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Outline

· Some Aspects of General Chemistry   ( ~ 7 times)

· Some Aspects of Organic Chemistry ( ~ 4 times) 

· Some Aspects of Biochemistry      ( ~2 times) 

URL of this course: http://pcss1.xmu.edu.cn/~xinlu/courses/ce/
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Chapter 1    Measurements

1.1 Introduction
From simple chemicals the modern chemist can synthesize a drug with the ideal structural features to treat a particular disease or create a remarkable plastic with just the right properties to replace a worn body part. Very rarely does a sudden, almost magical, discovery lead the way to this sort of success. In most cases careful, occasionally tedious, experimentation must come first.    

Performing experiments in chemistry and interpreting their results is what chemists do. It is with the devices used to produce measured quantities, the units in which they are expressed, and the techniques used to do calculations upon them that the study of chemistry begins.

1.2 Experiments  

Chemical experiments fall into two broad categories, qualitative experiments and quantitative experiments. In qualitative experiments, the presence or absence of some physical quantity is noted. In quantitative experiments, the physical quantities are measured to see how much of it there is.

 For example, in the experiments to test for glucose in urine, a Qualitative observation shows that the sample contains glucose, whereas a Quantitative observation shows that the sample contains 10mg of glucose.

1.3 Units and the SI System

A unit describes a physical quantity that is being measured, e.g. 10 mg of glucose.

A practical and useful set of units must be internationally accepted and unambiguously defined.

Three sets of units in use are: 

a) English System: e.g., foot and pound, rarely used in scientific studies. 

b) Metric system: e.g., meter and kilogram units, widely adopted. 

c) International System of Units (SI System).

1.4  SI Units
SI units were created in 1969, in order to clear up any possible confusion about which units should be included in the modern metric system. SI Units includes the SI base units, the SI derived units, and the SI prefixes.

SI base units: There are seven SI base units for length, mass, time, amount of substance, temperature, electric current and luminous intensity, respectively.  They are listed in the Table following. 

	Physical Quantity
	Name of Unit
	Abbreviation

	Length
	meter
	m

	Mass
	kilogram
	kg

	Time
	second
	s

	Amount of substance
	mole
	mol

	Temperature
	kelvin
	K

	Electric current
	ampere
	A

	Luminous intensity
	candela
	cd


SI Prefixes:  The nine widely used SI prefixes are listed in the following table.

	Prefix
	Abbreviation
	Meaning

	pico
	p
	10-12 (one-trillionth)

	nano
	n
	10-9 (one-billionth)

	micro
	(
	10-6 (one-millionth)

	milli
	m
	10-3 (one-thousandth)

	centi
	c
	10-2 (one-hundredth)

	deci
	d
	10-1 (one-tenth)

	kilo
	k
	103 (one thousand times)

	mega
	M
	106 (one million times)


SI Derived Units 

SI derived units are in form of combinations of SI base units and, sometimes, SI Prefixes.  For example, Volume units are SI derived units. 

volume unit =(length unit)3
1 cm3 =  1  ml         (milliliter)

1 dm3 =  1  L         (liter)

Containers that are used in chemical laboratories to measure volume include  Beaker (量杯, 烧杯), Graduated cylinder (量筒), Burette (滴管), Syringe(注射器), Measuring pipet (吸量管 ), Transfer pipet(移液管),and Volumetric flask(容量瓶).

Another SI derived unit is for Density  which is the combination of mass and volume units.

Density = mass/volume

Water:  1.0 g/cm3  (1 g/ml)

Gold: 19.3 g/cm3 (19.3 g/ml)
Chapter 2   Matter and Energy

2.1  Introduction

Matter is anything that has mass and occupies space, e.g., a drink of water, a chunk of metal or even a breath of air. Chemists study matter from one particular point of view, i.e., they explain the behavior of matter in terms of the invisible building blocks of which it is made. Atoms are the indivisible, discrete particles of which all matter is composed. Molecules are collections of atoms which are held together by links called chemical bonds.

2.2 Chemical Properties of Matter

A chemical property describes the ability of a substance to undergo a chemical change. A chemical change occurs when the atoms of a substance rearrange by bond breaking and bond formation to produce a new substance that is chemically different from the original ones. When such chemical changes occur, a chemical reaction is said to have taken place. The original substances are called reactants and the new ones are called products.

•Chemists describe chemical reactions by using an arrow pointing from the reactants to the products:  Reactants ( products.  Examples of chemical changes: burning, and corrosion.

2.3 Physical Properties of Matter

When a substance undergoes a physical change, no chemical bonds are formed or broken and no chemical reaction takes place. The molecules and atoms of the original substance are the same before and after the physical change. Some important physical properties are color, density, boiling point and freezing point. 

2.4 States of Matter and Physical Changes 

One physical property which is readily observed is the physical state, that is, whether something is a solid, a liquid, or a gas (at a given temperature and pressure).

Melting: the process that a solid is transformed into a liquid by applying heat to it. 
Freezing: the reverse process of melting by cooling a liquid. 

Vaporization: the process that a liquid is converted into a gas by heating. 

2.5 Types of Matter

Elements:  An element is a pure substance which consists of just one kind of atom. The 106 different elements on earth are listed in the Periodic Table of elements.

Compounds: A compound is a pure substance which contains just one kind of molecule.

Mixtures include more than one pure substance, which can be separated from each other without a chemical reaction. 

2.6 Law of Conservation of Matter

Regardless of what chemical reaction takes place, careful weighings show that the mass of reactants is always exactly the same as the mass of products.  Mass can not be created or destroyed, a principle known as the law of conservation of matter.  

2.7  Energy

Energy is defined as the ability to do work. Whirling tornadoes, rushing streams, and moving people are all sources of energy. The energy that involves objects in motion is called kinetic energy. Stored energy is called potential energy, e.g., the water behind a dam. Chemical energy is the energy change that accompanies chemical reactions.

Law of Conservation of Energy

The law of conservation of energy states energy is neither created nor destroyed, but may be changed in form.

2.8 Units of Energy

The SI energy unit is Joule, abbreviated J, a derived unit which is a combination of the kilogram, meter, and second: 

                      1  J  = 1  kg m2 s-2

Chemists and biochemists sometimes substitute the non-SI energy unit calorie (cal):

                       1  cal = 4.184 J

Assignment 1

a) Write an article (at least 200 words) with one of the following two topics:

Why is Chemistry Interesting?

Why is it necessary for you Chinese chemical students to learn Chemistry English? 

Completing both will be highly appreciated!

Chapter 3   Atoms

3.1  Introduction
In Greek atomos means “indivisible”. 

Atomic theory: if the matter were divided a sufficient number of times, it could eventually be reduced to the indivisible, indestructible particles called atom.

The atomic theory was presented by the British chemist John Dalton (1766-1844) in the early 1800s. It is one of the greatest advances in the history of chemistry.  “Whether matter be atomic or not, this much is certain, that granting it to be atomic, it would appear as it now does.”(by Micheal Faraday (1794-1867) and J.B. Dumas(1800-1884)). The main points of the Atomic Theory include: 1) The ultimate particles of elements are atoms; 2) Atoms are indestructible; 3) Elements consist of only one kind of atom; 4) Atoms of different elements differ in mass and in other properties; 5) Compounds consist of molecules (which Dalton called “compound atoms”), which form from simple and fixed combination of different kinds of atoms.

Drawbacks of the Atomic Theory: Points 2 and 3 of Dalton’s Atomic Theory do not agree with modern experimental evidence because atoms can be broken down and atoms of one particular element can differ in mass.
3.2 Element Symbols
With the discovery of atoms came the chemical alphabet of element symbols. Dalton chose the circle as the symbol for oxygen and represented all other elements by variations of the circle. These early primitive symbols evolved into the modern system of using one or two letters of the English alphabet.

Modern system of element symbols: The first letter is always a capital and the second, if there is one, a lower case. The symbols are often formed from the first letter of the element name or from the first letter along with one other. e.g., B stands for the element boron, Ba for barium, Be for beryllium, and Bk for berkelium.(锫, belongs to the Actinium(锕) series.)

Exceptions: For some of 106 elements it is not possible to guess the symbol by examining the English name. For instance, the symbol for the element iron is Fe (not I or Ir). Iron, along with copper, silver, gold, sodium, potassium, lead, tin, antimony, and tungsten have symbols that are derived from one or two letters of their Latin or German names.

3.3  Formulas
The formulas used to represent compounds and elements inlcude element symbols and subscripts,e.g. H2O represents a water molecule.
3.4 Subatomic particles

Particles smaller than even the smallest atoms are called subatomic particles. They are Electron (1870s) , Proton (later 1800s) and Neutron (1930s).

3.5 Atomic mass unit (amu)
It is difficult to comprehend how incredibly small are the masses of subatomic particles. e.g.  Proton mass = 1.673 × 10-24 g

Neutron mass = 1.673 × 10-24 g

Electron mass = 9.11 × 10-28 g

Quoting the masses of these particles in grams is definitely awkward. A convenient unit to use is the atomic mass unit.     

               1  amu = 1.66057 × 10-24 g

3.6 Atomic Number Z

The identity of an element depends on the number of protons in the nuclei of its atoms. The number of protons in the nucleus of an atom is called the atomic number of the atom, labeled Z. All atoms of the same element must have the same number of protons. The number of positively charged protons and the number of negatively charged electrons in an atom must be the same.
3.7  Isotopes and Mass Numbers
The sum of the number of protons and the number of neutrons in the nucleus of an atom is the mass number.  (  A =  Z + N ). Atoms of the same element can have a different number of neutrons in their nuclei. Isotopes are atoms of the same element which contain a different number of neutrons and thus have different mass numbers. 

Table   Isotopes of Oxygen and Chlorine
	Isotope
	p
	n
	e
	Natural Abundance, %

	16O or O-16
	8
	8
	8
	99.76

	17O or O-17
	8
	9
	8
	0.04

	18O or O-18
	8
	10
	8
	0.20

	35Cl or Cl-35
	17
	18
	17
	75.53

	37Cl or Cl-37
	17
	20
	17
	24.47


3.8   Atomic Weight 

Dalton recognized the hopelessness of ascertaining the absolute weights of atoms because atoms are much too small to be weighted. It is possible to compare the weights of a large number of atoms of element A with that of the same number of atoms of element B. Atomic Weights for elements are determined by comparing a very large number of the atoms of the element with the same number of atoms of C-12. By definition the atomic weight of C-12 is exactly 12. For instance, the atomic weight of H is 1.008, meaning that H atoms are about one-twelfth as heavy as C-12 atoms. 

Calculating the atomic weight  

The atomic weight of an element is the weighted average of the atomic weights of all its natural isotopes and can be calculated if the atomic weights and relative abundances of the isotopes are given. 

E.g., There are two naturally occurring chlorine isotopes, Cl-35 and Cl-37, with relative abundances of 75.5% and 24.5%, respectively.

Atomic Weight Cl  = (0.755 × 35.0) + (0.245 × 37.0) 

Atomic Weight Cl = 35.5
3.9 Formula Weight

The formula weight of an element or compound is calculated by adding the atomic weights all the atoms in its formula. 

e.g. Formula Weight of O2 = 2 × 16.0 = 32.0

Formula weight of H2O = 2×1.0  +  1 × 16.0  = 18.0

3.10 Electrons in Atoms  

It is the electrons that are responsible for the chemical properties of atoms. Electrons form the bonds that connect atoms to one another to form molecules. The way in which the electrons are distributed in an atoms is called the electronic structure of the atom. In an atom, the small, heavy positive nucleus is surrounded by circulating electrons.

[image: image101.wmf]
3.11 Electronic Configurations

Each electron in an atom possesses a total energy (kinetic plus potential). The lowest-energy electrons are those closest to the nucleus of the atom and the most difficult to remove from the atom. Niels Bohr (1885-1962), a Danish physicist, first introduced the idea of electronic energy levels.

Bohr’s Atomic Model was based on the Quantum Theory of Energy. The energy levels in atoms can be pictured as orbits in which electrons travel at definite distances from the nucleus. These he called “quantized energy levels”, also known as principal energy levels.

Schrödinger’s Atomic Theory

Bohr’s theory laid the groundwork for modern atomic theory. In 1926, Erwin Schrödinger proposed the modern picture of the atom, which is based upon a complicated mathematical approach and is used today. In the Schrödinger atom, the principal energy level used by Bohr are further divided into sublevels, which are designated(指派）by a principal quantum number and a lowercase letter ( s, p, d and f). The higher the energy level, the more sublevels there are. The electronic levels (1s, 2s,2p and so on) are also called orbitals.
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Atomic Orbitals                                       Shapes of atomic orbitals: 

s orbital is spherical; 

p orbitals are dumbbell-shaped.
Electron Spin

Each orbital can hold no more than two electrons. The two electrons in a particular orbital differ in one way, namely, they have different spins. Electrons can “spin” in one of two direction, one pointing upward and one pointing downward. 

For the 1s orbital containing 2 electrons, it can be illustrated in two ways, i.e.,

1s  ((      or   1s2

How to illustrate the 2p orbitals that contain 6 electrons?
3.12 Writing Electronic Configurations for Atoms

The electronic configurations for an atom is written by listing the orbitals occupied by electrons in the atom along with the number of electrons in each orbitals. Three Rules which must be followed in writing electronic configurations are  Pauli principle, Aufbau principle, and Hund’s rule.
Pauli Principle: Each orbital may contain two electrons. It is possible for an orbital to contain no electrons or just one electron, but no more than two electrons. 
Aufbau Principle: Orbitals are filled by starting with the lowest-energy orbitals first. For example, 1s orbitals are filled before 2s orbitals which in turn are filled before 2p orbitals.

