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Lecture One : 

Introduction  about  university of  Diyala, College of Science  and the teaching 

system in chemistry department. 

Lecture two : 

Safety Rules in chemistry lab 

Please note: your laboratory instructor will reduce your grade or ask you to leave 

the lab if the safety rules are not followed!  

1. NO food or drink in the lab, to avoid possible contamination. 

2. Keep your hands away from your face, while working. 

3. Wash your hands as often as possible, especially before leaving the 

lab. 

4. Keep your workstation neat and clean. 

5. Be well prepared before you come to the lab. 

6. Know what to do in case of emergency. 

 

Dress Code   

If you come to the lab dressed inappropriately you will be asked to leave and you 

will receive a grade of "0" for the day's work.   

1. Wear splash-proof goggles or safety glasses at all times. 

State and Federal law require the use of safety eyewear by anyone working in a 

chemical laboratory. The Department has approved splash-proof goggles or safety 

glasses with side shield for this purpose. Both types are available for sale in the 

FAU Bookstore.  

2. Tie back long hair. 

Long hair can accidentally fall into flames or chemicals. Many hair sprays, gels, 

mousses, etc. are flammable! Think about this! Loose, long hair can also block 

your vision, which can lead to accidents.  

 Do not wear clothing which is loose enough to knock over containers on the 

work bench or drag or dip into flames or chemicals. 
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4. Wear clothing (shirt, blouse, or dress) which covers and protects your 

chest, belly, sides, back, shoulders and upper arms. 

No cutouts or cutoffs, tank tops, tube tops, muscle shirts, etc. No peek-a-boo belly 

buttons either! The skin of your torso must not be exposed at any time in the lab.  

5. Wear clothing (pants, very long skirt or very long dress) which covers 

and protects your body from the waist all the way down to and 

including your ankles. 

No shorts are allowed. No short or mid-length skirts are allowed.  

6. Wear shoes which cover and protect your feet completely. 

No sandals, flip-flops, open-toed shoes, or shoes with open sides or heels. And no 

slippers - the top of your foot must be covered!  

Dress Recommendations 

1. Wear comfortable shoes. 

Three hours of walking and standing on a hard tile floor can leave your feet very 

tired and sore if you wear uncomfortable shoes.  

2. Wear socks. 

They offer added padding for your feet, and extra protection to your ankles.  

3. Wear clothing which "breathes." 

The lab can get very warm. Wear cotton or another natural fiber to keep from 

overheating yourself in the lab.  

4. Wear clothing which you don't care too much about. 

Tiny splatters or droplets of chemical are very likely to get on your clothing. You 

might not even know that the droplets are there. But the chemical can stain your 

clothes or weaken the fibers of the clothing so that the next time you do the 

laundry your clothes will come out of the dryer with little, fuzzy holes in them.  

5. Come prepared to change clothes. 
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If you do not want to spend the entire day dressed in your lab clothes, then put 

your lab clothes in your book bag. Before lab class begins, you can go to a nearby 

rest room and change from your regular clothes to your lab clothes. It is also a 

good idea to have some spare clothes in case of an emergency.  

6. Do not wear valuable jewelry while working in the lab. 

Chemicals which are harmless to your body may be capable of damaging jewelry. 

Take your jewelry off and store it in your purse or book bag before beginning any 

experiment.  

 

Basic Laboratory Rule 

 

Always... Never... 

Wear Safety Glasses Work Alone or Unsupervised 

Wear a Buttoned Up Lab Coat Eat of Drink in the Laboratory 

Tie Back Long Hair Touch, Sniff or Taste Chemicals 

Wear Gloves if Necessary Wear Open Toed Shoes or Sandals in 

the Laboratory 

Be Aware of the Risks and Hazards 

Involved in Any Experiment 

Pipiette Liquids By Mouth 

Use a Fume Cupboard if Necessary Dispose of Hazardous Materials Down 

the Drain 

Minimise Risks By Working Tidily Return Unused Chemicals to Their 

Containers 

Clear Up Spillages Immediately  

Clear Up at the End of a Practical  
  

Lecture three  and  Four 

 

Terms in Chemistry 

 
 absolute temperature:  This is a temperature reading made relative to absolute 

zero.  We use the unit of Kelvins for these readings. 
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 absolute zero:  This is the lowest temperature possible.  If you remember that 
temperature is a measurement of how much atoms move around in a solid, you 
can guess that they stop moving entirely at absolute zero.  In reality, bonds still 
vibrate a little bit, but for the most part you don't see much happening. 

 accuracy:  When you measure something, the accuracy is how close your 
measured value is to the real value.  For example, if you're actually six feet tall 
and your brother measures your height as six feet, one inch, he's pretty 
accurate.  However, if your cousin measures your height as twelve feet, 13 
inches, he's not accurate at all. 

 acid:  This is anything that gives off H+ ions in water.  Acids have a pH less than 
7 and are good at dissolving metals.  They turn litmus paper red and 
phenolphthalein colorless. 

 acid anhydride:  This is an oxide that forms an acid when you stick it in 
water.  An example is SO3 - when you add water it turns into sulfuric acid, H2SO4. 

 acid dissociation constant (Ka):  This is equal to the ratio of the concentrations 
of an acid's conjugate base and the acid present when a weak acid dissociates in 
water.  That is, if you have a solution of Acid X where the concentration of the 
conjugate base is 0.5 M and the concentration of the acid is 10 M, the acid 
dissociation constant is 0.5/10 = 0.05. 

 activated complex:  In a chemical reaction, the reagents have to join together 
into a great big blob before they can fall back apart into the products.  This great 
big blob is called the activated complex (a.k.a. transition state) 

 activation energy:  The minimum amount of energy needed for a chemical 
reaction to take place.  For some reactions this is very small (it only takes a spark 
to make gasoline burn).  For others, it's very high (when you burn magnesium, 
you need to hold it over a Bunsen burner for a minute or so). 

 activity series:  This is when you arrange elements in the order of how much 
they tend to react with water and acids. 

 actual yield:  When you do a chemical reaction, this is the amount of chemical 
that you actually make (i.e. The amount of stuff you can weigh). 

 addition reaction:  A reaction where atoms add to a carbon-carbon multiple 
bond.  

 adsorption:  When one substance collects of the surface of another one. 
 alcohol:  An organic molecule containing an -OH group 

 aldehyde:  An organic molecule containing a -COH group 

 alkali metals:  Group I in the periodic table. 
 alkaline earth metals:  Group II in the periodic table. 
 alkane:  An organic molecule which contains only single carbon-carbon bonds. 
 alkene:  An organic molecule containing at least one C=C bond 

 alkyne:  An organic molecule containing at least one C-C triple bond. 
 allotropes:  When you have different forms of an element in the same 

state.  The relationship that white phosphorus and red phosphorus have to each 
other is that they're allotropes. 

 alloy:  A mixture of two metals.  Usually, you add very small amounts of a 
different element to make the metal stronger and harder. 
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 alpha particle:  A radioactive particle equivalent to a helium nucleus (2 protons, 
2 neutrons) 

 amine:  An organic molecule which consists of an ammonia molecule where one 
or more of the hydrogen atoms has been replaced by organic groups. 

 amino acid:  The basic building blocks of proteins.  They're called "amino acids" 
because they're both amines (they contain nitrogen) and acids (carboxylic acids, 
to be precise) 

 amphiprotic:  When something is both an acid and a base.  Like amino acids, 
for example. 

 amphoteric:  When something is both an acid and a base.  Sounds familiar, 
huh? 

 anode:  The electrode where oxidation occurs.  In other words, this is where 
electrons are lost by a substance.  

 aqueous:  dissolved in water 
 atomic mass unit (a.m.u.):  This is the smallest unit of mass we use in 

chemistry, and is equivalent to 1/12 the mass of carbon-12.  To all intents and 
purposes, protons and neutrons weigh 1 a.m.u. 

 atomic radius:  This is one half the distance between two bonded nuclei.  Why 
don't we just measure the distance from the nucleus to the outside of the atom - 
after all, isn't that the same thing as a radius?  It is, but atoms are also 
(theoretically) infinitely large (due to quantum mechanics), making this impossible 
to measure. 

 atomic solid:  A solid where there's a bunch of atoms in the lattice.  This is 
different from an ionic solid, where ions are the things that are sticking together. 

 Aufbau principle:  When you add protons to the nucleus to build up the 
elements, electrons are added into orbitals. 

 Avogadro's Law:  If you've got two gases under the same conditions of 
temperature, pressure, and volume, they've got the same number of particles 
(atoms or molecules).  This law only works for ideal gases, none of which 
actually exist. 

 base anhydride:  An oxide that forms a base when water is added.  CaO is an 
example, turning into calcium hydroxide in water. 

 base:  A compound that gives off OH- ions in water.  They are slippery and bitter 
and have a pH greater than 7. 

 battery:  This is when a bunch of voltaic cells are stuck together. 
 beta particle:  A radioactive particle equivalent to an electron. 
 bidentate ligand:  A ligand that can attach twice to a metal ion.  
 binary compound:  A compound only having two elements 

 binding energy:  The amount of energy that holds the neutrons and protons 
together in the nucleus of an atom.  It's a lot of energy, which is why you don't 
see nuclei falling apart all over the place. 

 bond energy:  The amount of energy it takes to break one mole of bonds.  
 bond length:  The average distance between the nuclei of two bonded atoms. 
 Boyle's Law:  The volume of a gas at constant temperature varies inversely with 

pressure.  In other words, if you put big pressure on something, it gets small. 
 Bronsted-Lowry acid:  Acids donate protons [H+ ions] and bases grab them 
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 buffer:  A liquid that resists change in pH by the addition of acid or base.  It 
consists of a weak acid and it's conjugate base (acetic acid and sodium acetate, 
for example). 

 calorimetry:  The study of heat flow.  Usually you'd do calorimetry to find the 
heat of combustion of a compound or the heat of reaction of two compounds. 

 carboxylic acid:  An organic molecule with a -COOH group on it.  Acetic acid is 
the most famous one. 

 catalyst:  A substance that speeds up a chemical reaction without being used up 
by the reaction.  Enzymes are catalysts because they allow the reactions that 
take place in the body to occur fast enough that we can live. 

 cathode:  The electrode in which reduction occurs.  Reduction is when a 
compound gains electrons. 

 chain reaction:  A reaction in which the products from one step provide the 
reagents for the next one.  This is frequently referred to in nuclear fission (when 
large nuclei break apart to form smaller ones) and in free-radical reactions. 

