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Laboratory Technician Employability (LE) Skill Standards
1. Working in the Chemical Process Industries (CPI)

1.1. Facts about the CPI

1.1.1. Compare the U.S. chemical process industries (CPI) to other manufacturing industries in the United States with regard to capital investment, percentage of gross national product (GNP), number of employees, and other economic factors.

1.1.2. Describe how the CPI affects the average citizen and contributes to the standard of living.

1.1.3. List five (5) local and five (5) national corporations of the CPI with major products included.

1.1.4. Identify the twenty (20) highest volume chemicals manufactured in the United States.

1.1.5. Discuss current environmental issues associated directly or indirectly with the CPI and identify ways in which the industry is responding.

1.1.6. Identify the major business/organization components of a chemical company and describe how they are interrelated (include research, development, processing, manufacturing, marketing, and sales).

1.1.7. Trace one major product from raw materials to consumer product (e.g., oil to milk containers); identify the job types required to complete this path.

1.1.8. Relate the characteristics and relative quantities of raw materials used in the CPI to the characteristics and quantity of final products.

1.2. Careers in the CPI

1.2.1. Discuss the educational preparation required for a variety of jobs, including laboratory technician, process technician, instrument technician, chemist, and engineer.

1.2.2. Identify the technical career paths within the chemical process industries and note the position of the chemical laboratory technician in that scheme. 

1.2.3. List the types of interest areas, basic skills, personality traits, and work ethic that best fit a career as a chemical laboratory technician.

1.2.4. List ten (10) local companies, government laboratories, schools, or universities and assess the opportunities for employment as a chemical laboratory technician.

1.2.5. Meet with technicians working in local industry, discuss the kind of work done, and describe the ways technicians contribute to the business.

1.2.6. Identify major professional societies associated with the career of a technician and assess the value of participating in local, regional, and national professional societies for a chemical laboratory technician.

2. Workplace skills for success

2.1. Working as a member of a team

2.1.1. Describe the teamwork concept and discuss how teams work together in planning, performing, analyzing, and reporting.

2.1.2. List reasons why opinions of all team members must be valued.

2.1.3. Demonstrate high ethical standards in all aspects of work

2.2. Problem solving

2.2.1. Demonstrate critical thinking skills.

2.2.2. Demonstrate the use of problem-solving procedures.

2.2.3. Demonstrate skill in problem solving.

2.2.4. Pay close attention to details and observe trends

2.2.5. Coordinate several tasks simultaneously.

2.2.6. Make decisions and plan actions based on data and observations.

3. Quality in the chemical laboratory

3.1. Concepts of total quality management

3.1.1. Describe the concept of "continuous improvement."

3.1.2. Determine conformance specifications by comparison of inspection done with product specification.

3.1.3. Describe principles of total quality management (TQM).

3.1.4. Describe elements of TQM as they relate to suppliers, producers, and customers.

3.1.5. Describe the role of the laboratory technician in implementing TQM.

3.1.6. Draw a process diagram for a chemical operation; identify inputs, process, and outputs.

3.1.7. Construct a process flow diagram to describe an industrial process or a project or an experiment that is being conducted in the school laboratory.

3.1.8. Use statistical tools such as fish bone (cause and effect) diagrams, Pareto charts, histograms, and scatter diagrams; demonstrate the use of each and describe the value of each in planning and designing experiments.

3.1.9. Identify those TQM procedures, elements, and principles that contribute to defect prevention.

4. Communication for the chemical technician

4.1. Maintaining a laboratory notebook

4.1.1. Describe the lawful protocol and measures for keeping a laboratory notebook and documenting laboratory observations and data.

4.1.2. Give an overview of the law regarding the protection of intellectual property as applicable to work done in the chemical laboratory.

4.1.3. Identify characteristics required for notebooks to meeting legal requirements.

4.1.4. Present an overview of the law regarding the protection of intellectual property as applicable to work done in the chemical laboratory.

4.2. Communicating results

4.2.1. Identify the various mediums for communication available to technicians.

4.2.2. Identify the components of a good oral report.

4.2.3. Demonstrate the ability to keep accurate notes on laboratory activities.

4.2.4. Identify the components of a technical report.

4.2.5. Demonstrate the ability to write technical reports.

4.2.6. Demonstrate the ability to use presentation software to give oral reports.

4.2.7. Demonstrate the ability to use spreadsheets to organize data into a communicable form.

4.2.8. Demonstrate the ability to write clear and concise letters and memos.

4.2.9. Demonstrate the ability to communicate through electronic media such as e-mail.

4.2.10. Demonstrate the ability to use word-processing software to create documents.

4.2.11. Identify components of an inventions memorandum.

4.2.12. Demonstrate the ability to maintain a laboratory log.

4.2.13. Demonstrate the ability to give oral presentations

4.2.14. Demonstrate the ability to give clear and concise instructions to team members.

4.2.15. Demonstrate the ability to write and report on methods.

4.2.16. Demonstrate the ability to read and prepare diagrams and graphs to clearly and accurately present data.

4.2.17. Identify respective responsibilities in the patent process for the principal investigator, technician, witness, and attorney.

4.2.18. Demonstrate the ability to use graphics software.

4.3. Gathering information

4.3.1. Identify several sources of information for chemical technicians and characterize the data contained in each.

4.3.2. Search patent literature and identify characteristics of the information available.

4.3.3. Identify a few important patent cases that have affected the chemical industry.

4.3.4. Demonstrate the ability to conduct literature searches.

4.3.5. Demonstrate the ability to conduct electronic media searches.

4.3.6. Demonstrate the ability to conduct on-line searches

4.3.7. Identify technical manuals and journals that related to research.

4.3.8. Demonstrate the ability to read and interpret graphs and diagrams.

4.3.9. Demonstrate the ability to read and interpret laboratory procedures.

4.3.10. Demonstrate the ability to access database information.

4.3.11. Demonstrate the ability to work with Laboratory Information Management Systems (LIMS).

4.3.12. Demonstrate the ability to develop and maintain a database.

4.3.13. Demonstrate the ability to transfer data to and from remote databases.

5. Maintaining a safe and clean laboratory adhering to environmental/health and safety regulations

5.1. Overview of the impact of federal, state, local and company regulations

5.1.1. Use computers to access information about procedures for chemical safety, environmental protection, and health preservation.

5.1.2. Identify the agencies (federal, state, and local) that develop and enforce regulations pertaining to chemical and related industries.

5.1.3. Describe the purpose of the Responsible Care Code developed by the American Chemistry Council.

5.1.4. Specify three to five OSHA regulations that are directly applicable to the health and/or safety of the worker.

5.1.5. Specify three to five Environmental Protection Agency (EPA) regulations that directly affect the work of the laboratory technician; special attention should be paid to the regulations regarding the handling and disposal of hazardous wastes.

5.1.6. Describe the Department of Transportation (DOT) regulations for labeling and shipping hazardous wastes; include the possibility of personal liability and an explanation of the manifest system.

5.1.7. Recognize that companies have specific safety/health and environmental (S/H/E) rules and regulations; review several examples from local industry.

5.1.8. Identify specific state and local regulations that affect operations at local industries.

5.1.9. Specify regulations that apply to consumer protection.

5.1.10. Read a variety of cleanup and emergency response procedures and determine how to implement the procedures.

5.1.11. Describe procedures used to respond to a spill or release of different kinds of chemicals.

5.1.12. Categorize regulations according to those which impact each environmental area (air, water, and noise).

5.1.13. Prepare and present to lay community members clear information about how the industry implements its responsibilities as a good neighbor in the area of S/H/E issues.