Hund’s Rule : When orbitals of equal energy, such as the three p orbitals, are being filled, electrons tend to have the same spin. The electrons occupy different orbitals so as to remain as far apart as possible. This is reasonable, since electrons have like charges and tend to repel each other. The electrons do not pair up until there is at least one electron in each of the equal-energy orbitals. 

· e.g.,   2p4,    px (( py (  pz (  
Examples of Electronic Configurations of Atoms

· H)    1s1  or 1s ( . 

· He)   1s2  or 1s (( 

· B) 1s2 2s2 2px1  or   2px(  2py     2pz    

                                  2s ((
                                  1s ((
· C) 1s2 2s2 2px12py1 or   2px(   2py(   2pz    

                                  2s ((
                                  1s ((
Chapter 4 Chemical Bonding

4.1  Introduction

Chemical bonds are the attractive forces which join atoms. The distance between the centers of two atoms joined by a chemical bond is between 70 pm and 300pm. The energy needed to break a chemical bond between two atoms is called the bond energy.  

Chemical compounds are conveniently divided into two broad classes, called ionic compounds and covalent compounds.

4.2  Types of Compounds

Compounds can be classified as ionic or covalent by examining two physical properties, melting point and the ability to conduct electricity. Ionic Compounds have very high melting point and are good conductors of electricity when they are either melted or dissolved in water. Covalent compounds have much lower melting point and are poor conductors of electricity. 
4.3 Formation of Ions
Ions are electrically charged species formed when a neutral atom either gains or loses one ore more electrons.  Cations, or positive ions, form when atoms lose one or more electrons. Anions, or negative ions, form when atoms gain one ore more electrons.

An ionic compound is an electrically neutral compound which consists of cations and anions held together by forces of electric attraction.

Stable Noble Gas Configurations

The atoms of representative elements tend to lose or gain electrons so that their electronic configurations become identical to those of the noble gas nearest to them in the periodic table.

Cation Formation: The metallic element of group IA have the general electronic configuration ns1. To obtain a stable noble gas configuration they lose this highest-energy electron. e.g. 

Li) 1s22s1  [image: image3.png]


 Li+) 1s2                  (He) 1s2 

Similarly for the group IIA elements with the general electronic configuration ns2, we have, for example, 

Mg) 1s22s22p63s2 [image: image4.png]


 Mg2+) 1s22s22p6  

Anion Formation: The nonmetallic element of groups VIA and VIIA gain electrons to form negative ions with stable, noble gas electronic configurations. 

e.g.   F) 1s22s22p5 [image: image5.png]


 F-) 1s22s22p6   (Ne) 

     O) 1s22s22p4  
[image: image6.wmf]2
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O2-) 1s22s22p6  (Ne)

4.4 Polyatomic ions

It is possible for ions to include two or more atoms. Such polyatomic ions behave as if they were monatomic ions and in fact are often components of ionic compounds. The most frequently encountered polyatomic cation is the ammonium ion, NH4+.
Several anions have names that end in -ide, including these three: OH- (hydroxide), CN-(cyanide) and O22- (peroxide). 

Common anions and their names

	Formula
	Name
	
	Formula
	Name

	With –1 charge
	
	With –2 charge

	F-
	Fluoride
	
	S2-
	sulfide

	Cl-
	Chloride
	
	CO32-
	carbonate

	Br-
	bromide
	
	SO32-
	sulfite

	I-
	Iodide
	
	SO42-
	sulfate

	NO2-
	Nitrite
	
	CrO42-
	chromate

	NO3-
	Nitrate
	
	Cr2O72-
	dichromate

	HCO3-
	bicarbonate
	
	SiO32-
	silicate

	ClO-
	Hypochlorite
	
	
	

	ClO2-
	Chlorite
	
	With –3 charge

	ClO4-
	perchlorate
	
	PO43-
	phosphate

	MnO4-
	permanganate
	
	
	


4.5 Ionic Compounds

The name of an ionic compound is the name of the cation followed by the name of the anion.

Sum of charges on cations = Sum of charges on anions

Sodium chloride:    NaCl  =  Na+ +  Cl
Magnesium Chloride: MgCl2  =  Mg2+ + 2Cl
Barium phosphate:  Ba3(PO4)2
4.6 Covalent Bonding Theories

Covalent compounds are sometimes called molecular compounds. A covalent bond between two atoms is formed by the sharing of one or more pairs of electrons. This is unlike an ionic bond, formation of which involves a transfer of electrons. Using the modern orbital picture of the atom, one can explain how a covalent bond forms.
Covalent bonding in H2
A H atom has a 1s orbital containing one electron. When two H atoms get closer and closer, their 1s orbital begin to overlap. The two 1s orbitals merge to form a molecular orbital of increased electron density. The two electrons in the molecular orbital are shared by two H atoms.

Types of covalent bonds

Sigma (() MOs form from the overlap of s with s and p with s and from the head-to-head overlap of two p orbitals.

The pi() MOs form from the side-to-side overlap of two p orbitals.
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4.7 Lewis Electron Dot Structures

Like molecular orbital theory, the electron dot theory, proposed by the American chemist G.N. Lewis, describes a covalent bond as a shared pair of electrons. The Lewis theory predicts the likelihood of formation of covalent molecules by establishing a criterion for their stability. The criterion is that an electronic configuration of each atom be the same as that of one of the noble gases. 
Octet Rule: Each atom in the bond must be surrounded by eight electrons or, if the atom is H, by two electrons. This so-called octet rule is followed by most covalent compounds. The electrons included in the Lewis structures are those which are in the highest-energy level of each atom; these are the electrons available for bonding and are called valence electrons.

Examples of the Lewis Structures

H2 molecule:  H:H
   The electron pair which joins the two atoms is single covalent bond.

F2: 
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· PCl3:   
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4.8 Multiple Covalent Bond

Sometimes more than one electron pair must be placed between two atoms to satisfy the octet rule. Bonds that include more than one electron pair are called multiple covalent bonds. In double bonds, there are two electron pairs and in triple bonds there are three.

e.g., C2H4:  
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             C2H2:  
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4.9 Exceptions of Lewis Theory

Some compounds do exist even though Lewis Structures which follow the octet rule cannot be drawn for them. The only way to draw Lewis structures for these molecules is to violate the rule of eight around their central atom.

· E.g., PCl5:  
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4.10  Electronegativity and Polar Bonds

When an electron pair (or pairs) involved in a covalent bond is shared by two identical atoms, the sharing is equal. When an electron pair is shared by two different atoms, one atom may have a greater attraction for the electron pair than the other atom. The atom with the greater attraction for the electron pair with assume a partial negative charge relative to the other atom. E.g., HCl: 
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Bonds such as the one in HCl in which the sharing between atoms is not equal are polar covalent bonds. An extreme case of the polar covalent bond is the ionic bond, in which electron transfer has occurred, producing ions with full charge. The other extreme case is the nonpolar covalent bond (as in H2, F2, and N2).

Electronegativity 

The degree of attraction an atom as for a bonding electron pair is the electronegativity of the atom. Linus Pauling, whose contributions to chemical bonding theory earned him a Nobel Prize in 1954, assigned numbers to represent the electronegativity of atoms; the higher the number , the greater the electronegativity. The atom with the highest electronegativity, 4.0, is Fluorine. The greater the electronegativity difference between two atoms, the more polar the bond that forms between them. When the electronegativity difference is greater than 1.7, the bond between the atoms is considered to be ionic.

Prediction of polarity of bonds

	
	Na--Cl
	Ca--O
	H-H
	C-S

	Electronegativity
	Na(0.9) Cl(3.0)
	Ca (1.0) O(3.5)
	H(2.1)
	C(2.5) S(2.5)

	Difference
	2.1
	2.4
	0.0
	0.0

	Polarity
	ionic
	ionic
	nonpolar
	nopolar


4.11 Polarity of Molecules

Some important properties of compounds depend on whether or not their molecules are polar. To find out if a molecule is polar we check to see if it contains any polar bonds and then find out how the polar bonds are arranged in the molecule. In very symmetrical molecules polar bonds may cancel one another so that the molecule as a whole is nonpolar.
Nonpolar Molecules

Molecules that contain only nonpolar bonds must be nonpolar. Some nonpolar molecules do contain polar bonds, but they are so symmetrical that the polarities cancel, e.g.  CF4 and CO2.

4.12 Naming binary covalent compounds

Covalent compounds which contain two nonmetals are called binary covalent compounds. Their names conform to a special system similar to that for naming ionic compounds. The name of the element written on the left of the formula (usually the least electronegative element) is simply the name of the element itself. The name of the other element written on the right (usually the most electronegative element) is modified with the suffix -ide.
Names of some covalent binary compounds

	Formula
	Proper name
	Trivial name
	Formula
	Proper name
	Trivial name

	CO
	Carbon monoxide
	
	NH3
	Nitrogen trihydride
	ammonia

	CO2
	Carbon dioxide
	
	H2O
	Dihydrogen oxide
	water

	NO
	Nitrogen oxide
	Nitric oxide
	SO3
	Sulfur trioxide
	

	NO2
	Nitrogen dioxide
	
	CH4
	Carbon tetrahydride
	methane

	N2O
	Dinitrogen oxide
	Nitrous oxide
	SO2
	Sulfur dioxide
	


4.13  Bonding between Molecules
Intermolecular forces:  the molecules of compounds are attracted to each other by forces which are always present but are much weaker than those which connect the atoms in covalent bonds. The larger the mass of the molecules, the greater are those intermolecular forces.

Boiling points: CH4 < SiH4 < GeH4 < SnH4.

Hydrogen Bond: The compounds HF, H2O and NH3 all contain molecules with very polar H-F, H-O and H-N bonds. Furthermore, the F, O, and N atoms in these bonds all have one or more nonbonding electron pairs. The positive H end of a bond in one of these molecules can form a bridge to the F, O and N atom of a neighboring molecule. This bridge is called a hydrogen bond.  
Hydrogen bonding among H2O, NH3 and HF molecules
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Strength of H bonds compared with typical ionic and covalent bonds

	Bond
	Strength, kcal/bond

	Ionic
	30 x 10-23

	Covalent
	13 x 10-23

	Hydrogen
	1 x 10-23


Assignment 2

1) Write a recipe regarding the cooking process of one of your favorite dishes.

Chapter 5   Gases and Atmosphere

5.1  Introduction
Many important substances exist normally as gases at room temperature and sea-level pressure, including life-sustaining O2, as well as N2, F2, Cl2, H2 and the noble gases He, Ne, Ar, Kr, Xe, and Rn. 

A large number of low-molecular-weight covalently bonded compounds are gases, including carbon dioxide (CO2), a waste product of animal metabolism (代谢), nitrous oxide(N2O), used as a general anesthetic (麻醉剂), methane(CH4), a major component of natural gas, and a variety of others. 

Except those which are naturally gaseous, gases can also be produced when liquids evaporate to become gases. Such gaseous substances, which are liquids under normal conditions, are called vapors. 

5.2 Kinetic-Molecular Theory of Gases

First we present some of the important assumptions of the theory, showing how they fit with the known behavior of gases.

1) Gas molecules are far apart and so the forces of attraction and repulsion are negligible.  Thus gases can be easily compressed, since there is enough distance between their molecules to move them closer together.

2) Gas molecules are in constant, rapid motion. The movement of gas molecules causes collisions with the walls of their container, giving rise to gas pressure.

3) The speed with which gas molecules move depends upon their temperature. A gas confined in a rigid container exerts more pressure as the temperature goes up because its molecules move faster and thus collide more frequently with each other and the container walls. Hence, heating an aerosol can may cause it to explode. A gas confined in a flexible container (such as a balloon) will increase in volume if the temperature increases because its molecules move faster and hit the wall with greater force, causing them to expand.

Thus we see that the kinetic-molecular theory of gases explains many familiar properties of gases. So far our discussion about how gases respond to changes in temperature, volume, and pressure has been purely qualitative.  In order to make quantitative predictions about gas behavior we must present equations that relate the important variables needed to describe a sample of gas -- the temperature, the volume, and the pressure. 

5.3 Gas Pressure

The pressure exerted by a gas is defined as the amount of force per unit area. Gas pressures are often measured in terms of the height of a column of liquid with the gas will support. The device used to measure the pressure of a gas in this way is called a barometer. (see in Figure 5.1)

Units of pressure:  Many different units are used to express gas pressure. One of these is atmosphere (atm), which is approximately equal to the pressure exerted by air in the areas around sea level and is exactly equal to 760mmHg.  The unit millimeter of mercury (mmHg) is also referred to as the torr.  In the SI system the unit of pressure is called the pascal (Pa), 

1 Pa = 1 kg s-2m-1 = 1 N m-1.
1 atm = 760 mmHg = 101 kPa

5.4  Boyle’s Law

As a fixed sample of gas is compressed to a smaller volume at constant temperature, its pressure increases. This happens because forcing the same number of molecules into a smaller volume makes for more collisions with their container, thus exerting more pressure. 

