CHAPTER 4 – INTERRELATED SCIENTIFIC PRINCIPLES: MATTER, ENERGY AND ENVIRONMENT 

CLO 2. The student will understand the scientific method and how science operates; and the student will demonstrate scientific literacy regarding environmental issues.


The student will be able to…

· SLO 2.1 … to outline the steps undertaken in applying the  scientific method 
· SLO 2.2 … to engage in the scientific reasoning to understand and solve environmental issues through a multi-disciplinary approach;
· SLO 2.3 … to recognize the limits of the scientific approach in solving problems. 

1. ELEMENTS OF THE SCIENTIFIC METHOD
· Science –  A systematic process for learning about the world and testing our understanding of it. (Withgott & Brennan, 2008, G-5)
· Scientific method – A method of gathering and organizing information that involves observation, asking questions about observations, hypothesis formation, testing hypothesis, critically evaluating the results, and publishing findings so that others can evaluate the process and the conclusion. (Enger & Smith, p.461) 

The scientific method consiss of a series of steps (Fig. 4.3, p.66) including:
· Making Observation (Identify a problem) – The ability to notice something (5 senses -- see, feel, smell, texture, ear). 
· Formulating Questions -- It often leads to “asking questions to investigate” about the observation.

· Find out what is known about the problem – by searching the scientific literature…
· Stating a Hypothesis – A logical statement that explains an event or answers a question that can be tested (generating predictions)
· Testing predictions/hypothesis (Experimentation) – An artificial situation designed to test the validity of a hypothesis (it must be reproducible); this is where the data is collected
· Testing Hypothesis—Experiments expose variables as possible causes and help in formulation of a hypothesis that explains a sequence of events

· Analyze and interpret the results and draw conclusions (publish results through “peer review” journals) – so that others can evaluate the process and the conclusion
· Accept or revise the hypothesis and readjust accordingly and test new projections with further experiments (this loop and go on many times – before arriving to a theory)
The Development of Theories and Laws
· Theory – A theory consolidates many related hypothesis that have been tested and have not been refuted.
· Law – A fundamental rule of nature that is central to the understanding of many related aspects of nature and is considered true by nearly everyone although it is still possible that it could be disproved. Ex: law of gravity

Limitations of Science:
· No human enterprise, including science is perfect (100% sure) – there is always a “probability” of “uncertainty”. 

· Humans can make mistakes, misinterpret the data, bias the information, no one is completely objective; science as also its limits (equipment used; state of the art in technology etc.) 

· All data is conditionally interpreted and open to revision

Example of the Scientific Method:
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CLO 3. The student will be able to describe the structure of matter; define the energy principles and recite the basics of energy flow; and to distinguish photosynthesis, cellular respiration, and chemosynthesis.


The student will be able to…

· SLO 3.1 … to define matter and describe that matter is made up of atoms that have specific subatomic structures.
· SLO 3.2 … to recall that atoms may be combined and held together by chemical bonds to produce molecules; and changes at the atomic level can result in alternative forms of elements, such as ions and isotopes.
· SLO 3.3 … to understand that rearranging chemical bonds results in chemical reactions and that these reactions are associated with energy changes; chemical bonds being held together by energy.
· SLO 3.4 … to differentiate between inorganic and organic matter; to list the 4 types of macromolecules that compose the key building blocks of life; and to briefly describe cells.
· SLO 3.5 … to differentiate among the types of energy and explain both laws of thermodynamic and its effect on energy flow. 
· SLO 3.6 … to distinguish photosynthesis, cellular respiration, and chemosynthesis, and summarize their importance to living things.

