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Lesson 5.1 - Study Materials

The Element Carbon 

As the element carbon is present in the majority of drugs used today, some basic principles of organic chemistry (the study of carbon compounds) are discussed. The main characteristics of carbon that lead to the formation of such a large number of organic compounds (over 10 million known) with dramatically different physical and chemical properties include the ability to form: 

· Covalent single, double and triple bonds with some other elements, including carbon;

· Covalent bonds with other carbon atoms to build chains and cyclic structures; 

· Covalent bonds with elements such as hydrogen, nitrogen, oxygen and halogens. 

In the structures shown below, each line (bond) represents a pair of electrons:

· Single bond: formed by the sharing of one pair of electrons. 

· Double bond: formed by the sharing of two pairs of electrons. 

· Triple bond: formed by the sharing of three pairs of electrons. 

[image: image1.png]




 INCLUDEPICTURE "http://www.econcordia.com/courses/chemistry_lives/lesson51/images/triple_bond.gif" \* MERGEFORMATINET [image: image2.png]H—C=C—H

triple bond





[image: image8.emf]Among the cyclic structures, the arrangement of carbon atoms in 5- or 6-membered rings is quite common. The hexagonal (6-membered) ring with three single and three double bonds is called a benzene ring.

Functional Groups 

Organic compounds are divided into some important families based on their characteristic functional group. A functional group can be visualized as a small structural unit or arrangement of atoms in a molecule that is the chemically functioning part of the molecule. 

Lesson 5.2 - Study Materials

Lesson 5.2: Treatment of Infections and Diseases 
Antibiotics 
Antibiotic drugs are used to fight (prevention or treatment) bacteria that cause infectious diseases such as meningitis, pneumonia, tuberculosis, and so on. 

Several different categories of antibiotics include: 

· Penicillins 

· Cephalosporins 

· Tetracyclines 

The discovery of a large number of chemically modified derivatives of these antibiotics led to the control of a large variety of bacterial infections. 

Antibiotics are isolated from bacterial sources, but can also be human-made. Antibiotics act directly on bacteria and destroy them or inhibit their growth. Antibiotics will not kill viruses. 

Penicillins 
· Treat infections caused by bacteria; 

· Do not fight infections caused by viruses; 

· Mode of action: affect the development (damaging) of bacterial cell walls. 

Cephalosporins 
· Cephalosporins have the structure similar to that of penicillins; 

· Treat a much broader range of infections compared to penicillins; 

· Mode of action: affect the development of bacterial cell walls. 

Tetracyclines 
· Chemical structure consisting of four rings; 

· Used to treat penicillin-resistant infections; 

· Mode of action: inhibit the synthesis of required bacterial proteins. 

The emerging concern in the use of antibiotics is the resistance many of the so-called superbugs have shown towards the known antibiotics. The suggested ways to decrease antibiotic resistance include: 

· More cautious use of antibiotics 

· Monitoring outbreaks of antibiotic resistances 

· Developing new antibiotics 

Antiviral Drugs 

Antiviral drugs are used to treat (cure or control) viral infections such as flu, polio, herpes and AIDS (r). 

A different strategy has to be used to combat viruses, as these do not respond to antibiotics. Two commonly used strategies to fight viral infections include: 

· Prevention through vaccination 

· Use of antiviral drugs 

When a vaccine (consisting of inactivated virus) is injected, antibodies to fight off a virus are developed and stored in the body. The stored antibodies become available to fight future infection. 

Commonly used antiviral drugs (particularly for the treatment of the AIDS virus) fall into three classes: 

· Nucleoside derivatives 

· Protease inhibitors 

· Combination cocktails 

Anticancer Drugs 

Cancer involves an uncontrolled division of some cells of the body due to mutation of DNA within the healthy cells. These cells invade nearby tissue and spread throughout the body via the bloodstream or lymphatic system. Thus the chemical treatment of cancer (chemotherapy) involves drugs targeting rapidly dividing cells to kill the cancerous cells. Some chemotherapeutic agents include: 

· Alkylating agents 

· Antimetabolites 

· Topoisomerase inhibitors 

· Hormones 

Alkylating Agents 
· Mode of action: due to their high reactivity, alkylating agents introduce defects in the DNA, thus killing the rapidly growing cells by preventing cell growth and multiplication. 