Robert Boyle (1627-1691) turned this qualitative observation into a gas law by compressing and expanding a gas and recording the pressure that corresponding to each volume. 

Boyle’s law says that at constant temperature, the volume of a gas is inversely proportional to pressure. That is 

PV = constant.
5.5 Charles’ Law
More than 100 years after Boyle’s discovery, Jacques Charles (1746-1823) found that the volume of a gas divided by its absolute (Kelvin) temperature remained constant: 

V1/T1 = V2/T2 =V3/T3 and so on

or, in general,     V/T =constant.

Charles’Law: At constant pressure, the volume of a gas is directly proportional to its temperature. 

5.6  Combined Gas Law

Another very useful relationship comes from the combination of Boyle’s and Charles’ laws. 

According to the combined gas law, the pressure times the volume of fixed sample of gas divided by its absolute temperature is constant:

P1V1/T1 = P2V2/T2 =P3V3/T3 and so on

or, in general, PV/T =constant.

We can use the combined gas law equation to make calculations about gas samples in which the pressure, temperature, and volume are undergoing change.

5.7 Ideal Gas Law

By measuring the pressure, volume, and temperature of a given amount of gas in the laboratory, we can determine a value for the constant in the combined gas law equation.

When the quantity of gas used is exactly 1 mol, the constant is called the ideal gas constant R:

PV/T = R (for 1 mol)

For 2 mol of gas R is doubled, for 3 mol it is tripled, and so on. If n is used to represent the number of moles of gas, the combined gas law equation can be written 

PV/T  = n R (for n mol)

This equation is called the ideal gas law.  

5.8 Dalton’s Law of Partial Pressures

Many experiments done on gases involve mixtures of gases than pure gaseous substances. Therefore, we need some way to relate the pressure exerted by the components of a mixture to the pressure exerted by the mixture as a whole. 

To find the pressure exerted by by a gaseous mixture Dalton’s partial pressures is applied. The partial pressure of a gas is the pressure which that gas would exert if it occupied a container by itself. 

According to Dalton’s Law , the total pressure P of a mixture of gases is the sum of the partial pressures p of each component gases. 

Ptotal = p1 + p2 + p3 and so on.

 We can show that the partial pressure of a gas is directly related to the number of moldes of that gas present in a gaseous mixture. 

P = n RT/V = n ( constant.

p1 / p2  = n1/n2
Chapter 6   Liquids and Solids

6.1  Introduction

Except for air, most of the substances that you encountered are in a liquid or solid state. The mathematical treatment of solids and liquids, unlike that of gases, is complicated by the fact that their molecules  (or ions or atoms) are close together and thus the forces of attraction or repulsion among them cannot be ignored. 

Because of the order in solids, it is possible to evaluate the forces operating among their constituent particles. The ions, atoms, or molecules of solids are present in a regular, unchanging arrangement. 

The study of liquids is complicated by the fact that they do not have the order present in solids, and although their molecules are in constant motion, the motion is not random as it is in gas. Thus theories to describe the behavior of liquids are particularly difficult to develop.

6.2 Vapor Pressure

The term Vapor is used instead of gas to refer to the gaseous state of substances which are not gases under ordinary conditions. Liquids produce vapor when energetic molecules at the liquid surface escape into the gas phas. This is evaporation (or vaporization).

The vapor pressure of a liquid is the pressure exerted by the gas molecules above a liquid, molecules that are produced from evaporation of the liquid. Liquids that evaporate easily have relatively high vapor pressures and are said to be volatile.

It is also possible for solids to exert vapor pressures when solid molecules become energetic enough to escape from the solid phase to the gas phase. This process is called sublimation.

The vapor pressure of a solid can be used predict whether of not it could have a detectable odor. For solids to have odors they must be volatile.

6.3 Distillation

Distillation is the process of first vaporizing and then condensing (liquefying) the liquid components of a mixture to separate them from each other or from the solid components which may be present.

It is possible to separate or to partially separate two or more liquid components from each other provided that the boiling points of the two substances are sufficiently far apart. 

6.4 Properties of liquids

Liquid Pressure:  Liquids exert pressure equally in all directions in the same way that gases do. The pressure exerted at any particular point in a container of liquid depends upon the height of the liquid above that point: the greater the height of the liquid, the greater the pressure.. 

Viscosity  is the resistance of liquids to flow. In general, viscosity depends upon the density of the liquid and the strength of its intermolecular attractions: the higher these are, the more difficult it is for molecules to move over one another, thereby increasing the resistance to flow and hence the the viscosity. 

Surface tension is a characteristic property of liquids which can be observed whenever liquids are in contact with a gas. The molecules at the very surface of the liquid are attracted to the other interior liquid molecules more than they are attracted to the gas molecules with which they are in contact. As a result of these unbalanced forces, the molecules at the surface of a liquid tend to be drawn inward toward the main body of liquid. Therefore the surface of the liquid possesses a certain “toughness” and behaves something like a thick skin, which resists being broken. 

6.5 Crystalline Solids

In general solids fall into one of two major classifications; they are either amorphous or crystalline solids. Amorphous solids do not possess internal order and in some way resemble liquids, in which the molecules are randomly oriented. Crystalline solids, some times called true solids, are highly ordered. Because of their high degree of symmetry crystals are often beautiful to look at.

The Characteristic external shape of a crystal is called the crystal habit. The physical shape of a macroscopic visible crystal does not necessarily reflect the internal arrangement of atoms, molecules, or ions within the crystal.The internal arrangement of microscopic units within a crystal is the crystal structure or crystal lattice structure. It is possible to find the relative positions of the atoms, ions, or molecules, which make up a crystal by using a procedure called x-ray diffraction.

6.6  Ionic Crystals and Molecular Crystals

In ionic crystals the positions in the crystal lattice are occupied by cations and anions. In the solid state ionic crystals are unable to conduct electricity because the ions are fixed in their positions and unable to move. Movement of ions or electrons is necessary for conduction of electricity. If ionic solids are melted or dissolved in water, the ions will then be free to move, conducting electricity.

In molecular substances molecules occupy the fixed positions in the crystals. In general, covalent compounds such as H2O, which contain discrete molecules, form molecular crystals. For example, solid H2O is crystalline ice. 

In molecular crystals there are no free electrons available for conduction of electricity because the electrons are all intimately involved in the formation of covalent bonds within the molecules. Therefore, molecular crystals are particularly poor electrical conductors and behave as excellent insulators even when molten or dissolved in water. 

6.7 Metallic Crystals

It may seem odd to think of metals as crystals, but in fact they are. In metallic crystals it is atoms that occupy fixed positions in the crystal lattice. 

Metals are known to be excellent conductors of electricity, which is explained by the accepted model for the metallic crystal. In the model of a metallic crystal the high-energy valence electrons create a “sea” of electrons in which the positive ions “float”. No electron belongs to any one particular metal cation.

6.8  Covalent Crystals

Covalent crystals form from certain nonmetallic solid elements or from compounds that contain atoms of similar electronegativity. All the atoms present in covalent crystals are bonded together, leaving no discrete molecules. The valence electrons present in such crystal are all involved in the bonding and are confined to regions between the atoms they join. For this reason covalent crystals are often excellent insulators, since there are no freely moving valence electrons.

Covalent crystals are unusually brittle (易碎的) and hard, with very high melting points. Many precious gemstone (宝石) are covalent crystals. Diamond is simply a form of element carbon in which all the C atoms are bonded to each other in a tetrahedral arrangement. Rubies (红宝石) and sapphires (蓝宝石) are both primarily aluminum oxide, Al2O3, in which Al and O atoms are connected by covalent bonds in a crystal lattice. 

Semiconductors and Transistors

In covalent crystals the electrons are not free to move because they are involved in the formation of bonds between atoms within the crystal. In some covalent crystals it is possible for the electrons to become energetic enough to be mobile. 

In germanium (Ge) and in silicon (Si) covalent crystals, light or heat can provide the necessary energy for a measurable conductance to be observed. Substances like these are called semiconductors. 

The conductance of semiconductors can be increased by the addition of impurity elements, a process called doping. Crystals of Ge and Si which have been doped with impurities are widely used to make transistors(晶体管), which behave as one-way valves (电子管) for the flow of electrical current.

Assignment 3
1) Write an article ( At least 300 words) about the known five allotropes of Carbon. 

Chapter 7  Solutions

7.1  Introduction
Air, tap water, foodstuffs, and in fact most of the material that we come in contact with are present in the form of of mixtures rather than pure substances. In this Chapter, we will concentrate our attention upon the homogeneous mixtures. Homogeneous mixtures are uniform throughout, meaning that all parts of the mixture have the same composition. 

There are two general types of homogeneous mixtures, which are distinguished from each other by the size of their component particles. 

Solutions are homogeneous mixtures in which the particle sizes of the components (molecules or ions) range from about 1.0 to 10 nm. Colloids contain component particles from 10 to 100nm in size. It is impossible to see the component particles of solutions or colloid or to separate them by passing the solution or colloid through filter paper. 

All solutions have certain general properties in common. They all consist of two or more components that remain mixed in solution and have no tendency to separate from the solution. 

Although you are most familiar with liquid solutions, solutions can also be gaseous or solid. Air is an example of gaseous solution and some metal alloys are solid solutions. 

 Solutions can be separated into their components by some physical means in which no chemical bonds are disturbed, e.g., distillation and chromatography.

7.2  Solutes and Solvents

In a solution containing two components, on is the solvent and the other is the solute. 

For solutions of a solid in a liquid, the solvent is taken to be the dispersing medium, that is, the liquid substance that is added to the solid to prepare the solution. The solid is the solute, or the dispersed medium. For instance, a saline solution is prepared by adding water to sodium chloride; the water is the solvent and the sodium chloride is the solute. In most cases in which solids are dissolved in liquids, the solvent is also the most abundant component. 

In solutions formed from two liquids, it is sometimes convenient to think of the solvent as the more abundant component. However, in solutions containing water and some other liquid, water is usually considered to be the solvent even if it is not the more-abundant component. For instance, in a rubbing alcohol solution, about 70% of the mixture is isopropyl alcohol and the rest is water. But the solvent is still said to be water. As you can see, the terms solvent and solute are not very precisely defined.

The Process of mixing a solvent and solute (or solutes) to form a solution is called “dissolving”, or dissolution. It is important to realize that dissolving is not the same thing as melting. Even though the addition of sodium chloride to liquid water produces a liquid solution, the sodium chloride has not “melted”--- it has dissolved.

7.3  Solubility

The maximum amount of solute that can be dissolved in a particular solvent to make a solution is called the solubility of the solute. Solubilities are often expressed in terms of grams of solute per 100 cm3 of solvent. For example, the solubility of sodium chloride in water is about 36 g per 100 cm3, which means that it is possible to make a solution by mixing 36 g or less of sodium chloride with 100 cm3 of water.

The term miscible is used to describe two substances (usually liquids) that are infinite soluble in each other. The terms unsaturated, saturated and supersaturated may be applied to solutions in which the solute has a finite solubility in the solvent. Unsaturated solutions contain less solute per 100 cm3 of solvent than the solubility. Saturated solutions contain the amount of solute equal to the solubility. Supersaturated solutions actually contain more solute per 100 cm3 of solvent than the solubility would seem to allow. 

One way to make a supersaturated solution is to evaporate solvent from a solution very slowly and carefully without agitation or stirring.

7.4  Factors Influencing Solubility

Polarity:  For a solute to dissolve in a solvent it must reduce the attractive forces among the solvent molecules so that the solute molecules can “squeeze in” among them. To do this the solute molecules must be attracted to those of the solvent. In this way solute-to-solvent attractive forces will be able to compete with solvent-to-solvent forces. All polar molecules are attracted to each other by forces called dipole-dipole forces. In some molecules, such as water, there are additional intermolecular forces due to hydrogen bonding.

In a polar solvent such as water, only polar solute molecules can compete with the forces operating among the water molecules. Polar solutes are more soluble in polar solvents. Likewise, nonpolar solutes dissolve in nonpolar solvents. Ionic solids are polar and so should be water-soluble.

Crystal Lattice Forces: The like-dissolve-like rule serves only as a general guide to what is likely to happen when two compounds are mixed. Other factors are also important; for instance, some ionic compounds are only slightly soluble or practically insoluble in water despite their polarity, because the forces within the crystal lattice which hold the ions in their places are unusually strong. Silver chloride is one example of such an ionic compound. 

Temperature:  Temperature changes affect solubility. The solubility of most solid substances increase as the temperature rises because the temperature increase causes greater movement among solute molecules. This in turn allows the solvent molecules more room to squeeze in. Sucrose, or ordinary table sugar, is much more soluble in boiling water (487 g per 100 cm3) than it is in ice cold water (179 g per 100 cm3). Sweetening hot tea is thus much easier than sweetening cold tea. 

7.5  Solubilities of Gases in Liquids

In general, the solubility of gases in liquids depends upon the polarity of the solute and solvent, upon temperature, and upon pressure.

Polarity: The like-dissolve-like rule also applies to solutions of gases in liquids.

Temperature: Solubilities of gases decrease when the temperature increases, because the elevated temperature causes increased movement among the gas molecules and thus give them a greater chance to escape from the liquid solvent.

Pressure: The higher the pressure over a solution of a gas in a liquid solvent, the higher the solubility of the gas in the solvent. 

