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Our first experiment 
 Pennies + salt + lemon juice 

 Partially immerse the penny for 5 
seconds 

 What happened? 
 Now let’s soak 4 pennies in 

solution for 10 minutes 

 Coating of penny is pure copper 
(Cu) 







Chemical Bonding - Ionic Bonds 

 Formed by taking of electrons  
 creating anions (-) and cations (+)  
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Chemical Bonding 
 Atoms like to have a full outer shell and 

will gain lose or share electrons to achieve a 
full outer shell 

 Electron configuration 
 
 1A 2A 3A 4A 5A 6A 7A 0 



Electron Configuration 

Potassium Chlorine 



Group IA- Alkali Metals 

 Hydrogen is the odd duck here 
 Lithium, Sodium, Potassium – common 
 Water reactive 
 Na (Sodium) and K (Potassium) are very 

common and readily form ionic compounds 
(sodium chloride = salt) 



Lithium in Water 
Least water reactive of Group I metals 

 Lithium reacts with water 
& fizzes  

 The fizzing is from 
released hydrogen gas 

 Generated by splitting 
water into H + OH then 
forming 2LiOH + H2 gas  



Sodium in Water 
Increasing reactivity as we go down in Group IA 

 Sodium reacts with water 
& turns molten  

 Heat & hydrogen gas are 
released 

 Splits water into H + OH 
then forming 2NaOH + H2 
gas  

 Large quantities will 
detonate 

 



Potassium in Water 
Even more water reactive 

 Potassium reacts with 
water igniting hydrogen  

 Burns out very quickly 
 Generated by splitting 

water into H + OH then 
forming 2KOH + H2 gas  

 Detonation will occur if 
larger amounts are used 



Potassium Metal (K2) – Color Key 
 Silver – Potassium metal -Water Reactive 
 White – P. Hydroxide – Corrosive 
 Yellow/Orange – P. Superoxide 

 Water reactive, corrosive, unstable 
 Red – P. Ozonide - Highly reactive, explosive 



Group VIIA - Halogens 

 Chlorine, Bromine, Iodine - common 
 Increased hazard as you move up chart 
 Volatile, corrosive hazards as elements 
 Reactive, so readily form salts 
 Sodium chloride = salt = NaCl 
 Halogenated organic compounds contain 

these little dookers… 
 Methylene chloride  (CH2Cl2) 



Pure Halogens Found as F2, Cl2, Br2, I2 
Increased density as you move down periodic table 

Chlorine gas  

Fluorine gas  

Bromine vapor  

Bromine liquid  

Iodine solid  

Iodine 
sublimate  



Compounds 

 Two or more elements bonded together 
 Naming, prefixes (cation) and suffixes (anion) 

 Sodium (Na) + chlorine (Cl) = sodium chloride 
 Some common groups 

 NO3 = (one nitrogen + 3 oxygen) is called Nitrate 
 SO4 = sulfate 
 PO4 = phosphate 



Two-Part Products: Organic Peroxides 
 Isocyanates (polyurethanes) and others 
 Foam, adhesive, paint:  catalyst, activator, 

initiator 



Oil and What? 

 



 



 



 



What Can go Wrong 

 Hydrogen Peroxide reacting 
with hydrocarbon 
 
 



Inorganic vs. Organic 



What’s the Difference Between an 
Inorganic & Organic Compound? 

Can be confusing.  
 

 Organic = produced by living things, inorganic not.  
 Worked OK until 1828 & start of organic synthesis 

 Organic compounds contain carbon-hydrogen 
bonds. Inorganic compounds don't.  
 This is close enough. 



Organic Compounds 

 Carbon bonded to hydrogen plus whatever 
 If only hydrogen & carbon it’s a Hydrocarbon 

http://www.chemistryland.com/ElementarySchool/BuildingBlocks/BuildingOrganic.htm 
 

http://www.chemistryland.com/ElementarySchool/BuildingBlocks/BuildingOrganic.htm


Example Hydrocarbons 



Alcohols 

 Hydrocarbon with an oxygen between at least 1 
carbon and hydrogen (-OH) 

 Organic –OH = alcohol (CH3OH=methanol) 
 Inorganic –OH = caustic base (more later) 



ORGANIC 



Organic Pesticides 
 

 Organohalogenated - DDT, Aldrin, 

Chlordane, Methyl Bromide 

 Organophosphates - Parathion, Malathion 

Diazinon, Dichlorvos, Chlorpyrifos 

 Carbamates - Baygon, Aldicarb, Carbaryl 

(Sevin) 

