Students Ask Scientists with Ben Peterson
Suggested Pre Webinar Activity 1: Delve into the often-confusing definitions associated with redox reactions
In everyday English, we think of the word “reduction” as meaning having less of something.
In a redox reaction by definition reduction and oxidation (the “red” and “ox” of the two words) simultaneously occur.
Oxidation is the loss of electrons.
Reduction is the gaining of electrons.
How can reduction be the gaining of something? This is definitely confusing and not surprisingly often leads to misunderstanding.
Some practitioners suggest conducting an Electron Transfer Analogy by physically throwing a ball (representing an electron) between two students. The student who throws the ball is "oxidized," and the student who catches it is "reduced." This may still provide a source of confusion because the student who no longer has the ball (has less of something) is oxidized and the student who now has the ball (has more of something) is reduced. 
How can a reduction reaction be associated with a gain in something? Perhaps the key to dispelling the misunderstanding is to emphasize since electrons have a negative charge, a gain in electrons means the total charge is less than before. A gain in electrons results in a reduced charge, and thus “reduction.”
Two mnemonics to remember what happens with electrons during redox reactions are 
· OIL RIG: Oxidation Is Loss (of electrons); Reduction Is Gain (of electrons)
· LEO the lion says GER: Losing Electrons is Oxidation; Gaining Electrons is Reduction
There are many resources available for teaching about redox reactions. 
The Kahn Academy Redox Reactions video (12:55) may be helpful.


Suggested Pre Webinar Activity 2: Discuss Why Redox Reactions Matter  – 
Link to Cellular Respiration
The metabolic processes of living organisms are often a chain of redox reactions. Many individuals are familiar with the breaking down of glucose into sugars. 
More specifically, the process of cellular respiration consists of four primary steps through which the energy from glucose is efficiently extracted and ultimately stored in the form of ATP, the primary energy currency of the cell.
An AI produced summary of the process:
1. Glycolysis
· Location: Cytosol (cytoplasm) of the cell.
· Process: Glucose (a six-carbon sugar) is broken down into two molecules of pyruvate (a three-carbon organic molecule). This phase involves an initial investment of 2 ATP, but ultimately generates 4 ATP and 2 NADH molecules.
· Net Products (per glucose): 2 ATP (net gain), 2 NADH, and 2 pyruvate molecules.
2. Pyruvate Oxidation (Transition Step)
· Location: Mitochondrial matrix.
· Process: Each pyruvate molecule is converted into a two-carbon molecule called acetyl-CoA. Carbon dioxide is released, and more NADH is generated.
· Products (per two pyruvates): 2 Acetyl-CoA, 2 NADH, and 2 CO₂
3. Citric Acid Cycle (Krebs Cycle or TCA Cycle) 
· Location: Mitochondrial matrix.
· Process: The acetyl-CoA enters a cycle of reactions where it combines with a four-carbon molecule (oxaloacetate) to form citrate. Through a series of transformations, the original four-carbon molecule is regenerated, and the energy is captured in high-energy carriers. The cycle runs twice for each glucose molecule.
· Products (per two acetyl-CoA): 2 ATP (or GTP), 6 NADH, 2 FADH₂, and 4 CO₂. 
4. Oxidative Phosphorylation (Electron Transport Chain and Chemiosmosis)
· Location: Inner mitochondrial membrane.
· Process: The NADH and FADH₂ molecules from the previous steps deposit their high-energy electrons into the electron transport chain (ETC). As electrons move down the chain, energy is released and used to pump protons (H⁺) across the membrane, creating an electrochemical gradient. The flow of protons back into the matrix through an enzyme called ATP synthase drives the synthesis of large amounts of ATP from ADP and inorganic phosphate. Oxygen is the final electron acceptor, forming water.
· Products: This stage generates the vast majority of the ATP, typically around 28 molecules.
Another example of a multi-step enzymatic oxidation reactions is alcohol metabolism.
Importantly, it is critical to maintain a balanced state between reductants and oxidants for the sake of cell survival. 
ATP is the primary way energy is stored and thus is critical to living organisms.


Suggested Pre Webinar Activity 3: Discuss Mercury Methylation
1. Definition Mercury methylation is the process where inorganic mercury (Hg) is converted into highly toxic methylmercury (MeHg). The chemical formula for the methylmercury cation (ion) is CH₃Hg⁺. (Perhaps you already know that CH3 is referred to as a “methyl group.”)
The rate of methylation is influenced by various factors, including temperature, pH, and the presence of other sulfur and organic compounds.
2. Bacteria involvement The methylation process is typically driven by bacteria using a two-gene system (hgcA and hgcB) to transfer a methyl group to the mercury ion. Where does the methyl group come from? It often comes from pathways like the acetyl-CoA pathway.
What kind of bacteria are able to perform methylation?
Microorganisms that can perform methylation include sulfate-reducing bacteria, iron-reducing bacteria, and methanogens. These bacteria are often found in anerobic, acidic environments such as soils and aquatic environments where they have access to carbon and sulfur.
3. Methylmercury compounds Methylmercury exists as a positively charged ion that readily combines with anions (in redox reactions) to form various compounds. Common molecular forms include:
· Methylmercury chloride: CH₃HgCl or MeCl
· Methylmercury hydroxide: CH₃HgOH or MeOH
· Methylmercury sulfate :C₂H₆Hg₂O₄S. or Me2O4S or Me2SO4
This compound is an ionic salt composed of the methylmercury(1+) cation (CH₃Hg⁺) and the sulfate anion (SO42-)
To balance the charges, two methylmercury ions are required for every one sulfate ion, resulting in the full formula
[image: (C H subscript 3 Hg) subscript 2 S O subscript 4 
OR C subscript 2 H subscript 6 Hg subscript 2 O subscript 4 S]
· Methylmercury sulfide, more precisely named bis(methylmercury) sulfide:  C₂H₆Hg₂S or (CH₃Hg)₂S or (MeHg)₂S
This compound is an ionic salt composed of the methylmercury(1+) cation (CH₃Hg⁺) and hydrogen sulfide (H2S).
To balance the charges, two methylmercury ions are required for every one hydrogen sulfide and H2 is also a biproduct of the reaction.

Suggested Pre Webinar Activity 4: Discuss Bioaccumulation and Biomagnification
1. Definitions 
a. Bioaccumulation is the build-up of a substance (typically a toxic substance) in a single organism over its lifetime. It occurs when an organism takes in a substance faster than it can be eliminated.
b. Biomagnification is the increasing concentration of a substance (typically a toxic substance) as it moves up the food chain from one trophic level to the next. Biomagnification happens when a predator consumes many prey organisms that have already accumulated toxins. 
Despite its name, this lesson from the U.S. Environmental Protection Agency demonstrates both bioaccumulation and biomagnification.
U.S. Environmental Protection Agency Mercury Bioaccumulation Tag lesson plan
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