Henry’s Law:  The solubility of a gas in a liquid is directly proportional to the partial pressure of the gas above the solution in closed container.  

Solubility =  k  ×  p (gas)

7.6  Concentrations of Solutions

Concentration units tell us how much solute is present for some given quantity of solution or solvent. Of the variety of concentration units in common use, chemists prefer those which express the amount of solute present in term of moles rather than in terms of grams or milliliters. This is quite natural since the thinking of the chemist revolves about the concept of molecules and ions, which participate in chemical reactions and which are directly related to the mole quantity.

Molarity  (M) is defined as the number moles of solute dissolved in exactly one liter of solution.

Molarity (M) = n (solute)/ L (solution)

One benefit of the use of molarity is the ease of preparing a solution with a given molar concentration. 

Molality  (m) is defined as the number moles of solute dissolved in exactly one kilogram of solution.

Molarity (m) = n (solute)/ 1kg solvent

Molality units are used in calculations involving the changes in physical properties (such as boiling point and freezing point) that a solvent undergoes when solute is added. 

Weight percent  (sometimes written as %w/w ) is defined in terms of a ratio of the weight of the solute divided by the weight of the solution. 
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General Terms: Dilute and Concentrated

The terms dilute (稀释、稀释的) and concentrated (浓缩的) are often used to describe solutions. These  are purely relative labels which are used to compare actual solution concentrations with the maximum possible concentration. For instance, a solution which contains 30g NaCl in 100 cm3 of water is concentrated. This is true because the amount of NaCl dissolved is close to the maximum possible amount of 36 g per 100 cm3 of water, the solubility of NaCl. 

7.7  Colligative Properties (依数性) 

The properties of solutions are different from those of solvents. For instance, the freezing points of solutions are always lower than those of the pure solvent. Colligative properties such as freezing point depression are properties which depend upon the number of solute particles “collected together” in solution. 

Colligative properties depend only on the concentration of the dissolved particles, not upon the nature of the dissolved particles. For instance, a 1 m (approximately 1 M) solution of glucose (C6H12O6) in water and 1 m solution of sucrose(C12H22O11) in water will both lower the freezing point of water by 1.86 (C.

There are four colligative properties of solutions that we will discuss: Vapor pressure lowering, Boiling point elevation, Freezing points depression, Osmotic (渗透的) pressure .

Chemists often use colligative property measurements to determine molecular weights of solutes, since colligative properties of solutions are directly related to the number of molecules (or ions) of a solute dissolved. 

Vapor Pressure Lowering

 The Vapor pressure of a solution is always lower than the vapor pressure of the pure solvent at a particular temperature. For example, the vapor pressure of pure water at 100 (C is 760 mmHg, whereas the vapor pressure of an aqueous 1 M NaCl solution at the same temperature is only 735 mmHg.

The more concentrated the solution, the more the vapor pressure is lowered. The vapor pressure of a 2 M NaCl solution at 100 (C is 708 mmHg, and the vapor pressure lowering is about twice that of the 1 M solution.

Boiling point Elevation

Since the vapor pressure of a solution is lower than that of the solvent, it follows that the boiling point of the solution must be higher than the boiling point of the pure solvent. Extra heat must be supplied to the solution so that the solvent molecules in the solution can attain the vapor pressure of the external atmosphere. 

The difference between the boiling point Tb of a pure solvent and that of a solution is the boiling point elevation. (Tb)

The more concentrated the solution, the greater the boiling point elevation.

As with all colligative properties, the magnitude of the boiling point elevation depends only upon the concentration of the solution, not on the nature of the solute. 

The Boiling point elevation (Tb) is directly proportional to the molality of the solution, according to the equation

Tb =  kb ( m
kb is the boiling point elevation constant, and m stands for molality. For water, kb is 0.52 (C/m. 

Freezing point Depression

The freezing point of a solution is always lower than the freezing point of the pure solvent. For example, the freezing point of pure water is 0 (C while the freezing points of all aqueous solutions are less than 0 (C.

The difference between the freezing point Tf of a pure solvent and that of a solution is the freezing point depression. (Tf)

The freezing point depression depends on the molal freezing point constant kf and molality m. Tf=  kf ( m
For water the value of kf is 1.86 (C/m. 

7.8  Dissociation of Ionic Compounds in Solution

When dissolved solutes break down into more than one solute “particle”, the colligative properties produced are larger than expected.

An example of this phenomenon is the ability of water-soluble ionic compounds to produce ions in aqueous solution. When sodium chloride is dissolved in water, each NaCl produces a sodium ion and a chloride ion.

Instead of one NaCl particle, there are two ions which behavior like two particles. The colligative property effect is thus doubled. The full truth is that the effect is not quite doubled because the ionization is not complete.

However, in dilute solutions the assumption of complete ionization wikk give us good results, Colligative property equations such as Tf=  kf ( m and Tb=  kb ( m  must be modified to account for the fact that solutes may ionize. In the equations below the i (called the van’t Hoff factor) is equal to the number of ions produced by a particular solute.

Tf  =  i ( kf ( m    and Tb =  i ( kb ( m
The value i for CaCl2 is 3.  For NaCl, the value i  is 1.00.

7.9  Osmosis and Osmotic Pressure

Osmosis is the movement of solvent across a special barrier called a semipermeable membrane, that is, a membrane that allows certain particles to pass through but not others.  Water and other small solvent molecules can pass through a semipermeable membrane while large solute molecules and ions are held back.  

When a pure solvent and a solution are separated by a semipermeable membrane, there is a tendency for solvent to flow through the membrane into the solution. Likewise, when two solutions of different concentrations are separated by a semipermeable membrane, Solvent flows from the less concentrated solution through the membrane into the more concentrated solution.

Osmotic pressure   is the difference between the pressures on both sides of the semipermeable membrane as a result of osmosis.

Like all colligative properties, osmotic pressure depends on the total number of particles present in a solution regardless of whether they are molecules or ions. The higher the concentration of particles in solution, the higher the osmotic pressure. 

Osmolarity is a term used to express concentration in terms of moles of particles in solution per liter of solution and is simply equal to the molarity multiplied by i. 

Osmolarity = i ( molarity

7.10  Colloids

Solutions, often called the dissolved state, contain particles (molecules and ions) ranging in size from 0.1 to 10 nm. Another kind of stable homogeneous mixture can form in which the particle sizes range from about 10 to 100 nm.  This particular type of mixture is a colloid and belongs to the colloid state.  For instance, milk is a colloid which contains particles ranging in size from about 40 to 100 nm. Colloidal particles may consist of single molecules or groups of molecules.

Colloids and solutions share some properties. Both are able to pass through ordinary filter paper. Like solutions, colloids remain uniform and homogeneous. The colloidal particles of homogenized milk do no settle out upon standing.

In other ways the properties of colloids and true solutions are different, largely because of the size of the colloidal particles. Because of their size, colloidal particles are unable to pass through certain membranes which are permeable to most solutes.  The process of dialysis (透析) utilizes this property. Dialysis is the process of separating substances from a solution by taking advantage of their differing abilities to pass through porous membranes.

Assignment 4

1. Write an article ( At least 200 words) describing the atmosphere of earth. 

Chapter 8  Chemical Reactions

8.1  Introduction
· Chemists are interested in the behavior of the atoms and molecules that make up all matter and that their information comes from studying chemical and physical properties of matter.  

· In this chapter we well take a detailed look at chemical reactions by dividing them into general classes and by studying the energy changes that accompany them and the rates at which they take place. 

8.2 Types of Chemical Reactions

· Combination  

Combination reactions involve the joining of two substances( elements or compounds) to make a single compound, as shown below:

A + B  (   A-B

One example of combination reaction is the industrial process by which nitrogen gas is combined with hydrogen gas to form ammonia, i.e.

   N2 + 3H2  (   2NH3
A compound and an element can also combine to form a new compound. The organic compound ethene, C2H4, that contains a double bond between its two C atoms can react with H2 to form a new compound, ethane, which has no double bond:  C2H4 + H2  (   C2H6
Two compounds can combine to form a single compound, as in the reaction of calcium oxide with carbon dioxide to form calcium carbonate:

CaO + CO2  (   CaCO3
· Decomposition

In decomposition reactions a compound breaks down into two or more elements or new compounds.

A-B   (   A + B 
For instance, hydrogen peroxide decomposes to form water and oxygen.

2H2O2   (   2H2O  + O2 

· Displacement

 In displacement reactions a substance A reacts with a compound BC to replace one the the elements in it:

A  +  B-C  (   A-B   +   C 
A typical example of this is the reaction of iron metal with aqueous hyrochloric acid, HCl, in which H2 gas bubbles off. 

Fe (s)  +  2HCl (aq)  (  FeCl2 (aq)   + H2 (g)

· Double Displacement 

In double displacement reactions two compounds react with each other; an atom or group of atoms from one of the compounds exchanges with an atom or group of atoms from the other:

A-B  +  C-D  (   A-D   +   B-C 
For instance, in aqueous solution silver nitrate reacts with sodium chloride to form sodium nitrate and insoluble silver chloride. 

AgNO3 (aq) + NaCl (aq) ( NaNO3 (aq)  +AgCl (s)

Insoluble compounds which form from solution reactions are called precipitates.

8.3 Oxidation-Reduction reactions

Although the above-discussed reaction classes are useful, there are other ways to group chemical reactions. For instance, reactions can be classified according to to whether or not electrons are transferred as the reactants are converted to products. In the body, reactions involving electron transfer are required to supply energy for cellular processes and to transform foods into cellular constituents.

Reactions in which a net transfer of electrons occurs are oxidation-reduction reactions, also known as redox reactions.To decide whether or not a redox reaction is taking place we must see whether or not electrons are transferred by the atoms of any element involved in the reaction. To do this we assign numbers, called oxidation numbers, to each element in all the compounds involved in the reaction.

· Oxidation Numbers

Oxidation numbers are charges assigned to atoms by assuming that all the bonded electrons are associated with the more electronegative atom. These oxidation numbers serve as a “bookkeeping” (簿记) device to keep track of electrons that are transferred in a chemical reaction. When electron transfer takes place, the oxidation number of an element in a reaction changes when it becomes part of a product. In most cases, two elements of two reactions will be involved. Thus we look for changes in oxidation numbers to identify redox reactions.
Oxidation numbers are assigned by using the following general rules. 

1. The oxidation number is positive if an element has lost electrons or is sharing them with a more electronegative element. The oxidation number is negative if the element has gained electrons or is sharing them with a less electronegative element.

2. The numerical value of the oxidation number usually, but not always, indicates the number of electrons transferred to another element or shared with another element. Thus the oxidation number of an atom of any free element is zero. 

From these rules it follows that the oxidation number of an element that forms an ion is the same as the charge of the ion. For instance, a potassium atom loses one electron to become  a K+ ion and thus has an oxidation number of +1. The oxidation number of oxygen in oxide ion, O2-, is -2 because the O atom gains two electrons to form the ion.

 To assign oxidation numbers to elements involved in covalent compounds, we can look at their Lewis do electron structures. For instance, we can see that the oxidation numbers of H and O in H2O are +1 and -2, respectively.  

 H : O : H   (each O atom share 2e)

                (each H atom share 1e)

Identifying Redox Reactions

As mention before, we determine whether or not a reaction is an oxidation-reduction reaction by looking for changes in oxidation numbers of elements in the participating compounds. In the reaction C  + O2  (  CO2, we see that C loses four electrons and each O in O2 gains 2 electrons when they form CO2. This reaction involves electron transfer and thus is a redox reaction. 

When a compound or element is reduced, its oxidation number becomes more negative. For example, the O2 in the above reaction is said to be reduced. 

When a compound or element is oxidized, it oxidation number becomes more positive. For example, the C in the above reaction is said to be oxidized. 

The term oxidizing agent is used for the compound(or element) which contains the element that gains electrons. Oxidizing agent are thus reduced, and their oxidation numbers become more negative. 

Reducing agents are the compounds (or elements) containing the element that loses electrons. Reducing agent are oxidized and their oxidation numbers become more positive.

8.4  Redox reactions and Batteries

Electricity is produced by the movement of electrons. Since redox reactions involve electron electron transfer, they are capable of producing electricity.Once reaction that can be used for this purpose is the reaction of zinc with copper sulfate, CuSO4, solution. 

Zn  + CuSO4  (  Cu  +  ZnSO4
    in which Zn loses electrons and Cu2+ gains electrons.

By modifying the conditions under which this reaction occurs, we can use it to generate electricity. The complete apparatus to realize this is an electrochemical cell, which is known as a voltaic cell.

8.5  Thermochemistry

We have seen that redox reactions can be used to perform electricity, one type of energy. We also saw that some redox reactions, such as the one in which glucose is oxidized, provide energy to power living cells. In this section, we will take a closer look at the heat changes which take place in all kinds of chemical reactions.

The study of the heat changes accompanying chemical reactions is called thermochemistry. The term used to describe the heat change which accompanies a chemical reaction is called the change in enthalpy and is written as H. 

Reactions that produce or evolve heat are said to be exothermic. By convention, the value of H is negative for exothermic reactions.Reactions that absorb heat are endothermic, which means that heat must be put in for these reactions to occur. For an endothermic reaction, the change in H is positive.