2. THE STRUCTURE OF MATTER

· Everything in the universe is either “matter” or “energy”.
· Energy – the ability to do work (discussed later) 
· Matter - Is anything that has weight (mass) and also takes up space (volume)
· Ex: Air, water, trees, cement, gold, iron, plastic…
· The amount of matter on Earth is finite in the sense that there is a limited amount available.
· But matter is constantly being recycled, changing from one form to another.
· Conservation of matter --- The principal of the conservation of matter states that matter is neither created nor destroyed.
· Matter can come in three physical forms (or processes)– solid, liquid, and gas and  two chemical forms (or processes) – elements, molecules/compound 
· (The physical and chemical processes will cause the matter to be transformed -called the biogeochemical cycles.)
2.1
Atomic Structure
· Atoms – the fundamental subunits (subatomic structure) of matter, which is made up of protons and neutrons in the nucleus and electrons circling the nucleus. [It is the smallest unit of an element that exhibits the characteristics of that element.] (Fig. 4.4, p.68)
· Proton – the positively charge particle located in the nucleus of an atom
· Electron – the lightweight, negatively charged particle that moves around at some distance from the nucleus of an atom.
· Neutron – Neutrally charged particle located in the nucleus of an atom.
· Nulceus – The central region of an atom that contains protons and neutrons.

· Element – A form of matter that has a unique set of properties and cannot be broken down into simpler substances by chemical means. 
· There are 92 kinds of elements found in nature. (The other 26 elements --- for a total of 118 elements are produced artificially under experimental conditions.) 
· They differ from one another in the “number” of protons, neutrons and electrons present.

(Appendix I, p.455  – “Periodic table of the elements”)
· The atomic number of an atom refers to the number of protons it has.

· The atomic mass of an atom is the number of neutrons plus the number of protons (electrons are so lightweight that they are considered “negligible”)

· Isotopes – Atoms of the same element that have different numbers of neutrons. (Thus, they have “different atomic masses”.) (Fig. 4.5, p.68) (Ex: Carbon-12; Carbon-13; Carbon-14)
2.2
The Molecular Nature of Matter (Table 4.1, p.69)
· Atoms may be combined and held together by “chemical bonds” to produce molecules.

· Molecules – Two or more atoms chemically bonded to form a stable unit. 

· Compound – A kind of matter composed of two or more different kinds of atoms bonded together.

· There are millions of ways atoms can be combined to form compounds. Ex: water (H2O) (Fig. 4.7, p.70) ; Table salt (NaCl); sugar (C6H12O6); methane gas (CH4)

· Ion – An atom or group of atoms that has an electric charge because it has either gained (negatively charge) or lost (positively charged) one or more electrons.

· Mixtures – A kind of matter consisting of two or more kinds of matter intermingled with no specific ratio of the kinds of matter. (not chemically bonded to each other)
· Ex: Air – is a mixture of several gases of which the most common are nitrogen (78%)  and  oxygen (21%); other gases compose 1%-– carbon dioxide; water vapor…; Honey is a mixture of several sugars and water; concrete is a mixture of cement, sand, gravel, and reinforcing rods
2.3
Acids, Bases, and pH
· Pure water has an equal number of hydrogen (H+) and hydroxide (OH-) ions. It is called a neutral solution.
· Acids and bases are two classes of compounds that are of special interest.

· An acid solution  has more free  hydrogen ions (H+) than hydroxide ions in the solution
· A bases solution has more free  Hydroxide ions (OH-) than hydrogen ions in the solution
· The strength of an acid or base is represented by a number called its pH.

· pH – the negative logarithm of the hydrogen ion concentration; a measure of the number of hydrogen ions present. 

· Scale – from 1 to 14; one being the most acid and 14 the most basic; pH of 7 being “neutral” (Fig 4.6, p.70)
· The measurement of acidity is important in the study of environmental science, as environmental changes involving acidity can have serious environmental impacts. For example, when fossil fuels (coal, oil, natural gas) are burned they give off acidic compounds that can return to the earth as acid deposition, which has become a major environmental problem.

2.4
Inorganic and Organic Matter

· Organic Matter (compound) --- consists of molecules that contain carbon atoms bonded to form chains or rings. Generally large molecules that form the building blocks of all living organisms  (all living things contain organic molecules); typically, they contain a large amount of chemical energy that can be released when they are broken down to inorganic molecules. 