 Urea Derivatives - Linuron 

http://upload.wikimedia.org/wikipedia/commons/0/0d/Carbamic_acid.svg


Inorganic Pesticides 

 Compounds containing heavy metals - lead, 
mercury, zinc, copper 

 Compounds containing semimetallics - arsenic 
 Compounds containing nonmetals - sulfur, 

fluoride, boron 



Inorganic Compounds 

 Mostly carbon-free 
 Some can contain carbon & 

hydrogen?? 
 Baking Soda NaHCO3 

 Includes caustics (corrosive 
acids & bases) 

 Metals & salts 



Transition Metals – Groups 3-12 

 Ductile & Malleable 
 Conduct electricity and heat ‘ 
 Metals commonly found in electronics 



Identifying Acids 

 Have pH less than 7 
 Hazardous waste is ≤ 2 
 Practical < 4 

 Turns pH paper red 
 Taste tart 
 React with metal to form hydrogen gas 
 Often have “acid” in the name 
 Often have a chemical formula that begins with “H” 



Inorganic Acids 

 Fully water soluble 
 Hydrogen is cation ( “+” ) & 

makes it acidic 
 Remainder is anion ( “-” ) & 

gives name 
 2H+ plus SO4 (sulfate) gives 

H2SO4 = sulfuric acid 
 H+ + Cl (chloride) = HCl = 

hydrochloric acid 



Exercise:  Corrosivity 

 What is the pH of elemental 
(pure liquid) mercury? 
 No water is present, so pH has 

no meaning 
 Is mercury corrosive? 

 Yes, mercury dissolves many 
metals, for example by forming 
an amalgam 

Liquid mercury in 

a glass ampoule 

inside a 

thermostat 



Identifying Bases 

 Have a pH greater than 7 
 Hazardous waste is ≥12.5 
 Practical > 10 

 Turn pH paper blue 
 Taste bitter 
 Have a slippery, soapy feel 
 May have “hydroxide”, or “alkali”, or “caustic” in the 

name 
 Often has “OH” in the chemical formula 



Inorganic Bases 

 Strong bases are generally 
hydroxides (-OH)  

 Hydroxides are very corrosive, 
especially to eyes & slippery 

 Soaps use hydroxides. It’s 
why they’re slippery. 
 Turn your skin into soap… 

 Drano = sodium hydroxide 



Crystals on Bottles 

 Takes two to tango 
 Crystals form when some 

compounds combine 
 Must be volatile and able to 

travel. Either: 
 Two leaking containers, or 
 One leaking container that’s 

air reactive 



Hydrochloric acid, round crystals 
White powder all over the place 

 Old bottles with 
degraded caps 

 Reacting with ammonia 
vapors 

 Ammonium chloride 
 Non-toxic 
 Replace polyethylene 

septum under the cap 



Nitric acid – white crystals 
 Old bottles with degraded caps 
 Nitric oxidizes cap in 7 to 10 years 
 Reacting with ammonia vapors 
 Ammonium nitrate 
 Powerful oxidizer 
 Replace the cap 



Crystals all over the bottle: 
Sodium hydroxide solutions 



Sodium hydroxide solutions 
crystallize in valves, leads to this 



Assessing Risk of Crystals 

 Crystals on acids & bases = common 
 Crystals on brown glass bottles = scary!!! 



Do What You Ought To… 

 Do what you “oughter”, add acid to 
water (same is true for bases) 
 Corrosives react with water & 

create a lot of heat (exothermic) 
 Pour water on top of strong acid or 

base = spattering 
 ALWAYS wear goggles when 

working near them 
 Results of a 30 second exposure to 

sodium hydroxide solution 



Still awake? 

Good! You passed your first test. 
Let’s take a break! 



Back to our experiment 

 Remove the pennies 
 Put them on paper towel 

and set aside 
 Partially submerge the 

nail in the solution & set 
aside 



What’s in a name? 
 Clues to a compound’s nature! 

 Nitrate, chlorate, bromate = oxidizer 
 Per = oxidizer if inorganic 

 Perchlorate, permanganate, peroxide, persulfate, 
perborate 

 Perchloroethylene (perc) is organic, not oxidizer 
 Dinitro-, Trinitro- = explosives if organic 
 Chromate, Dichromate = toxic, oxidizer 
 Sulfide, cyanide = poison gas if acidified 