 Charles's Law:  The volume of a gas at constant pressure is directly proportional 
to the temperature.  In other words, if you heat something up, it gets big. 

 chemical equation:  The recipe that describes what you need to do to make a 
reaction take place. 

 chemical properties:  Properties that can only be described by making a 
chemical change (by making or breaking bonds).  For example, color isn't a 
chemical property because you don't need to change something chemically to 
see what color it is.  Flammability, on the other hand, is a chemical property, 
because you can't tell if something burns unless you actually try to burn it. 

 chirality:  When a molecule has a nonsuperimposable mirror image.  To imagine 
this, put your hands together.  Although they are mirror images, you can't put 
them right on top of each other so they are interchangable.  Well, normal people 
can't, anyway. 

 chromatography:  This is when you use a system containing a mobile phase 
(usually a liquid in general chemistry classes) and a stationary phase (something 
dissolved in the liquid) to separate different compounds.  This is usually done by 
exploiting the differing polarities of solutes, though you can do it a whole slew o' 
ways. 

 circuit:  The closed path in a circuit through which electrons flow. 
 coagulation:  When you destroy a colloid by letting the particles settle out. 
 colligative property:  Any property of a solution that changes when the 

concentration changes.  Examples are color, flavor, boiling point, melting point, 
and osmotic pressure. 

 colloid:  It's a suspension. 
 combustion:  When a compound combines with oxygen gas to form water, heat, 

and carbon dioxide 

 common ion effect:  When the equilibrium position of a process is altered by 
adding another compound containing one of the same ions that's in the 
equilibrium. 

 complex ion:  An ion in which a central atom (usually a transition metal) is 
surrounded by a bunch of molecules like water or ammonia (called "ligands") 
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 concentration:  A measurement of the amount of stuff (solute) dissolved in a 
liquid (solvent).  The most common concentration unit is molarity (M), which is 
equal to the number of moles of solute divided by the number of liters of solution. 

 condensation:  When a vapor reforms a liquid.  This is what happens on your 
bathroom mirror when you take a shower. 

 conductance:  A measurement of how well electricity can flow through an object. 
 conjugate acid:  The compound formed when a base gains a proton (hydrogen 

atom). 
 conjugate base:  The compound formed when an acid loses a proton (hydrogen 

atom). 
 continuous spectrum:  A spectrum that gives off all the colors of light, like a 

rainbow.  This is caused by blackbody emission. 
 covalent bond:  A chemical bond formed when two atoms share two electrons. 
 critical mass:  The minimum amount of radioactive material needed to undergo 

a nuclear chain reaction. 
 critical point:  The end point of the liquid-vapor line in a phase diagram.  Past 

the critical point, you get something called a "supercritical liquid", which has 
weird properties. 

 crystal lattice:  see "lattice" 
 crystal:  A large chunk of an ionic solid. 
 Dalton's law of partial pressures:  The total pressure in a mixture of gases is 

equal to the sums of the partial pressures of all the gases put together. 
 decomposition:  When a big molecule falls apart to make two or more little 

ones. 
 degenerate:  Things (usually orbitals) are said to be degenerate if they have the 

same energy.  This term is used a whole lot in quantum mechanics.  Also when 
dealing with kids who steal cars. 

 delocalization:  This is when electrons can move around all over a 
molecule.  This happens when you have double bonds on adjacent atoms in a 
molecule (conjugated hydrocarbon) 

 denature:  When the 3-D structure of a protein breaks down due to heat (or pH, 
etc), it's said to be denatured.  This means that it unravels because the 
intermolecular forces between atoms in the chain aren't strong enough to hold it 
together anymore. 

 diffusion:  When particles move from areas of high concentration to areas of low 
concentration.  For example, if you open a bottle of ammonia on one end of the 
room, the concentration of ammonia molecules in the air is very high on that side 
of the room.  As a result, they tend to migrate across the room, which explains 
why you can smell it after a little while.  Be careful not to mix this up with effusion 
(see definition) 

 dilution:  When you add solvent to a solution to make it less concentrated. 
 dipole moment:  When a molecule has some charge separation (usually 

because the molecule is polar), it's said to have a dipole moment.  
 dipole-dipole force:  When the positive end of a polar molecule becomes 

attracted to the negative end of another polar molecule. 
 dissociation:  When water dissolves a compound. 
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 distillation:  This is when you separate a mixture of liquids by heating it up.  The 
one with the lowest boiling point evaporates first, followed by the one with the 
next lowest boiling point, etc. 

 double-displacement reaction (a.k.a. double replacement reaction):  When 
the cations of two ionic compounds switch places. 

 effusion:  When a gas moves through an opening into a chamber that contains 
no pressure.  Effusion is much faster than diffusion because there are no other 
gas molecules to get  in the way. 

 electrolysis:  When electricity is used to break apart a chemical compound. 
 electrolyte:  An ionic compound that dissolves in water to conduct 

electricity.  Strong electrolytes break apart completely in water;  weak electrolytes 
only fall apart a little bit.   

(Actually, this isn't entirely true, as Raji Heyovska informs me.  Apparently strong electrolytes also dissociate partially in 
water, though much more so than weak ones.  For more info, check out his paper at http://www.jh-
inst.cas.cz/~rheyrovs.  However, it is also true that the usual definition of a strong electrolyte is one that dissociates 
completely in water, which is why I include that definition above.) 

 electron affinity:  The energy change that accompanies the addition of an 
electron to an atom in the gas phase. 

 electronegativity:  A measurement of how much an atom tends to steal 
electrons from atoms that it's bonded to.  Elements at the top right of the periodic 
table (excluding the noble gases) are very electronegative while atoms in the 
bottom left are not very electronegative (a.k.a. "electropositive") 

 electropositive:  When something is not at all electronegative.  In fact, it tends to 
lose electrons rather than to gain them.  Elements that are electropositive are 
generally to the left and bottom of the periodic table. 

 empirical formula:  A reduced molecular formula.  If you have a molecular 
formula and you can reduce all of the subscripts by some constant number, the 
result is the empirical formula. 

 emulsion:  When very small drops of a liquid are suspended in another.  An 
example of an emulsion is salad dressing after you've shaken it up. 

 enantiomers:  molecules that are nonsuperimposable mirror images of each 
other. 

 endothermic:  When a process absorbs energy (gets cold).  
 endpoint:  The point where you actually stop a titration, usually because an 

indicator has changed color.  This is different than the "equivalence point" 
because the indicator might not change colors at the exact instant that the 
solution is neutral. 

 energy level:  A possible level of energy that an electron can have in an atom. 
 enthalpy:  A measurement of the energy content of a system. 
 entropy:  A measurement of the randomness in a system. 
 enzyme:  A biological molecule that catalyzes reactions in living creatures. 
 equilibrium:  When the forward rate of a chemical reaction is the same as the 

reverse rate.  This only takes place in reversible reactions because these are the 
only type of reaction in which the forward and backward reactions can both take 
place. 

 equivalence point:  The point in a titration at which the solution is completely 
neutral.  This is different than the "endpoint" (see above). 

 ester:  An organic molecule with R-CO-OR' functionality. 

http://www.jh-inst.cas.cz/~rheyrovs
http://www.jh-inst.cas.cz/~rheyrovs
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 excess reagent:  Sometimes when you do a chemical reaction, there's some of 
one reagent left over.  That's called the excess reagent. 

 excited state:  A higher energy level that electrons can jump to when energy is 
added. 

 exothermic:  When a process gives off energy (gets hot). 
 family:  The same thing as a "group" (see above) 
 first law of thermodynamics:  The energy of the universe is constant.  It's the 

same thing as the Law of conservation of energy. 
 fission:  A nuclear reaction where a big atom breaks up into little ones.  This is 

what happens in nuclear power plants. 
 free energy:  also called "Gibbs free energy", it's the capacity of a system to do 

work. 
 free radical:  An atom or molecule with an unpaired electron.  They're way 

reactive. 
 functional group:  A generic term for a group of atoms that cause a molecule to 

react in a specific way.  It's really common to talk about this in organic chemistry, 
where you have "aldehydes, carboxylic acids, amines" and so on. 

 gamma ray:  High energy light given off during a nuclear process.  When a 
nucleus gives off this light, it goes to a lower energy state, making it more stable. 

 geometrical isomer:  isomerism where atoms or groups of atoms can take up 
different positions around a double bond or a ring.  This is also called cis- trans- 
isomerism. 

 ground state:  The lowest energy state possible for an electron. 
 group:  A column (the things up and down) in the periodic table.  Elements in the 

same group tend to have the same properties.  These are also called "families". 
 half-life:  The time required for half of the radioactive atoms in a sample to 

decay.  When talking about chemical reactions, it's the amount of time required to 
make half the reagent react. 

 half-reaction:  The oxidation or reduction part of a redox reaction. 
 halogen:  The elements in group 17.  They're really reactive. 
 heat of reaction:  The amount of heat absorbed or released in a reaction.  Also 

called the "enthalpy of reaction" 
 heat:  When energy moves from one place to another via molecular motion (i.e. 

from something that is hot to something that is cold). 
 Hess's Law:  The enthalpy change for a change is the same whether it takes 

place in one big step or in many small ones. 
 heterogeneous mixture:  A mixture where the substances aren't equally 

distributed.  
 homogeneous mixture:  A mixture that looks really "smooth" because 

everything is mixed up really well. 
 Hund's rule:  The most stable arrangement of electrons occurs when they're all 

unpaired. 
 hybrid orbital:  An orbital caused by the mixing of s, p, d, and f-orbitals. 
 hydration:  When a molecule has water molecules attached to it. 
 hydrocarbon:  A molecule containing carbon and hydrogen. 
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 hydrogen bond:  The tendency of the hydrogen atom stuck to an 
electronegative atom to become attracted to the lone pair electrons on another 
electronegative atom.  It's a pretty strong intermolecular force, which explains 
why water has such a high melting and boiling point. 

 hydrogenation:  When hydrogen is added to a carbon-carbon multiple bond. 
 hydronium ion:  The H+ ion, made famous by acids. 
 hydroxide ion:  The OH- ion, made famous by bases. 
 ideal gas law:  PV=nRT 

 ideal gas:  A gas in which the particles are infinitely small, have a kinetic energy 
directly proportional to the temperature, travel in random straight lines, and don't 
attract or repel each other.  Needless to say, there's no such thing as an ideal 
gas in the real world.  However, we use ideal gases anyway because they make 
the math work out well for equations that describe how gases behave.  

