droplets being carried by the rising water gas/vapor. You can also find water vapor in fog and clouds. The special temperature when a liquid becomes a gas is called the BOILING POINT. When you cool a gas it liquefies. When a gas becomes a liquid the speed and energy in the molecules drop and ATTRACTION forces allow the molecules to group together. 

You might hear the term vapor. Vapor and gas mean the same thing. The word vapor is used to describe gases that are usually found as liquids, like water. You see a compound like CQ2 is usually a gas, so it described that way. But water (H20) is usually found as a liquid at room temperature. So when it becomes a gas, scientists use the term vapor. 

MIXTURES

Mixtures are usually how you find things in nature. Rocks, the ocean, just about anything you find. They are substances held together by PHYSICAL FORCES, not chemical. 

When you see distilled water, it's a pure substance, which means that there are just water molecules in the liquid. A mixture would be a glass of water with other things dissolved inside, maybe salt. Each of the substances in that glass of water keeps the original chemical properties. So if you have some dissolved substances, you can boil off the water and still have those dissolved substances left over. It will take a higher temperature to melt the salt. 

There are an infinite amount of mixtures. Anything you can combine is a mixture. Think of everything you eat. Just think about how many cakes there are. Each of those cakes is made up of a different mixture. 

Solutions are also mixtures. If you put salt into a glass of water, it is considered to be a mixture. You can always tell a mixture because each of the substances can be separated form the group by different physical ways. You can always get the salt out of saltwater by boiling the water away.

SOLVENT: Any substance that allows a substance to be dissolved in it. Ex. Water 
SOLUTE: The substance that gets dissolved in the solvent. Ex. Salt dissolved in water.  
The SOLVENT and the SOLUTE make up a solution. 
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When you look at the picture, you can see that the rows are different colors. Even though they kip some squares in between, all of the rows go left to right. When you look at a periodic table, each of the rows is considered to be different PERIODS (Get it? Like PERIODic table!).

In the periodic table, elements have something in common if they are in the same row. All of the elements in a PERIOD have the same number of SHELLS. We talk about shells when you go look at the elements in detail.

Every element in the top row (the first period) has one shell for its electrons. All of the elements in the second row (the second period) have two shells for their electrons. It goes down the periodic table like that. 

  The periodic table has a special name for its columns too. When a column goes from top to bottom, it’s called a GROUP. The elements in a group have the same number of electrons in their outer shell.
So, every element in the first column (group one) has one electron is its outer shell. Every element on the second column (group two) has two electrons in the outer shell. Just keep counting the colored columns and you'll know how many electrons are in the outer shell.
The elements in between, with the grey color, are called TRANSITION elements. They are not in our main groups. 

ATOMS 
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What are ELECTRONS, PROTONS and NEUTRONS?

 A picture works best and this is basically an atom. There are three pieces to an atom. There are electrons, protons, and neutrons. 

As you know, there are many elements in the PERIODIC TABLE. Over 100! 

Well the thing that makes those elements different is the number of electrons, protons, and neutrons. Take a look at the picture; the protons and neutrons are in the center of the atom. Scientists call the center the NUCLEUS. The electrons are always found whizzing around the center, like the earth orbiting the sun. 

You can also see that each piece has either a "+", "-", or a "0". That refers to its CHARGE. You know when you get a shock from a socket, static electricity, or lightning? Well those are all different types of charges. Even in something as small as an atom, there are charges. 

The electron always has a “-“ or negative charge. The proton always has a "+" or positive charge. If the charge of an entire atom is "0", that means there are equal number of electrons and protons. The third particle is the neutron. It has a neutral charge (a charge of zero). 

ORBITALS 

(1) A shell is sometimes called an orbital or energy level. 

(2) Shells are areas that surround the center of an atom. 

(3) The center of the atom is called the nucleus. 

(4) Electrons live in something called shells. 

