Integrated Science

Objective 1:  What is Science?

Science covers a broad field of human knowledge concerned with facts and held together by rules or principles. Science is the body of information including all the hypotheses and experiments that tell us about our environment. All people involved in scientific work use similar methods of gaining information. One important scientific skill is the ability to obtain data directly from the environment.  Observations must be based on what actually happens in the environment. Equally important is the ability to organize this data into a form from which valid conclusions can be drawn. The conclusions must be such that other scientists can achieve the same results.

Objective 2: Safety Practices


There will be occasional hazards associated with the laboratory activities conducted in science courses.  Usually, your attention will be called to these hazards in the pre-lab discussion conducted by your teacher.  The laboratory is a place for SERIOUS WORK, and you must maintain a serious attitude at all times.  

First Aid

	Injury
	Safe Response

	Burns
	Apply cold water.  Call your teacher immediately.

	Cuts and bruises
	Stop any bleeding by applying direct pressure.  Cover cuts with a clean dressing.  Apply cold compresses to bruises.  Call your teacher immediately.

	Fainting
	Leave the person lying down.  Loosen any tight clothing and keep crowds away.  Call your teacher immediately.

	Foreign matter in eye
	Flush with plenty of water.  Use eyewash bottle or fountain.

	Poisoning
	Note the suspected poisoning agent and call your teacher immediately.

	Any spills on skin
	Flush with large amounts of water or use safety shower.  If you get acid on your skin, wash thoroughly with large amounts of water only.  If burn is severe, apply a paste of baking soda.  If you get alkali (base) on your skin, was thoroughly with large amounts of water only.  If burn is severe, apply 5% solution of vinegar or a saturated solution of boric acid.  Call your teacher immediately.


Objective 3:
Qualitative and Quantitative Data


Data are pieces of information collected through measurement or observation during an experiment.  Qualitative data are word descriptions, such as cold, wet, orange, and sticky.  Quantitative data are number descriptions, such as 12 meters long, 25ºC, and 10 seconds.  Both types of data are very important to scientists as they attempt to solve a problem or answer a question.

Safety Symbols

All science programs use safety symbols to alert you to possible laboratory dangers.  These symbols are explained below.  Be sure you understand each symbol before you begin an activity.  These are not all the safety symbols.  Ask your instructor if you do not know what a symbol stands for.
	Fume Safety

This symbol appears when

chemicals or chemical

reactions could cause

dangerous fumes.
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	Open Flame Alert

This symbol appears when

use of an open flame could 

cause a fire or an explosion. 
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	Thermal Safety

This symbol appears as

a reminder to use caution

when handling hot objects.
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	Electrical Safety

This symbol appears when

care should be taken when

using electrical equipment.
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	Skin Protection Safety

This symbol appears when 

use of caustic chemicals 

might irritate the skin. 
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	Radioactive Safety

This symbol appears when

radioactive materials are

used.
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	Clothing Protection

This symbol appears when

substances used could 

stain or burn clothing.
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	Fire Safety

This symbol appears when

care should be taken around

open flames.
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	Explosion Safety

This symbol appears when

the misuse of chemicals 

could cause an explosion.
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	Eye Safety

This symbol appears when

a danger to the eyes exists.
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	Poison Safety

This symbol appears when

poisonous substances are 

used.
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	Chemical  Safety

This symbol appears when

chemicals used can cause

burns or are poisonous if

absorbed through the skin.
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Safety Rules

1. Always obtain your teacher’s permission before beginning an activity.

2. When in the laboratory, acquire orderly habits.  READ through your lab exercise BEFORE you begin.  PLAN your work BEFORE you begin.  Follow oral and written directions closely.  Ask for further instructions whenever you do not understand clearly what you are to do.  Be sure you understand any safety symbols shown on the page.

3. Use the safety equipment provided for you.  Goggles and a safety apron should be worn when any activity calls for using chemicals.

4. Never eat or drink in the lab, and never use lab glassware as food or drink containers.  Never inhale chemicals.  Do not taste any substance or draw any material into a tube with your mouth.

5. If you spill any chemical, wash it off immediately with water.  Report the spill immediately to your teacher.

6. Know the location and proper use of the fire extinguisher, safety shower, fire blanket, first aid kit, and fire alarm.