 ideal solution:  A solution in which the vapor pressure is directly proportional to 
the mole fraction of solvent present 

 immiscible:  When two substances don't dissolve in each other.  Think of oil and 
water.  They're immiscible.  Organic compounds and water are frequently 
immiscible. 

 indicator:  A compound that turns different colors at different pH values.  We 
generally like to have the color change at a pH of around seven because that's 
where the equivalence point of a titration is. 

 inhibitor:  A substance that slows down a chemical reaction. 
 inorganic compound:  Any compound that doesn't contain carbon (except for 

carbon dioxide, carbon monoxide, and carbonates). 
 insoluble:  When something doesn't dissolve. 
 intermediate:  A molecule which exists for a short time in a chemical reaction 

before turning into the product.  
 intermolecular force:  A force that exists between two different 

molecules.  Examples are hydrogen bonding (which is strong), dipole-dipole 
forces (which are kind of weak), and Londondispersion forces (a.k.a. 
Van der Waal forces), which are very weak. 

 ionic bond:  A bond formed when charge particles stick together. 
 ionization energy:  The amount of energy required to pull an electron off of a 

gaseous atom. 
 irreversible reaction:  A chemical reaction in which the reagents make products 

but the products can't reform reagents.  Most chemical reactions in basic 
chemistry classes are thought of as being irreversible. 

 isotonic solutions:  Solutions containing the same osmotic pressure. 
 isotope:  When an element has more than one possibility for the number of 

neutrons, these are called isotopes.  All known elements posess isotopes.  For 
the record, the word "isotope" doesn't imply that something is radioactive.  TV 
told you that, and TV is stupid. 

 Kelvin:  A unit used to measure temperature.  One Kelvin is equal in size to one 
degree Celsius.  To convert between degrees Celsius and Kelvins, simply add 
273.15 to the temperature in degrees Celsius to get Kelvins. 
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 ketone:  A molecule containing a R-CO-R' functional group.  Acetone 
(dimethyl ketone) is a common one. 

 kinetic energy:  The energy due to the movement of an object.  The more 
something moves, the more kinetic energy it has. 

 Lanthanide contraction:  The tendency of the lanthanides to get small when 
you go from left to right in the periodic table. 

 lattice energy:  The energy released when one mole of a crystal is formed from 
gaseous ions. 

 lattice:  The three-dimensional arrangement of atoms or ions in a crystal. 
 law of conservation of energy:  The amount of energy in the universe never 

changes, ever.  It just changes form. 
 law of conservation of mass:  The amount of stuff after a chemical reaction 

takes place is the same as the amount of stuff you started with. 
 Le Chatlier's Principle:  When you disturb an equilibrium (by adding more 

chemical, by heating it up, etc.), it will eventually go back into equilibrium under a 
different set of conditions. 

 Lewis acid:  An electron-pair acceptor (carbonyl groups are really good ones) 
 Lewis base:  An electron-pair donor.  Things with lone pairs like water and 

ammonia are really good ones. 
 Lewis structure:  A structural formula that shows all of the atoms and valence 

electrons in a molecule. 
 ligand:  A molecule or ion that sticks to the central atom in a complex.  Common 

examples are ammonia, carbon monoxide, or water. 
 limiting reagent:  If you do a chemical reaction and one of the chemicals gets 

used up before the other one, the one that got used up is called the "limiting 
reagent" because it limited the amount of product that could be formed.  The 
other one is called the excess reagent. 

 line spectrum:  A spectrum showing only certain wavelengths.  
 London dispersion force:  The forces between nonpolar atoms or molecules 

which is caused by momentary induced dipoles.  It's real weak. 
 lone pair:  two electrons that aren't involved in chemical bonding.  Also 

frequently referred to as an "unshared pair". 
 main-block elements:  Groups 1,2, and 13-18 in the periodic table.  They're 

called main block elements because the outermost electron is in the s- or p- 
orbitals.  What that has to do with the term "main block" is unclear to me, but hey, 
that's life. 

 mass:  The amount of matter in an object.  The more mass, the more stuff is 
present. 

 mechanism:  A step-by-step sequence that shows how the products of a 
reaction are made from the reagents.  Mechanisms are very frequently shown 
during organic chemistry. 

 molality:  The number of moles of solute per kilogram of solvent in a 
solution.  This is a unit of concentration that's not anywhere near as handy or 
common as molarity. 

 molar mass:  The mass of one mole of particles.  
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 molar volume:  The volume of one mole of a substance at STP.  If you believe 
that everything is an ideal gas, this is always 22.4 liters.  Unfortunately, there's no 
such thing as an ideal gas. 

 molarity:  A unit of concentration equal to moles of solute divided by liters of 
solution. 

 mole fraction:  The number of moles of stuff in a mixture that are due to one of 
the compouds.  

 mole ratio:  The ratio of moles of what you've been given in a reaction to what 
you want to find.  Handy in stoichiometry. 

 mole:  6.02 x 1023 things. 
 molecular compound:  A compound held together by covalent bonds. 
 molecular formula:  A formula that shows the correct quantity of all of the atoms 

in a molecule. 
 monatomic ion:  An ion that has only one atom, like the chloride ion. 
 neutralization reaction:  The reaction of an acid with a base to form water and a 

salt. 
 node:  A location in an orbital where there's no probability of finding an electron. 
 nonpolar covalent bond:  A covalent bond where the electrons are shared 

equally between the two atoms. 
 normal boiling point:  The boiling point of a substance at 1.00 atm. 
 normal melting point:  The melting point of a substance at 1.00 atm. 
 normality:  The number of equivalents of a substance dissolved in a liter of 

solution. 
 nuclar fusion:  When many small atoms combine to form a large one.  This 

occurs during a thermonuclear reaction. 
 nuclear fission:  This is when the nucleus of an atom breaks into many parts. 
 nuclear reaction:  Any reaction that involves a change in the nucleus of an 

atom.  Nuclear reactions take loads of energy, which is why you don't see them 
much around the lab. 

 nucleon:  A particle (such as proton or neutron) that's in the nucleus of an atom. 
 octet rule:  All atoms want to be like the nearest noble gas.  (Well, they all want 

to have the same number of valence electrons, anyway).  To do this, they either 
gain or lose electrons (to form ionic compounds) or share electrons (to form 
covalent compounds). 

 optical isomerism:  Isomerism in which the isomers cause plane polarized light 
to rotate in different directions. 

 orbital:  This is where the electrons in an atom live. 
 organic compound:  A compound that contains carbon (except carbon dioxide, 

carbon monoxide, and carbonates) 
 osmosis:  The flow of a pure liquid into an area of high concentration through a 

semi-permeable membrane. 
 oxidation number:  The apparent charge on an atom. 
 oxidation:  When a substance loses electrons. 
 partial pressure:  The pressure of one gas in a mixture.  For example, if you had 

a 50:50 mix of helium and hydrogen gases and the total pressure was 2 atm, the 
partial pressure of hydrogen would be 1 atm. 
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 Pauli exclusion principle:  No two electrons in an atom can have the same 
quantum numbers. 

 percent yield:  The actual yield divided by the theoretical yield, times 100. 
 period:  A row (left to right) in the periodic table. 
 periodic law:  The properties of elements change with increasing atomic number 

in a periodic way.  That's why you can stick the elements into a big chart and 
have the elements line up in nice families. 

 pH:  -log[H+] 
 phase diagram:  A chart which shows how the phase depends on various 

conditions of temperature and pressure. 
 phase:  The state of a compound (solid, liquid, or gas) 
 physical property:  A property which can be determined without changing 

something chemically.  If that doesn't make sense, see the definition of "chemical 
change". 

 pi-bond:  A double bond. 
 polar covalent bond:  A covalent bond where one atom tries to grab the 

electrons from the other one.  This occurs because the electronegativities of the 
two atoms aren't the same. 

 polyatomic:  contains more than one atom. 
 polymer:  A molecule containing many repeating units.  Plastics are polymers 

and are formed by free radical chain reactions. 
 polyprotic acid:  An acid that can give up more than 

one hydronium ion.  Examples are sulfuric acid and phosphoric acid. 
 potential energy:  The energy something has because of where it is.  Things 

that are way up high have more potential energy than things that are way down 
low because they have farther to fall. 

 precision:  A measurement of how repeatable a measurement is.  The more 
significant figures, the more precise the measurement. 

 pressure:  Force/area 

 product:  The thing you make in a chemical reaction. 
 quantum theory:  The branch of physical chemistry that describes how energy 

can only exist at certain levels and makes generalizations about how atoms 
behave from this assumption. 

 radioactive:  When a substance has an unstable nucleus that can fall apart, it's 
referred to as radioactive. 

 Raoult's Law:  The vapor pressure of a solution is directly proportional to the 
mole fraction of the solvent. 

 rate determining step:  The slowest step in a chemical reaction. 
 rate law:  A mathematical expression for the speed of a reaction as a function of 

concentration.  A hint:  It's usually true that things go faster if you have more stuff 
in the first place. 

 redox reaction:  A reaction that has both an oxidation and reduction. 
 resonance structure:  When more than one valid Lewis structure can be drawn 

for a molecule, these structures are said to be resonance structures.  Resonance 
structures arise from the fact that the electrons are delocalized. 
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 reversible reaction:  A reaction in which the products can make reagents, as 
well as the reagents making products. 

 salt:  An ionic compound. 
 saturated:  When the maximum amount of solute is dissolved in a liquid 

 Second law of thermodynamics:  Whenever you do something, the universe 
gets more random. 

 semiconductor:  A substance that conducts electricity poorly at room 
temperature, but has increasing conductivity at higher temperatures.  Metalloids 
are usually good semiconductors. 

 shielding effect:  The outer electrons aren't pulled very tightly by the nucleus 
because the inner electrons repel them.  This repulsion is called the shielding 
effect, and can be used to explain lots of neat-o stuff. 

 sigma bond:  A real fancy way of saying "single bond" 
 significant figure:  The number of digits in a number that tell you useful 

information.  For example, when you weigh yourself on a bathroom scale, it says 
something like 150 pounds rather than 150.32843737 pounds.  Why?  Because 
the thing can only weigh accurately to the nearest pound.  Any other digits that 
are on this number don't mean anything, because they're probably wrong 
anyway. 

 single-displacement reaction (a.k.a. single replacement reaction):  When 
one unbonded element replaces an element in a chemical compound.  These are 
frequently redox reactions. 

 solubility:  A measurement of how much of a solute can dissolve in a liquid. 
 solubility product constant:  Abbreviated Ksp, this value indicates the degree to 

which a compound dissociates in water.  The higher the solubility product 
constant, the more soluble the compound. 

 solute:  The solid that gets dissolved in a solution. 
 solvent:  The liquid that dissolves the solid in a solution. 
 specific heat capacity:  The amount of heat required to increase the 

temperature of one gram of a substance by one degree. 
 spectator ions:  The ions in a reaction that don't react. 
 spontaneous change:  A change that occurs by itself.  All exothermic reactions 

are spontaneous.  However, this doesn't mean that all exothermic reactions are 
fast.  The combustion of gasoline is spontaneous, but not very fast unless you 
add a little energy.  

 standard temperature and pressure:  One atmosphere and 273 K. 
 steric hindrance:  This is the idea that the functional groups on big molecules 

get in the way of a chemical reaction, making it go slower.  Imagine a fat guy 
trying to get into a Honda Prelude - that's steric hindrance. 

 stoichiometry:  The art of figuring how much stuff you'll make in a chemical 
reaction from the amount of each reagent you start with. 