The value of H gives chemists an indication of whether or not a particular reaction will proceed spontaneously. To a chemist a spontaneous reaction is one that tends to proceed from reactants to products without any outside influence. For instance, when a piece of sodium metal is mixed with Cl2 gas, a reaction occurs in which NaCl forms.

Reactions which have a negative value of H are almost always spontaneous, because in reactions which evolve heat, the products tend to be more stable than the mixture of reactants. Reactions which have a positive H are not usually spontaneous, so that in these reactions the reactants are more stable than the products. The combustion of methane is spontaneous. That’s why it is possible to use methane as heating fuel. However, a spontaneous reaction may be too slow to be observed, e.g. the oxidation of diamond.

8.6  Rates of Chemical Reactions

As was mentioned in section 8.5, a H value gives a good indication about the spontaneity of a chemical reaction but nothing about the rate at which a reaction will occur. This belongs to chemical kinetics-the rate at which a chemical reaction occurs, which is of great practical significance. We shall examine some of the factors that influence reaction rates in this section. In doing so we will make use of the collision theory of reaction rates, which says that in order for a reaction to occur between atoms, ions or molecules, they must first collide. However, some collisions are able to produce a chemical change and others are not. Thus the rate of a reaction depends on the number of collisions and the fraction of those collisions that are effective.

Concentration of Reactants

The higher the molar concentration of reactants, the greater the rate of the reaction, because the closer together are the reacting species, the more likely it is that collision will occur and reactions will take place. Thus the rate of a chemical reaction depends upon the concentration of the reactants. 

Activation Energy

Effective collision must be able to cause the breaking and forming of chemical bonds needed for nearly all chemical reactions to take place. Energy is required for this to happen. 

The activation energy Ea is defined as the minimum amount of energy that the reactants must have so that a reaction can take place. The reactant molecules in all reactions, whether they are endothermic or exothermic reactions, must climb an energy barrier before they can react to form product molecule. The activation energy for endothermic reactions is always greater than that for exothermic reactions. 

One way to provide the needed energy of activation for a reaction is to supply heat by heating or igniting(点火) the reactants. Another way to overcome energy barriers is to lower the activation energy by the addition of a catalyst. 

Temperature

The more energy the molecule have, the more likely it will be for effective collisions to occur. One way to increase the energy of molecules is to raise their temperature. The higher the temperature, the greater will be the fraction of molecules with the necessary activation energies, and the faster the reaction will be.

8.7 Chemical Equilibrium 

In all the reactions we have considered thus far we have assumed that the extent of reaction was 100 percent, that is that all reactant substances were completely converted into products, e.g., 2 Na + Cl2 --> 2NaCl. Reactions such as this, which do not proceed in the reverse direction, are irreversible. 

However, in some cases, the extent of reaction is less than 100 percent because the reaction is reversible.

           N2    +     3H2      (      2NH3 . 

Original:   1 mol       3 mol             0 mol   

Final:      0.78mol     2.34mol         0.44mol   

Reversible reactions in which the rate of the forward reaction is the same as that of the reverse reaction are said to be in a state of chemical equilibrium. 

Assignment 5

1. Write an article ( At least 300 words) with the title “What’s green chemistry?”. 
Chapter 9  Acids and Bases

9.1 Introduction
Early chemists found that certain compounds fell into one of two categories. One group included sour-tasting substances called acids. (The Latin word acidus means “sour”) The tart(酸的) flavor of lemons and vinegar(醋) comes from acids; lemons  are rich in citric acid(柠檬酸) and vinegar is a dilute solution of acetic acid (乙酸,醋酸) in water. Acids also produce burning sensation upon contact with skin, and some of them can “eat” holes through clothing.

In the other group were bitter-tasting compounds originally called alkali, after the Arabic words al kali for the ashes of the plant which produces one of them (sodium carbonate).  We call these substances bases. Bases have a “slimy”(粘糊糊的), slippery consistency. One substance that fits this description is soap which is, in fact, a base. Lye(碱液) contains the base sodium hydroxide (NaOH) and many household cleaning solutions contain the base ammonia (NH3).

Most metabolic processes are extremely sensitive to the acidity or alkalinity of the fluid in which they occur, which makes this one of the most carefully regulated quantities in all living things.

9.2 Properties of Acids and Bases

In this section we will discuss some of the chemical properties that are typical for most acids and bases.

Acids

One property of acids is the sour taste many of them have. Acidic substances such as concentrated sulfuric acid, H2SO4(aq), or hydrochloric acid, HCl(aq), do have a sour taste, although they are much too reactive to test in this way. 

Acids react with certain metals to produce H2 gas and salt. For instance, sulfuric acid reacts with magnesium metal to give hydrogen and the salt magnesium sulfate. 

Mg(s) + H2SO4(aq) (   H2(g) + MgSO4(aq)

Acids also react with metal oxides to form water and salt as products. For example, hydrochloric acid produces copper(II) chloride and water when it reacts with copper(II) oxide:

CuO(s) + 2HCl (aq) (   H2O + 2CuCl (aq) 

Acids liberate CO2 from carbonate or from bicarbonates. For instance antacid tablets containing sodium bicarbonate, NaHCO3, are able to react with stomach  acid, HCl, in this way:

HCl(aq) + NaHCO3(aq) ( CO2+H2O + NaCl(aq)
Acids undergoes a reaction with a dye called litmus(石蕊) to produce a red color. Dyes, such as litmus, that are used to test for acidity are called indicators.  

Bases

Bases react with many salts of heavy metals to produce insoluble hydroxide precipitates in a double displacement reaction. For example, the base sodium hydroxide reacts with iron(III) nitrate to form the precipitate iron(III) hydroxide:

FeNO3(aq) + 3NaOH(aq) ( Fe(OH)3( + 3NaNO3 (aq)

Adding the indicator to litmus to a base produces a blue color. Thus litmus paper dipped into a soapy solution turns blue.

Acid-Base Neutralizations

The properties of both acids and bases are removed when an acid reacts with a base in a reaction called neutralization. The products of a neutralization reaction are a salt and water. For example, the reaction of NaOH, a base, with HCl, an acid, is a neutralization.  

NaOH (aq) + HCl (aq) ( NaCl(aq)  + H2O

If the base is a carbonate or bicarbonate, the products also include CO2 gas.   

9.3 Proton Transfer

Theories that explain the behavior of acids and bases are based upon the differences in the chemical structure of these two types of compounds. An acid-base theory proposed independently by J.N. Brönsted(1879-1947) in Denmark and T.M. Lowry(1874-1936) in England accounts for the acidic or basic properties of most compounds.  

The Brönsted-Lowry theory states that 

An acid is a compound that donates a proton and a base is a compound that accepts a proton.

Thus, an acid is a proton donor; a base is a proton acceptor.

According to the proton transfer theory, all acid-base reactions must involve both an acid and a base. Solvents may behave as acids or bases and must be included in acid-base reaction equations. 

9.4  Strong Acids and Bases

Strong acids and strong bases are 100 percent ionized. For instance, HCl is an example of a strong acid. That is, every HCl molecule dissolved in water donates a proton to a water molecule to form a hydronium ion, and no undissociated HCl molecules remain.

HCl (g) + H2O ( H3O+ + Cl- 
NaOH is one example of a strong base.

9.5  Weak Acids and Bases

Weak acids and weak bases do not ionize completely, that is, not every molecule of a weak acid or a weak base dissociates. Equilibrium is established between the molecules of a weak acid or base and the ions that they produce.  

HA + H2O  (  A- + H3O+

B + H2O  (  BH+  + OH-
9.6  Ionization of Water

Water by itself ionizes to a very small extent to produce H3O+ and OH- ions. In such a self-ionization reaction, one water molecule works as an acid to donate a proton to another water molecule (the base):

 HOH + HOH  (  OH- + H2OH+

Since water contains an equal concentration of H+ and OH- ions, it serves as an excellent standard for acidity measurements.

9.7 Measure of Acidity 

Acidity is measured in terms of [H+] present in a solution. The higher the concentration of H+ ions in the solution, the more acidic it is. 

Aqueous solution in which [OH-] = [H+] are said to be neutral; solutions in which [H+] > [OH-] are acidic; and conversely, solutions in which [OH-] > [H+] are basic or alkaline. 

Water is neutral, since it always produces an equal concentration of OH- and H+ ions. At room temperature the [OH-] and [H+] values are each 1.0(10-7. In acidic solutions [H+] must be greater than 1.0(10-7 and in basic solutions [H+] must be less than 1.0(10-7 . 

No matter how acidic a solution is, there will always be some OH- ions present, and every very basic solutions always contain some H+ ions. 

9.8 pH as a Measure of Acidity 

The numerical values for [H+] in most of the solutions we will discuss are very small ones, which are usually expressed as exponentials. These numbers are clumsy to use and awkward to speak about. The pH term was invented to provide a more convenient yardstick to acidity in which the numbers quoted are not in exponential form. The pH is directly related to the [H+] and is defined to be the negative logarithm of [H+] :  pH = - log[H+] 

9.9 Measuring pH 

In laboratory several different methods are used to determine pH values depending upon the accuracy needed. For very crude measurements pH paper indicators may do, but for more accurate values pH meters and titration (滴定) techniques are necessary. 

9.10 Titration

Titration is a method that is used to determine the concentration of a substance in a given solution sample by allowing the unknown sample to react completely with the solution that has a known concentration. The solution with the known concentration is called a standard solution. 

Titration is a particularly useful method of measuring acidity since acids can be completely neutralized by bases, and vice versa. For instance, suppose we want to find the concentration of a sample of HCl solution. A standard solution of NaOH can be added to the HCl solution of unknown concentration until all the HCl has been neutralized. This is called the equivalence point (等量点). 

Indicators are selected that change color near the equivalence point. In a titration the point at which an indicator changes color is called the endpoint of the titration. Ideally, the endpoint and the equivalence point should be the same. 

Assignment 6

1. Write an article (at least 300 words) with the title “Chemistry A Day” to tell people about the chemistry you encounter in a day. 

Chapter 10  Alkanes

10.1  Introduction
In this chapter we begin our study of organic chemistry, a subject which is most often defined as the chemistry of the compounds of carbon. Some of the organic carbon compounds that we have discussed are methane, ethene, acetylene, acetic acid and citric acid; these represent only a few of the 3 million organic compounds known. 

The term “organic” was chosen because scientist thought that organic compounds could be derived from organic matter (plants and animals) only. In fact, before the year 1825 no scientist had ever been able to synthesize an organic compound starting with one or more inorganic compounds. In that year, a German chemist, Friedrich Wöhler (1800-1882), obtained an organic compound, urea(尿素), by heating an inorganic compound, ammonium cyanate (氰酸铵). 

NH4NCO ( (NH2)2CO

In Wöhler’s landmark experiment, urea, a component of urine, was produced in a laboratory vessel(器皿) instead of the bladder(膀胱) of an animal. This was the first time that an organic compound had been synthesized  in the laboratory without the assistance of any vital force.  A new era of chemistry thus began.

10.2 Uniqueness of Carbon

The reason that there are so many possible organic compounds is that the carbon atom has unique bonding characteristics, being able to form long chains by bonding other carbon atoms. Formation of chains is called catenation(连锁).

Some other group IV elements can also from chains, although they are very short and much less stable than carbon chains. Silicon, for instance, can form chains as long as six atoms, but carbon has an unlimited capacity(能力) to undergo catenation. 

Carbon can form straight chains, 

-C-C-C-C-C-C-C-C-C-C-

as well as branched chains and ring structures.

In addition carbon atoms can form double and triple bonds with other carbon atoms or with nonmetals, C=C  C(C  C=O C(N. 

The nonmetallic elements that appear most often in organic compounds are O,N,S,P, the halogens(卤素) and H, an element which is present in almost all organic compounds. The hydrocarbons are organic compounds consisting of only two elements, C and H.

To better study the huge number of possible organic compounds that can form from C and these other elements, organic compounds are organized into classes of compounds which share similar structural features. Even the hydrocarbons are so complex and varied that they must be subdivided into classes. Our study of organic chemistry begins with a class of hydrocarbons called alkanes(烷烃). 

10.3  Alkanes: General Formula

Alkanes are hydrocarbons which contain only single bonds between any two C atoms. All alkanes share the same general formula: 

 CnH2n+2 

The name which corresponds to each alkane formula includes a prefix followed by the ending -ane.  The prefixes for the first four alkanes are meth-, eth-, prop-, and but-. The prefixes for the net six alkanes correspond to the roots of the Greek words for the numbers 5 to 10 and are thus easier to remember. (pent-, hex-, hept, oct, non-,and dec-)

10.4  Bonding in Alkanes

For C atom there are four valence electrons. Thus C needs four electrons to complete its octet and forms four bonds in it compounds.

In the electron dot structure for methane, C must be the central atom and must form four single bonds with the four H atoms.  
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10.5  Structural Isomerism(结构异构)

Structural Isomers (异构体) are two or more compounds which have the same molecular formula but a different arrangement of atoms. The arrangement of atoms is represented by a formula called the structural formula. Thus Structural isomers have the same molecular formulas but different structural formulas. Because of the structural isomerism the molecular formula is not the best way to represent an organic compound. Structural formulas which indicate how the atoms are connected to each other are necessary.  