5.1.14. Using library and on-line sources prepare a report for oral presentation on the impact of major regulations such as Occupational Safety and Health (OSHA), Food and Drug Administration (FDA), RCRA, CAA and CWA on the industry.

5.2. The technician's role in implementing regulations, policies, and practices

5.2.1. Categorize common hazardous materials as corrosive, flammable, etc.

5.2.2. Identify the conventions and symbols used for labeling chemical materials; include Hazardous Material Identification Symbols (HMIS) and the National Fire Protection Association (NFPA) guidelines.

5.2.3. Apply, by example, the Responsible Care Codes as it relates to the laboratory.

5.2.4. State the responsibilities and rights of the technician under the Hazardous Communication Standard of the Occupational Safety and Health Administration (OSHA). Explain right to know. Emphasize importance of PPEs.

5.2.5. Identify the responsibilities of the technician for applying regulatory guidelines in a variety of typical laboratory situations.

5.2.6. Read and interpret hazard data associated with chemicals that are presented in material safety data sheets (MSDSs) and other chemical data reference documents. Explain TLVs, PEL... ETC

5.2.7. Access safety/environmental and health (S/H/E) regulations and data regarding chemicals using references such as CRC Press handbooks, the Merck Index, the Chemical Technician's Ready Reference Handbook, and MSDSs, as well as by conducting on-line searches.

5.2.8. Describe appropriate storage and disposal techniques required for each of the categories of common hazardous materials.

5.2.9. Demonstrate ability to convert chemical concentrations to different units so that comparison can be made with MSDS safe levels.

5.2.10. Visit a local industry and describe the policies and programs that are in place to ensure worker safety.

5.2.11. Identify the requirements for effective response teams and describe the role of such teams in handling emergencies.

5.3. Developing and executing a safety plan

5.3.1. Participate in an evacuation procedure.

5.3.2. Test safety equipment in laboratories and maintain a log.

5.3.3. Specify components of an effective chemical hygiene plan.

5.3.4. List elements of a safety plan for general laboratory safety.

5.3.5. Access an emergency response procedure plan from a local industry and discuss the implications for the workers.

5.3.6. Develop and deliver a safety awareness session for fellow technicians.

5.3.7. Identify and describe components of a safety plan for emergencies, including fire, spills/gas release, bomb threats, and inclement weather.

5.3.8. Identify and describe components of an Emergency Response Plan and per Occupational Safety and Health Administration (OSHA) 1910.120, Hazardous Waste Operations and Emergency Response (HAZWOPER); 1910.38, Employee Emergency Action Plans; and Fire Prevention.

5.3.9. Use a building plan of an existing facility with an on-site water treatment system using chlorine cylinders and develop an evacuation and response plan addressing a leaking cylinder evolution.

5.3.10. Conduct a safety review and audit of a school laboratory by identifying the regulations for the laboratory as if it were in industry, developing or participating in a review team, conducting an audit, identifying areas of noncompliance, and reporting to the group; work with the school staff to correct the items of noncompliance according to a timetable.

5.4. Personal and co-worker safety

5.4.1. Demonstrate good housekeeping by maintaining a clean and safe workplace.

5.4.2. Demonstrate proper lifting techniques.

5.4.3. Demonstrate proper use of hand tools.

5.4.4. Demonstrate the ability to perform basic first aid skills.

5.4.5. Demonstrate the appropriate use of safety equipment including, but not limited to safety glasses, showers, respirators, eye washes, and blankets. 

5.4.6. Participate in a fire safety activity that includes an explanation of how to use different classes of extinguishers to extinguish a variety of fires.

5.4.7. Prepare and lead a short safety meeting for classmates appropriate to the school setting.

5.4.8. Select and demonstrate the use of appropriate personal protective equipment (PPE) for a variety of situations involving hazardous chemicals, including but not limited to, corrosive, explosive, biological, and volatile materials.

5.4.9. Participate in a simulated emergency, both as a leader and as a victim.

5.4.10. Participate in an evacuation procedure.

5.4.11. Describe causes of sight and hearing loss in the laboratory environment and identify noise level thresholds requiring protection.

5.5. Fire safety

5.5.1. Explain the importance of reporting even small fires that can be extinguished quickly.

5.5.2. Describe the characteristics of fires that occur in chemical laboratory environments, including electrical, hydrocarbon, wood/paper, and chemical fires.

5.5.3. Describe the environmental conditions (fire triangle) required to support combustion.

5.5.4. Define the term "flash point" and explain the importance of knowing the flash point of a specific hydrocarbon.

5.5.5. Describe fire potential information in a material safety data sheet (MSDS).

5.5.6. Select the correct fire-fighting equipment to use based on the type, size, and conditions of a fire. 

5.5.7. Demonstrate proper selection and use of fire-fighting and suppressant equipment such as fire extinguishers type A, B, C, and D (mounted, cart, and hand-held halon, carbon dioxide, and powder), deluge systems, fire turrets, and nozzle operations

5.5.8. Describe the difference between flash point and auto ignition. 

5.5.9. Define the terms "upper and lower explosive limits" and explain the importance of knowing the actual values in a potentially hazardous situations. 

Laboratory Technician Technical (LT) Skill Standards

6. Sampling and handling chemical materials

6.1. Chemical principles

6.1.1. Define "chemistry.”

6.1.2. Define "atoms" and "molecules"; give examples of each. 

6.1.3. Define, differentiate, and give examples of "elements," "compounds," and "mixtures.”

6.1.4. Write simple electronic configurations for several elements. 

6.1.5. Draw simple atomic structures for several elements; include protons, neutrons, and electrons. 

6.1.6. Use the periodic table to identify elements and to describe atomic structure. 

6.1.7. Demonstrate how atoms combine to form molecules. 

6.1.8. Describe chemical bonding and bond types, including ionic and covalent. 

6.1.9. Calculate formula weight. 

6.1.10. Write the molecular structure of several organic and inorganic compounds using common bond designations. 

6.1.11. Demonstrate how compounds react with other compounds to form new compounds; relate this to chemical reactions and give several examples. 

6.1.12. Write and balance chemical reactions. 

6.1.13. Differentiate between organic and inorganic chemical substances; describe characteristics of each. 

6.1.14. Define "catalyst"; give examples of materials used as catalysts. 

6.1.15. Give examples of chemical reactions important to local industries that involve catalysts. 

6.1.16. Use the periodic table to characterize elements based on the group. 

6.1.17. Identify acids and bases based on their formulas and according to the Arrhenius and Bronsted-Lowry theories. 

6.1.18. Describe the concept of stoichiometry as applied to chemical reactions. 

6.1.19. Describe chemical bonding and the relationship of chemical bonding to the physical state of material based on intermolecular bonding; include the concept of hydrogen bonding. 

6.1.20. Predict endo/exothermic characteristics of a chemical reaction. 

6.1.21. Calculate heat of reaction for several common reactions. 

6.2. Chemical nomenclature

6.2.1. Use the periodic table to identify and name the elements according to symbol and group. 

6.2.2. Recognize and name common anions and cations and their charges. 

6.2.3. Write names and formulas for common inorganic compounds. 

6.2.4. Write names and chemical structures for common hydrocarbons (aliphatic and aromatic, saturated and unsaturated). 

6.2.5. Name organic compounds according to functional groups, including: * ketones * aldehydes * alcohols * ethers * carboxylic acids * esters * amines

6.2.6. Use naming systems, including both common and IUPAC conventions. 

6.3. Handling chemicals safely with proper health and environmental considerations

6.3.1. Prepare the paperwork to order chemicals in order to replenish stock. 

6.3.2. Clean laboratory glassware and laboratory equipment made of other materials, using appropriate solvents, detergents, and brushes or devices. 