More Chemical Clues from Names 

 Fluoride = toxic 
 Yep, toothpaste can contain a toxic ingredient 

 Amine ( “ah-meen”) = corrosive, flammable 
 Chloro-, iodo-, fluoro-, bromo- = halogens, so if 

organic compounds = persistent toxins 
 Words ending in –ane, -ene, -ol = organic 
 Words starting w/ meth-, eth-, prop-, but- means 

they’re organic compounds 



Names which leave you clueless 

 Chloride, bromide, iodide, oxide  
 Sulfate, phosphate, carbonate, acetate 

It all depends on what’s precedes 
those suffixes 

 Sodium Chloride is salt  
 Lead Chloride is a deadly poison 

 Not a function of chloride, but of cation 



RCRA Hazardous Waste Cheat Sheet 

 Easily show RCRA solid wastes & hazardous wastes   
 Useful for inspectors and teachers.  
 Let’s everyone figure out what’s not a big deal 
 Cations plus anions that are not federally hazardous 



RCRA Hazardous Waste Cheat Sheet 

Must be combined to be accurate 
Calcium + Chloride = CaCl2 



RCRA Cheat Sheet Test 
Which are not RCRA hazardous? 

 Sodium Phosphate 
 Lithium Nitrate 
 Iron 
 Zinc Acetate 
 Iodide Phosphate 
 Manganese Chloride 
 Aluminum 

 Non-haz combination 
 Nitrates are oxidizers 
 Powder is flammable solid 
 Non-haz combo 
 No such chemical name 
 Non-haz combo 
 Powder is flammable solid 

& water-reactive 



Why are some chemicals 
incompatible with others?  

 What does “incompatible” mean? 
 Examples of common incompatibilities 

 Could be with: 
 Heat 
 Another chemical 
 Series of conditions 



Tanker holding contaminated acid 
Often incompatibles create heat & vapors 



Incompatible chemical reaction 
oxidizers & organics 

 Nitric acid mixed with solvent 
 Nitric acid HNO3 

 HNO3 - 3 oxygens  
 Oxidizer! 

 Solvent is fuel 
 Reaction creates heat 
 Fire triangle 



Alka-Seltzer Reaction 

 Citric acid is a weak organic acid 
 Sodium bicarbonate is a weak base 
 Combine them to form sodium citrate and 

carbonic acid 
 Carbonic acid is carbon dioxide (CO2) 

dissolved in water (carbonation) 
 CO2 is a gas. It releases and expands. 



 White & yellow phosphorus 
 Incompatible w/ oxygen (air) 
 Store under water 
 Incompatible with metal lid! 



Strike a Match 
Chemistry in Action 

 Safety match head is sulfur, 
glass powder & an oxidizer 

 Match box surface is sand, 
powdered glass & red 
phosphorus 

 Oxidize red phosphorus = 
white phosphorus 
 Which reacts with air to set 

sulfur on fire 



School Chemicals Database 
A chemical-by-chemical resource 

 At King County Rehab the Lab site 
 http://lhwmp.org/HWApp/projects/schools/ChemList.aspx  

http://lhwmp.org/HWApp/projects/schools/ChemList.aspx


Can Search for Classes of Chems 
in this case carcinogens… 



A final look at our experiment 

 What do you see on your 
pennies? 
 Are they a bit blue? 
 The blue is “verdigris” 
 Copper Oxide from reaction 

with O2 in air 
 Remove the nails 
 What happened & why? 

 Copper plating (subbed for 
iron on surface) 



Chemical Reactions 

 Chemical changes are a result of chemical 
reactions 

 All chemical reactions involve a change in 
substance and a change in energy 



HHW Hazline Gets a Call 

 My father died. 
 I found old chemicals in 

the basement 
 Can I drive them over to 

the HHW site? 

Bombs in the Basement 



Collection Folks Asked for a List 

 It included Picric Acid 
 Don’t come to us, we’ll visit you first ! 



First Impression 



 

 Crystals 
 
 

 Corks 
 

 

 Residue on shelf 
 

 Tripping hazards 
 











 Gilbert Chemistry 
Outfit 

 “Not for children 
who can’t read” 

 Copyright 1936 
 Came with 75 

chemicals & assorted 
apparatus 



June 8, 1949 paper under the bottles 







Unfortunate Mixtures 
 Incompatibles together in lab or car 
 Combine chemicals to fill bottles 



Heading to the HHW Site? 