· Ex: sugars, proteins, fats; nucleic acids; Fossil fuels: natural gas, crude oil, coal

· There are four major groups of “bioorganic compounds” – lipids (fats); carbohydrates (sugars); proteins; nucleic acids ; the usually form very large molecules called “macromolecules”
· Inorganic Matter (compound) – Do not contain carbon atoms bonded to form chains or rings --- generally small and are of relatively few kinds. 
· Ex: Salt, water, metals, sand, oxygen…

2.4.1 Organism use cells to compartmentalize macromolecules

· Living things are constructed of cells that are themselves made up of both inorganic and organic matter in very specific arrangements.

· Cells – the fundamental units of life; all living organisms are composed of cells

· organisms may be composed of many cells (multicellular) or single cells (unicellular)

Cells are in turn composed of a membrane and organelles

· Metabolisms or all the reactions carried out by a cell, is made possible by a special class of protein tools called “enzymes” (catalyze reactions)

Hierarchy of Matter within Organisms:

· Within an organism, we can view matter as being organized in a hierarchy of levels. 

· (1) Atoms (with their protons, neutrons, and electrons) – the smallest component of an element that maintains the element’s chemical properties; form the base of the hierarchy

· (2) Molecules – A combination of two or more atoms chemically bonded together; form the next level

· (3) Macromolecules – An organic compound large in size and important for life (includes proteins, nucleic acids, carbohydrates, and lipids); make up portions of cells

· (4) Organelles – A structure inside a eukaryotic cell that performs a particular function

· (4) Cell – the smallest unit of living matter able to function independently, enclosed in a semi-permeable membrane

· (5) Tissue – A group of cells with common structure and function

· (6) Organ  - A structure in an organism composed of several types of tissues and specialized for some particular function
· (7) Organ system – An integrated system of organs whose action is coordinated for a particular function

· (8) Organism – an individual living thing.

2.5
Chemical Reactions (Fig. 4.8, p.70)
· The atoms within a molecule are held together by chemical bonds.

· Chemical bonds – The physical attraction between atoms that results from the interaction of their electrons. (The force that hold atoms together in a molecule.)

· When chemical bonds are broken or formed, a chemical reaction occurs, and the amount of energy within the chemical bonds is changed. 

2.6
Chemical Reactions in Living Things (Energy for life)

· Metabolisms or all the reactions carried out by a cell, is made possible by a special class of protein tools called “enzymes” (catalyze reactions)

Two important biological reactions are photosynthesis and respiration: (Fig. 4.9, p.72; Fig. 4.10, p.73)
· Photosynthesis --- The process by which autotrophs (plants, seaweeds, algae, autotrophic bacteria…) manufacture food. Light energy is used to convert carbon dioxide and water to sugar and oxygen. It forms large organic molecules from inorganic substances.

6CO2   +   6H2O   +   light (solar)  energy   (   C6H12O6 (sugar)  +  6O2 
· Cellular respiration – The process that organisms use to release chemical bond energy from food (organic matter). The large organic molecules are “broken” down into their inorganic forms.

C6H12O6 (sugar) [organic matter] +   6O2   (   6CO2   +   6H2O   + energy

· Only “living organisms (plants, seaweeds, seagrass, phytoplankton, autotrophic bacteria)” which contain “chlorophyll pigments” (contained in the chloroplasts of the cell) are capable of photosynthesis. The “sunlight energy” is needed in photosynthesis. They are called autotrophs or primary producers.
· All animals and other living forms do not have chlorophyll and gain their energy by eating plants or animals and breaking down their organic molecules for energy. They are called heterotrophs or consumers.
Chemosynthesis – a particular way of producing organic matter without the use of “sunlight”

· Chemosynthesis -  Specialized autotrophs (mainly bacteria) use carbon dioxide, water, and chemical energy from minerals to produce the sugars they need.
3.
ENERGY PRINCIPLES