6.3.3. Read and interpret standard operating procedures (SOPs) and material safety data sheets (MSDSs). 

6.3.4. Use a chemical reference handbook to identify hazards associated with handling and storing chemical materials. 

6.3.5. Classify chemicals according to safety and health hazards (flammables, corrosives, oxidizers, and carcinogens). 

6.3.6. Recognize and handle corrosive materials properly. 

6.3.7. Store chemicals appropriately, recognizing the compatibility of the material being stored and the container in which they are being stored. 

6.3.8. Handle and dispose of hazardous materials safely and according to regulatory guidelines. 

6.3.9. Use mixing techniques appropriate for the materials, specifically when handling acids, bases, oxidizers, and strong reducing agents. 

6.3.10. On the basis of vapor pressure, assess safe handling procedures for a variety of volatile chemicals. 

6.3.11. Use appropriate techniques to transfer gases, liquids, and solids from storage containers to equipment used in the laboratory. 

6.3.12. Identify the heating and ventilation systems used in chemical storage areas and compare their appropriateness for the groups of chemicals being stored. 

6.3.13. Develop a chemical inventory system for a stockroom that includes all pertinent information regarding stability, hazards, and sensitivity. 

6.4. Handling and working with radioactive materials

6.4.1. Apply the special requirements appropriate to handling and disposal of radioactive materials. 

6.4.2. Apply the concept of half-life to predict potential hazards of radioactive materials. 

6.4.3. Compare the hazards associated with various modes of radioactive decay. 

6.4.4. Calculate half-life of radioactive material using the first-order decay equation. 

6.4.5. Choose the proper equipment for monitoring radioactive materials. 

6.4.6. Calibrate equipment used for monitoring radioactive materials. 

6.5. Obtaining samples

6.5.1. Describe the importance of obtaining a representative sample. 

6.5.2. Describe how to store samples to avoid changing their characteristics. 

6.5.3. Prepare a chain of custody document for a sample taken for analysis. 

6.5.4. Give examples of some characteristics of solid, liquid, and gas samples that could result in nonhomogeniety. 

6.5.5. Identify and describe a variety of sample containers and their primary uses. 

6.5.6. Use sieves to separate a sample according to particle size. 

6.5.7. Use a variety of grinding, blending, and mixing techniques to prepare homogeneous samples on which to conduct measurements. 

6.5.8. Conduct a statistical analysis to evaluate how well a sample represents bulk material. 

6.5.9. Identify errors in a measurement that can be attributed to failure to obtain a representative sample. 

6.5.10. Identify equipment used for sample collection (including thief drum mixing equipment, two-way splitters, and retch samplers) and demonstrate how each is used. 

6.5.11. Describe potential interactions between the construction materials of a sample container and the contents being stored; identify compatible container materials for common chemicals, solutions, and mixtures. 

6.5.12. Design a sampling scheme to ensure adequate representation from bulk material. 

6.5.13. Obtain representative samples of gases, liquids, and solids, including: * solid materials in bulk storage * material in process streams * high-vapor-pressure materials * corrosive liquids * nonhomogeneous solids * air- and moisture-sensitive materials * materials in environmental (open) systems * gases under pressure * corrosive liquids * micro quantities of liquids and solids * biological specimens

6.6. Handling laboratory equipment safely

6.6.1. Describe the purpose of, and handle safely, common chemical laboratory equipment. 

6.6.2. Demonstrate a basic awareness of electrical safety and its application to the work environment. 

6.6.3. Manipulate and care for glassware and other apparatus safely, including making connections, cleaning and storing. 

6.6.4. Store, transport, and change compressed gases cylinders correctly and safely. 

6.6.5. Choose the proper regulators for gases and other materials under pressure or under vacuum. 

6.6.6. Describe how maintenance programs for equipment and laboratory facilities relate to safe and efficient laboratory operations. 

6.6.7. Identify common components of electrical and electronic circuits that may frequently be maintained by laboratory technicians. 

6.6.8. Use autoclaves, pressurized reactors, vacuum reactors/separators, closed systems, and a variety of valves for several chemical systems. 

7. Measuring physical properties of materials

7.1. Basic concepts of measurement

7.1.1. Describe the importance of measurement in chemistry. 

7.1.2. Describe what is meant by significant figures; give examples. 

7.1.3. Apply standard rules for determining the number of significant figures in measurements and in the answers to corresponding calculations. 

7.1.4. Convert units of measure from English to metric and vice versa. 

7.1.5. Define "precision" and "accuracy"; provide examples of each. 

7.1.6. Calculate mean, median, mode, and standard deviation for several data sets. 

7.1.7. Define what is meant by an "out-of-control" measurement. 

7.1.8. Identify, select, and demonstrate proper use of volumetric glassware (burets, graduated cylinders, flasks, and pipets). 

7.1.9. Select and use mechanical and electronic analytical balances for weighing quantities ranging from 0.001 grams to 100 grams to a specified accuracy and precision. 

7.1.10. Make quantitative transfers using volumetric glassware. 

7.1.11. Compare systematic and random errors. 

7.1.12. Define "confidence limit" in terms of standard deviation. 

7.1.13. Describe a control chart and construct such a chart using a data set. 

7.1.14. Develop a frequency distribution chart for a data set. 

7.1.15. Calculate the errors in various measurements based on data acquired using common laboratory equipment. 

7.1.16. Calibrate volumetric glassware. 

7.1.17. Calibrate lab scale storage containers, safety testing equipment, and air and water monitoring equipment. 

7.1.18. Evaluate propagation of error in a calculation involving one or more steps. 

7.2. Physical properties on materials

7.2.1. Define the following physical properties, including the units and typical substances that are measured: molecular weight and viscosity. 

7.2.2. Describe gases, liquids, and solids in terms of their physical properties. 

7.2.3. Calculate volume, temperature, and pressure for gases, using the ideal gas law, Charles's Law, and Boyle's Law. 

7.2.4. Define the following physical properties, including the units and typical substances that are measured: dew point, humidity, relative humidity, flash point, and cloud point. 

7.2.5. Identify physical properties from the specification sheets of local industries for a variety of products. 

7.2.6. Obtain product specification sheets from the local industry and identify the physical properties used as specifications. 

7.2.7. Describe the apparatus and methods used to determine thermal conductivity and heat capacity. 

7.2.8. Provide examples of how, in a process, the physical properties of a starting material or intermediate affect the process. 

7.2.9. Describe how physical properties of materials are related to product specifications and give examples from products which are produced by the local chemical industry. 

7.2.10. Define the following physical properties, including the units and typical substances that are measured: strength (tensile, impact, flexure, shear, etc.) and hardness (Rockwell, Brinell, etc.). 

7.2.11. Describe the apparatus and methods used to determine strength (tensile, impact, flexure, shear, etc.) and hardness (Rockwell, Brinell, etc.). 

7.2.12. Define the following physical properties, including the units and typical substances that are measured: optical rotation and refractive index (RI, Brix and Baume scales). 

