[image: CheSSE project logo]
[bookmark: _Toc891877642]STUDENT WORKSHEET – PART 1
[bookmark: _Toc1172488151]Formation of hydrogen gas
[bookmark: _Toc1027639529]Topics
Hydrogen gas formation from reacting metals with acid, optimizing a laboratory procedure, green chemistry principles.
[bookmark: _Toc452570793]Objectives
· Students learn that different acids and different metals react to produce hydrogen gas.
· Students learn that the combination of acid and metal and the concentration of the acid affects the rate of reaction. 
· Students learn that the combination of acid and metal and the concentration of the acid affects the rate of reaction.
· Students learn how to optimize a laboratory procedure to achieve a suitable rate of reaction while minimizing chemical hazards.
· Students learn how to use principles of green chemistry to evaluate which of two laboratory procedures is most sustainable.
[bookmark: _Toc1296764657]Introduction
Hydrogen gas can be produced in several ways. In school chemistry it is common to produce hydrogen gas by reacting a base metal with an acid. One common procedure is to let zinc metal react with hydrochloric acid: 
Zn(s) + 2HCl(aq) → H2(g) + ZnCl2(aq) 
Another common procedure is to let magnesium metal react with ethanoic acid (acetic acid): 
[bookmark: _Int_r68yfOTc][bookmark: _Int_KoSeBFcZ]	Mg(s) + 2CH3COOH(aq) → H2(g) + Mg(CH3COO)2(aq)
Compared to magnesium, zinc is a less reactive metal, requiring the use of a stronger and/or more concentrated acid for the reaction to occur.
[bookmark: _Toc1406607573]Lab equipment
· 100 mL graduated cylinder
· Test tubes with rubber stoppers with holes and tubing to collect gas
· 2 x ring stand with utility clamp
· 1000 mL beaker
· Scale 
[bookmark: _Toc1498369583]Chemicals
· Mg(s), magnesium 
· Zn(s), zinc 
· 6 M HCl(aq), hydrochloric acid 
· 6 M CH3COOH(aq), acetic acid 
[bookmark: _Toc1870308863]Safety information
Mandatory personal protective equipment: goggles, lab coat, and gloves. Before starting, it is necessary to carefully read the instructions for safe work. The waste must be handled properly /according to the description in the risk assessment (see the Teacher guide).
[image: Icon of goggles.][image: Icon of a lab coat.
][image: Icon of gloves.]
[bookmark: _Toc1911330987]Procedure
1. [bookmark: _Hlk111578707]Calculate the mass of magnesium needed to produce 50 mL of hydrogen gas by reacting the magnesium with acetic acid. 
2. Set up the equipment to collect gas.
3. Let the magnesium react with 6 M acetic acid in a test tube and collect the gas in the graduated cylinder.
4. Use your knowledge of chemistry to optimize the procedure for the reaction between magnesium and acetic acid so that the reaction rate is suitable. Keep in mind the classification of the acid which you can find in the risk assessment. 
5. Repeat steps 1–4 for the reaction between zinc and hydrochloric acid.
[bookmark: _Toc358954636]Results and discussion
1. Write down the optimized procedures in a way that another student could carry out the experiment using your instructions.
2. Communicate your experimental results with presentations and reports using tables, graphs and/or charts.
3. Use green metrics to evaluate the two procedures (see part 2).
4. Present the two procedures and your evaluation of the experiment for another student or a group of students. Discuss similarities and differences in your results. Write down the two optimized procedures in a way that it could be read and understood by another student.
[bookmark: _Toc1439701905]Conclusion 
[bookmark: _Hlk111729357][bookmark: _Hlk111986305]Summarize your findings presented in the Results and Discussion phase. Which of the procedures do you think is the most sustainable according to the principles of green chemistry? 