ELECTRONS SPIN IN SHELLS 
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ELECTRONS are always moving, spinning very quickly around the NUCLEUS. As the electrons spin they can move in any direction, as long as they stay in their shell. Any direction you can imagine; upwards, downwards, sideways, electrons can do it. The shell is the distance from the nucleus that the electron spins. If you are an electron in the first shell, you are always closer to the nucleus than the electrons in the second shell. 

SHELLS HAVE NAMES 
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Scientists use letters to name the orbital around a nucleus. They use the letters "k,l,m,n,o,p, and q". The "k" shell is the one closest to the nucleus and "q" is the furthest away. 

SHELLS ONLY HOLD SOME ELECTRONS 

Not all shells hold the same number of electrons. 

YOU CAN'T KNOW WHERE AN ELECTRON IS 

Even though we're telling you that electrons are in specific shells, or moving in specific directions, we can't tell you exactly where an electron is. We can only approximate, or guess, where that electron is. According to something called QUANTUM THEORY, an electron can be found anywhere around the nucleus. But using advanced math, scientists are able to approximate, or guess, that electrons are in general areas. These areas are the shells. 

COMPOUNDS 

Compounds are groups of two or more ELEMENTS bonded together. There are two main types of bonds that hold those atoms together. There are COVALENT and IONIC/ELECTROVALENT compounds. Covalent compounds happen when the atoms share the electrons and ionic compounds happen when electrons are donated from one atom to another. 

We talked about compounds and molecules in the matter section. When we discussed changes to matter, the changes are because of physical forces. When we talk about compounds, bonds are formed and broken down by chemical forces. Physical forces cannot break down compounds. Chemical forces are forces caused by other compounds, or molecules. 

There are millions of compounds everywhere. Chances are everything you can see is one type of compound or another. When elements join together and become compounds they lose their individual traits. Sodium alone is very reactive. But when sodium combines with chlorine (another reactive element) they form a non- reactive substance called Sodium chloride (Salt). The compound has none of the traits or the original elements. It has a new life of its own. 

DIFFERENT BONDS IN MOST COMPOUNDS 

Most compounds are made up of combinations of bonds. If you look at Sodium chloride it is held together by one ionic bond. What about Magnesium chloride? One Magnesium and two Chloride atoms, so that's two ionic bonds. There's a compound called methane. It is made up of one Carbon and four Hydrogens. Four bonds all covalent. Those are very simple compounds, but most compounds are combinations of ionic and covalent bonds. 

Let's look at Sodium Hydroxide (Na-OH)... 
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You can see that on the left is the Sodium part and the right has the Oxygen/Hydrogen part. The bond that binds the Hydrogen to the Oxygen is covalent. The Sodium is bonded to the HYDROXIDE part of the compound with an ionic bond. This is a very good example of how there can be different types of bonds within one compound. 

LOOKING AT IONS 

Ions are atoms with extra electrons, or they may be missing electrons. A normal atom is called NEUTRAL. That is when an atom has a number of electrons equal to the ATOMIC NUMBER. Normally atoms want to have their shells filled. 

So what do you do if you are a Sodium atom? You have eleven electrons. One too many to have your shell filled. The answer, find another element who will take that electron away from you. In comes Chlorine. Chlorine will take that electron away, leaving you with 10 electrons, and two filled shells. You are a happy atom. But you are also an ion, missing one electron. A Sodium ion. 

ACIDS AND BASES 

ACIDS AND BASES ARE EVERYWHERE. Look around you and every liquid you see will probably be either an acid or a base. The only exception would be distilled water. Distilled water is just water, that's it. Most water you drink has ions in it, and it is those ions that make something acidic or basic. 

In your body there are small compounds called Amino Acids, those are acids. In fruits there is something called Citric Acid, that's an acid too. But what about baking soda? When you put that in water it makes a base. Vinegar? Acid. 

Scientists use something called the "pH" scale to measure how acidic or basic a liquid is. The scale goes from "0" to "14".  Distilled water is 7, right in the middle. Acids are found between "0" and "7". Bases are from "7" to "14". Most of the liquids you find every day have a pH near "7", either a little below, or a little above. When you start looking at the pH of chemicals, the numbers go to the extremes. If you ever go into a chemistry lab, you could find solutions with a ph of "1" and others with a pH of "14". Those chemicals are very dangerous. There are pH values higher than 14 and lower than 0, but let's just start with 0-14. 