· Alkylating agent drugs also affect the growth of normal cells and cause mutations. 

Antimetabolites 
· Metabolite is a general term for the organic compounds that are synthesized, recycled, or broken down in cells. 

· Antimetabolites inhibit DNA synthesis, thus stopping cell replication. 

· Mode of action: compete for binding sites on enzymes and are incorporated into nucleic acids. 

Topoisomerase Inhibitors 
· Topoisomerase inhibitors damage DNA which causes cell death. 

· Mode of action: act against the topoisomerase enzymes to prevent cancer cell growth. 

Hormone therapy 
· Hormone therapy is used against certain cancers that depend on hormones for their growth. Hormone treatment is used primarily for the treatment of breast cancer and that of the sexual organs. As these tissues require hormones for their growth, the chemotherapeutic agent acts by inhibiting the hormone supply thus stopping the tissue growth. 

· Mode of action: stop the production of certain hormones or change their mode of function. 

Antidepressants

A deficiency of certain neurotransmitters (any chemical that carries impulses between nerve cells), particularly serotonin in the brain, seems to be partly responsible for causing clinical depression. Neurotransmitters are needed for normal brain function and control of mood in addition to other functions.

Antidepressants bring the serotonin levels in the brain back to normal, thereby relieving depression. Commonly used antidepressants fall in two categories: 

· Serotonin-specific re-uptake inhibitors (SSRIs) (restore the chemical balance in the brain) 

· Tricyclics 

Whereas SSRIs target the serotonin levels only, tricyclics affect the brain levels of other neurotransmitters (including serotonin) as well. 

Anti-Inflammatory Drugs 
Inflammation is the first response of the immune system to infection or irritation characterized by pain, swelling, redness and heat. An inflammation results from the rapid transport of blood proteins and other substances to a damaged tissue site or an area under attack by a foreign organism. 

Certain steroids are used as potent anti-inflammatory drugs. These suppress the inflammatory responses of the body, thus reducing inflammation. 

Over The Counter Drugs 
Whereas all types of drugs discussed earlier require a prescription, a considerable number of drugs are sold over the counter (OTC) without a prescription. 

According to the Non Prescription Drug Manufacturers Association, in the US alone there are more than six hundred OTC drugs. The criteria generally used by the regulatory agencies to designate a drug with OTC status or switch its status from Rx-to-OTC (i.e., from a prescription drug to one sold without a prescription) involves a benefit-risk 
comparison and making sure that patients alone can achieve the desired medical result without endangering their safety. Although OTC drugs allow patients to participate in their own health care, experts emphasize that the labels must be followed closely because OTC drugs are not without risk. 

Aspirin
The best known OTC drug, Aspirin, was introduced more than a century ago. It has long been used as an: 

· Analgesic (relieving minor pain) 

· Antipyretic (lowering fever) 

· Anti-inflammatory (reducing swelling) drug 

Recent studies have shown its usefulness in treating heart attack and stroke. 

It is believed that Aspirin's effectiveness as an analgesic, anti-inflammatory agent and its protective effects against heart attacks and strokes are due to its ability to reduce the production of prostaglandins (a hormone-like substance that promotes inflammation, fever and pain) and thromboxanes (responsible for platelet aggregation in the formation of blood clots) in the body. 
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Some possible side effects of Aspirin include: 

· Stomach irritation 

· Ringing in the ears 

· Allergy 
· Reye syndrome (brain disorder) in children
1 - Carbon-carbon double bond in organic compounds is formed by the sharing of:

 One pair of electrons

 Two pair of electrons

 Loss and gain of electrons

 None of the above

2 - The functional group in an amine is:

 -OH

 -SH

 -COOH

 None of the above

3 - How many hydrogen atoms are there in a compound with the formula CH3(CH2)3CH3?