7. Keep all materials away from open flames.  Tie back long hair and loose clothing.

8. No sandals or loose clothing should be worn in the lab.

9. If a fire should break out in the classroom, or if your clothing should catch fire, STOP, DROP, & ROLL, or get under a safety shower.  NEVER RUN!!

10. A fire occurring in a beaker can best be extinguished by covering the beaker with a lid or wet paper towel.  Never pick up a flaming beaker.

11. Report any accident or injury, no matter how small, to your teacher.

12. While waiting for the use of equipment or chemicals, or while waiting for a substance to heat up, remain at your lab station and answer questions or clean up some of your equipment.  Never waste time.

13. To test the smell of a substance (especially a gas), fan a little of the vapor toward you by waving (wafting) your hand over the top of the container.  Sniff cautiously.  DO NOT PUT YOUR FACE DIRECTLY OVER THE CONTAINER AND TAKE A DEEP BREATH.

14. Do not place your face or any part of your body over a container in which a chemical reaction is occurring.

15. Read all labels carefully and never use materials from an unmarked container.

Follow these procedures as you clean up your work area.

1. Turn off the water and gas.  Disconnect electrical devices.

2. Return all materials to their proper places.

3. Dispose of chemicals and other materials as directed by your teacher.  Place broken glass and solid substances in the proper containers.  Never discard materials in the sink.

4. Clean your work area.

5. Wash your hand thoroughly after working in the laboratory.

Objective 4.1- 4.5:
Metric System


 Someone asks, “How far do you live from here?”  “Five miles, “ you answer.  What if you said just “five?”  The person wouldn’t know if you meant block, feet, yards, or miles.  Every expression of measurement must indicate the unit for that measurement.  A unit is a standard of measurement, either for distance (linear), volume, weight, or time.  The mile was the unit in the example above.


The British system of measurement expresses linear quantities as miles, yards, feet, and inches; volumetric quantities as gallons, quarts, pints, and ounces; mass quantities as tons, pounds, and ounces.  Because of their relationships to each other, it is difficult to convert from one quantity to another.


Scientists prefer to express quantitative data in the metric system.  They system, developed in France in the late 18th century, and in use in every major country except the United States, is designed so that all countries could utilize a common system of measurement and be able to communicate those measurements.  It is based on powers of ten and contains three standard units of measurement: the meter for linear, the liter for volume, and the gram for mass.  The six main prefixes are as follows:


Kilo-

1,000 base unit


Hecto-

100 base unit


Deka-

10 base unit
        Base Unit – meter, liter, or gram

Deci-

.1 or 1/10 of the base unit


Centi-

.01 or 1/100 of the base unit


Milli-

.001 or 1/1000 of the base unit

To express very large or very small quantities, scientists also use the prefixes listed below.


Mega-

1 million base unit 
(as in megawatts of power)


Giga-

1 billion base unit
(as in gigawatts of power)


Micro-

.000001 or 1/millionth of a base unit 
(as in microseconds)


Nano-

.000000001 or 1/billionth of a base unit 
(as in nanoseconds)

Linear Measurement (Length) - (m, km, cm, mm, etc.)

The meter is the standard unit of measurement of length- about 39 inches, a little more than a yard.  A golf club is about a meter in length.  The average basketball player is about 2 meters tall.  The meter is divided into 100 equal parts called centimeters (cm).  The prefix “centi-“ means one 1/100.  Thus a centimeter is one one-hundredth of a meter.  A thumbtack is about the same width as a centimeter.


Smaller than a centimeter is the millimeter.  The prefix “milli-“ stands for one one-thousandth; therefore, a millimeter is one one-thousandth of a meter.  The edge of a dime is about a millimeter thick.  


Long distances are measured in kilometers.  One kilometer is made up of 1000 meters.  The prefix “kilo-“ stands for one thousand.  One kilometer is about the distance of nine-football fields lined end to end.

Area - (m2, km2, cm2, etc.)

Area is found by multiplying length times width, and the unit of measurement for area is always squared.

Area = Length * Width

Volume – (liquids – L, mL, etc.)  (solids – cm3)

Volume is defined as the amount of space that a substance occupies.  The standard unit of volume for a liquid is the liter- a little more than a quart.  Many of the liquids we see every day come in containers marked in liters and milliliters.  For example, in one liter there are 1000 milliliters.  Scientists use a measuring container called the graduated cylinder to measure small amounts.  The graduated cylinder is marked off in milliliters. 