NAMES TO KNOW 

ACID: A solution that has an excess of H+ ions.  It comes from the Latin word "acidus" which means "sharp". 

BASE: A solution that has an excess of OH- ions. Another word for base is ALKALI. 

AQUEOUS: A solution that is mainly water. Think about the word aquarium. AQUA means water. 

STRONG ACID: An acid that has a very low pH (0-4). 

STRONG BASE: A base that has a very high pH (10-14). 

WEAK ACID: An acid that only partially ionizes in an aqueous solution. That means not every molecule breaks apart. They usually have a pH close to 7 (3-6). 

WEAK BASE: A base that only partially ionizes in an aqueous solution. That means not every molecule breaks apart. They usually have a pH close to 7 (8-10).

 NEUTRAL: A solution that has a pH of 7. It is neither acidic nor basic. 

Acids are compounds that break into Hydrogen (H+) ions and another compound when placed in an aqueous solution. Bases are compounds that break up into Hydroxide (OH-) ions and another compound when placed in an aqueous solution.  

If you have an IONIC compound and you put it in water it will break apart into two ions. If one of those ions is H+, then the solution is acidic. If one of the ions is OH- the solution is basic. There are other ions that make acidic and basic solutions, but we don't talk about them here. 


That pH scale we talked about before is actually a measure of the number of H+ ions in a solution. If there are a lot of H+ ions, the pH is very low. If there are a lot of OH- ions, that means the number of H+ ions is very low, so the pH is high. 


Photosynthesis
 In life, the most important process that can happen is called PHOTOSYNTHESIS. Photosynthesis is the name for the method plants can take the energy from the sun and turn it into sugars/starches. 

Look at the sketch. You have your SUN. The sun shines all the time. When it shines, energy is streaming down to Earth. Some of that energy lands on plants. And just about all plants have something called chloroplasts. It is those chloroplasts that capture the sun's energy with a chemical called CHLOROPHYLL. Chlorophyll then uses that energy to combine Carbon dioxide (CO2) and Water (H20) to create Sugar (C6H12O6) and Oxygen (O2). Plants and animals then use the glucose for food and energy. Animals use the oxygen to breathe. 


Cellular Respiration

· Definition:  the oxidation of substances within                                        

                         cells and is accompanied by the  

                         release of energy.

· Cellular respiration is essentially the reverse of photosynthesis.  

· The processes where cells break down glucose o provide the needed energy for cellular processes.

· Energy is released.

Sugar + oxygen ( carbon dioxide + water +energy

C6H12O6 + 6 O2 ( 6 CO2             + 6 H2O+673kcal

Comparisons of photosynthesis and respiration

Photosynthesis

1. CO2 and h2o are used

2. Food (carbs) and O2 are produced

3. Energy from light is trapped in chlorophyll and in food.

4. ATP is produced by use of light energy.

5. Hydrogen is transferred from water to TPN in the formation of TPNH.

Respiration

1. O2 and food are used

2. CO2 and water are produced.

3. Energy in food is released and may be temporarily stored in ATP or lost as heat.

4. ATP is produced by oxidation of food

Unit Conversion

Mega
1M ___________  = 1,000,000
    ____________

kilo 
1k ____________ =     1,000
    ____________

deci
1d ____________ =     0.1
    _____________

centi
1c ____________ =     0.01
   _____________

milli
1m ___________ =     0.001
    _____________

micro
1( ____________ =  0.000001
    _____________

nano
1n ____________ = 0.000000001  _____________


kilo

         hecto




      deca



  meter





desi




          centi

(Base Unit)

       

       milli
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A number is expressed in scientific notation when it is in the form
ax10n

where 1< a <10 and » is an integer.