7.2.13. Correlate physical properties of common materials with necessary conditions for storing and handling of these materials.
7.3. Carrying out standard procedures

7.3.1. Recognize that product specifications are based on the chemical and physical properties of materials and that various organizations provide a variety of standard methods for measuring the physical and chemical properties; state the names of the organizations represented by the acronyms and the product area for which they produce methods; the organizations include, among many others: * USP * ASTM * AOAC * EPA * IUPAC 

7.3.2. Recognize that procedures published by different organizations are formatted differently but contain similar information; make comparisons. 

7.3.3. Describe components of a published method; describe the information contained in each of the components as it applies to safety considerations, equipment, procedural steps, accuracy, and precision. 

7.3.4. Carry out complete stepwise procedures to measure physical properties of materials of interest to the local industry: * obtain samples * set up the required apparatus * perform calibrations * perform tests according to procedures * calculate results * maintain apparatus in working condition for the next test * accurately document the complete step-wise procedure(s) performed

7.3.5. Given several measurements to be made, choose the most appropriate analytical procedures considering: * property to be measured * material to be analyzed * product specification * sample size * sample type * accuracy/precision required * selectivity * sensitivity

7.4. Reporting results

7.4.1. Using data collected from a standard method conducted by several class members, calculate precision and accuracy for several data sets. 

7.4.2. Present data graphically using a variety of scales and presentation methods. 

7.4.3. Calculate standard deviations at 1, 2, and 3 sigma; describe the significance of each. 

7.4.4. For a multi-step procedure, take into account the errors in each step and calculate results, expressing the answers with appropriate significant figures. 

7.4.5. Using data collected from a standard method conducted by several class members, prepare control charts, and describe upper and lower control limits and the significance of each. 

7.4.6. Identify limiting factors associated with a variety of analytical methods. 

7.5. The relationship of physical properties of material to the economics of the chemical industry

7.5.1. Calculate economic losses that result from producing materials having off-spec physical properties. 

7.5.2. Provide examples of how companies handle off-spec material. 

7.5.3. Relate how properties of materials have economic impacts on the final product purchased by the customers.

7.6. Workplace experience - measuring physical properties

7.6.1. Relate the work of the laboratory to the remainder of the company. 

7.6.2. Work under the supervision of a senior technician and measure several physical properties, carrying out the following steps: * obtain and read standard methods of analysis * obtain samples and ensure that they are representative * prepare the necessary equipment to achieve appropriate accuracy * prepare or obtain standards * calibrate the equipment * conduct the test * calculate the result(s) * report the results with appropriate significant figures and a statement of precision and accuracy 

7.6.3. Observe and tabulate types of work and interpersonal relationships in several local industrial labs

7.6.4. Prepare a report on the physical property measurements, including principles on which the tests are based, conclusions, next steps, and recommended follow-up. 

8. Performing chemical analysis

8.1. Reading analytical methods

8.1.1. Identify associations that develop and evaluate analytical methods for chemical analysis such as the American Society for Testing and Materials (ASTM), the Association of Official Analytical Chemists (AOAC), and the U. S. Pharmacopeias (USP). 

8.1.2. Examine both analytical methods books and methods found on-line to identify methods for specific analytical requirements. 

8.1.3. Read a reference method used by a local employer; identify the scope, equipment safety considerations, calibration, required procedure, precision, accuracy, and results format; note differences among methods used by local employers, industry, and comparable standard methods in reference books. 

8.1.4. Find a method for a given analysis and report on such items as scope, detection limit, required equipment, safety considerations, calibration methods, how to report results, etc. , and convert it to a Standard Operating Procedure. 

8.2. Preparing analytical solutions

8.2.1. Define "primary standard," list the desirable characteristics of a good primary standard, and give examples. 

8.2.2. Calculate mole quantities and equivalent quantities for given quantities of materials. 

8.2.3. Define and calculate solution concentration in terms mass/volume percent, normality, molarity, molality, and ppm and describe the experimental situations when each concentration unit is appropriate. 

8.2.4. Calculate the amount of material required to prepare specified amounts of solutions of known molarity and molality, given the molecular weight of the material. 

8.2.5. Calculate the volume of a solution of known concentration required to produce a specified volume of a solution of lower concentration. 

8.2.6. Calculate the grams of pure solid chemical required to prepare a certain volume of solution of a certain normality, given the equivalent weight or the reaction for which the solution will be used (acid-base reaction or oxidation-reduction reaction). 

8.2.7. Compare the equivalent weight of acids, bases, oxidizing agents and reducing agents to their formula weight given the acid-base or oxidation-reduction reactions in which the compounds are involved. 

8.2.8. Prepare solutions of certain mass/volume percent, normality, molarity, molality, and ppm to be used for any of a variety of purposes, including acid-base and oxidation-reduction titrations. 

8.3. Preparing samples for chemical analysis I - getting samples into the required form

8.3.1. Describe specific physical and chemical properties of common acids and bases. 

8.3.2. Demonstrate proper techniques for handling acids and bases. 

8.3.3. Carry out the following techniques to prepare samples for analysis and describe the appropriate use of each: * grind solid materials using mortar and pestle, a ball mill grinder, and a hammer mill grinder * dissolve samples in aqueous and nonaqueous solvents * acid digest samples * ash samples in porcelain and platinum containers * reflux materials 

8.3.4. For each of the above sample preparation techniques, give an example of a specific analytical method that requires use of the technique. 

8.3.5. Discuss techniques used to transfer liquids, solids, and gases from bulk containers to labware used for analysis. 

8.3.6. Use techniques such as grinding and mixing to obtain a homogeneous sample and cite the advantages and disadvantages of the tools and techniques used in these operations. 

8.3.7. Prepare a presentation describing a sample preparation technique indicating for what type of materials it is used, and for which analytical methods it is most appropriate. 

8.4. Preparing samples for chemical analysis II - isolating the material to be measured

8.4.1. Describe the use of the following separation techniques used in chemical analysis: * filtration * distillation * evaporation * extraction * chromatography * and electrophoresis *

8.4.2. Describe the nature of interaction of mixture components with the mobile and stationary phases in partition chromatography, adsorption chromatography, ion-exchange chromatography, and size exclusion chromatography

8.4.3. Compare the behavior and role of stationary and mobile phases in column chromatography. 

8.4.4. Select chromatographic techniques (type, configuration, and mobile and stationary phases) based on the characteristics of the material to be separated. 

8.4.5. Demonstrate how to use column chromatography to isolate components and prepare samples for analysis. 

8.4.6. Define bonded phase chromatography, gel permeation chromatography, and gel filtration chromatography and describe their applications. 

8.4.7. Summarize the separation methods by describing the mechanism of separation and by giving examples of the use of each in conducting chemical analysis. 

8.5. Measuring pH

8.5.1. Relate the pH scale to acidity/basicity. 

8.5.2. Calculate pH given the hydrogen ion or hydroxide ion concentration. 

8.5.3. Calculate the hydrogen ion or hydroxide ion concentrations given the pH. 

8.5.4. Calibrate a pH meter. 

8.5.5. Measure pH using indicators, papers, and pH meters; compare the precision of these methods. 

8.5.6. Explain what a buffer solution is and describe in both general and specific terms how buffers work to control the pH of a solution. 