The volume of a regularly shaped solid is derived using units of length.  Volume is found by multiplying length times width times height.  When an object’s height, length, and width are measured in centimeters, the volume unit is the cubic centimeter.  A cubic centimeter is a relatively small unit of volume.  One cubic centimeter takes up the same amount of space as one milliliter. 

*** 1 milliliter (mL) = 1 cubic centimeter (cc) = 1 cm3 = 1 g of solid mass**

The volume of irregularly shaped objects can be measured by a method called displacement.  First, the volume of water in a graduated cylinder is measured.  Then the object is placed in the cylinder until it is totally submerged.  The volume of water is read again.  The difference between the original volume and the new volume is the volume of the object.  The milliliter is used only for the volume of liquids.   The volume of a solid is expressed in cubic centimeters.

Example:

Kilo 
    Hecto 
Deka 
     Base (m, L, g) 
Deci 
    Centi 
Milli

1. Convert 25 km to m

2. Start with kilo and count how many places away the unit is – 3 places to the right (hecto, deka, base)

3. Move decimal in problem that many places in that direction.

4. Fill in any needed zeros – 25,000.00m

Mass


The unit is the gram- about the mass of a small paperclip. Mass is a measure of the amount of material in a substance.  Anything that takes up space has mass.  The standard unit of measurement for the mass of a substance is the gram.  One gram of water has the same mass as one milliliter of water.


Scientists usually measure the mass of a substance with an instrument called a balance.  Two types of balances are used: the triple-beam balance and the double-pan balance.  

Temperature

Temperature measurements in SI are often made in degrees Celsius.  Celsius temperature is a supplementary unit derived from the base unit Kelvin.  The Celsius (ºC) has 100 equal graduations between the freezing temperature (0ºC) and the boiling temperature of water (100ºC).  The following relationship exists between the Celsius and Kelvin temperature scales:





K = ºC + 273




˚C = 5/9 (˚F- 32)





˚F = 9/5˚C + 32
International System of Units
Supplementary SI Units

	Measurement
	Unit
	Symbol
	Expressed in base units

	Energy
	Joule
	J
	Kg * m2/s2

	Force
	Newton
	N
	Kg * m/s2

	Power
	Watt
	W
	Kg * m2/s3 or J/s

	Pressure
	Pascal
	Pa
	Kg/m* s2 or N * m


Objective 5:
Scientific Method


Problem solving begins with observations.  Observations are evidence detected by our senses.  They are what we actually see or hear, how something smells, feels or tastes.


A good observer sees only what is there.  We may strongly suspect certain things, but this is going beyond what we actually see.  This is called an inference.  An inference is a tentative conclusion based upon observations.  It is tentative because the evidence is incomplete.


When scientists are confronted by a problem, they use basically the same process of problem solving, only they use more rigorous tests before reaching a definite conclusion.  First, careful observations are made.  Then, a hypothesis is formulated.  When a scientist proposes a hypothesis, it is tested to see if it is correct.  The scientist begins by analyzing the data, using instruments to make precise observations.  Not one, but several tests may be conducted before the scientist is ready to make a conclusion.


A scientist usually begins with a problem, or a question to which the answer is not immediately known.  He researches the problem to find out what is already known.  If he has an idea about the solution of the problem, this becomes his hypothesis.  A hypothesis is an educated guess based on knowledge and experience.  Now he must test this hypothesis until he feels he has enough evidence to reach a conclusion.  A conclusion is a final judgment based on all the observations made.  Once the scientist has tested his hypothesis thoroughly, he is ready to conclude whether the hypothesis is true or false.  Conclusions, however, can be wrong, especially if they are not based on good observations or are the result of faulty reasoning.


To test a hypothesis, the scientist must design an experiment.  Every experiment has a manipulated variable, a responding variable, and usually more than one variable held constant.  The manipulated variable (also called the independent variable) is the variable that the experimenter changes throughout the experiment.  The responding variable (also called the dependent variable) is the variable being measured or observed.  All other variables affecting the experiment other than the manipulated variable and the responding variable are held constant (not changed).
Example:


A washing detergent manufacturer claims that their detergent can remove blueberry stains in any temperature. A test was conducted to determine if indeed the detergent could remove the stain in hot or cold water. Four temperatures were selected, 15ºC, 25ºC, 50ºC, and 70ºC. Four pieces of the same cloth were stained with the same amount of blueberry and then washed, one in each temperature. One cup of detergent was used for each piece of cloth. The degree to which the stain was removed by the washing was observed.