10.6  Structural Isomers of Alkanes

All alkanes that have more than three C atoms have at least two structural isomers. Both methane (CH4) and ethane (C2H6) has one structural isomer. There is only a single structural isomer for propane (C3H8). Butane, C4H10, is the first member of the alkane series to have more than one structural isomer. There are two different ways to arrange the 4 C atoms and the 10 H atoms in butane.

Writing Structural Formulas: 
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Full structural Formula  Condensed structural formula

Two Structural Isomers of Butane (C4H10)

10.7 Alkyl Groups 

The groups of atoms, called alkyl groups, which branch off from the main chain of an alkane are derived by removing an H atom from an alkane molecule. Alkyl group names are derived from parent alkane names by substituting the suffix -yl for -ane. For example, the methyl group is derived by removing any H atom from the alkane methane. 

10.8 Fossil Fuels 

Most of the world’s energy needs are provided by the combustion of the fossil fuels, namely, coal, natural gas, and petroleum or oil. Coal is more than 90 percent carbon. Natural gas, also known as marsh gas(沼气), consists mostly of methane and is often found along with oil deposits.

Petroleum contains a complex mixture of hydrocarbons, most of which are alkanes or cycloalkanes.  Of the alkanes present, the most abundant are straight-chain alkanes, 2-methylalkanes, and cyclohexanes. Crude petroleum is refined by distillation, in which the various hydrocarbons are separated into fractions with similar boiling points and molecular sizes. 

Chapter 11 Alkenes and Alkynes 

11.1  Introduction
Alkanes are said to be saturated because the C atoms in their formulas are bonded to the maximum possible number of atoms; that is, their capacity to form bonds with other atoms is saturated. The carbon-carbon bonds in saturated compounds are all single bonds. Hydrocarbons in which multiple bonds are present are unsaturated, because their molecules include C atoms that are bonded to fewer than four atoms. For instance, the double-bonded C atoms in ethene are each bonded to only three other atoms, one C atom and two H atoms. 

Hydrocarbons such as ethene (H2C=CH2), which contain a carbon to carbon double bond, are called alkenes. Hydrocarbons such as ethyne (HC(CH), which contain a carbon to carbon triple bond, are called alkynes. The multiple bonds in unsaturated hydrocarbons are much more reactive than the single bonds in alkanes. 

11.2 Alkenes: General Formula

The general formula for an alkene hydrocarbon is CnH2n. Note that the number of H atoms in a given alkene is two less than that in the corresponding alkane. 

Alkene names are derived from the name assigned to the alkane with the same number of carbon atoms by replacing the alkane suffix -ane with -ene. (ethene, propene, butene etc.)

11.3 Structural isomers of  Alkenes 

The double bonded structural isomers of a particular alkene may have different carbon skeletons, different placement of the double bond, or both. 

Both ethene and propene has just one structural isomer. There are two possible butene structures which include a four-carbon chain, i.e. 

CH2=CHCH2CH3 , CH3CH = CHCH3
11.4 Alkene Nomenclature

Rule 1: Choose the longest C to C chain which includes the double bond. The parent name of the alkene is the alkene name corresponding to that number of carbon atoms.

Rule 2: Number the C to C chain. Assign the number 1 to the C atom on the end closest to the double bond.

Rule 3: Indicate the position of the double bond using the lowest-numbered double-bonded C atom.

Rule 4: Complete the name by giving the number of the C atom to which a branched group is attached followed by the name of the branched group. 

Example
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1) The parent name of this alkene must be hexene.

2) Numbering the C chain.

3) This hexene is a 1-hexene.The name of this hexene is 5-methyl-1-hexene.

Please name the following alkene, 
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11.5 Properties of Alkenes

It is the reactions involving the double bond which are characteristic reactions of the alkenes. The more loosely held  electrons are available for the formation of new bonds in chemical reactions with other substances.

As such, an atom or group of atoms which determines the properties of a molecules is said to be a functional group. 

11.6  Cycloalkenes and Dienes

Alkenes can exist as ring compounds, called Cycloalkenes. 
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Alkenes that include two C to C double bounds are dienes. The most important diene is the four-carbon compound 1,3-butadiene,  CH2=CH-CH=CH2
11.7 Alkynes

Alkynes are unsaturated hydrocarbons containing a C to C triple bond. An alkynes has two less H atoms than a corresponding alkene and four less than an alkane. 

The general formula for an alkyne hydrocarbon is CnH2n-2. 

For example, the formula of propyne is  CH3C(CH

Assignment 7

1) Write an article ( At least 200 words) with the title “Fossil Fuels and Human Life”. 

Chapter 12  Benzene and The Aromatic Hydrocarbons

12.1  Introduction
So far most of the compounds we have studied have been open-chain compounds. We also discussed a few ring compounds, the cycloalkanes and cycloalkenes, and found their properties to be very much like their counterparts, the alkanes and alkenes.

Open-chain compounds and their corresponding ring compounds are known as aliphatic (脂肪族的)compounds. The term aliphatic comes from the Greek word aleiphar, which means “oil”.

In this chapter, we will introduce another class of organic compounds called the aromatics（芳香族）. Benzene(苯) and its derivatives were originally called aromatic compounds because of their rather pleasant aromas. The term aromatic now refers to any compound which has a benzene ring in its structure or has chemical properties similar to those of benzene. In the sections that follow, we will describe the structure and the properties of benzene and many of its derivatives.

12.2 Ring Structure of Benzene

In the 1820s, a pure liquid hydrocarbon called benzene was first isolated. Chemists found that the molecular formula of this new substance was C6H6, but it took some time for them to figure out a structure which was consistent with the properties of benzene.

Open-chain structures, such as CH2=CH-C≡C-CH=CH2, were first proposed, but it is inconsistent with the chemical property that benzene undergoes substitution with bromine, instead of the addition reaction with bromine(溴).

The chemist August Kekulé(1829-1896) proposed an alternative structure in which the six carbon atoms of benzene are joined together to form a hexagon with each ring C atom bonded to an H atom. The inspiration for this idea supposedly sprang from a daydream in which Kekulé visualized “long rows …, all twining and twisting in snakelike motion,” and then saw that “One of the snakes had seized hold of its own tail…”. In any case, Kekulé‘s structure turned out to be correct. Benzene is a ring compound. 


[image: image25.wmf]
Kekulé‘s structure of Benzene
However, this structure also failed to answer many questions about the properties of benzene. If the structure above were correct, benzene would still be expected to be highly reactive because of the three double bonds it contains. Furthermore, if the benzene ring really did have alternating single and double bonds, the distance between doubly bonded C atoms would be shorter than that between singly bonded C atoms, yet all physical measurements showed that the six C to C bond distances were identical.  

12.3  Bonding in Benzene

There are three atoms attached to each C atom in benzene. Each C atom has three sp2 hybrid orbitals, with which the  framework of benzene bonding is established. Each C atom has one unhybridized p orbital containing one electron. These overlapping p orbitals form a continuous  bond about the benzene ring. The  electrons are not localized between any two carbon atoms. Rather, all six  electrons are delocalized over the entire ring.
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Benzene bonding: a) framwork; b) continuous  bond.
12.4  Structural Formulars for benzene

The drawing we use to represent the structure of benzene is a hexagon with a circle inside it. The circle represents the continuous  bonding abou the benzene ring. 
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Another commonly encountered depiction of benzene is the following:
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12.5  Nomenclature of benzene

The compounds that form when one or more H atoms of benzene are substituted with other atoms or groups of atoms are named as derivatives of benzene.

In monosubstituted benzenes one H atom is replaced by another atom or group X. To name such compounds, the name of the substituent X is followed by the word benzene. For instance, if a chlorine atom is the substituent, the compound is called chlorobenzene and if the attached group is nitro(-NO2), the name of the compound is nitrobenzene.
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Disubstituted benzenes: There are three different ways to place two substituents on a benzene ring.

Naming the disubstituted benzene: number the position of the benzene ring so that the substituents are on the positions with the lowest possible members. The number 1 is assigned to the substituent that is lower in alphabetical order. 
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12.6  Phenyl Group

Some benzene compounds are more convenient named by considering the benzene itself to be a substituent. The benzene substituent, which is named phenyl, is formed by removing one H atom from the benzene ring.
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12.7 Chemical Properties of Benzene 

Halogenation: Benzene reacts with bromine or chorine to form bromobenzene or chlorobenzene in the present of an iron catalyst (Fe, Fe Br3 or FeCl3). 
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Nitration: Nitrobenzene can be prepared by reacting with nitric acid in the presence of sulfuric acid.
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12.8 Arenes(芳烃) 

Hydrocarbons such as alkylbenzenes toluene and ethylbenzene, which have both aliphatic and aromatic components, are called arenes. Because arenes have both aromatic and aliphatic character, they also have properties of aliphatic as well as of aromatic compounds.

Benzene itself is more toxic than any of the arenes. The reason for this is related to the inertness of benzene, which makes it difficult for the body to eliminate it.

12.9 Fused-RingAromatics 

A fused-ring aromatic is a compound that forms when two or more aromatic rings are joined at two or more C atoms. The source of fused-ring aromatics is a substance called coal tar(焦油), the liquid residue produced when coal is heated in the absence of air. 
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Some fused-ring aromatics 

Chapter 13 Alcohols and Ethers

13.1  Introduction
In the next few chapters we will introduce the organic compounds which have oxygen atoms in their functional groups. Two of these are alcohols and ethers.

We can produce the structures of both classes of compounds starting with a water molecule, HOH. By replacing one of the H atoms in water with a C atom, we have the general formula of an alcohol, written ROH, where R refers to a hydrocarbon group. For instance, if the R is a methyl group, the alcohol formula is CH3OH (methanol), and when R is a phenyl group, the alcohol is phenol. 

To produce the ether structure, both H atoms of water are replaced with hydrocarbon groups. We write the general formula with an R and R’ (R prime), meaning that the attached hydrocarbon groups can be the same or different. The general ether formula is R-O-R’.

13.2 Naming Alcohols

Alkyl alcohols can be named as alkanols, a name derived by dropping the e from alkane and adding ol. For instance, the name of the alcohol derived from the simplest alkane comes from changing the methane to methanol (CH3OH). Ethanol is a two-carbon alcohol: CH3CH2OH.

To name any alcohol more complex than these, we must indicate the location of the OH group as well as those of any other branch groups. To do this we follow the rules below.

Rule 1: Choose the longest C to C chain to which the OH group is attached. This gives the parent alcohol name.

Rule 2: Number the C atoms so that the C atom bonded to the OH group has the lowest possible number.

Rule 3: Form the name by placing the number of the C atom to which the OH is attached in front of the parent alcohol. Indicate any branched groups according to the rules of alkane nomenclature.


Example

1)  The parent name of this alcohol must be hexanol.

2)  Numbering the C chain.

3)  This hexanol is a 2-hexanol.The full name of this hexanol is 5-methyl-2-hexanol.

13.3 Primary, Secondary and Tertiary Alcohols 

Alkyl alcohols can be divided into one of the three classes (primary, secondary or tertiary), depending on the type of C atom to which their hydroxyl groups are attached. 

In primary alcohols the hydroxyl group is attached to a primary C atom, that is, a carbon atom that is bonded to only one other C atom, e.g., CH3CH2OH.  In secondary alcohols, the hydroxyl group is attached to a secondary C atom, that is, a carbon atom that is bonded to two other C atoms. The following alcohols are thus secondary alcohols. In tertiary alcohols, the OH group is attached to a tertiary C atom, a C atom which forms bonds with three other C atoms.
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13.4 Naming Ethers

Ethers are named by giving the names of R and R’ hydrocarbon groups in the general formula ROR’, in alphabetical order, followed by the word ether. When R and R’ are the same, the name of the R groups is given only once or the prefix di- is used in the name.

Using this method we can name the ethers below:

CH3CH2OCH2CH3 (diethyl ether)

CH3OCH2CH3(Ethyl methyl ether)

Assignment 8

1. Write an article ( about 200 words) with the title “Aromatics: Pleasant or Dangerous?”. 
Chapter 14  Aldehydes and Ketones

14.1  Introduction
In this chapter we will discuss the structure and properties of two closely related classes of compounds, the aldehydes (醛) and the ketones (酮). 
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Aldehydes can be produced by oxidizing primary alcohols and the oxidation of a secondary alcohol gives a ketone.
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When writing general formulas for aldehydes and ketones, it is important to specify the nature of any R groups that appear. In the general formula for an aldehyde the R can be a hydrogen atom or a hydrocarbon group. However, in the ketone formula both R and R’ must be hydrocarbon groups, not hydrogen atoms, since otherwise the formula converts to that of an aldehyde.
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Structures of some aldehydes and ketones

14.2 The Carbonyl Group

A common structural feature of aldehydes and ketones is a carbonyl atom double-bonded to an oxygen atom, comprising a carbonyl group. 
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Most of the chemical reactions of the aldehydes and ketones involve the carbonyl group. Unlike the alkene double bond, the carbonyl double bond is polar because the carbonyl O atom is much more electronegative than the C atom.