 STP:  See standard temperature and pressure. 
 strong acid:  An acid that fully dissociates in water 
 strong nuclear force:  The force that holds the nucleus together.  As the name 

suggests, this force is strong. 
 structural formula:  See Lewis structure. 
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 sublimation:  When a solid can change directly into a gas.  Dry ice does this. 
 supercooling:  When you cool something below its normal freezing point 
 supersaturated:  When more solute is dissolved in a liquid than is theoretically 

possible.  This doesn't happen much, as you might imagine. 
 surface tension:  A measurement of how much the molecules on a liquid tend to 

like to stick to each other.  If something has a high surface tension, it likes to 
bead up.  

 suspension:  A mixture that looks homogeneous when you stir it, but where the 
solids settle out when you stop.  Mud is a very short-lived suspension, while 
peanut butter is a very long-lived suspension. 

 synthesis:  When you make a big molecule from two or more smaller ones. 
 system:  Everything you're talking about at the moment. 
 temperature:  A measurement of the average kinetic energy of the particles in a 

system. 
 theoretical yield:  The amount of product which should be made in a chemical 

reaction if everything goes perfectly. 
 thermodynamics:  The study of energy 

 Third law o' thermodynamics:  The randomness of a system at 0 K is zero. 
 titration:  When the concentration of an acid or base is determined by 

neutralizing it. 
 transition state:  See "activated complex" 
 triple point:  The temperature and pressure at which all three states of a 

substance can exist in equilibrium. 
 unit cell:  The simplest part of a crystal that can be repeated over and over to 

make the whole thing. 
 unsaturated:  When you haven't yet dissolved all of the solute that's possible to 

dissolve in a liquid. 
 unshared electron pair:  two electrons that aren't involved in chemical 

bonding.  Also frequently referred to as a "lone pair". 
 valence electron:  The outermost electrons in an atom. 
 vapor pressure:  The pressure of a substance that's present 

above it's liquid.  For example, you can tell that ammonia has a high vapor 
pressure because the smell of it is very strong above liquid ammonia.  

 vaporization:  When you boil a liquid. 
 volatile:  A substance with a high vapor pressure. 
 VSEPR:  A theory for predicting molecular shapes that assumes that electrons 

like to be as far from each other as possible.  
 

 

Lecture five  

 

How To Write Lab Reports 

The ability to report technical information in a clear and concise manner is one of the 

most important practical skills that a technically trained person can develop.  This is 
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true because, the result and conclusions drawn from experimental methods are of little 

value unless they can be communicated to others. 

Writing lab reports that describe experimental methods, results, discussions, and 

conclusions that can be drawn from those results is an excellent way to gain the 

practice and experience needed to become an effective technical writer.  It is only by 

writing and being corrected that one can learn to write.  A beginner will find it helpful 

to follow a certain format for his or her reports.  This will help ensure that the report is 

complete and well organized.  Written lab reports should consist of the following 

parts:  

Title Page 

This should be the first (cover) page of the report.  When writing the title page of a lab 

report, the following should be included: 

1.  The title of the experiment.  

2.  The students name in full.  

3.  The instructor or person for whom the lab report is being compiled.  

4.  The date on which the experiment was performed or the date the lab report was 
written.  

Introduction Page 

Under this heading should be an overview of what the experiment was about.  A 

sound definition of what was learned about the process being carried out during the 

experiment should be included.  

   

Materials and Methods 

This section should contain a description, in the students own words, of the 

experimental procedure that was followed in the performance of the experiment.  The 

materials and methods section should be complete enough so that another student with 

the same background, but unfamiliar with the experiment, could perform the same 
experiment without additional instructions.   

Results 

The result section should contain raw data.  Raw data consist of actual measured 

values recorded during the experiment.  Use tables to present this information.  All 

tables should have descriptive titles, and they should show the units of data entries 
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clearly.  The data section should also contain any graphs that are required.  This is an 

effective method for communicating experimental results.  The following steps should 

be taken into consideration while plotting a graph: 

1.  Do not use tiny dots, use symbols like X or O.  

2.  Do not draw a series of straight line segments between experimental data points 

plotted on  

     a graph.  The purpose of many of the experiments is to verify theoretical 

relationships  

     between variables.  

3.  All graphs should have descriptive titles.  These titles should tell what the graph is 

intended  

     to show.  Each axis of a graph should be labeled with the variable and unit it 

represents.  

     Always use graph paper and always label graph coordinate lines so that it is easy to 

see how  

     many units each division represents.  
   

Discussions and Conclusions 

This is the interpretation-and-conclusion of your report.  This section should include 

the following: 

1.  How the conduct of the experiment met the objectives.  

2.  What took place during the process.  

3.  All questions should be answered within this section in a very logical and clear 

manner.  

     The questions should be put into statement form.  

4.  The conclusions should be relevant to the experiment that was performed and 

should be  

     based on facts learned as a result of the experiment.  

5.  You should also include any recommendations that you feel would improve the 

experimental  procedure.  If you have any further investigations that might be 

suggested by the data, you  should also include them here. 

Lecture six  
 

Types  of  Chemical  Reactions 

List  of  Common  Reactions  and  Examples 
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A chemical reaction is a process that is usually characterized by a chemical 

change in which the starting materials (reactants) are different from the products. 

Chemical reactions tend to involve the motion of electrons, leading to the 

formation and breaking of chemical bonds. There are several different types of 

chemical reactions and more than one way of classifying them. Here are some 

common reaction types. However, if you are asked to name the main 4, 5 or 6 

types of chemical reactions, here is how they are categorized. 

 

 Direct Combination or Synthesis Reaction 

In a synthesis reaction two or more chemical species combine to form a more 

complex product. 

 

A + B → AB 

 

The combination of iron and sulfur to form iron (II) sulfide is an example of a 

synthesis reaction: 

 

8 Fe + S8 → 8 FeS 

Learn More About Synthesis Reactions 

 

 Chemical Decomposition or Analysis Reaction 

In a decomposition reaction a compound is broken into smaller chemical 

species. 

 

AB → A + B 

 

The electrolysis of water into oxygen and hydrogen gas is an example of a 

decomposition reaction: 

 

2 H2O → 2 H2 + O2 

  

 Single Displacement or Substitution Reaction 

A substitution or single displacement reaction is characterized by one element 

http://chemistry.about.com/od/lecturenotesl3/a/chemphyschanges.htm
http://chemistry.about.com/od/lecturenotesl3/a/chemphyschanges.htm
http://chemistry.about.com/od/chemistryglossary/a/electrondef.htm
http://chemistry.about.com/od/chemistrystudentfaqs/f/bondtypes.htm
http://chemistry.about.com/od/chemicalreactions/f/How-Many-Types-Of-Chemical-Reactions-Are-There.htm
http://chemistry.about.com/od/demonstrationsexperiments/ht/ironsulfide.htm
http://chemistry.about.com/od/chemicalreactions/a/Synthesis-Reactions.htm
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being displaced from a compound by another element. 

 

A + BC → AC + B 

 

An example of a substitution reaction occurs when zinc combines with 

hydrochloric acid. The zinc replaces the hydrogen: 

 

Zn + 2 HCl → ZnCl2 + H2 

  

 Metathesis or Double Displacement Reaction 

In a double displacement or metathesis reaction two compounds exchange bonds 

or ions in order to form different compounds. 

 

AB + CD → AD + CB 

 

An example of a double displacement reaction occurs between sodium chloride 

and silver nitrate to form sodium nitrate and silver chloride. 

 

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

 

 

 Acid-Base Reaction 

An acid-base reaction is type of double displacement reaction that occurs 

between an acid and a base. The H+ ion in the acid reacts with the OH- ion in the 

base to form water and an ionic salt: 

 

HA + BOH → H2O + BA 

 

The reaction between hydrobromic acid (HBr) and sodium hydroxide is an 

example of an acid-base reaction: 

 

HBr + NaOH → NaBr + H2O 
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 Oxidation-Reduction or Redox Reaction 

In a redox reaction the oxidation numbers of atoms are changed. Redox reactions 

may involve the transfer of electrons between chemical species. 

 

The reaction that occurs when In which I2 is reduced to I- and S2O3
2- (thiosulfate 

anion) is oxidized to S4O6
2- provides an example of a redox reaction: 

 

2 S2O3
2−(aq) + I2(aq) → S4O6

2−(aq) + 2 I−(aq) 

  

 Combustion 

A combustion reaction is a type of redox reaction in which a combustible 

material combines with an oxidizer to form oxidized products and generate heat 

(exothermic reaction). Usually in a combustion reaction oxygen combines with 

another compound to form carbon dioxideand water. An example of a 

combustion reaction is the burning of naphthalene: 

 

C10H8 + 12 O2 → 10 CO2 + 4 H2O 

Learn More About Combustion Reactions 

 

 Isomerization 

In an isomerization reaction, the stuctural arrangement of a compound is 

changed but its net atomic composition remains the same. 

  

 Hydrolysis Reaction 

A hydrolysis reaction involves water. The general form for a hydrolysis reaction 

is: 

 

X-(aq) + H2O(l) <--> HX(aq) + OH-(aq) 

Lecture seven 

Atom   and Molecule     

http://chemistry.about.com/cs/generalchemistry/a/aa051903a.htm
http://chemistry.about.com/od/elementfacts/a/oxygen.htm
http://chemistry.about.com/od/factsstructures/ig/Chemical-Structures---C/Carbon-Dioxide.-12A.htm
http://chemistry.about.com/od/factsstructures/ig/Chemical-Structures---W/Water.htm
http://chemistry.about.com/od/chemicalreactions/a/Combustion-Reactions.htm
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An atom is the smallest unit of matter that has the properties of an element. It is 

composed of a dense core called the nucleus and a series of outer shellsoccupied 

by orbiting electrons. 