The manipulated (independent) variable in the above experiment was temperature. The responding (dependent) variable was the degree to which the stain was removed. The variables held constant were the type of cloth, the type and amount of stain, and the amount of detergent used.

Objective 6:
Scientific Theory and Law


A law is a general statement that describes the relationship between or among phenomena.  Because a law is tested thoroughly by innumerable experiments, it is though always to hold true under certain specific conditions.


A theory is a well-tested model or set of hypotheses about some aspect of the natural world.  A theory may provide a basis for explaining many laws.


What is the difference between a theory and a law?  All scientists do not always accept a theory, but a law usually is.  Laws are less likely to change, but new observations and experiments have caused revolutions in science.  A scientific theory not only has the ability to explain events around us but also the power to predict new events.  Both a theory and a law can be used to make predictions.  Both a law and a theory may be changed if new experiments do not support them.

Objective 9:
Constructing and Interpretering Graphs


In this information age, we need to be able to transmit as much information as possible in the least amount of time.  Graphs provide the means to illustrate large amounts of information alone or in conjunction with text.  There are several different types of charts and graphs that can be constructed, depending on the type of information.


A bar graph is used when one of the variables is qualitative.  Remember that qualitative data are data described with words rather than with numbers.


A line graph consists of a vertical axis and a horizontal axis, which intersect at a point called the origin.  A scale is chosen for each axis, which includes all of the data values measured.


Many variations are possible when information is illustrated graphically.  A line graph can make the same comparison by using a different colored line to represent each data gathered.


Another example of a graph is a pie graph.  Each “piece” of the pie, or portion of the circle, is a different size depending on what percent of the whole it represents.


In science, graphs are used to illustrate the results of an experiment.  Several guidelines are used when graphing science data.

1. The manipulated (independent) variable is assigned to the horizontal axis.  The horizontal axis is also called the x-axis.
2. The responding (responding) variable is assigned to the vertical axis.  The vertical axis is also called the y-axis.

Laboratory Techniques

1. Lighting a Laboratory Burner

Most laboratory burners are constructed similarly.  There is an inlet for gas and a vent or valve for the adjustment of air, which is mixed with the gas.  For maximum heat, the air-gas mixture must be correct and the object to be heated should be placed just above the pale blue part of the flame.

1. To light the burner, hold a lighted match or a gas lighter next to the barrel of the burner 
and then turn on the gas.

2.
After lighting the burner, adjust the flame from the gas inlet.  If the flame rises from the burner or appears to “blow out” after lighting, reduce the supply of gas.  Adjust the air vent until a light blue cone appears in the center of the flame.  If the flame is yellow, open the air vent.

2. Using the Balance

Follow these steps when using a beam balance.

1. Slide all riders back to the zero point.  Check to see that the pointer swings freely along the scale.  The beam should swing an equal distance above and below the zero point.  Use the adjustment screw to obtain an equal swing of the beams.  You should “Zero” the balance each time you use it.

2. Never put a hot object directly on the pan.  Air currents developing around the hot object may cause massing errors.

3. Never pour chemicals directly on the balance pan.  Dry chemicals should be placed on paper or in a glass container.  Liquid chemicals should be massed in glass containers.

4. Place the object to be massed on the pan and move the riders along the beams, beginning with the largest mass first.  If the beams are notched, make sure all riders are in a notch before taking a reading.  Remember, the swing should be an equal distance above and below the zero point on the scale.

5. The mass of the object will be the sum of the masses indicated on the beams.  Subtract the mass of the container from the total mass reading, if necessary.

3. Measuring temperature

1. When the temperature of a liquid is measured with a thermometer, the bulb of the thermometer should be in the center of the liquid.  Do not allow the bulb to touch the bottom or sides of the container.  When the thermometer is removed from the liquid, the column in the thermometer will soon show air temperature.  For this reason, take the temperature readings while the thermometer is in the liquid.

2. When measuring the temperature of hot or boiling liquids, be sure to use a thermometer that is calibrated for high temperatures.

3. Never “shake down” a thermometer to reset it.

4. Never use a thermometer to stir a liquid

4. Measuring volume

1. The surface of liquids in glass cylinders is often curved.  This curved surface is called the meniscus.  Most of the liquids you will measure will have a concave meniscus.  View the meniscus along a horizontal line of sight.  Do not try to make a reading looking up or down at the meniscus.