8.5.7. Demonstrate how to prepare and use buffer solutions. 

8.5.8. Measure pH in nonaqueous solutions. 

8.5.9. Measure pH using an on-line pH meter. 

8.6. Performing volumetric analysis I - acid-base titrations

8.6.1. Relate the number of protons involved in neutralization to the calculation of equivalent weight. 

8.6.2. Select and use specific indicators to be used for acid-base titrations. 

8.6.3. Standardize solutions of unknown normality to be used as titrants for specific reactions. 

8.6.4. Select the appropriate electrodes for acid-base titrations. 

8.6.5. Using electrodes, perform standard procedures involving acid-base titrations. 

8.6.6. Read the endpoints from electrode potential curves. 

8.6.7. Plot electrode potential curves from a data set collected during a titration. 

8.6.8. Use an automatic titrator and compare the data obtained with a manual titration. 

8.6.9. Demonstrate how to care for and condition electrodes. 

8.6.10. Perform titrations in nonaqueous media. 

8.6.11. Measure the rate of a neutralization reaction by carrying out an acid-base titration. 

8.7. Performing volumetric analysis II - oxidation-reduction titrations

8.7.1. Describe how oxidation-reduction titrations are used for chemical analysis and give examples. 

8.7.2. Apply oxidation states of common ions in writing chemical formulas. 

8.7.3. Write oxidation and reduction half-reactions in terms of loss and gain of electrons. 

8.7.4. Write and balance oxidation-reduction reactions. 

8.7.5. Perform standard procedures involving oxidation-reduction titrations. 

8.7.6. Describe the characteristics, use, and care of electrodes used in oxidation-reductions titrations. 

8.8. Performing volumetric analysis III - complexometric titrations

8.8.1. Describe the characteristics, use, and care of ion-selective electrodes. 

8.8.2. Describe how complexometric titrations are used in chemical measurement and give examples. 

8.8.3. Perform standard analytical methods using EDTA. 

8.8.4. Perform procedures involving complexometric titrations to measure components of interest to local employers. 

8.9. Performing colorimetric analysis

8.9.1. Identify the components of a colorimeter and spectrophotometer. 

8.9.2. Apply Beers’ Law to the measurement of concentration and describe the function of absorbance, path length, and extinction coefficients in such measurements. 

8.9.3. Select and use standards appropriately to calibrate for spectrophotometric analysis. 

8.9.4. Perform absorbance/transmittance conversions. 

8.9.5. Perform several standard analytical procedures using spectrophotometric methods. 

8.9.6. Determine the working range for various spectrophotometric measurements and give examples. 

8.9.7. Determine the detection limit for a specific spectrophotometric analysis. 

8.9.8. Describe how colorimetric analysis is used for chemical measurements and give examples. 

8.9.9. Relate wavelength, frequency, and color for the visible spectrum as used in chemical measurements. 

8.9.10. Follow written procedures for spectrophotometric analysis, including sample preparation and calibration to measure components of interest to local industry. 

8.9.11. Select, use, and care for cells for gases and liquids. 

8.10. Performing gravimetric techniques

8.10.1. Describe and write chemical reactions that form insoluble precipitates. 

8.10.2. Identify chemical reactions that produce precipitates which may be used as analytical methods for several types of chemical materials. 

8.10.3. Describe how gravimetric analysis is used in chemical measurement. 

8.10.4. Based on particle size retention, select filter media (e. g. , paper, cellulose acetate, glass fiber, Millipore, and nucleopore) as appropriate to specified chemical systems. 

8.10.5. Use laboratory filtration apparatus such as a variety of filters and centrifuges to effect quantitative separations and retentions. 

8.10.6. Perform several multi-step gravimetric procedures, including sample collection, preparation, cleanup, analysis, data collection, and calculation of results. 

8.10.7. Perform a gravimetric analysis by measuring components specific to local employers’ needs. 

8.11. Performing electroanalytical techniques

8.11.1. Describe the relationship of Faraday's Law to concentration . 

8.11.2. Balance oxidation-reduction reactions by writing half reactions. 

8.11.3. Describe how electroanalytical techniques are used in making measurements on chemical systems. 

8.11.4. Select and use ion-selective electrodes for measurement of cations or anions. 

8.11.5. Describe and perform the Karl Fischer analysis for the determination of water in a sample. 

8.11.6. Perform an electroanalytical procedure to measure components specific to local employer's needs. 

8.11.7. List and describe characteristics of a variety of electroanalytical methods of analysis, including coulometry, polarography, and electrophoresis. 

8.11.8. Conduct electroanalytical measurements using polarography, coulometry, electroplating, or other related techniques. 

8.12. Workplace experience: chemical analysis

8.12.1. Review the job descriptions of technicians conducting chemical analyses. 

8.12.2. Identify the glassware and equipment used in the industrial laboratory and equipment used in the school laboratory. 

8.12.3. Write the relevant chemical equations for the analytical procedures carried out; document procedures used to obtain proper samples, prepare the samples, standardize the necessary solutions, perform appropriate calibrations, and carry out the measurements; determine the precision and accuracy of each measurement; and prepare a report. 

8.12.4. Conduct standard analytical procedures utilizing two or more of the following: * acid-base titration * colorimetric analysis * electrochemical procedures * compleximetric procedures

8.12.5. Meet with technicians and scientists and have them describe the importance of chemical analyses to the objectives of their laboratory and/or employer; write a report. 

9. Performing instrumental analysis

9.1. Overview of instrumental analysis

9.1.1. Recognize that instrumental analysis can be divided into four major categories an give examples of each: * molecular spectroscopy * atomic spectroscopy * chromatography * X-ray diffraction and microscopy

9.1.2. Demonstrate the use of print media, computer software, internet browsers, and other data library sources to obtain relevant spectra, structure, and other reference information; show how each is used in solving problems. 

9.2. Troubleshooting and maintenance

9.2.1. Read and understand instrument manuals and follow manual directions appropriately. 

9.2.2. Recognize details of a service maintenance contract and the associated vendor relationships. 

9.2.3. Maintain an equipment log for instruments in the laboratory. 

9.2.4. Recognize proper instrument function from patterns in data obtained from an instrument. 

9.2.5. Use tools appropriate to instrument maintenance, including pipe fitting. 

9.2.6. Recognize whether instruments are working properly; develop a sense that the spectra or other outputs are consistent with normal operations; identify signs of degradation and impending failure. 

9.2.7. Read instrument diagrams, and identify warnings and cautions

9.2.8. Identify instrument malfunctions that occur at computer interfaces. 

9.2.9. Identify when a problem with an instrument requires the service of an instrument repair technician. 

9.2.10. Troubleshoot instruments using the manufacturer's manual listing of problems and causes, and basic knowledge of electronics and electronic systems. 

9.2.11. Make minor repairs, change fuses, locate failing electrical connections, and identify likely points of electrical failure. 
9.3. Calibration

9.3.1. Describe the use of calibration techniques when performing instrumental analysis. 

9.3.2. Identify the linear portion of a calibration curve . 

9.3.3. Describe the causes of nonlinearity in calibration. 

9.3.4. Use computers to prepare graphs and other calibration descriptions. 

9.3.5. Perform calibrations using available instruments and plot appropriate graphs. 

9.3.6. Describe limitations of instrumental techniques based on matrix effects, interferences, etc. 

9.3.7. Recognize proper instrument function from patterns in data obtained from an instrument. 

9.3.8. Define the concept of "extrapolation to infinite dilution" and its use in calibration. 

9.3.9. Perform a calibration using standard additions and describe the value of the technique. 

9.3.10. Perform a calibration using "internal standards" and describe the value of the technique. 

9.4. Sample preparation

9.4.1. Describe four (4) different techniques for preparing samples for instrumental analysis. . 

9.4.2. Identify and describe the various grades of chemical reagents, including the specific characteristics required of spectrograde and/or chromatographic reagents. 