 6

 12

 8

 10

4 - Which of the following is a bacterial infection?

 Cancer

 AIDS

 Depression

 Tuberculosis

5 - The three-drug cocktail treatment (HAART) is used to treat:

 AIDS

 Pneumonia

 Cancer

 Depression

6 - Aspirin is used as an:

 Antipyretic

 Antibiotic

 Antidepressant

 Anticancer drug

7 - SSRIs are used as:

 Fungicide

 Insecticide

 Antidepressants

 Growth hormone

8 - Tetracyclines are used as:

 Anticancer drugs

 Antiviral drugs

 Antibiotics

 None of the above

9 - The number of hydrogen atoms in a benzene ring is:

 3

 9

 12

 None of the above

10 - Certain steroids are used as anti-inflammatory drugs.

 True

 
False

Lesson 6.1: Acid Rain

Human activities producing particulate (i.e., soot and fly ash) and gaseous (CO, CO2, SOx, NOx, Hydrocarbons, etc.) pollutants alter the atmosphere. 

Some of these activities include: 

· Generation of industrial emissions; 

· Burning of fossil fuels (for power generation and transportation) and vegetation; and 

· Agricultural practices. 

The end result of these activities has been a deterioration of the environment, 

· Acid rain 

· Global warming 

· Ozone depletion 

The weakly acidic nature of rain can be explained by its formation of carbonic acid: 

CO2 (g) + H2O (ℓ) → H2CO3 (aq) 
which dissociates partially, generating only small amounts of hydrogen ions: 

H2CO3 (aq) → H+ (aq) + HCO3- (aq) 
pH Scale

Origin

Based on the concentration of carbonic acid and small amounts of other natural acids, the estimated pH of rain (as well as fog, dew and snow) under normal atmospheric conditions should be around 5.3. 

Field measurements in many areas, on the other hand, show much lower pH values (4.1- 4.5). 
Higher acidity (lower pH) is due to the reactions of NOx and SOx present in the atmosphere. 

Effects 

Material Damage
Marble and limestone (CaCO3) used in many historic and irreplaceable statues and buildings react with acid in the rain.   
CaCO3 (s) + 2 H+ (aq) → Ca2+ (aq) + CO2 (g) + H2O (ℓ) 
  

Corrosion of Metals 
The corrosion process is accelerated in the presence of acid. Thus, iron structures, bridges, railroads, etc. show a faster rate of corrosion (rusting) in acid rain predominant areas. 

4 Fe (s) + 3 O2 (g) → 2 Fe2O3 (s)   
Studies indicate that even painted or plated iron corrodes more rapidly in such areas.   
Forest damage 
Considerable damage to trees has been reported in various parts of North America and Europe. 

Acid rain is implicated in depleting the nutrient supply to the trees by: 

· Attacking the leaves whose protective coating has already been destroyed due to attack by other atmospheric pollutants such as O3 and NOx; 

· Mobilizing various metals (Al, Pb, etc.) in the soil that attack the roots. 

Inadequate nutrient supply increases the possibility of destruction due to disease, drought, insects or high winds. 

 Aquatic life 
Aquatic life is quite susceptible to changes in pH. Reduced pH has led to lakes with no fish or other living beings. 

Adverse effects of acid rain on aquatic life are due to: 

· Lowering of pH well below the required value of about 6.5 for healthy aquatic life; 

· Increasing aqueous concentration of metals (Al, Pb, etc.) due to their higher solubility at lowered pH. 

Suggested Control Strategies 

· Reduction of SOx and NOx emissions by using emission control technologies;

· Using cleaner energy sources (such as alcohol and hydrogen) in transportation;

· Developing and/or using alternate energy (i.e., hydroelectric, nuclear or wind) sources. 

Lesson 6.2: Global Warming 

Origin 
Global warming is the result of increased absorption by the atmosphere of IR (infrared; major source of heat) radiated back from Earth's surface. This is due to an increase in concentration of greenhouse gases (e.g.: CO2, CH4, N2O, etc.) in the atmosphere. 