The nucleus, composed of protons and neutrons, is at the center of an atom. 

Protons have a positive electric charge while neutrons are neutral. The atomic 

number of an atom is dictated by the number of protons, which in turn, determines 

the chemical element of the atom. The isotope of the element is determined by the 

number of neutrons. 

The electron has an electric charge equal but opposite the proton (that is, they 

cancel). A stable atom has the same number of electrons orbiting as it does protons 

in the nucleus; this makes the atom electrically neutral. Atoms that are missing an 

electron (that is, have one more proton than electrons) will tend to attract 

additional electrons, while atoms that have an excess electron (one more electron 

than protons) will tend to eject the outer-most electron. The shell containing the 

outer-most electron is called the valence shell, and is the chemically active shell. 

In size the entire atom has been thought to be approximately four-billionths of an 

inch, meaning that approximately 250,000,000 atoms of this size must be put into 

line to span 1 inch. Atoms are not usually alone, but instead come in groups called 

molecules. 

Molecules : A molecule is a single unit created by two or more atoms that are 

tightly bonded together. Diatomic molecules are molecules which are made of two 

atoms. Certain elements are diatomic elements because they do not naturally occur 

as single atoms, but as a pair of atoms. The diatomic molecules are (H2) Hydrogen, 

(N2) Nitrogen, (O2) Oxygen, (F2) Fluorine, (Cl2) Chlorine, (I2) Iodine and (Br2) 

Bromine. Earth's atmosphere is comprised, almost completely, of diatomic oxygen 

and nitrogen. Molecules that are found with only one type of element in them, like 

the diatomic elements, are known as homoatomic molecules. When a molecule is 

formed from elements of a different species it is a heteroatomic molecule. As an 

atom is the smallest particle of an element that retains the properties of that 

element, a molecule is the smallest particle of a compound 

Lecture eight  

Chemical equation 

http://en.wikipedia.org/wiki/atom
http://en.wikipedia.org/wiki/Atomic_nucleus
http://en.wikipedia.org/wiki/Electron_shell
http://en.wikipedia.org/wiki/electron
http://en.wikipedia.org/wiki/proton
http://en.wikipedia.org/wiki/neutron
http://en.wikipedia.org/wiki/atomic_number
http://en.wikipedia.org/wiki/atomic_number
http://en.wikipedia.org/wiki/Electron_shell#Valence_shell
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Form 

A chemical equation consists of the chemical formulas of the reactants 

(the starting substances) and the chemical formula of the products 

(substances formed in the chemical reaction). The two are separated by 

an arrow symbol ( , usually read as "yields") and each individual 

substance's chemical formula is separated from others by a plus sign. 

As an example, the equation for the reaction of hydrochloric 

acid with sodium can be denoted: 

2 HCl + 2 Na → 2 NaCl + H2 

This equation would be read as "two HCl plus two Na yields two NaCl 

and H two." But, for equations involving complex chemicals, rather than 

reading the letter and its subscript, the chemical formulas are read 

using IUPAC nomenclature. Using IUPAC nomenclature, this equation 

would be read as "hydrochloric acid plus sodium yields sodium 

chloride and hydrogen gas." 

This equation indicates that sodium and HCl react to form NaCl and H2. 

It also indicates that two sodium molecules are required for every two 

hydrochloric acid molecules and the reaction will form two sodium 

chloride molecules and one diatomic molecule of hydrogen gas molecule 

for every two hydrochloric acid and two sodium molecules that react. 

The stoichiometric coefficients(the numbers in front of the chemical 

formulas) result from the law of conservation of mass and the law of 

conservation of charge (see "Balancing Chemical Equation" section 

below for more information). 

 

 

Lecture Nine 

http://en.wikipedia.org/wiki/Chemical_formulas
http://en.wikipedia.org/wiki/Plus_sign
http://en.wikipedia.org/wiki/Hydrochloric_acid
http://en.wikipedia.org/wiki/Hydrochloric_acid
http://en.wikipedia.org/wiki/Sodium
http://en.wikipedia.org/wiki/IUPAC_nomenclature
http://en.wikipedia.org/wiki/Sodium_chloride
http://en.wikipedia.org/wiki/Sodium_chloride
http://en.wikipedia.org/wiki/Hydrogen
http://en.wikipedia.org/wiki/Diatomic_molecule
http://en.wikipedia.org/wiki/Stoichiometric_coefficients
http://en.wikipedia.org/wiki/Conservation_of_mass
http://en.wikipedia.org/wiki/Charge_conservation
http://en.wikipedia.org/wiki/Charge_conservation
http://en.wikipedia.org/wiki/Arrow_(symbol)
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The Periodic Table of Elements 

Actinium  Ac  89 

Aluminum Al  13 

Americium  Am  95 

Antimony Sb 51 

Argon  Ar  18 

Arsenic  As  33 

Astatine At  85 

Barium  Ba  56 

Berkelium  Bk  97 

Beryllium  Be  4 

Bismuth Bi  83 

Bohrium  Bh  107 

Boron  B  5 

Bromine  Br  35 

Cadmium Cd 48 

Calcium Ca 20 

Californium  Cf 98 

Carbon C  6 

Cerium Ce 58 

Cesium  Cs  55 

Chlorine Cl 17 

Chromium Cr 24 

Cobalt  Co 27 

Copernicium  Cn 112 

Copper Cu 29 

Curium Cm 96 

Darmstadtium  Ds 110 

Dubnium Db 105 

Dysprosium  Dy 66 

Einsteinium Es 99 

Erbium  Er 68 

Europium  Eu 63 

Fermium  Fm 100 

Flerovium  Fl 114 

Fluorine  F  9 

Francium  Fr  87 

Gadolinium  Gd 64 

Gallium  Ga  31 

Germanium  Ge  32 

Gold Au 79 

Hafnium Hf  72 

Hassium Hs 108 

Helium He  2 

Holmium Ho 67 

Hydrogen  H 1 

Indium  In  49 

Iodine  I 53 

Iridium  Ir  77 

Iron  Fe  26 

Krypton Kr  36 

Lanthanum La  57 

Lawrencium  Lr  103 

Lead  Pb 82 

Lithium  Li  3 

Livermorium  Lv  116 

Lutetium  Lu  71 

Magnesium  Mg 12 

Manganese  Mn 25 

Meitnerium Mt  109 

Mendelevium Md 101 

Mercury Hg 80 

Molybdenum  Mo 42 

Neodymium  Nd 60 

Neon  Ne  10 

Neptunium Np 93 

Nickel  Ni  28 

Niobium  Nb 41 

Nitrogen  N 7 

Nobelium No 102 
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Osmium  Os  76 

Oxygen  O 8 

Palladium  Pd 46 

Phosphorus P  15 

Platinum Pt 78 

Plutonium Pu 94 

Polonium Po 84 

Potassium K 19 

Praseodymium  Pr 59 

Promethium Pm 61 

Protactinium  Pa 91 

Radium  Ra 88 

Radon Rn 86 

Rhenium  Re 75 

Rhodium Rh 45 

Roentgenium  Rg 111 

Rubidium Rb 37 

Ruthenium Ru 44 

Rutherfordium  Rf 104 

Samarium  Sm 62 

Scandium  Sc 21 

Seaborgium  Sg 106 

Selenium Se 34 

Silicon Si 14 

Silver Ag 47 

Sodium Na  11 

Strontium Sr 38 

Sulfur S  16 

Tantalum Ta 73 

Technetium  Tc 43 

Tellurium  Te 52 

Terbium Tb 65 

Thallium  Tl 81 

Thorium  Th 90 

Thulium Tm 69 

Tin Sn 50 

Titanium Ti 22 

Tungsten  W 74 

Ununoctium Uuo 118 

Ununpentium Uup 115 

Ununseptium Uus 117 

Ununtrium  Uut 113 

Uranium  U 92 

Vanadium  V 23 

Xenon  Xe  54 

Ytterbium  Yb 70 

Yttrium Y 39 

Zinc  Zn  30 

Zirconium  Zr  40 
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Petroleum is a mixture of a very large number of different hydrocarbons; the most 

commonly found molecules 

are alkanes (paraffins), cycloalkanes(naphthenes), aromatic hydrocarbons, or more 

complicated chemicals like asphaltenes. Each petroleum variety has a unique mix 

of molecules, which define its physical and chemical properties, like color 

and viscosity. 

The alkanes, also known as paraffins, are saturated hydrocarbons with straight or 

branched chains which contain only carbon and hydrogen and have the general 

formula CnH2n+2. They generally have from 5 to 40 carbon atoms per molecule, 

although trace amounts of shorter or longer molecules may be present in the 

mixture. 

The alkanes from pentane (C5H12) to octane (C8H18) are refined into petrol, the 

ones from nonane (C9H20) to hexadecane (C16H34) into diesel fuel,kerosene and jet 

fuel. Alkanes with more than 16 carbon atoms can be refined into fuel 

oil and lubricating oil. At the heavier end of the range, paraffin wax is an alkane 

with approximately 25 carbon atoms, while asphalt has 35 and up, although these 

are usually cracked by modern refineries into more valuable products. The shortest 

molecules, those with four or fewer carbon atoms, are in a gaseous state at room 

temperature. They are the petroleum gases. Depending on demand and the cost of 

recovery, these gases are either flared off, sold as liquified petroleum gas under 

pressure, or used to power the refinery's own burners. During the winter, butane 

(C4H10), is blended into the petrol pool at high rates, because its high vapor 

pressure assists with cold starts. Liquified under pressure slightly above 

atmospheric, it is best known for powering cigarette lighters, but it is also a main 

fuel source for many developing countries. Propane can be liquified under modest 

pressure, and is consumed for just about every application relying on petroleum for 

energy, from cooking to heating to transportation. 

The cycloalkanes, also known as naphthenes, are saturated hydrocarbons which 

have one or more carbon rings to which hydrogen atoms are attached according to 

the formula CnH2n. Cycloalkanes have similar properties to alkanes but have higher 

boiling points. 
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The aromatic hydrocarbons are unsaturated hydrocarbons which have one or more 

planar six-carbon rings called benzene rings, to which hydrogen atoms are attached 

with the formula CnHn. They tend to burn with a sooty flame, and many have a 

sweet aroma. Some are carcinogenic. 