9.4.3. Demonstrate ways to protect samples from contamination or alteration. 

9.4.4. Demonstrate the proper care and handling of hygroscopic and/or moisture sensitive materials. 

9.4.5. Identify appropriate solvents for the dissolution of sample solids and/or dilution of sample solutions being analyzed, consistent with the technique being used. 

9.4.6. Extract materials from a variety of matrices using liquid/liquid and solid/liquid techniques. 

9.4.7. Demonstrate proficiency in handling small quantities of materials. 

9.5. Principles of spectroscopy

9.5.1. Define "spectroscopy" in terms of the interaction of radiant energy and matter. 

9.5.2. Draw a diagram of the electromagnetic spectrum indicating wavelength regions from gamma rays to radio waves. 

9.5.3. Identify wavelength and frequency ranges of ultraviolet (UV), visible, and infrared (IR) regions. 

9.5.4. Show the relationship between wavelength, frequency, and energy. 

9.5.5. Show the relationship between concentration of an absorbing species and the transmittance/absorbance of energy. 

9.5.6. Diagram energy-level transitions observed by the absorption of radiation and those by the emission of radiation. 

9.5.7. Describe differences between the way energy is absorbed in the IR region and the ultraviolet-visible (UV-vis) region of the spectrum. 

9.6. Molecular spectroscopy I - ultraviolet-visible spectroscopy

9.6.1. Write a description of the principles of UV-Visible spectroscopy, including an explanation as to what makes it useful as an analytical tool. . 

9.6.2. Sketch a simple diagram of a UV-Visible spectrometer, identifying the radiation source(s), the monochromator (grating), and the detector(s) used. 

9.6.3. Identify the ultraviolet (UV) and visible portions of the spectra, using their respective ranges of wavelength. . 

9.6.4. Using Beers’ law, solve equations relating concentration to spectral absorbance in the UV and visible ranges. 

9.6.5. Describe the kinds of compounds that absorb in the UV region of the spectra. 

9.6.6. List possible areas of error in UV-vis spectroscopy. 

9.6.7. Demonstrate proper care of cells used for analysis. 

9.6.8. Carry out several analyses using UV and/or Visible absorption from calibration through final analysis on known materials. 

9.6.9. Provide examples of uses of ultraviolet-visible (UV-vis) spectroscopy in local industry. 

9.7. Molecular spectroscopy II - infrared spectroscopy

9.7.1. Write a description of the principles of IR spectroscopy, including an explanation as to what makes it useful as an analytical tool. . 

9.7.2. Identify the infrared (IR) portion of the spectrum in terms of frequency range. 

9.7.3. Solve equations relating concentration to absorbance (Beers’ Law). 

9.7.4. Describe how IR spectroscopy is applied to the analysis of materials and to the identification of organic functional groups. 

9.7.5. Identify the organic functional groups most appropriately measured using IR spectroscopy. 

9.7.6. Identify limitations of IR spectroscopy as a technique. 

9.7.7. Select the most appropriate IR spectrophotometric technique for a given analysis. 

9.7.8. Demonstrate the proper care and handling of IR sample cells. 

9.7.9. Demonstrate the proper care and handling of IR sample cells. 

9.7.10. Prepare samples for IR analysis using mulls, pellets, reflectants, salt plates, and liquid sampling cells. 

9.7.11. Analyze several known samples using IR techniques. 

9.7.12. Demonstrate the use of computerized reference spectra. 

9.7.13. Provide examples of uses of IR spectroscopy in local industry. 

9.7.14. Identify common IR detectors and describe the use of each. 

9.7.15. Describe the difference between wavelength dispersive IR and Fourier transform IR (FTIR) spectroscopy. 

9.7.16. Identify instrumental parameters associated with IR spectroscopy and their impact on measurement. 

9.7.17. Identify the major vendors of IR equipment (Perkin-Elmer, Nicolet, etc. ). 

9.7.18. Describe common mechanisms of interfacing IR apparatus with other instruments. 

9.8. Molecular spectroscopy III - mass spectrometry

9.8.1. Write a description of the principles of mass spectrometry (MS), including an explanation as to what makes it useful as an analytical tool. . 

9.8.2. Describe the concept of a parent ion and its importance in mass spectra-analysis. 

9.8.3. Identify a variety of MS techniques (e. g. , ionization, time of flight). 

9.8.4. Explain how vacuum systems work in MS systems. 

9.8.5. Give examples of how various instruments such as liquid chromatographs and gas chromatographs are combined with mass spectrometers to form liquid chromatography/MS and gas chromatography/MS. 

9.8.6. Prepare samples for MS analysis. 

9.8.7. Predict the mass spectrum for a specified sample mixture. 

9.8.8. Analyze a variety of materials using a mass spectrometer. 

9.8.9. Identify molecular ions from mass spectra output. Identify molecular ions from mass spectra output. 

9.8.10. Provide examples and uses of mass spectrometers in local industry. 

9.9. Molecular spectroscopy IV - nuclear magnetic resonance spectroscopy

9.9.1. Write a description of the principles of nuclear magnetic resonance (NMR) spectroscopy, including an explanation as to what makes it useful as an analytical tool. . 

9.9.2. Identify structural properties of materials measured using NMR. 

9.9.3. Use and explain why and when deuterated solvents are used for NMR experiments. 

9.9.4. Identify major vendors of NMR instruments. 

9.9.5. Prepare samples for NMR analysis. 

9.9.6. Tune and calibrate an NMR instrument. 

9.9.7. Describe hazards associated with working with NMR. 

9.9.8. Perform analyses using proton and C13 NMR instruments. 

9.9.9. Provide examples and uses of NMR as a measurement tool in local industry. 

9.9.10. Interpret basic patterns of spectra. 

9.10. Atomic spectroscopy I - X-ray fluorescence

9.10.1. Identify and describe the safety considerations and regulations associated with using X-ray equipment

9.10.2. Write a description of the principles of X-ray fluorescence, including an explanation as to what makes it useful as an analytical tool. 

9.10.3. Identify and describe the types of X-ray fluorescence techniques (wavelength and energy dispersion) and the principles by which each works. 

9.10.4. Describe how X-ray fluorescence is used to analyze for elements and the specific reasons why one would chose this technique over others. 

9.10.5. Describe why the nondestructive nature of X-ray analysis makes it a valuable analytical technique. 

9.10.6. Calculate X-ray intensity relative to concentration and wavelength using the Bragg equation. 

9.10.7. Conduct an analysis on an unknown material using X-ray fluorescence. 

9.10.8. Provide examples of at least four ways in which X-ray analysis is used in industry. 

9.10.9. Conduct an analysis of a known material using X-ray fluorescence, which includes calibration, matrix correction, sample preparation, and calculation of percent of component element. 

9.11. Atomic spectroscopy II - emission spectroscopy

9.11.1. Write a description of the principles of atomic emission (AE) spectroscopy, including an explanation as to what makes it useful as an analytical tool. 

9.11.2. Characterize energy sources used to excite materials, including spark source, flame, and inductively coupled plasmas; explain the use of each. 

9.11.3. Identify precautions required for handling the high-energy sources safely. 

9.11.4. Conduct analyses using emission spectroscopy. 

9.11.5. Provide examples of at least three applications of emission spectroscopy in local industry. 

9.11.6. Relate fundamentals of atomic structure and spectral lines resulting from excited states to the use of emission spectroscopy. 