Based on measured concentrations of various greenhouse gases, computer models have been developed to predict the extent of global warming. It is estimated that the temperature of the atmosphere may increase anywhere from 1.5o to 3.5 oC during the next fifty years. 

Effects 

Possible effects include: 

· Climatic changes; 

· Changes in sea level due to melting of polar ice caps; 

· Possibility of droughts and increased frequency of heat waves due to warming; 

· Unforeseen problems in relation to vegetation, pests and other insects; 

· Greater possibility of heat-related illnesses and deaths. 

Suggested Control Strategies 
· Reduction in CO2 emissions; 

· Development and use of alternate non-fossil energy sources such as hydroelectric, solar, nuclear, and wind; 

· Energy conservation; and

· Replanting of forests, thereby creating a CO2 sink. 

Lesson 6.3: Ozone Depletion 

Ozone plays a double role in our environment: 

· In our immediate atmosphere, it acts as an air pollutant contributing to photochemical smog; 

· In the stratosphere (in conjunction with oxygen), it filters the solar ultraviolet (UV) radiation, thus protecting us against its harmful effects. 

Origin 
Exposure to ozone may occur in operations involving: 

· High-intensity UV light such as mercury vapor lamps, plasma torches, glass blowing, etc.; 

· High-voltage electrical equipment; or 

· Welding. 

Interaction of high energy with oxygen in the surrounding atmosphere leads to the formation of O3: 

3 O2 (g) + Energy → 2 O3 (g) 
In the stratosphere, oxygen and ozone interact with energy from the solar radiation to form a dynamic system. This constitutes the O2/O3 screen that filters out the UV component of the solar radiation according to the following reactions: 

Effects 

Stratospheric ozone depletion leading to less efficient filtration of the ultraviolet radiation from the Sun will increase the intensity of ground-level UV radiation. This increased intensity may have adverse effects on: 

· Humans (such as higher probability of skin cancer and cataracts); and 

· Plants and animals. 

Control Strategy

In North America, the use of chlorofluorocarbons (as propellants in spray cans) was banned in 1978 in response to the threat of ozone depletion. 

The global response to the threat of ozone depletion came with the signing of the Montreal Protocol (in 1987). It set out to reduce and ultimately ban the manufacture and use of CFCs.
1 - Weakly acidic nature of rain is due to dissolved:

 CO (g)

 O2 (g)

 O3 (g)

 CO2 (g)

2 - Gaseous carbon dioxide is generated when calcium carbonate reacts with:

 Sodium chloride

 Sodium hydroxide

 Ammonium chloride

 None of the above

3 - The pH of a solution is measured to be 9.00. The solution is:

 Acidic

 Basic

 Neutral

 None of the above

4 - Solar energy is an example of a:

 Fossil energy source

 Wind energy source

 No energy source

 None of the above

5 - One of the gases responsible for global warming is:

 Oxygen

 Nitrogen

 Carbon monoxide

 None of the above

6 - The agreement to reduce and ultimately ban the manufacture and use of CFCs goes by the name of:

 Kyoto protocol

 Montreal protocol

 EC Free Trade Agreement

 Geneva Convention

7 - In the stratosphere, oxygen and ozone interact with solar energy to form a:

 Dynamic system

 Static system

 Solar system

 None of the above

8 - The solubility of aluminum at a pH of 9.2 is lower than at a pH of 3.2.

 True

 False

9 - The pH value for a solution of potassium hydroxide (a basic solution) should be:

 Greater than 7.0

 Equal to 7.0

 Equal to 1.5

 None of the above

10 - Interaction of high intensity UV light with atmospheric oxygen leads to the formation of ozone.

 True

 False
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Note: The material provided below is simply a condensed version of the course notes provided by the instructor with minor modifications. The section on Nomenclature, Writing formulas and Balancing equations were created by Gradesavers.  
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