Fortunately This Was Just Latex Paint 



Reactivity:  “Nitro”  

• Beware of polynitro organic 
compounds 

 
Picric Acid  “tri-nitro-phenol”  
TNT  “tri-nitro-toluene” 
 



Nitromethane 

 Shock & heat sensitive 
 Thermally unstable 
 Reacts violently w/ broad range 

of materials 
 Heating of closed containers may 

cause detonation 

www.nhra.com 

Race Car Fuel 



Picric Acid 





MSDS Physical Properties 

 Yellow crystalline solid 
 Odorless 
 Moderate solubility (1-10%) 
 Specific Gravity 1.77 
 pH: no information found 
 Boiling point: explodes above 572F 



“Wet” Picric Acid Descriptions 
(from multiple sources) 

 Yellow powder or crystals packaged under a 
layer of water, like slush 

 Orange colored, compact crystalline solid with 
the consistency of lumpy sand 

 Paste 
 It doesn’t look wet, it looks like a fluffy 

powder 
 Pasty, smooth texture, no jagged edges, no 

light-reflective surfaces  



JT Baker Description 



Challenges 
 DOT requires 30% water or more, but 

we can’t tell by looking 
 Water sitting on top is ideal, but doesn’t 

address potential crystals around the lid 
 Metal lid or container, assume the worst 
 Metal picrates are much more explosive.  



Picric Acid Uses 
 Biological stain – university & hospital labs 
 Military explosive or priming charge:  shells, 

torpedoes, grenades 
 Medicine:  wound antiseptic, homeopathic 

remedy, and …  
 



Early Use:  Synthetic Dye 

http://www.colorantshistory.org/RobertsDaleCompany.html 



 Picric Acid Explosion 



Ether 



Diethyl Ether 
 aka – Ether, Ethyl Oxide, Ethyl Ether 
 Used as anesthetic & organic solvent 



Scariest One You May Find 
Isopropyl Ether = Bomb Squad 

They took bottle outside, spontaneously shattered 



It then Auto-Detonated 
Shock and Light-sensitive 



Bomb Squad Thing with Ether 



Half Pint of Ethyl Ether 
25 foot fireball 



Flash Point 

www.koehlerinstrument.com/ products/K14601.html 

 Flash:  a flame 
appears and 
instantaneously 
propagates itself 
over the entire 
surface of the 
liquid sample 

http://www.koehlerinstrument.com/products/K14601.html


Flash point 
• Flash point:   lowest temperature that flash 

occurs 
• Flash point less than 140F is ignitable waste 
• Approved Methods for Waste Characterization:   

 Pensky-Martin Closed Cup tester (ASTM D93-79 or 
D-93-80) 

 Setaflash Closed Cup tester (ASTM D-3278-78) 

• Keep the lid on! Avoid “open cup” tests 

Jim Fitch, "The Enduring Flash Point Test". Practicing Oil Analysis Magazine March 2000  

SW-846 Online, Test Methods for Evaluating Solid Wastes 

http://www.epa.gov/epaoswer/hazwaste/test/main.htm  

http://www.epa.gov/epaoswer/hazwaste/test/main.htm


Flash points on MSDS:   

Closed Cup:  50C (122F) 

Open Cup:    60C (140F)  

Formalin 



Flash point on MSDS:   

 - 4 °F PMCC 

 

Purge Solvent 



Flash point on MSDS:   

115F (TCC)  

Wipe Solvent 



Flash point on MSDS:   

 >117° F 

Safety Solvent 



Exercise:   
Big Number or Small Number? 

 Exercise is on handout 
 Take about 5 minutes to complete it 
 We will go thru answers next 
 For these tests, which is more hazardous, a big or 

small number? 
    
 

150 50 



Which is more hazardous?   
Big Number or Small Number? 

 
1. Flash point: 50F or 150F? 

 small is more ignitable or flammable 
2. Oral rat toxicity, LD50:  400 mg/kg or 4,000 mg/kg? 

 small is more toxic, small amount can kill half the rats 
 LD50 is a lethal dose to 50% of the rats tested 
 400 mg refers to amount of toxic substance 
 1 kg refers to body weight of rat 



Which is more hazardous?   
Big Number or Small Number? 

3.  pH:  1 or 7? 
 Small, 1 is more acidic and corrosive than 7 

(neutral) 
4.  pH:  7 or 14? 

 Big, 14 is more caustic (basic) and corrosive than 7 
5.  pH:  1 or 14? 

 Small & Big, pH is most hazardous at the high and 
low extremes, 7 is neutral 



Which is more hazardous?   
Big Number or Small Number? 

9. Stoddard Solvent, TLV is 100 ppm TWA or 
Solvent Cleaner, TLV is  50 ppm TWA? 

 Small number, because when the threshold 
concentration (the edge of safe or dangerous) is 
low, the substance is more hazardous. 