14.3  Naming Aldehydes

Aliphatic aldehydes

Unsubstituted aldehydes are named by dropping the –e from the alkane name with the same number of C atoms and adding the suffix –al (for aldehyde). The carbonyl C atom is included in the carbon atom total. For instance, to name the aldehyde below, the name pentane is modified by dropping the –e and adding –al to form pentanal (戊醛).
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The IUPAC names of more complex aldehydes, that is, those in which the R group is branched or contains a substituent, are named by using a numbering system. The carbonyl C atom is assigned the number 1 and the other C atoms in the longest chain of the aldehyde R group are numbered consecutively. For example, the three aldehydes below are named as derivatives of butanal.
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When a common name is given for an aldehyde, Greek letters are used to label the C atoms. When using this system, the carbonyl C atom is not assigned a letter. The C-2 atom is the  C atom, C-3 is , C-4 is  , C-5 is , and so on through the Greek alphabet.
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Aromatic Aldehydes

The simplest aromatic aldehyde, in which the R group is phenyl, is always called by its common name, benzaldehyde.
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14.4  Naming Ketones

In the IUPAC system ketone names are derived from the names of alkanes which have the same number of C atoms(including the carbonyl C atom) by dropping the –e from alkane and adding –one to form the name alkanone. For instance, the name of the ketone having three C atoms is derived from propane and is propanone. 

For ketones which have more than three carbon atoms, it is also necessary to specify which C atom belongs to the carbonyl group. To number the ketone C atoms we start with the end of the molecule which is closer to the carbonyl. For example,
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The numbers are also used to locate substituents. For example,
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14.5  Addition to the Carbonyl Group

Similar to the C to C multiple bonds of alkenes and alkynes, the carbonyl C to O double bond in aldehydes and ketones participates in addition reactions and because the C=O bond is polar, it reacts with even more compounds than the nopolar C to C multiple bonds. In this section we will discuss the addition of hydrogen, water and alcohols to aldehydes and ketones.

Addition of H2: Reduction
The addition of H2 to aldehydes and ketones is called hydrogenation and must be carried out in the presence of a metal catalyst (Ni, Pt and Pd) . The hydrogenation of an aldehyde results in a primary alcohol.
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When acetone is reduced by H2, the product is the secondary alcohol 2-propanol.


[image: image48.wmf]C

O

C

H

3

C

H

3

 

 

 

 

+

 

 

H

2

N

i

C

H

3

C

H

C

H

3

O

H


Addition of Water
The addition of water to aldehydes or ketones produces products called aldehyde hydrates or ketone hydrates. 
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Addition of Alcohol

Under acidic conditions two molecules of alcohol can react with one molecule of aldehyde or ketone to produce compounds called acetals (醛缩醇) and ketals (酮缩醇).
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Chapter 15 Carboxylic Acids and Derivatives 

15.1  Introduction
In the discussion of acids and bases, we learnt that the organic compound acetic acid behaves as a weak acid. Acetic acid is an example of carboxylic acid (羧酸). Here we will look at the complete structures of acetic acid and the other carboxylic acids and of several derivative compounds, including the esters(酯), salts, amides(酰胺), acyl halides(酰基卤化物), and acid anhydrides(酸酐)that are products of their chemical reactions.

A common feature present in all carboxylic acids is the carboxyl group (羧基), which consists of a carbonyl group bonded to a hydroxyl group. 
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The general formula for a carboxylic acid is 
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in which R stands for a hydrocarbon group or an H atom.

15.2 Naming Carboxylic Acids

Unsubstituted carboxylic acid names are derived from the name of the alkane with the same number of C atoms(including the carboxyl C atom).

The IUPAC name for a carboxylic acid is obtained by dropping the –e from alkane and adding –oic acid. For instance, the name of the five-carbon carboxylic acid shown below is derived from the five-carbon alkane pentane.
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Common names are very frequently used instead of IUPAC names for carboxylic acids. The common names are derived from the names of the materials from which the carboxylic acids were first isolated. For example, the common name of methanoic acid (HCOOH) is formic acid because it was first found in formicae, Latin for “ants”. At one time formic acid was actually prepared by boiling ants!!  Ethanoic acid is nearly always called acetic acid from the Latin word acetum, “vinegar”.

Dicarboxylic acid:  Dicarboxylic acids contain two carboxyl groups. In the IUPAC system they are named as alkanedioic acids from the name of the alkane wit the same number of C atoms (including both carboxyl carbons) . For instance,     
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15.3 Salts of Carboxylic Acids 

Carboxylic acids are neutralized by bases to form salts. To name the salts we use the same method that we learnt for inorganic ionic compounds, in which the name of the cation is followed by the name of the anion. For instance, acetic acid reacts with sodium hydroxide to produce sodium acetate.
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15.4 Soaps and Detergents

Soaps are the sodium or potassium salts of long-chain carboxylic acids such as sodium stearate (硬脂酸盐, octadecanoate), written in full below.
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Hand soaps contain sodium stearate and shaving creams contain potassium stearate, a very soft soap.  Detergents(清洁剂) are used for cleaning hair, dishes, and clothing because their salts are much more water soluble than are those of stearic acid.

15.5 Esters

Carboxylic acids react with alcohols in the presence of an acid catalyst to form compounds called esters. 
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Naming esters:  Esters are named as alkylcarboxylates. The alkyl part of the name is derived from the alcohol reactant and the carboxylate part from the carboxylic acid reactant. For instance,   
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15.6 Amides

Carboxylic acids can react with ammonia to form nitrogen-containing organic compounds called amides.  This is a two-step process, as shown below.
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15.7 Acyl Chlorides and Acid Anhydrides

Acyl chlorides, in which the carboxyl OH group is replaced with a chlorine atom, are prepared easily by reaction of carboxylic acid with phosphorus trichloride.
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Acid anhydrides: To draw the structure of a carboxylic acid anhydride we join two carboxylic acid molecules by removing a molecule of water. 
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Chapter 16  Amines, Other Nitrogen Compounds and Organic Sulfur Compounds

16.1  Introduction
In the first half of this chapter, we will turn our attention to the properties of the amines (胺类), the organic derivatives of ammonia, NH3.  Later in this chapter we will study a miscellaneous(混杂的) group of organic compounds which have not fallen into any of the categories studied so far. These include other nitrogen-containing compounds and the organic sulfur compounds. 

Amines are organic derivatives of ammonia in which one, two or all three ammonia H atoms are replaced by hydrocarbon groups. The amines in which one H atom is replaced by a hydrocarbon group are known as primary amines. Secondary amines are those in which two ammonia H atoms are replaced by hydrocarbon groups. In tertiary amines all three H atoms of ammonia are replaced by hydrocarbon groups.
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In living systems amines serve as protein(蛋白质) building blocks and as neurotransmitters (神经传递素). A variety of drug compounds which act as local anesthetics(麻醉剂), analgesics(止痛剂), stimulants(刺激素), and antibacterial(抗菌的) agents are amines. 

16.2 Naming Amines

Amine names are formed by naming the alkyl groups attached to the amine N atom (in alphabetical order or according complexity) and then adding the suffix –amine. For example, 
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Note when using the alphabetical system that ethyl is written before dimethyl, since dimethyl is considered to start with m (not d).

It is also permissible to name amines as derivatives of hydrocarbons, a method which is especially convenient when the attached hydrocarbon groups are complex. For instance, we can name the amine shown below as a derivative of hexane.
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Aromatics amines are named as derivatives of aniline(苯胺) provided the amino group(氨基) has a higher priority(等级,优先级) than any other benzene ring substituents. For instance, the left-hand compound below is named as an aniline. The compound on the right is named as a phenol since hydroxy takes priority over amino. 
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When the amino group is not the principal functional group in any compound in which it appears, it is named as a substituent. The compound below are known as amino acids since the carboxylic acid group is of higher priority than the amino group.
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14.3  Amines: Organic Bases

Primary, secondary and tertiary alkyl amines behave as weak bases. The ions they produce are derivatives of the ammonium ion and are called alkylammonium ions.

CH3NH2 + H2O      (     CH3NH3+          +    OH-
          Methylamine            Methylammonium ion     

(CH3)2NH + H2O     (     (CH3)2NH2+     +    OH-
           Dimethylamine           Dimethylammonium ion
(CH3)3N + H2O     (     (CH3)3NH+     +    OH-
           Trimethylamine           Trimethylammonium ion
When amines are neutralized by HCl to produce alkyl ammonium chloride salts.

     CH3NH2   +    HCl  (    CH3NH3Cl

    methylamine                  methylammonium chloride

To remind that CH3NH3Cl is a salt, we can write its formula as CH3NH3+Cl- , so that we can see the ion components. Salts such as RNH3+Cl- are often called amine hydrochlorides and their formulas may also be written RNH2·HCl. 

16.4  Reactions of Amines

Reaction with Carboxylic Acids:  Amines react with acids to form salts which lose water, only in this case the products are substituted amides, in which one or both amide H atoms are replaced by hydrocarbon groups.
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Reaction with Alkyl Halides: When a tertiary alkylamine reacts with an alkyl halide, the products are tetraalkylammonium halides. The alkyl group of the halides bonds to the amine through its nonbonding pair of electrons on the N atom.  Salts containing R4N+ are known as quaternary ammonium salts(季铵盐).
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16.5  Nitriles(腈)

Nitriles are organic compounds in which a hydrocarbon group is bonded to a cyanide group (-C(N).    R-C(N

In the IUPAC system alkyl nitriles are named as alkanenitriles, the alkane part of the name indicate the total number of C atoms, including the cyanide carbon. According to the common system the nitrile name is derived from the corresponding carboxylic acid minus –ic acid plus –nitrile. For example, 

   CH3CN  (Methanenitrile or acetonitrile)

CH3CH2CN (ethanenitrile or propionitrile)

Nitriles are considerably less toxic than their inorganic relative hydrogen cyanide, HCN. A highly toxic gas with an almondy(杏仁的) odor, HCN deactivates the respiration(呼吸) process by combining with iron ions in certain respiration enzymes(酶) .

16.6  Heterocyclic Nitrogen compounds

In general the term heterocyclic refers to ring compounds in which one of the ring atoms is not a carbon atom. 

Heterocyclic nitrogen compounds are ring compounds in which one or more ring atoms are nitrogen atoms.

Pyrrole(吡咯) is a five-membered heterocyclic N compounds, a liquid called “bone oil” because it is derived from tars which remain upon distillation of waste animal bones.

Two derivatives of pyrrole, indole(吲哚) and skatole(粪臭素), shown below, contribute to the odor of feces(粪).
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The pyrrole ring system is also present in the group of heterocyclic N compounds known as porphyrins(卟啉). The simplest porphyrin molecule is porphin(卟吩), a heterocyclic N compounds which includes four pyrrole rings:
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Porphyrin molecules may have metals bonded to the central N atom, as shown above.

16.7  Organic Sulfur Compounds

Sulfur is a group VIA element which has a bonding characteristics similar to those of oxygen and forms a number of organic compounds that are analogous to those of oxygen. 

Two representative classes of organic sulfur compounds are thiols and sulfides. 

Thiols (硫醇)  

Thiols are sulfur alcohols in which the hydroxyl oxygen atom is replaced by a sulfur atom, as in the general formula:  R-S-H.

Thiols are also called mercaptans because they can react with mercury and are known as “mercury captures”. The sulfur alcohols are named as alkanethiols in the IUPAC system but they are commonly referred to as alkyl mercaptans. For example,
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Sulfides(硫醚)

Organic sulfides are analogous to ethers (R-O-R’) in which the O atom is replaced by an S atom. 

R-S-R’     sulfide

Sulfides can be oxidized to form sulfoxides(亚砜).
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Disulfides (二硫化物) have the formula R-S-S-R’. They can be produced by the oxidation of mercaptans, as in the reaction shown below.

R-S-H   +   H-S-R  +  [O]  (  R-S-S-R  + H2O

Heterocyclic Sulfur Compounds

Thiophene (噻吩) is a five-membered heterocyclic sulfur compound found along with benzene in coal tars. 
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Thiophene has an odor and a boiling point (84°C) so close to those of benzene (80°C) that it was originally thought to be benzene.

The compound below is an N-and S-containing heterocyclic called thiazole(噻唑), which is present in the natural penicillins.
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Chapter 17 Synthetic Polymers 

17.1  Introduction
Polymers (聚合物) are giant molecules made up of many parts and that the small molecules that are used to build up the large polymer chains are called monomers(单体). 

To realize the extent to which synthetic polymers have become an integral part of modern living you can imagine an ordinary room filled with familiar objects, e.g., clothing made from polyesters threads, nylon hosiery, “rubber-soled” shoes, record albums, tape cassettes, and etc.

17.2 Polyalkenes
We will begin our discussion of structure with polymers that form when one alkene molecule adds to another. Polymers that form by addition reactions are known as addition polymers.

Polyethylene:  The addition of ethene to itself one by one to form a long-chain polymer, polyethylene, the repeating unit of which is 
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Polypropylene: When propene (propylene) polymerizes, the product is polypropylene. To visualize the structure of the repeating units of substituted ethenes, it is easiest to draw full structures.
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17.3 Polymers of Substituted Alkenes 

Polyvinychloride:  Halogenated alkenes polymerize to form a useful class of polymers. For instance, polyvinychloride(PVC) is made from vinyl chloride.
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Teflon :  It is possible to polymerize the compound tetrafluoroethene to form a fluorinated polymer, Teflon (polytetrafluoroethene).
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Polystyrene:  Polystyrene is prepared by polymerizing the substituted alkene phenylethene (styrene).
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Polyacrylonitrile(PAN):  Polyacylonitirle can be prepared by polymerizing cyano-substituted ethene.
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17.4 Polyesters
Polymers known as condensation polymers can also be made by condensation reactions, in which monomer molecules combine to lose some small molecule such as H2O or HCl.