These different molecules are separated by fractional distillation at an oil refinery 

to produce petrol, jet fuel, kerosene, and other hydrocarbons. For example, 2,2,4-

trimethylpentane (isooctane), widely used in petrol, has a chemical formula of 

C8H18 and it reacts with oxygen exothermically:[39] 

2 C8H18(l) + 25 O2(g) → 16 CO2(g) + 18 H]2O(g) (ΔH = −5.51 MJ/mol of octane) 

The number of various molecules in an oil sample can be determined in laboratory. 

The molecules are typically extracted in a solvent, then separated in a gas 

chromatograph, and finally determined with a suitable detector, such as a flame 

ionization detector or a mass spectrometer.[40] Due to the large number of co-eluted 

hydrocarbons within oil, many cannot be resolved by traditional gas 

chromatography and typically appear as a hump in the chromatogram. 

This unresolved complex mixture (UCM) of hydrocarbons is particularly apparent 

when analysing weathered oils and extracts from tissues of organisms exposed to 

oil. 

Incomplete combustion of petroleum or petrol results in production of toxic 

byproducts. Too little oxygen results in carbon monoxide. Due to the high 

temperatures and high pressures involved, exhaust gases from petrol combustion in 

car engines usually include nitrogen oxides which are responsible for creation 

of  photochemical smog. 
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Acids and Bases Definitions 

There are several methods of defining acids and bases. While these definitions 

don't contradict each other, they do vary in how inclusive they are. 

Antoine Lavoisier, Humphry Davy, and Justus Liebig also made observations 

regarding acids and bases, but didn't formalize definitions. 

Svante Arrhenius 

 acids produce H+ ions in aqueous solutions 

 bases produce OH- ions in aqueous solutions 

 water required, so only allows for aqueous solutions 

 only protic acids are allowed; required to produce hydrogen ions 

 only hydroxide bases are allowed 

Johannes Nicolaus Brønsted - Thomas Martin Lowry 

 acids are proton donors 

 bases are proton acceptors 

 aqueous solutions are permissible 

 bases besides hydroxides are permissible 

 only protic acids are allowed 

Gilbert Newton Lewis 

 acids are electron pair acceptors 

 bases are electron pair donors 

 least restrictive of acid-base definitions 

Properties of Acids 

 taste sour (don't taste them!)... the word 'acid' comes from the Latin acere, which 

means 'sour' 

 acids change litmus (a blue vegetable dye) from blue to red 

 their aqueous (water) solutions conduct electric current (are electrolytes) 

 react with bases to form salts and water 

 evolve hydrogen gas (H2) upon reaction with an active metal (such as alkali 

metals, alkaline earth metals, zinc, aluminum) 
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Properties of Bases 

 taste bitter (don't taste them!) 

 feel slippery or soapy (don't arbitrarily touch them!) 

 bases don't change the color of litmus; they can turn red (acidified) litmus back 

to blue 

 their aqueous (water) solutions conduct and electric current (are electrolytes) 

 react with acids to form salts and water 

Examples of Common Acids 

 citric acid (from certain fruits and veggies, notably citrus fruits) 

 ascorbic acid (vitamin C, as from certain fruits) 

 vinegar (5% acetic acid) 

 carbonic acid (for carbonation of soft drinks) 

 lactic acid (in buttermilk) 

Examples of Common Bases 

 detergents 

 soap 

 lye (NaOH) 

 household ammonia (aqueous) 
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Overview of the Branches of Chemistry 
 

Agrochemistry - This branch of chemistry may also be called agricultural chemistry. It deals 

with the application of chemistry for agricultural production, food processing, and environmental 

remediation as a result of agriculture. 

Analytical Chemistry - Analytical chemistry is the branch of chemistry involved with studying 

the properties of materials or developing tools to analyze materials. 

Astrochemistry - Astrochemistry is the study of the composition and reactions of the chemical 

elements and molecules found in the stars and in space and of the interactions between this 

matter and radiation. 

Biochemistry - Biochemistry is the branch of chemistry concerned with the chemical reactions 

that occur inside living organisms. 

Chemical Engineering - Chemical engineering involves the practical application of chemistry to 

solve problems. 

Chemistry History - Chemistry history is the branch of chemistry and history that traces the 

evolution over time of chemistry as a science. To some extent, alchemy is included as a topic of 

chemistry history. 

Cluster Chemistry - This branch of chemistry involves the study of clusters of bound atoms, 

intermediate in size between single molecules and bulk solids. 

Combinatorial Chemistry - Combinatorial chemistry involves computer simulation of 

molecules and reactions between molecules. 

Electrochemistry - Electrochemistry is the branch of chemistry that involves the study of 

chemical reactions in a solution at the interface between an ionic conductor and an electrical 

conductor. Electrochemistry may be considered to be the study of electron transfer, particularly 

within an electrolytic solution. 

Environmental Chemistry - Environmental chemistry is the chemistry associated with soil, air, 

and water and of human impact on natural systems. 

Food Chemistry - Food chemistry is the branch of chemistry associated with the chemical 

processes of all aspects of food. Many aspects of food chemistry rely on biochemistry, but it 

incorporates other disciplines as well. 

General Chemistry - General chemistry examines the structure of matter and the reaction 

between matter and energy. It is the basis for the other branches of chemistry. 

Geochemistry - Geochemistry is the study of chemical composition and chemical processes 

associated with the Earth and other planets. 

Green Chemistry - Green chemistry is concerned with processes and products that eliminate or 

reduce the use or release of hazardous substances. Remediation may be considered part of green 

chemistry. 

 

Industrial Chemistry  
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Inorganic Chemistry - Inorganic chemistry is the branch of chemistry that deals with the 

structure and interactions between inorganic compounds, which are any compounds that aren't 

based in carbon-hydrogen bonds. 

 

Medicinal Chemistry - Medicinal chemistry is chemistry as it applies to pharmacology and 

medicine. 

Nanochemistry - Nanochemistry is concerned with the assembly and properties of nanoscale 

assemblies of atoms or molecules. 

Nuclear Chemistry - Nuclear chemistry is the branch of chemistry associated with nuclear 

reactions and isotopes. 

Organic Chemistry - This branch of chemistry deals with the chemistry of carbon and living 

things. 

Photochemistry - Photochemistry is the branch of chemistry concerned with interactions 

between light and matter. 

Physical Chemistry - Physical chemistry is the branch of chemistry that applies physics to the 

study of chemistry. Quantum mechanics and thermodyamics are examples of physical chemistry 

disciplines. 

Polymer Chemistry - Polymer chemistry or macromolecular chemistry is the branch of 

chemistry the examines the structure and properties of macromolecules and polymers and finds 

new ways to synthesize these molecules. 

Solid State Chemistry - Solid state chemistry is the branch of chemistry that is focused on the 

structure, properties, and chemical processes that occur in the solid phase. Much of solid state 

chemistry deals with the synthesis and characterization of new solid state materials. 

Surface Chemistry  

Thermochemistry - Thermochemistry may be considered a type of Physical Chemistry. 

Thermochemistry involves the study of thermal effects of chemical reactions and the thermal 

energy exchange between processes. 

Theoretical Chemistry - Theoretical chemistry applies chemistry and physics calculations to 

explain or make predictions about chemical phenomena. 

 

 

http://chemistry.about.com/od/inorganic/Inorganic_Chemistry.htm
http://chemistry.about.com/od/medicalhealth/Health_Medicinal_Chemistry.htm
http://chemistry.about.com/od/nuclearchemistry/Nuclear_Chemistry.htm
http://chemistry.about.com/od/organicchemistry/Organic_Chemistry.htm
http://chemistry.about.com/od/physicalchemistrythermo/Physical_Chemistry_Thermochemistry.htm
http://chemistry.about.com/od/polymers/Polymer_Chemistry.htm
http://chemistry.about.com/od/physicalchemistrythermo/Physical_Chemistry_Thermochemistry.htm
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Lecture Thirteen  

Acid–base titration 

Titration setup. The burette would normally be held by a clamp, not shown here. 

The pink is most likely caused by use of the phenolphthalein indicator. 

An acid–base titration is the determination of the concentration of an acid or base 

by exactly neutralizing the acid or base with an acid or base of known 

concentration. This allows for quantitative analysis of the concentration of an 

unknown acid or base solution. It makes use of the neutralization reaction that 

occurs between acids and bases. 

Acid–base titrations can also be used to find percent purity of chemicals. 

Alkalimetry and acidimetry 

Alkalimetry is the specialized analytic use of acid-base titration to determine the 

concentration of a basic (synonymous to alkaline) substance. Acidimetry, 

sometimes spelled acidometry, is the same concept of specialized analytic acid-

base titration, but for an acidic.[1] 

Equipment 

The key equipment used in a titration are: 

 Burette 

 White tile – used to see a colour change in the solution 

 Pipette 

 pH indicator (the one used varies depending on the reactants) 

 Erlenmeyer flask / Conical flask 

 Titrant or titrator (a standard solution of known concentration, a common 

one is aqueous sodium carbonate) 

 Analyte or titrand (solution of unknown concentration) 

 

http://en.wikipedia.org/wiki/Phenolphthalein
http://en.wikipedia.org/wiki/Titration
http://en.wikipedia.org/wiki/Quantitative_analysis_(chemistry)
http://en.wikipedia.org/wiki/Acid
http://en.wikipedia.org/wiki/Base_(chemistry)
http://en.wikipedia.org/wiki/Solution
http://en.wikipedia.org/wiki/Neutralization_reaction
http://en.wikipedia.org/wiki/Acid%E2%80%93base_titration#cite_note-Hesperides-1
http://en.wikipedia.org/wiki/Burette
http://en.wikipedia.org/wiki/Pipette
http://en.wikipedia.org/wiki/PH_indicator
http://en.wikipedia.org/wiki/Erlenmeyer_flask
http://en.wikipedia.org/wiki/Standard_solution
http://en.wikipedia.org/wiki/Sodium_carbonate
http://en.wikipedia.org/wiki/Analyte
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Method 

Before starting the titration a suitable pH indicator must be chosen. 

The equivalence point of the reaction, the point at which equivalent amounts of the 

reactants have reacted, will have a pH dependent on the relative strengths of the 

acid and base used. The pH of the equivalence point can be estimated using the 

following rules: 

 A strong acid will react with a strong base to form a neutral (pH = 7) 

solution. 

 A strong acid will react with a weak base to form an acidic (pH < 7) 

solution. 