[bookmark: _Toc2105695017]STUDENT WORKSHEET – PART 2
[bookmark: _Toc747434258][bookmark: _Hlk126757752]Evaluation of experimental work with green chemistry metrics
Evaluate both experiments using green chemistry metrics. In this activity you will
· determine the hazards of the substances used in the experiment, thereby you will learn how to obtain and use safety data sheets and develop a practical understanding of hazard (H) and precautionary (P) statements
· determine the value of perceived greenness of the experiment, thereby you will be introduced to the 12 principles of green chemistry
· construct the green star of the experiment, thereby you will present the data obtained using graphical means to get a better overview of greenness of the experiment.
Follow the instructions below and use appendix 2–4 to help with the activity.
[bookmark: _Toc435062751]1. Determine the hazards of the substances used in experimental work
· In table 1, insert the names of the chemical compounds included in the experiment in the first column.
· For each chemical used, consult the safety data sheets you can obtain via the QR code in the risk assessment and write the hazard codes of each chemical in the second column.
· Use “Criteria to classify the hazards of substances” (appendix 2) to obtain scores* (1–3) attributed to health, environment, and physical hazards for each chemical used in the experiment. Insert the obtained scores in the appropriate (third/fourth/fifth) column. If no hazard code is assigned for a chemical, assign a score of 1.
Table 1: Hazards of the substances used in experimental work.
	
	Hazard code
	Scores (S) attributed to hazards*

	
	
	Health
	Environment
	Physical

	Stoichiometric reagents

	
	
	
	
	

	
	
	
	
	

	Solvents and Auxiliary Substances

	
	
	
	
	

	
	
	
	
	

	Product

	
	
	
	
	

	
	
	
	
	

	Waste

	
	
	
	
	

	
	
	
	
	


* Scores (S) attributed to hazards on a scale from 1 (low hazard) to 3 (high hazard)
[bookmark: _Toc1843841271]

2. Determine the value of perceived greenness
· To fill table 2, see the appendix 2 “Green chemistry principles and assessment criteria for the value of perceived greenness (V)”.
· In this lab you should evaluate 10 principles of green chemistry, principle 1–3, 5–10 and 12.
· The value of perceived greenness (V) can be derived from appendix 4. V ranges from 1 (minimum) to 3 (maximum). Write NA when non applicable.
· Fill out one table for each of the two experiments. 
Table 2: Green chemistry principles and the value of perceived greenness.
	Green Chemistry Principle
	Value of perceived greenness (V)
	Explanation (optional)

	P1 – prevention
	
	

	P2 – atom economy*
	
	

	P3 – less hazardous chemical synthesis*
	
	

	P4 – designing safer chemicals**
	
	

	P5 – safer solvents and auxiliary substances
	
	

	P6 – increase energy efficiency
	
	

	P7 – use renewable feedstocks
	
	

	P8 – reduce derivatives*
	
	

	P9 – catalysts*
	
	

	P10 – design for degradation
	
	

	P11 – real-time analysis for pollution prevention**
	
	

	P12 – safer chemistry for accident prevention
	
	


* Applicable when using 10 or 12 principles. ** Applicable only when using all 12 principles
[bookmark: _Toc1574147667]3. Construction of the green star
[bookmark: _Hlk126755291]Construct a green star for both experimental protocols you have conducted.
· If you are constructing the green star on paper, colour the radar chart shown in figure 1a and 1b. Colour the area corresponding to a specific principle (e.g., P1, P2, etc.) based on the determined value V in table 2.
· If you have a computer, you can construct the green star in Excel and insert a copy of the green star in your worksheet. 
· Open appendix 1 (Excel file) and select “Green star (10 principles)”. 
· Use your results from table 2 to fill in the data in the green cells. 
· Copy the image of your green stars and replace the images bellow.


[image: ]
Figure 1a: Greenness assessment of the experimental work with magnesium and ethanoic acid (acetic acid).
[image: ]
Figure 1b: Greenness assessment of the experimental work with zinc and hydrochloric acid.
[bookmark: _Toc1995495233]4. Consider further possibilities to optimize the experimental protocol
Could you use another metal and/or another acid with less hazardous properties? Could you find another protocol for producing hydrogen gas that is less hazardous?
[bookmark: _Toc2089756264]References
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[bookmark: _Hlk111806979][bookmark: _Hlk111806980][image: The EU flag][image: Creative Commons licence: Attribution 4.0 International]This document (v. 13-02-2023), and the methodology behind, originates from the project ORCheSSE, co-funded by the ERASMUS+ Programme of the European Union. The original template is available at www.chesse.org. Neither the European Commission nor the project can be held responsible for any use of the information contained therein.
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