A diol and a dicarboxylic acid are able to link together repeatedly to make long chains upon condensation reactions, forming polyesters.
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17.5 Polyamides: Nylons
Diamine and diacid can react to produce polyamides.


[image: image82.wmf]N

C

O

R

e

p

e

a

t

i

n

g

 

u

n

i

t

 

 

o

f

 

 

p

o

l

y

a

m

i

d

e

R

C

O

N

R

H

H


Polyamides, which include hydrocarbon segments composed of CH2 units, are called nylons. 

Assignment 10

Write an article ( about 200 words) with the title “Polymers and Modern Living”. 

Chapter 18  Carbohydrates

18.1  Introduction
The molecular formulas of many sugars and starches (淀粉) can be written as Cx(H2O)x. For instance, the formula for glucose is C6H12O6, which can be rearranged to read C6(H2O)6. Early chemists concluded from this that sugar and starch molecules were actually hydrated carbon atoms and thus called them carbohydrates. 

It is true that most carbohydrates do have molecular formulas that follow the formula above, but it is not true that carbohydrates are hydrates of carbon, because the chemical properties of carbohydrates do not support such structures.

To study the large number of possible carbohydrate compounds, we first divide them into classes called saccharides(糖类). The simplest carbohydrates are the monosaccharides (单糖), which can not be broken down into smaller carbohydrate molecules. Disaccharides (二糖)contain two monosaccharide units. 

The term sugar is loosely used to refer to any monosaccharide or disaccharide, not restricted to sucrose, the disaccharide you know as “table sugar”. Starch and cellulose(纤维素) are two familiar polysaccharides(多糖), giant polymers made of many monosaccharide monomers.

18.2 Monosaccharides

The structural formulas of several monosaccharides are shown below. You can see that they are all include an aldehyde or a ketone group. Hydroxyl groups are attached to each C atom except that of the carbonyl group.
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Monosaccharides are classified to indicate the number of carbon atoms in their formulas and whether they are aldehydes or ketones. These and all other sugar names end in the suffix -ose.

To give the number of C atoms in a monosaccharide formula, the numberical prefixes tri-, tetr-, pent-, hex-, hept-, and oct- are used. For instance, ribose (核糖) contains a total of five C atoms and thus is known as pentose(戊糖). 

The terms aldose (醛糖) for hydroxylaldehydes and ketose (酮糖) for hydroxylketones specify the functional group of a saccharide. Ribose is an aldose. Fructose(果糖) is a hexose(己糖) as well as a ketose.

Useful general names for monosaccharides are created by combining the prefixes aldo- or keto- with the name that gives C number content. For instance, ribose is an aldopentose and fructose is a ketohexose.

18.3  Cyclic Monosaccharides

· Aldohexoses
Open-chain monosaccharides form cyclic hemiacetals or hemiacetals (半缩醛) or hemiketals(半缩酮) when an H atom from a hydroxyl group adds to the carbonyl group. A new single bond forms between the hydroxyl O and the carbonyl C. For instance, to draw the hemiacetal structural for an aldohexose, 
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The open-chain and cyclic forms of monosaccharides exist in equilibrium with each other.

 We usually draw cyclic hemiacetal structures so that the atoms form a hexagon with five C atoms and one O atomm as shown below.
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Since the hemiacetal form of all aldohexoses include pyranlike ring structures, they are called pyranoses(吡喃糖), and their names are sometimes modified with the ending -pyranose. Thus the hemiacetal form of glucose may be called glucopyranose.

· Aldopentoses and ketohexoses: Furanoses
The cyclic forms of aldopentoses and ketohexoses both contain five-membered rings that include four C atoms and one O atom. 
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Ketohexoses such as fructose form hemiketal structures, which also contain five-membered rings.
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We usually draw the cyclic aldopentose and ketohexose structures so that the atoms in the ring form a pentagon, as shown below.
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The rings present in these cyclic forms of aldopentoses and ketohexoses resemble furan. As such, the cyclic forms of aldopentoses such as ribose and ketohexoses such as fructoses are called furanoses, and the ending -furanose is sometimes tacked onto their names, e.g., ribofuranose and fructofuranose.

18.4  Disaccharides

A disaccharide forms when two monosaccharide molecules combine by splitting out a molecule of water. The glycosidic linkage that joins the two sugars always involves the hemiacetal hydroxyl group of one sugar and one of the hydroxyl groups of the other monosaccharide. 

We will look at the structures of four disaccharides, maltose(麦芽糖), cellbiose(纤维二糖), lactose(乳糖) and sucrose(蔗糖), the last being the substance that most nonchemists are thinking about when they say “sugar”. 

Maltose can be broken down into two molecules of glucose. 
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Cellobiose is also composed of glucose molecules.
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Lactose is the combination of a -D-galactose (半乳糖) and a D-glucose, as shown below. 
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Sucrose is the combination of an -D-glucose and a -D-fructose, as shown below.  
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Chapter 19 Proteins

19.1  Introduction
· The word protein (蛋白质) comes from the Greek word proteios, meaning “primary.”  

· Proteins are the “stuff” of which much of the body is composed. Hair, muscles, skin, and nails are all protein. In fact, more than half of the dry weight of a person weighing 60 kg is contributed by protein.

· Proteins are also “working” molecules, which perform operational functional functions in living systems. The enzymes that catalyze biochemical reactions are proteins, as are the antibodies that regulate biochemical processes. 

· The proteins of a living organism determine what type of organism it will be.

· Despite the varied functions of proteins, there are similarities in their chemical structure.

· Proteins all contain the elements C, H, O, N and usually S, and they are all polyamide polymers.

· We will begin our study of proteins by looking at the structures of the building blocks from which they are constructed, that is, the amino acid monomers.

19.2 Amino Acids

Amino acids are carboxylic acids which include an amino group in their structure. The amino acids which are used to make up the proteins of living matter are those in which the amino group is bonded to the  carbon atom. In the general formula below for an -amino acid, the R represents an organic side chain or an H atom.
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There are 20 common R groups and thus 20 common amino acids in the proteins commonly found in living things. For instance, when the R group is a hydrogen atom, the amino acid becomes a-aminoacetic acid, known by the trivial name of glycine (甘氨酸, abbreviated Gly).
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When the R side chain is CH2CH2COOH, the amino acid is glutamic acid (谷氨酸).
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19.3 Formation of Peptides 

Since amino acids contain both amino and carboxyl groups, they combine with each other to form amides, called peptides (缩氨酸). The linkage that joins them is known as a peptide linkage. For instance, suppose two molecules of an amino acid are combined as in the reaction shown below. A molecule of water splits out to form a dipeptide(二肽).
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Assignment 11

· Write an article ( about 300 words) to tell a high-school student “What’s Protein?”. 

Chapter 20 科技英语论文写作
20.1  Introduction
英语写作大致涉及两方面:  第一为语言基础, 即词法句法的正确使用, 要写出语法上正确的句子(Correct Sentences), 以保证读者能看明白, 避免Chinese English; 第二要努力写出地道的句子(standard sentences), 即合理地使用专业中的词汇及固定的或特定的用法.

20.2学术论文语言基本特征
准确: 指词汇、句法结构、拼写、标点等语言要素的正确运用。
确切：在语言和内容上都必须准确切实，恰如其分地反映客观事物的真实面目。
简洁：语言干净利落、凝练精悍，避免拗口的长句和冗长繁杂的修饰语。
完整：内容和结构上要求完整、全面而具体，正确处理处理完整和简洁的关系。
清楚：文章要力求清楚易懂，针对不同的读者群来决定文章中专业术语的使用比重。
此外，科学论文的语句中，应尽可能以研究客体作为主语，以求体现客观性。因此，在描述研究过程时，当动作主体为研究者本人时，常常使用被动语态。
20.3 paragraph(段落) 

Construction of a paragraph: Usually a paragraph includes a topic sentence (主题句), one or several supporting sentences (论证句) and, sometimes, a concluding sentence (结论句).

Three Qualities of a Paragraph： 

1) Unity(一致性): An Paragraph follows a straight line of development; it states a single thought. All material not directly related to the rest of the paragraph should be left out.

2) Continuity(连贯性): All sentences within a paragraph should be arranged logically and smoothly. An outline will help you organize your ideas so that all important ideas are included and in logical order, and help you write more quickly.

3) Transition Signals(转折词) are words to guide the reader and make it easy to follow the ideas. They also help the paragraph flow more smoothly.

Classes of Transition Signals

1) Example(举例):  for example, for instance, as an illustration, to illustrate, namely, that is, for one thing.

2) Addition(增补): in addition, furthermore, moreover, and, also, or, too, besides, again, what’s more, likewise.

3) Emphasis(强调): in fact, as a matter of fact, in other words, of course, certainly, above all, indeed, clearly, surely, in particular, obviously, naturally, anyway, in this case.

4) Contrast(对照):  while, whereas, in contrast, on the other hand, instead, on the contrary, inspite of, despite, but, however, although, still, yet, nevertheless, conversely, otherwise.

5) Comparison(比较): similarly, in the same way, even though, at the same time, not only…but also, likewise, meanwhile.

6) Concession(让步): although, after all, it is true(that). 

7) Conclusion(结论): in conclusion, to conclude, to sum up, to summarize, in summary, in all, in short, in brief, in a word.

8) Cause(原因): for this reason, because of this, because, since, as, for, due to, owing to, thanks to.

9) Consequence(结果): thus, hence, therefore, accordingly, consequently, so, in this way, as a result.

10) Order(次序): first, second, first of all, to begin with, at first, finally, eventually, in the end, immediately, soon, in front of, next to, opposite to, in the middle of, afterward, then.

20.4 Structure of Research Papers

Generally the parts of a research paper are as follows:

1) Introduction(引言)

2) Body (正文)

3) Conclusion/Concluding Remarks (结束语)

If needed, illustrations (图示), tables(表格), appendix(附录), list of references(参考文献) and acknowledgment(致谢) may appear in a research paper. 

The Introduction

An introduction serves four purposes:

· to give a general background of the topic

· to arouse the reader’s interest

· to focus on the topic or problem of the essay

· to indicate the overall plan of the essay

This is accomplished by an introductory statement and a thesis statement. The introduction may be as short as one paragraph or as long as a chapter. 

The Introductory Statement generally begins with a very general comment of the subject and gradually becomes more specific, thus leading to the thesis statement. Statistics, quotations, examples and questions are often used in this section to give background information and attract the reader’s attention.

The thesis statement is 

· a complete sentence

· used to identify the topic and/or to express an opinion or an idea.

The Body of the Paper

· General

The body of a research paper will be the longest part. It will consist of many paragraphs that develop and support the thesis statement.

The text is not always written in the order it will appear. For example, many writers prefer to write the introduction last so as to be free to make changes in the body. Because many students find it most difficult to begin writing the paper, it may be best to start with a section that is easily written.

· Transition

When the separate sections of a paper have been written, transitions will be necessary to make the text flow smoothly. Between paragraphs, transitional sentences will be placed either at the end of the first or at the beginning of the next paragraph. Between sentences, transition words, repeated key words and other reference words will be used to create cohesion.

· Quotations(引语)

Providing reference citations and a bibliography allows the reader to:

· find the documents you have used,

· know that these ideas are not your own.

Generally accepted facts need no reference. For example, you can state that Einstein developed the Theory of Relativity without quoting your source. But if you use a certain aspect of the theory to support your thesis, the source needs to be identified.  

· Plagiarism(剽窃)

To plagiarize is to give the impression that something you have written is your own when it was in fact taken from someone else’s work.  Plagiarism may take the form of :

· repeating another’s sentences as your own

· adopting a particularly good phrase as your own

· paraphrasing someone else’s argument.

· presenting someone else’s form of organization as your own. 

In the West, plagiarism is considered a serious academic crime and may lead to expulsion from the university. 

Follow these guidelines and you’ll never be accused of plagiarism.

· Use your own words and sentence structures.

· When putting someone else’s idea in your own words avoid using any words from the original.

· If you use any original words, use a quotation. 

· Acknowledge all ideas taken from other writers, except commonly held knowledge in the field. 

· It is plagiarism to sue some original words or phrases from a sentence while changing others. It is also plagiarism to keep the sentence structure and change all the words to synonyms.

The Conclusions

In a long paper, this may consist of an entire chapter; in a shorter one, it will be one or two paragraphs long. The conclusion will include: 

· a summary of the main points and/or

· a restatement of the thesis and 

· final comments on the subject, possibly including suggestions for further research.

· Reference Books

· 《英语写作指导》，乔治•波特温著,上海外语教育出版社
· 《科技英语写作教程》，秦荻辉编著，西安电子科技大学出版社
· 《使用英语写作新捷径》，叶云屏等编著，国防工业出版社
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n: principal quantum number





Barometer:  The Apparatus to Determine Pressure of Gas


(a) The pressure of the atmosphere Patm is exerted on the mercury in the dish and on the mercury in the tube. Thus the mercury does not rise. (b) the pressure of the atmosphere is exerted on the mercury in the dish, but no pressure is exerted on the mercury in the evacuated tube. Thus the mercury rises in the tube. The height of the mercury is a measure of the atmospheric pressure, which is 760mmHg in this diagram.
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Two hottest allotropic forms of carbon





C60 (Fullerene)
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