 A weak acid will react with a strong base to form a basic (pH > 7) solution. 

When a weak acid reacts with a weak base, the equivalence point solution will be 

basic if the base is stronger and acidic if the acid is stronger. If both are of equal 

strength, then the equivalence pH will be neutral. However, weak acids are not 

often titrated against weak bases because the colour change shown with the 

indicator is often quick, and therefore very difficult for the observer to see the 

change of colour. 

The point at which the indicator changes colour is called the end point. A suitable 

indicator should be chosen, preferably one that will experience a change in colour 

(an end point) close to the equivalence point of the reaction. 

First, the burette should be rinsed with the standard solution, the pipette with the 

unknown solution, and the conical flask with distilled water. 

Secondly, a known volume of the unknown concentration solution should be taken 

with the pipette and placed into the conical flask, along with a small amount of the 

indicator chosen. 

The known solution should then be allowed out of the burette, into the conical 

flask. At this stage we want a rough estimate of the amount of this solution it took 

to neutralize the unknown solution. The solution should be let out of the burette 

http://en.wikipedia.org/wiki/PH_indicator
http://en.wikipedia.org/wiki/Equivalence_point
http://en.wikipedia.org/wiki/Approximation
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until the indicator changes colour and the value on the burette should be recorded. 

This is the first (or rough) titre and should be discluded from any calculations. 

At least three more titrations should be performed, this time more accurately, 

taking into account roughly where the end point will occur. The initial and final 

readings on the burette (prior to starting the titration and at the end point, 

respectively) should be recorded. Subtracting the initial volume from the final 

volume will yield the amount of titrant used to reach the end point. The end point 

is reached when the indicator just changes colour permanently. This is best 

achieved by washing a hanging drop from the tip of the burette into the flask right 

at the end of the titration to achieve a drop that is smaller in volume than what can 

usually be achieved by just dripping solution off the burette. 

Acid–base titration is performed with a phenolphthalein indicator, when it is a 

strong acid – strong base titration, a bromthymol blue indicator in weak acid – 

strong base reactions, and a methyl orange indicator for strong acid – weak base 

reactions. If the base is off the scale, i.e. a pH of >13.5, and the acid has a pH >5.5, 

then an Alizarine yellow indicator may be used. On the other hand, if the acid is 

off the scale, i.e. a pH of <0.5, and the base has a pH <8.5, then a Thymol 

Blue indicator may be used. 

 

 

 

 

 

 

 

 

 

http://en.wikipedia.org/wiki/Phenolphthalein
http://en.wikipedia.org/wiki/Bromthymol_blue
http://en.wikipedia.org/wiki/Methyl_orange
http://en.wikipedia.org/wiki/Alizarine_Yellow_R
http://en.wikipedia.org/wiki/Thymol_blue
http://en.wikipedia.org/wiki/Thymol_blue
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Lecture Fourteen  

Classroom Rules and Procedures  

 

1. Be respectful  

      Of all people  

      yourself 

      teachers  

      classmates  

      administration  

      support personnel 

      Of all equipment   

      room 

      furniture 

      lab materials 

      computers 

2. Be responsible 

      Attend class everyday 

      Be on time 

      Be prepared 

      Be on-task 

      Decide to succeed 

3. Be resourceful 

      Read 

      Think for yourself 

      Prioritize - Plan your work and work your plan 

      Report any problems that occur to the appropriate adult 

  
COOPERATIVE GROUP ASSIGNMENT RULES 

  

1.  Choose to work well with anyone assigned to your group 

2.  Cooperate with your team members. 

3.  Contribute ideas to your group. 

4.  Stay on task and in your assigned area. 
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5.  Ask questions of the teacher only after your group has discussed the problem, 

question, or direction that you are trying to complete. 

  

CONSEQUENCES FOR FOLLOWING THE RULES: 

      Praise 

      Happy notes and e-mails to parents (random) 

      Gotcha (random) 

      The joy of being mature and successful  

CONSEQUENCES FOR FAILURE TO FOLLOW THE RULES: 

  

FIRST OFFENSE:  warning by the teacher 

SECOND OFFENSE:  additional assignment and/or a new assigned seat 

THIRD OFFENSE:  parental contact 

FOURTH OFFENSE:  office referral 

  

  

 

 

 

 

 

 

Classroom Rules & Procedures  

 

 
Classroom  

Rules 

 

 
 

(1) Be on time & prepared. 

 You should be in your assigned 

seat when the bell rings. 

 

Classroom  

Procedures 

 
 

 

Entering the classroom. 

 Before the bell rings take care of your 

business (i.e. going to the bathroom, 
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 Bring the following everyday:  

o chemistry textbook 

o paper & writing utensil 

o chemistry class folder 

o a scientific calculator 

(2) Be respectful. 

 Raise hand to speak. 

 Throw trash away & push in 

chairs. 

(3) Be honest. (Say NO to cheating!) 

 

(4) Be an active learner. 

 Participate in class activities. 

 Remain seated throughout 

class. 

 Take notes in class. 

 Complete assigned work on 

time. 

sharpening your pencil, borrowing a 

calculator, etc.) 

 When the bell rings immediately 

begin working on the daily 

assignment projected on the front 

board. 

During class time. 

 Once you enter the classroom you are 

in it until the bell rings for class to 

end. Bathroom breaks, water fountain 

trips, and locker visits will not be 

permitted. 

Leaving the classroom. 

 Remain seated until the bell rings. 

 Throw trash away, push in chairs, and 

return any borrowed materials. 

 

 

Lecture Fifteen  

Twelve Principles of Green Chemistry 

 

Green chemistry, also known as sustainable chemistry, is the design of 

chemical products and processes that reduce or eliminate the use or generation of 

hazardous substances. Green chemistry applies across the life cycle of a chemical 

product, including its design, manufacture, and use. 

The 12 Principles of Green Chemistry, originally published by current EPA 

Assistant Administrator Paul Anastas, Ph.D.  and John Warner, Ph.D. in Green 

http://www.coyotechemistry.com/chemistry-cheating
http://www.epa.gov/gcc/
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Chemistry: Theory and Practice (Oxford University Press: New York, 1998), 

provide a road map for chemists to implement green chemistry. 

The twelve principles are: 

1. Prevention 

It’s better to prevent waste than to treat or clean up waste afterwards. 

2. Atom Economy 
Design synthetic methods to maximize the incorporation of all materials 

used in the process into the final product. 

3. Less Hazardous Chemical Syntheses 
Design synthetic methods to use and generate substances that minimize 

toxicity to human health and the environment. 

4. Designing Safer Chemicals 
Design chemical products to affect their desired function while 

minimizing their toxicity. 

5. Safer Solvents and Auxiliaries 
Minimize the use of auxiliary substances wherever possible make them 

innocuous when used. 

6. Design for Energy Efficiency 
Minimize the energy requirements of chemical processes and conduct 

synthetic methods at ambient temperature and pressure if possible. 

7. Use of Renewable Feedstocks 
Use renewable raw material or feedstock rather whenever practicable. 

8. Reduce Derivatives 

Minimize or avoid unnecessary derivatization if possible, which requires 

additional reagents and generate waste. 

9. Catalysis 
Catalytic reagents are superior to stoichiometric reagents. 
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10. Design for Degradation 
Design chemical products so they break down into innocuous products 

that do not persist in the environment. 

11. Real-time Analysis for Pollution Prevention 

Develop analytical methodologies needed to allow for real-time, in-

process monitoring and control prior to the formation of hazardous 

substances. 

12. Inherently Safer Chemistry for Accident Prevention Choose 

substances and the form of a substance used in a chemical process to 

minimize the potential for chemical accidents, including releases, 

explosions, and fires. 

 

 

 

 

 

 

Lecture Sixteen  

Chemical thermodynamics 

      Chemical thermodynamics is the study of the interrelation 

of heat and work with chemical reactions or with physical changes of state within 

the confines of the laws of thermodynamics. Chemical thermodynamics involves 

not only laboratory measurements of various thermodynamic properties, but also 

http://en.wikipedia.org/wiki/Heat
http://en.wikipedia.org/wiki/Thermodynamic_work
http://en.wikipedia.org/wiki/Chemical_reactions
http://en.wikipedia.org/wiki/Thermodynamic_state
http://en.wikipedia.org/wiki/Laws_of_thermodynamics
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the application of mathematical methods to the study of chemical questions and 

the spontaneity of processes. 

      The structure of chemical thermodynamics is based on the first two laws of 

thermodynamics. Starting from the first and second laws of thermodynamics, four 

equations called the "fundamental equations of Gibbs" can be derived. From these 

four, a multitude of equations, relating the thermodynamic properties of 

the thermodynamic system can be derived using relatively simple mathematics. 

This outlines the mathematical framework of chemical thermodynamics.[1] 

chemical thermodynamics is typically used to predict the energy exchanges that 

occur in the following processes: 

1. Chemical reactions 

2. Phase changes 

3. The formation of solutions 

     Most identities in chemical thermodynamics arise from application of the first 

and second laws of thermodynamics, particularly the law of conservation of 

energy, to these state functions. 

The three laws of thermodynamics: 

1. The energy of the universe is constant. 

2. In any spontaneous process, there is always an increase in entropy of the 

universe 

3. The entropy of a perfect crystal at 0 Kelvin is zero 

Chemical energy is the potential of a chemical substance to undergo a 

transformation through a chemical reaction or to transform other chemical 

substances. Breaking or making of chemical bonds involves energy, which may be 

either absorbed or evolved from a chemical system. 

       Energy that can be released (or absorbed) because of a reaction between a set 

of chemical substances is equal to the difference between the energy content of the 

products and the reactants. This change in energy is called the change in internal 

energy of a chemical reaction. Where  is the internal energy of 

formation of the reactant molecules that can be calculated from the bond 

http://en.wikipedia.org/wiki/Laws_of_thermodynamics
http://en.wikipedia.org/wiki/Laws_of_thermodynamics
http://en.wikipedia.org/wiki/Thermodynamic_system
http://en.wikipedia.org/wiki/Chemical_thermodynamics#cite_note-Book1-1
http://en.wikipedia.org/wiki/Energy
http://en.wikipedia.org/wiki/Chemical_reactions
http://en.wikipedia.org/wiki/Phase_changes
http://en.wikipedia.org/wiki/Solutions
http://en.wikipedia.org/wiki/Conservation_of_energy
http://en.wikipedia.org/wiki/Conservation_of_energy
http://en.wikipedia.org/wiki/Chemical_substance
http://en.wikipedia.org/wiki/Chemical_reaction
http://en.wikipedia.org/wiki/Energy
http://en.wikipedia.org/wiki/Internal_energy
http://en.wikipedia.org/wiki/Internal_energy
http://en.wikipedia.org/wiki/Internal_energy
http://en.wikipedia.org/wiki/Bond_energy
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energies of the various chemical bonds of the molecules under consideration 

and  is the internal energy of formation of the product molecules.               