9.11.7. Identify and describe the various detectors associated with emission spectroscopy instruments. 

9.12. Atomic spectroscopy III - atomic absorption

9.12.1. Write a description of the principles of atomic absorption (AA) spectroscopy, including an explanation as to what makes it useful as an analytical tool. 

9.12.2. Identify requirements for calibration and corrections for interference for elemental analysis using AA. 

9.12.3. Use an AA method to analyze for elements in a mixture, including sample preparation, dilution, calibration, analysis, and calculation of results with accuracy and precision included. 

9.12.4. Provide examples of at least four applications of AA in local industry. 

9.12.5. Compare a variety of AA techniques commonly used in industry, including flame, graphite furnaces, and vapor generation. 

9.13. Chromatography I - gas chromatography

9.13.1. Write a description of the principles of gas chromatography (GC) as a separation technique, including an explanation as to what makes it useful as an analytical tool. 

9.13.2. Identify the components of a gas chromatograph. 

9.13.3. Relate the effects of column length and gas flow rate to separation efficiency. 

9.13.4. Determine the gas flow rate in a GC system. 

9.13.5. Demonstrate the set-up of parameters for a recorder, integrator, and/or recording computer for the production of reliable, readable, and repetitive chromatograms. 

9.13.6. Describe, install, use, and maintain a variety of chromatographic columns including packed, capillary, glass, etc. , utilizing a variety (polar vs. non-polar) of stationary phases. 

9.13.7. Use a variety of gas chromatographs (including computer controlled) to analyze known and unknown mixtures, setting up all operational parameters, running pertinent calibrations, and carrying out all data analyses. 

9.13.8. Identify examples of at least six applications of GC in local industries. 

9.13.9. Identify three major vendors of gas chromatographic instruments. 

9.13.10. Describe various GC detectors, including thermal conductivity (TCD), flame ionization (FID), and electron capture (ECD) in terms of their use, detection limits, and special characteristics; list advantages and disadvantages. 

9.13.11. Characterize a variety of injection ports (direct, split-septum, purge & trap, headspace, etc. ) and the usefulness of each for gases and liquids. 

9.13.12. Develop a gradient program to enhance a GC separation. 

9.13.13. Utilizing measured parameters on chromatograms, identify analytical and/or instrumental "problems". 

9.13.14. Perform a calibration using "internal standards" and describe the value of the technique. 

9.14. Chromatography II - high-performance liquid chromatography

9.14.1. Write a description of the principles of high-performance liquid chromatography (HPLC) as a separation technique, including an explanation as to what makes it useful as an analytical tool. 

9.14.2. Identify and characterize components of a high-performance liquid chromatograph. 

9.14.3. Identify the parameters (temperature, mobile phase flow rate and viscosity, polarity, etc. ) of a high-performance liquid chromatograph that might influence the chromatogram. 

9.14.4. Select appropriate high-purity solvents, based on polarity, and correctly prepare HPLC mobile phases of appropriate "strength" for various separation needs. 

9.14.5. Use a variety of HPLC's (including computer controlled) to analyze known and unknown mixtures, setting up all operational parameters, performing appropriate calibrations, and carrying out all data analyses. 

9.14.6. Provide examples of at least four uses of HPLC as used in local industry. 

9.14.7. Identify major vendors of HPLC equipment. 

9.14.8. Demonstrate the integration process for calculating chromatographic peak areas. 

9.14.9. Describe various HPLC detectors, including diode array, ultraviolet [UV], fluorescence, conductivity, refractive index (RI), and mass spectrometry [MS) in terms of their usage and special characteristics; list advantages and disadvantages. 

9.14.10. Describe, install, use, and maintain a variety of stationary phase types of HPLC columns. (Normal phase, reverse phase, ion pair, ion exchange, size exclusion, etc. )

9.14.11. Develop a gradient program to enhance an HPLC separation. 

9.14.12. Maximize the performance of an HPLC by adjusting parameters to optimize peak width and resolution and minimize tailing. 

9.14.13. Utilizing measured parameters on chromatograms, identify analytical and/or instrumental "problems". 

9.15. Chromatography III - thin layer chromatography

9.15.1. Write a description of the principles of thin-layer chromatography (TLC) as a separation technique, including an explanation as to what makes it useful as an analytical tool. 

9.15.2. Identify and characterize effects of temperature, solvents, and plate stationary phases on conducting TLC separations. 

9.15.3. Identify and describe components of the apparatus used to conduct TLC. 

9.15.4. Conduct a TLC identification of a known mixture, including preparing and conditioning plates and/or spotting plates, performing the separation, scanning the plates, and interpreting the data. 

9.15.5. Identify the components in an unknown material using TLC. 

9.15.6. Provide examples of at least three uses of TLC in industry. 

9.15.7. Identify several reagents used to enhance the visualization of the TLC separations. 

9.16. X-ray diffraction and microscopy

9.16.1. Write a description of the principles of X-ray diffraction, including an explanation as to what makes it useful as an analytical tool. 

9.16.2. Use a light microscope to examine samples; make observations regarding homogeneity/heterogeneity, size, color, and other physical characteristics. 

9.16.3. Describe the principle that provides the basis for the electron microscope. 

9.16.4. Identify a variety of crystal types. 

9.16.5. Use (or observe the use of) an electron microscope to identify crystal structures. 

9.16.6. Provide examples of uses of X-ray and microscopic techniques in industry. 

9.16.7. Describe the difference among scanning electron microscopy (SEM), transmission electron microscopy (TEM), and scanning transmission electron microscopy (STEM); give examples of the use of each. 

9.16.8. Use the Bragg equation to calculate interplanar spacing. 

9.16.9. Demonstrate how diffraction patterns are used in determining crystal structure. 

9.16.10. Contrast diffraction and single crystal X-ray analysis and describe situations in which each is applicable. 

9.16.11. Use diffraction equipment to determine the structure of several known crystal types. 

9.16.12. Identify the basic structure of an unknown sample using X-ray diffraction. 

10. Designing and conducting experiments

10.1. Designing and conducting experiments

10.1.1. Describe the steps in the scientific method (observation, hypothesis, testing and experimentation, conclusion, and re-evaluation). 

10.1.2. Conduct literature searches pertinent to the experiment. 

10.1.3. Describe the importance of "defining the problem" when planning experiments. 

10.1.4. Define the terms relating to the design of statistically valid experiments and methods, such as detection limit, ruggedness, validation, system suitability, and statistical control. 

10.1.5. Design an experiment that will yield statistically valid results; determine the number of samples required for a valid experiment and the kind and quality of data required to validate procedure. 

10.1.6. Demonstrate the use of a control when designing and conducting experiments

10.1.7. Assess the potential error in each of the steps of a procedure. 

10.1.8. Define the terms accuracy and precision as they relate to the experimental data. 

10.1.9. Demonstrate the ability to recognize patterns in experimental data. 

10.1.10. Interview a local employer and describe the process used in designing and conducting statistically valid experiments. 

11. Synthesizing compounds

11.1. Introduction to organic synthesis

11.1.1. Define "synthesis" and give five examples of large volume industrial synthetic chemicals; define the process and synthetic steps for each

11.1.2. Outline the steps for conducting a synthesis to include preparation, execution, workup, product analysis, and documentation. 

11.1.3. Describe the appropriate conditions and situations in which to conduct a synthesis at various scales: large scale, small scale and micro scale. 