· Energy – the ability to do work (Power – is defined as the rate of doing work)

· Energy is what makes “matter” move (or change or be transformed).
· Energy and matter are essential constituents of living organisms. Matter is the material of which they are made and energy provides a force to hold structures together and tear them apart and move them.
3.1
Kinds of energy (Fig. 4.11, p.74)
· Energy can take many forms (is measured in calories, BTUs or Joules):

· Ex: Heat, light, electricity, chemical energy (food, gasoline…), nuclear, kinetic, potential…

· Kinetic energy – Energy of moving objects (see definition of “kinetic molecular  theory”)

· Heat measures the total kinetic energy of atoms or molecules in a substance. Temperature is the measure of the “speed of motion of atoms or molecules” in a substance. (Temperature is the “instrument” that quantifies the amount of heat of a substance)

· Potential  energy – Energy of position (energy that matter has because of its position; stored energy that is latent but available for use) 

· Ex: water behind a dam; a rock on top of a hill…

3.2
States of matter (Fig. 4.12, p.74)
· Kinetic molecular theory – The widely accepted theory that all matter is made of small particles (atoms, molecules) that are in constant movement (motion).

· Depending on the amount of energy (Kinetic energy) present, matter can occur in “three states (or phases)” or physical forms: solid, liquid, gas
· The physical nature of matter changes when the amount of kinetic energy its molecules contain changes 

· Ex: When Ice (low amount of energy, the molecules are close together and vibrate) is heated it will transform to “liquid water” (higher energy molecules that roll, tumble and flow over each other, more spaced apart); and if heated enough, it will transform to “water vapor” (gas state – the molecules are very rapidly moving bumping against each other and are far apart from each other)

3.3
First and Second Laws of Thermodynamics

· The study of thermodynamics deals with how energy is transferred in natural processes.

· First Law of Thermodynamics – A statement about energy that says that under normal physical conditions, energy is neither created nor destroyed i.e. it is “conserved”. (It is simply transformed into other forms of energy – the total amount of energy does not increase nor decrease)
· Second Law of Thermodynamics – A statement about energy conversion that says that, whenever energy is converted from one form to another, some of the useful energy is lost (usually as heat).  (Fig. 4.13, p.75)
· There is no loss of “total energy” but loss of “useful energy”. Energy is dissipated (becomes less concentrated) --- the entropy increases (entropy – the measure of disorder --- the degree of disorder)
4.
ENVIRONMENTAL IMPLICATIONS OF ENERGY FLOW
· Energy cannot be recycled like matter. 

· Energy always flows through systems in a one-way process in which some energy is converted from a high-quality, concentrated form to a lower quality, less-useful, dispersed form. (entropy increases)

· Energy quality – a measure of the capacity of a type of energy to do useful work: 
· High-quality energy – highly concentrated (fossil fuels – oil, coal, natural gas; high-speed wind…)
· Low-quality energy – dispersed; has little capacity to do work (Ex: molecules in air; water, heat..)
· Energy is being converted from one form to another continuously within the universe. 

· Orderly arrangements of matter, such as clothing, automobiles, or living organisms always tend to become disordered. (There is an increase in entropy.) Eventually, nonliving objects wear out and living things die and decompose and return to its original form --- inorganic matter (elements and molecules). In other words all systems tend to move towards a higher state of entropy or disorder.

· Entropy – The degree of disorder in a system. 

· Ultimately, all the energy in a system will become useless (transformed to heat) and dissipated throughout the universe.

· New energy is constantly being furnished (flows) into the system.

· On Earth, the vast majority of new energy flows from the SUN. 
· A steady influx of solar radiation provides the heat and light energy needed to support life in the biosphere.

· The “SUN” powers photosynthesis ------- the basis of all food production.  (Most organisms depend on the sun for the energy needed to create structures and carry out life processes.)

· The sun furnishes the “heat” to power the hydrologic cycle by evaporation, and generates winds via the differences of temperature of air masses
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