       Another useful term is the heat of combustion, which is the energy released 

due to a combustion reaction and often applied in the study of fuels. Food is 

similar to hydrocarbon fuel and carbohydrate fuels, and when it is oxidized, its 

caloric content is similar (though not assessed in the same way as a hydrocarbon 

fuel — see food energy). 

 

 

 

 

 

 

 

 

Lecture  Seventeen   

The ozone layer         

          The ozone layer refers to a region of Earth's stratosphere that 

absorbs most of the Sun's UV radiation. It contains high concentrations 

of ozone (O3) relative to other parts of the atmosphere, although it is still 

very small relative to other gases in the stratosphere. The ozone layer 

contains less than ten parts per million of ozone, while the average 

ozone concentration in Earth's atmosphere as a whole is only about 0.6 

parts per million. The ozone layer is mainly found in the lower portion 

of thestratosphere, from approximately 20 to 30 kilometres (12 to 19 mi) 

http://en.wikipedia.org/wiki/Bond_energy
http://en.wikipedia.org/wiki/Heat_of_combustion
http://en.wikipedia.org/wiki/Combustion
http://en.wikipedia.org/wiki/Fuels
http://en.wikipedia.org/wiki/Food_energy
http://en.wikipedia.org/wiki/Ultraviolet_light
http://en.wikipedia.org/wiki/Ozone
http://en.wikipedia.org/wiki/Stratosphere
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above Earth, though the thickness varies seasonally and 

geographically.[1] 

          The ozone layer was discovered in 1913 by the French 

physicists Charles Fabry and Henri Buisson. Its properties were explored 

in detail by the British meteorologist G. M. B. Dobson, who developed a 

simple spectrophotometer (the Dobsonmeter) that could be used to 

measure stratospheric ozone from the ground. Between 1928 and 1958 

Dobson established a worldwide network of ozone monitoring stations, 

which continue to operate to this day. The "Dobson unit", a convenient 

measure of the amount of ozone overhead, is named in his honor. 

           The ozone layer absorbs 97–99% of the Sun's medium-

frequency ultraviolet light (from about 200 nm to 315 nm wavelength), 

which otherwise would potentially damage exposed life forms near the 

surface.[2] 

 

 

 
Lecture  Eighteen  

 

List of Safety -phrases 

Safety -phrases are defined in Annex IV of European Union Directive 

67/548/EEC: Safety advice concerning dangerous substances and preparations. The 

list was consolidated and republished in Directive 2001/59/EC, where translations 

into other EU languages may be found. The list was subsequently updated and 

republished in Directive 2006/102/EC, where translations to additional European 

languages were added. 

These safety phrases are used internationally and not just in Europe, and there is an 

ongoing effort towards complete international harmonization. (Note: missing S-

number combinations indicate phrases that were deleted or replaced by another 

phrase.) 

http://en.wikipedia.org/wiki/Ozone_layer#cite_note-1
http://en.wikipedia.org/wiki/Charles_Fabry
http://en.wikipedia.org/wiki/Henri_Buisson
http://en.wikipedia.org/wiki/G._M._B._Dobson
http://en.wikipedia.org/wiki/Spectrophotometry
http://en.wikipedia.org/wiki/Dobson_spectrometer
http://en.wikipedia.org/wiki/Dobson_unit
http://en.wikipedia.org/wiki/Area_density
http://en.wikipedia.org/wiki/Sun
http://en.wikipedia.org/wiki/Ultraviolet_light
http://en.wikipedia.org/wiki/Ozone_layer#cite_note-NASA-2
http://en.wikipedia.org/wiki/European_Union
http://en.wikipedia.org/wiki/Directive_67/548/EEC
http://en.wikipedia.org/wiki/Directive_67/548/EEC
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32001L0059:EN:HTML
http://eur-lex.europa.eu/LexUriServ/site/en/oj/2006/l_363/l_36320061220en02410343.pdf
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Code Phrase 

S1 Keep locked up 

S2 Keep out of the reach of children 

S3 Keep in a cool place 

S4 Keep away from living quarters 

S5 
Keep contents under ... (appropriate liquid to be specified by the 

manufacturer) 

S6 Keep under ... (inert gas to be specified by the manufacturer) 

S7 Keep container tightly closed 

S8 Keep container dry 

S9 Keep container in a well-ventilated place 

S10 Keep contents wet 

S11 not specified 

S12 Do not keep the container sealed 
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S13 Keep away from food, drink and animal foodstuffs 

S14 
Keep away from ... (incompatible materials to be indicated by the 

manufacturer) 

S15 Keep away from heat 

S16 Keep away from sources of ignition - No smoking 

S17 Keep away from combustible material 

S18 Handle and open container with care 

S20 When using do not eat or drink 

S21 When using do not smoke 

S22 Do not breathe dust 

S23 
Do not breathe gas/fumes/vapour/spray (appropriate wording to be 

specified by the manufacturer) 

S24 Avoid contact with skin 

S25 Avoid contact with eyes 

S26 
In case of contact with eyes, rinse immediately with plenty of water 

and seek medical advice 
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S27 Take off immediately all contaminated clothing 

S28 
After contact with skin, wash immediately with plenty of ... (to be 

specified by the manufacturer) 

S29 Do not empty into drains 

S30 Never add water to this product 

S33 Take precautionary measures against static discharges 

S35 This material and its container must be disposed of in a safe way 

S36 Wear suitable protective clothing 

S37 Wear suitable gloves 

S38 In case of insufficient ventilation wear suitable respiratory equipment 

S39 Wear eye/face protection 

S40 
To clean the floor and all objects contaminated by this material use ... 

(to be specified by the manufacturer) 

S41 In case of fire and/or explosion do not breathe fumes 

S42 
During fumigation/spraying wear suitable respiratory equipment 

(appropriate wording to be specified by the manufacturer) 
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S43 
In case of fire use ... (indicate in the space the precise type of fire-

fighting equipment. If water increases the risk add - Never use water) 

S45 
In case of accident or if you feel unwell seek medical advice 

immediately (show the label where possible) 

S46 
If swallowed, seek medical advice immediately and show this 

container or label 

S47 
Keep at temperature not exceeding ... °C (to be specified by the 

manufacturer) 

S48 
Keep wet with ... (appropriate material to be specified by the 

manufacturer) 

S49 Keep only in the original container 

S50 Do not mix with ... (to be specified by the manufacturer) 

S51 Use only in well-ventilated areas 

S52 Not recommended for interior use on large surface areas 

S53 Avoid exposure - obtain special instructions before use 

S56 
Dispose of this material and its container at hazardous or special waste 

collection point 

S57 Use appropriate containment to avoid environmental contamination 
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S59 Refer to manufacturer/supplier for information on recovery/recycling 

S60 This material and its container must be disposed of as hazardous waste 

S61 
Avoid release to the environment. Refer to special instructions/safety 

data sheet 

S62 
If swallowed, do not induce vomiting: seek medical advice 

immediately and show this container or label where possible 

S63 
In case of accident by inhalation: remove casualty to fresh air and keep 

at rest 

S64 If swallowed, rinse mouth with water (only if the person is conscious) 

(S1/2) Keep locked up and out of the reach of children 

S3/7 Keep container tightly closed in a cool place 

S3/7/9 Keep container tightly closed in a cool, well-ventilated place 

S3/9/14 
Keep in a cool, well-ventilated place away from ... (incompatible 

materials to be indicated by the manufacturer) 

S3/9/14/49 

Keep only in the original container in a cool, well-ventilated place 

away from ... (incompatible materials to be indicated by the 

manufacturer) 

S3/9/49 Keep only in the original container in a cool, well-ventilated place 
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S3/14 
Keep in a cool place away from ... (incompatible materials to be 

indicated by the manufacturer) 

S7/8 Keep container tightly closed and dry 

S7/9 Keep container tightly closed and in a well-ventilated place 

S7/47 
Keep container tightly closed and at temperature not exceeding ... °C 

(to be specified by the manufacturer) 

S8/10 Keep container wet, but keep the contents dry 

S20/21 When using do not eat, drink or smoke 

S24/25 Avoid contact with skin and eyes 

S27/28 

After contact with skin, take off immediately all contaminated clothing, 

and wash immediately with plenty of ... (to be specified by the 

manufacturer) 

S29/35 
Do not empty into drains; dispose of this material and its container in a 

safe way 

S29/56 
Do not empty into drains, dispose of  this material and its container at 

hazardous or special waste collection point 

S36/37 Wear suitable protective clothing and gloves 

S36/37/39 Wear suitable protective clothing, gloves and eye/face protection 
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S36/39 Wear suitable protective clothing and eye/face protection 

S37/39 Wear suitable gloves and eye/face protection 

S47/49 
Keep only in the original container at temperature not exceeding ... °C 

(to be specified by the manufacturer) 

 

Lecture  nineteen ; Laboratory : 

 

Laboratory Equipment 
 
Match the following expressions with pictures. What are their Slovak equivalents? 

single neck flat bottom flask Buchner funnel 

Erlenmeyer flask crucible 

graduated cylinder mortar and pestle 

filtering flask pH sticks 

three neck round bottom flask burette (buret) 

 
beaker oven 

round bottom boiling flask tongs 

separatory funnel stand 

test tube bath 

pH meter pH 

buffers 

watch glass ring 
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condenser Buchner flask 

Petri dish pipette 

volumetric flask funnel 

vial filter paper 

analytical balance 

 
 
 
 
 
 
 
 
 

1 2 3 4 5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6 7 8 9 10 
 

 
 
 
 
 
 
 
 
 
 
 

11 12 13 14 15 
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16 17 18 19 20 

 

 
 
 
 
 
 
 
 

21 22 23 24 25 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
26 27 28 29 30 

 
 
 
 
 
 

 

 

 

Fill the following schemes with suitable expressions. What are their Slovak equivalents? 
 

 
 

e 
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Funnel, filter paper , glass rod, residue, mixture, filtrate,  

 
Filtration 
Adapted from: http://library.thinkquest.org/11430/research/filtration.htm 

 

http://library.thinkquest.org/11430/research/filtration.htm