10. Metformin (diabetes drug) in treated sewage, 
0.15 mg/L “part per million” or   0.15 ug/L “part 
per billion” 

 Big number (more drug in water), 0.15 ppm 



Reading Material Safety Data Sheets 
One resource for chem info 

 1st off, they vary a lot in quality 
 See examples in handouts 

 Then there’s Trade Secrets 
 A trade secret is proprietary info 

which the holder of the secret doesn’t 
wish to be known to others, 
especially his competitors.  

 It can also be a way to avoid paying 
someone to do research 



MSDS Definitions 
 http://www.ilpi.com/MSDS/ref/index.html  









With this many terms, no wonder 
they can be bewildering 



Getting the info you need from an MSDS 

 Define the info you need 
 Find a good quality MSDS 
 Find the important info in the 

MSDS 
 Let’s look at two examples 

 A pure compound 
 A commercial product 



Cyclohexene shows up at your site 

 I’d start with the school chemicals database, but… 
 Go to Google and type cyclohexene msds 

 

 Look at where it’s from 
 

 msds.chem.ox.ac.uk 
 Oxford University 

 jtbaker.com 
 JT Baker Chemical Co. 

 sciencelab.com 
 Science Lab equipment co. 



JT Baker MSDSs are excellent 

 For on-line data on pure chemical compounds, 
I look for jtbaker.com MSDSs 

 Science Lab’s are also good 
 The Oxford ones are useful, but have less data 

and it’s geared for European Union 



What’s JT say about Cyclohexene? 

 First, check to make sure it’s the right 
compound. Cyclohexane is very different 



Next, read emergency overview 
Provides a quick peek at the hazards 

 Flammable liquid. Harmful if swallowed or 
inhaled. Irritating. Affects nervous system. 

 Don’t drop it!! 



Now check the health effects 

 Painful if inhaled, ingested, touched, in eyes 
 Seems manageable as long as not spilled and you’re 

wearing PPE 



Next, let’s see whether there are other risks 
Check fire risks, since it’s flammable 

 Flash point is under 19 degrees F. 
 This is extremely flammable 



I next look at its physical properties 

 Insoluble in water 
 Specific gravity <1 
 So it floats 
 100% volatile 
 Vapor density heavier 

than air 
 Flammable vapors 

floating too 



OK, let’s look at reactivity 

 A flammable solvent that readily forms peroxides means you 
have to consider contacting the bomb squad 

 Now we’re looking for signs it’s been exposed to air 
 Let’s see that bottle again 



Carefully examine peroxide formers 

 Potentially a shock-
sensitive explosive 

 Is the lid still sealed? 
 Does it appear to be full of 

liquid? 
 Is it clear, not cloudy?  
 If yes to all, probably OK  
 Dispose as ignitable HW 



Small Scale Chemistry 
 The future of chemistry is microscale in size 
 Can be high tech or done w/ 99¢ store materials 
 One drop’s all you need, testing at ppb levels 



Small Scale Chemistry Experiment 
Double Displacement Reaction 

 Qualitative analysis  
 Look for changes in the chemical’s qualities 

 Two compounds in solution mixed together 
 Trade cations and new compounds are formed 
 PbNO3 (lead nitrate) + KI (potassium iodide) 
 Pb+ + NO3

- + K+ + I- in water 
 Now PbI (lead iodide) + KNO3 (potassium nitrate) 



Each cell gets drops going down 
and across 

 One drop in each cell going down that matches 
formula above it  

 One drop in each cell going across that 
matches formula beside it 

 If there’s a drop in the cell already, place the 
new drop ON the drop in there 

 DO NOT TOUCH THE PIPET TO THE DROPS. IT 
WILL CONTAMINATE THE SOLUTIONS 

 What did you observe? Why did it happen? 



Meet Farmer Dave 



Dave Owns 17 Cows 



Farmer Dave Has Three Sons 



Dave’s Not Looking Healthy! 



He Wills 17 Cows to His Sons 

 1/2 to eldest 
 1/3 to middle 
 1/9 to youngest 



It Doesn’t Work – Tempers Rise! 
 17/2 = 8.5 
 17/3 = 5.7 
 17/9 = 1.9 



Neighbor Pam Hears the Ruckus 

 “I can fix this” 
 Goes to her farm 
 “You can have 

my biggest cow” 



They Do The Math 

 18/2 = 9 
 18/3 = 6 
 18/9 = 2 
           17 cows 
 Everybody’s happy 
 Pam takes her cow home 



 Ask questions before handling 
 Do you have any lab chemicals? 
 Anything weird I should know about? 
 Did you combine chemicals together? 

Be Careful of Initial Assumptions 



 Don’t be chemically complacent 

Familiarity Breeds Contempt 



Let’s Get to Your Questions 