2. Always read a concave meniscus from the low point of the curve.  This gives the most precise volume in a glass container.

3. Liquids in many plastic cylinders will not form a meniscus.  In these containers, read the volume from the level of the liquid.

5. Transferring Chemicals from Reagent Bottles

CAUTION: Never touch chemicals with your hands.

Many chemicals are corrosive and irritating to the skin.  Goggles and aprons must be worn when transferring chemicals from one container to another.  To avoid contaminating stock chemicals, do not return unused chemicals to the stock bottle.


Solids

1.
Solids are generally kept in wide mouth bottles.  Use a clean spoon or spatula to remove the solid materials from its container.  Or, rotate the bottle back and forth to shake out the solid.

2.   Place the solid material on a piece of creased, waxed paper and 

      add the solid very carefully to your container.  Transfer the     

      solid to a test tube by folding the paper.

3.   If the solid is to be massed, remember to use waxed paper or a 

container.  Do not place the solid directly on the balance pan.



Liquids




Never siphon or withdraw liquids of any kind by sucking on 

tubing with the mouth.
1. Grasp the stopper between your fingers and remove the stopped from the reagent bottle.  Do not put the stopper on the table; keep it between your fingers.

2. Wearing goggles, hold the test tube or graduated cylinder at eye level and pour the liquid slowly until the desired volume has been transferred.  Read the volume as described above.

3. Replace the stopper in the reagent bottle.  If any liquid runs down the outside of the bottle, rinse it with water before returning it to the shelf.  Wipe the bottle with a damp paper towel is the liquid is an acid.

6. Working with chemicals

1. When smelling a substance, use a fanning motion (wafting) to direct the vapor toward you.  Never smell a substance directly.

2. Always point the mouth of the test tube away from yourself and others when you heat the test tube.  Move the tube constantly for even heating.

3. Diluting acids (AAA – Always Add Acid to water rule)
i. The acid is added to the water, and never the reverse.

ii. The acid should be poured slowly down the stirring rod and the solution continually stirred.  Diluting an acid produces heat.  Therefore, it is important to add the acid slowly and to stir the solution.

7. Inserting Glass tubing into a rubber stopper

CAUTION: Excessive hand pressure on the tubing will cause it to break.  Severe injury can occur.

1. Begin by lubricating the tip of the glass tubing and the rubber stopper with soapy water, glycerol, or some other suitable substance.

2. Protect your hands with a cloth towel.  Be sure that the ends of the tubing are directed away from the palms of your hands.  Never force the tubing into the stopper.  Ease it in with a gentle twisting motion.

3. The end of the glass tubing should protrude from the stopper.

8. Heating substances

1. Graduated cylinders and all glassware not marked PYREX or KIMAX are NOT to be heated.  They will break if heated.  Do not heat ANY glassware too suddenly at first. Apply the flame carefully in a back and forth motion until the glassware is hot.  Porcelain ware may be heated.  Remember to always wear goggles when glassware is being heated.

2. Always slant a test tube in which a liquid is being heated AWAY from yourself and other students.  A suddenly formed gas bubble may discharge the contents quite violently and dangerously.  HEAT THE TEST TUBE HALF WAY BETWEEN THE BOTTOM AND TOP OF THE LIQUID.  Move the tube slowly in and out of the flame while heating.

3. Never heat a flammable liquid directly.  Heat it in a water bath and use a boiling chip.

4. Never heat a liquid in a closed container.  The expanding gases produced may blow the container apart, injuring you or others.

5. Never taste a chemical or solution unless directed to do so by your teacher.  After tasting solutions, always wash out your mouth with water.

Laboratory Equipment
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 Beaker
	Test tube
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Wire Gauze
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Medicine Dropper


	Wide Mouth Bottle
[image: image13.jpg]




	[image: image14.wmf]
Bunsen Burner
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Tongs
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Mortar & Pestle
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Funnel
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Erlymeyer flask


	Graduated Cylinder
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Test Tube Rack

	



Crucible 


	Spatula
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Test tube holder

	Burette Clamp
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	Evaporating Dish
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	Clay triangle
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	Deflagrating spoon
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	Thistle tube
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	Triangular file
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	Florence flask
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	Ring stand
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	Ring
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