11.1.4. Identify common synthetic chemicals of interest to local-area employers and document their synthesis procedures. 

11.2. Chemical reactions

11.2.1. Identify and write examples of the following functional groups: alkene, alkyne, haloalkane, alcohol, ether, ketone, aldehyde, carboxylic acid, ester, amide, amine, and aromatic ring. 

11.2.2. For a substitution reaction, label the reactants, products, the leaving group, the electrophile, and the nucleophile. 

11.2.3. Identify and write chemical equations that represent: substitution reactions, elimination reactions, addition reactions, and condensation reactions for organic compounds. 

11.2.4. Provide examples of ten "name" reactions in organic chemistry. 

11.2.5. Identify characteristics of chemical equilibrium and write equilibrium expressions. 

11.2.6. Provide examples of structural isomers, and cis and trans stereoisomers, enantiomers, and diastereomers. 

11.2.7. Provide an example of a molecule that has R absolute configuration and one that is S in absolute configuration. 

11.2.8. Provide an example of each of the reaction types: stereoselective, stereospecific, regioselective, and regiospecific

11.2.9. Provide the IUPAC name for a molecule when it contains an alkene, alkyne, halogen, alcohol, ether, ketone, aldehyde, carboxylic acid, ester, amide, and amine

11.2.10. Identify and write examples and the mechanism of a: Free radical reaction, SN1 reaction, SN2 reaction, E1 reaction, E2 reaction, oxidation reaction, reduction reaction, and electrophilic aromatic substitution reaction. 

11.2.11. Identify characteristics of the kinetics involved for first order and second order reactions and write a rate expression for each reaction type. 

11.2.12. Identify characteristics of chemical thermodynamics involved for first order and second order reactions and how thermodynamics affect product distribution. 

11.3. Polymerization reactions

11.3.1. Define the terms monomer, dimer, trimer, oligomer, and polymer, and give three examples of each. 

11.3.2. Determine the formula weight of polymers. 

11.3.3. Define the following types of polymer structures and give three examples of each: linear, branched, cross linked and ladder. 

11.3.4. Define the term "copolymer" and give three examples of each type: random, regular, graft and block. 

11.3.5. Give an example of a free-radical polymerization reaction and describe the function of the reaction initiator. 

11.3.6. Define polymer morphology and describe crystalline and amorphous domains. 

11.3.7. Identify ten common manufacturing processes that are important in current commercial polymerization products

11.3.8. Identify ten common commercial polymeric materials and their consumer product applications. 

11.3.9. Define the following types of polymerization processes and give an example of type of the resulting polymer from each: addition, condensation, and ring-opening. 

11.3.10. Give an example of each: anionic polymerization and cationic polymerization. 

11.3.11. Define step polymerization and chain polymerization and compare the two processes. 

11.3.12. Provide an example of a polyester, polyamide, polyurethane, polyolefin, and polycarbonate, and identify the key functional group in each example. 

11.3.13. Give a definition of a thermoplastic material and relate the terms Tg and Tm to the various physical states when the material is heated from cold to hot. 

11.3.14. Describe the term "molecular weight (MW) distribution" and provide a diagram of a Gaussian MW distribution, and label the mean MW. 

11.3.15. Describe Gel Permeation Chromatography (GPC) and how it is used to determine polymer molecular weight. 

11.3.16. Give an example of a differential scanning calorimetry (DSC) curve and label the phase transitions as the polymer is heated. 

11.3.17. Relate the chain length of a polymeric matrix to the mechanical properties of the plastic. 

11.3.18. Perform a polymerization reaction utilizing each of the following processes: condensation, addition, and ring-opening. 

11.3.19. Describe how a polymer's molecular weight relates to its solution Intrinsic Viscosity. 

11.3.20. Define tensile strength and relate it to a polymer's stiffness and toughness, and provide a stress-strain curve labeling the axes, the yield point, the break point, and ultimate strength of the sample.
11.4. Preparing to conduct a synthesis

11.4.1. Select and assemble appropriate glassware and equipment required for a synthesis and its workup. 

11.4.2. Prepare a synthesis plan that includes: experimental objective, structures and molecular weights of reagents, quantities of all reactants and solvents, moles and stoichiometric relationships between reactants and products, and theoretical yields. 

11.4.3. Identify experimental procedures and precautions appropriate to follow when carrying out exothermic and endothermic reactions on the laboratory scale. 

11.4.4. Obtain and purify the reagents and solvents necessary for a synthesis. 

11.5. Conducting a synthesis

11.5.1. Monitor and document all procedures and observable changes that take place during the reaction; document analytical findings and conclusions. 

11.5.2. Synthesize organic compounds utilizing selected chemical reaction procedures at large scale, small scale, and microscale techniques under the following conditions: ambient, inert, and special (dry box, fume hood, etc.)
11.5.3. Determine the purity of reaction products using thin-layer chromatography (TLC), gas chromatography (GC), high-pressure liquid chromatography (HPLC), and other instrumental techniques. 

11.5.4. Purify synthesis products using filtration, liquid/liquid extraction, distillation, and recrystallization techniques as appropriate. 

11.5.5. Work as a team member with a group in an industrial synthesis laboratory

11.5.6. Perform the required steps as defined by an industrial chemist to prepare for conducting syntheses, assemble the equipment, start and monitor the reaction, document all observations and laboratory data, measure and purify the product, and calculate the yield. 

11.5.7. Prepare a report that describes the experimental objective, chemical reactions, their mechanisms, literature research, processes used to perform the synthesis and purification of products, results, and conclusions. 

11.5.8. Analyze the purified product using spectroscopic techniques to include: infrared (IR), nuclear magnetic resonance (NMR), mass spec (MS), and GC-MS. 

11.6. Purification methods

11.6.1. Using standard laboratory equipment, identify and set up the equipment, and carry out the experiments using the following: simple distillation, vacuum distillation, steam distillation, fractional distillation, vacuum fractional distillation, azeotropic distillation. 

11.6.2. Identify text and on-line reference materials that describe purification methods for chemicals and solvents. 

11.6.3. Describe the major processes used in the synthesis laboratory to separate and purify starting materials and synthetic products

11.7. Molecular modeling

11.7.1. Utilize available molecular model kits to construct accurate three-dimensional models of selected organic compounds; provide the correct IUPAC name the model compound. 

11.7.2. Identify software specifically designed for molecular modeling. 

11.7.3. Using molecular modeling software, create and manipulate several common molecular structures, calculate charges, and print in graphical format. 

11.7.4. From molecular model components, sketch potential three-dimensional designs and relate to chemical activity. 

11.7.5. Calculate energy confirmations from structural information. 

11.7.6. Correlate statistical output with activity using quantitative structure-activity relationships (QSAR). 

11.8. Scale-up chemical reactions

11.8.1. Identify equipment used in a pilot plant. 

11.8.2. Visit local pilot plants and commercial plants, and observe the processes being used for scale-up. 

11.8.3. Relate information and process used in a laboratory-scale synthesis to a scaled-up version. 

11.8.4. Describe issues associated with converting a chemical process and procedures at a pilot plant to a commercial plant scale, including the effects of kinetics, equilibrium, yields, and waste streams. 

11.8.5. Describe issues associated with converting a chemical process and procedures at a laboratory scale to a pilot plant, including the effects of kinetics, equilibrium, yields, and waste streams. 

11.8.6. Participate in assembling equipment for scale-up of a chemical reaction

11.8.7. Prepare a report on the differences between the laboratory-scale and the scaled-up version of the reaction; include product yield, intermediate products, analysis, and procedural data and observations. 

11.8.8. Use models to predict results when scaling up laboratory procedures.
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