Examples:

1) Express 38,245 in scientific notation.
38,245 To get a number greater than or equal to 1 and less than 10, the
decimal  point must be moved 4 places to the left.

38,245=3.8245 x 10™4

2) Express 5093.4 in scientific notation.
5093.4 The decimal point must be moved 3 places to the left

5093.4=5.0934x 10"3 The exponent in 10x tells how many places the
decimal point was moved.

3) Express 2.6 x 105 in decimal notation.
2.6 x 1075=2.6 x 100,000
=260,000 Notice that the decimal point was moved 5 places to
the right.

Scientific notation is also used to express very small numbers.
0.000034=3.4 x 0.00001 The decimal point must be moved 5 places to the
=3.4 x 1/100,000 right.

When numbers between zero and one are written in scientific notation, exponent of 10 is
negative.

Examples:
4) Express 0.00319 in scientific notation.

0.00319 To get a number greater than or equal to 1 and less than 10, the
decimal point must be moved to the right.
0.00319=3.19 x 10"-3

5) Express 3.2 x 10”-7 in decimal notation.
3.2 x 107-7=3.2 x 0.0000001
=0.00000032 Notice that the decimal point was moved 7 places to
the left.
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Examples:

6) Evaluate 5.6 x 10°-8. Express the results in scientific notation and decimal

8.0 x 10~-3
notation.
56x10~-8 = 56 x 1078 Note: -8—(-3)=-8+3=-5
8.0 x10-3 8.0 107-3
0.7 x 10"-5 Express 0.7 x 105 in scientific notation.

hou

7 x 10"-6 or 0.000007

7) Use scientific notation to find the product of 0.000008 and 3,500,000,000.
Express the result in scientific notation and decimal notation.
(0.000008)(3,500,000,000) = (8 x 10"-6)(3.5 x 109)

= (8)(3.5)(10"-6)(10"9)
= 28(10"3)
= 2.8 x 104 or 28,000
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Sample #1

In the nineteenth century, Louis Pasteur performed an experiment in which he bent the
necks of flasks into “S” shapes, leaving their ends open. Then he boiled broth in the
flasks to force air out and kill any microbes inside. After the flasks cooled, he left some
of them upright for observation. Before setting aside others to observe, he tilted them so
that the broth moved up into the bent necks and then back into the flasks. After the flasks
had been prepared, he watched them for signs of microbial growth.

some containers upright
broth pasteurized for observation
4

Y

other containers tilted . . . then observed upright

Which hypothesis was Pasteur testing in this experiment?
A. Flasks with bent necks would cause microbes to grow in the broth.
B. Cooling broth in the flasks would cause microbes to grow in the broth.

C. Heating broth in the flasks and then cooling it would cause microbes to grow in
the broth.

e D. Contact of the broth with something in the necks of the flasks would cause
microbes to grow in the broth.

Sample #2
Which method might be used to determine the relative depths of two wells without using

a tape measure?

A. Drop a pebble down each well and measure the time it takes the pebbles to strike
bottom. The deeper well will have the shorter elapsed time.

e B. Drop a pebble down each well and measure the time it takes the pebbles to strike
bottom. The deeper well will have the longer elapsed time.





[image: image5.png]C. Drop one large rock and one pebble down each well. The deeper well will have a
greater elapsed time for the large rock than for the pebble.

D. Itis not possible to find out which well is deeper without using a tape measure.

Sample #3

The graph below shows the relationship of temperature and time as constant heat is
applied to an ice cube.
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Which statement is consistent with the graph?
o A. The temperature of melting ice remains constant until all of the ice is melted.
B. The rate of water boiling equals the rate of ice melting.
C. The same amount of heat is required to melt ice as to boil water.

D. More heat is required to melt ice than is required to boil water.

Sample #4
What statement describes covalent bonding?

e A. Electrons are shared by atoms.
B. Electrons are transferred between atoms.
C. The nucleus of one atom is split, and energy is released.

D. The nuclei of the atoms are fused together.
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King Henry died Monday drinking chocolate milk.








PAGE  
2

