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Introduction

In this laboratory experiment, you will determine the percent water in an unknown hydrate and use that information to determine the formula of a hydrate. You will also perform a hazard assessment for different hydrates and rank them according to their human and environmental hazards. 

What is a hydrate?
A hydrate is a chemical compound that contains water as part of its structure. Oftentimes salts that are in crystalline form will co-crystallize with water in a fixed ratio to create a hydrate. Some chemical compounds can form multiple hydrates with different ratios of water molecules.

The actual amount of water in a hydrate is a specific, fixed amount and can be determined through experimentation. By heating the chemical compound, the water in the crystalline structure can be driven off, leaving only the chemical compound behind. The formula of the hydrate can be determined by comparing the weight of the compound before and after heating,. For example, if you receive a sample of nickel (II) chloride hexahydrate you would be able to drive the water off by heating the compound. You can then determine the percent water, and, from that, the correct formula for the compound, NiCl2  6H2O.

NiCl2  6H2O (s)  +  heat       NiCl2  (s)   +    6 H2O (g)

In nickel (II) chloride hexahydrate, 6 moles of water are bound per 1 mole of NiCl2 (i.e., 108 g H2O per 130 g NiCl2). Hence, if the formula of the hydrate is known, the theoretical percent water in the hydrate can be calculated: 



Real-World Context: Road Surfacing
Ever driven down a dirt road and had dust stirring up from the car in front of you? This dust can have many negative impacts - including reducing air quality due to particulate matter, reducing visibility for the driver and erosion of the road surface. There are many ways to mitigate this issue – oftentimes through the application of dust suppressants.  One of the types of suppressants are hydroscopic chemicals that are applied to the surface of the road. These chemicals absorb humidity from the air and water on the surface, forming a hydrate of the chemical compound. These compounds applied to road surfaces help to control dust formation by absorbing water over time and trapping moisture on the road surface. 

Real-World Context: Flame Retardant
Metal hydrates can be added to various plastics and rubbers to serve as a flame retardant and smoke suppressant filler.  For example, alumina trihydrate (ATH) can be used as a flame retardant in the backing of commercial and industrial carpet tile to meet flame and smoke testing requirements.  During a fire, ATH acts as a heat sink (an endothermic reaction) where water vapor is released which acts to cool the surface and displace oxygen required for burning. The resulting aluminum oxide char barrier further hinders combustion and reduces smoke density.

Discussion Questions:
1) Why might it be important to understand the health and environmental hazards associated with dust suppressants?  What about flame retardants?



2) Can you think of other real-world uses for chemical compounds that absorb moisture or water? How important is health and environmental hazard in those applications?



Pre-Lab: Understanding Chemical Hazard

In this pre-lab exercise, you will be given 6 chemical compounds to analyze and compare for their human and environmental hazard. Using readily available Safety Data Sheets (SDS’s) and an open-access database, you will gather the hazard data and compile the information in order to rank the chemicals in relation to their hazard.

Background Information: The Safety Data Sheet (SDS) and Globally Harmonized System (GHS)

The Safety Data Sheet is a document that has product and chemical safety information and is intended for an occupational setting to give workers information on the hazards associated with a chemical, what exposure precautions should be made, and what to do in case of a spill, accident, release, or exposure to the chemical. The SDS is available for each chemical that you use within the teaching and research laboratories at your institution. In this exercise, you will become familiar with some of the information sections within the SDS that contain health and environmental hazard information about the corresponding chemical. 

Understanding the SDS
Refer to the following module for additional information on reading an SDS by the Molecular Design Research Network (MoDRN) titled “How to Read an SDS for Chemistry Classrooms”.  

The SDS has 16 different sections with different types of information, ranging from the physical and chemical properties of the chemical (Section 9) to toxicological information (Section 11). In this exercise, we are going to use 3 sections to gather data:
· Section 2 – Hazards Identification
· Section 11 – Toxicological Information
· Section 12 – Ecological Information (non-mandatory in the US)


As you can see, other sections might be useful if you are, for example, a worker wondering what type of gloves to use (Section 8), or a firefighter who is responding to a lab fire and assessing what type of chemicals are inside (Section 5). 

Section 2: Hazards Identification
This section contains information about the Globally Harmonized System (GHS) classification corresponding to the chemical, along with hazard and precautionary statements that are codes for health, environmental and physical hazards associated with the chemical. Pictograms and hazard statements are used to represent hazards. 

A full list of pictograms and their corresponding hazard can be found here: https://www.osha.gov/Publications/HazComm_QuickCard_Pictogram.html. 

A full list of hazard statements can be found here: https://en.wikipedia.org/wiki/GHS_hazard_statements. 

For hazard statements, you will notice that the hazards range from very mild hazards to very serious hazards. For example, H300 corresponds to “fatal if swallowed” and is used for highly toxic chemicals, while H316 corresponds to “causes mild skin irritation”. The spectrum of hazard statements represents the range of negative health effects that a chemical can have on humans and the environment. 

Health hazards: As mentioned previously, the hazard statements represent a range of health hazards associated with chemical exposure. Reading through the list of hazards, you will find that they are categorized into acute health hazards - such as fatal or toxic if swallowed, inhaled or in contact with skin – and, also contain chronic hazards, such as causing cancer, damaging fertility or the unborn child, or causing harm to particular organs. There are numerous hazard endpoints and this represents the complexity associated with assessing the hazard of a chemical. Oftentimes the use of the chemical and the conditions under which the chemical is applied are used in a full hazard or risk assessment. 

Physical hazards: Physical hazards include properties of a chemical that make it explosive, pyrophoric, or other physical properties of the chemical. The range of hazards are from explosive materials to corrosivity.

Environmental hazards: The environmental hazards include toxicity to aquatic life and also hazards associated with chemicals that destroy the ozone layer. 
What is LD50 and EC50?

The LD50 is the lethal dose of a chemical that kills 50% of a population. It is an indicator of the acute toxicity of a chemical. Toxicity studies to determine LD50 values are tested on animals (rats, rabbits, guinea pigs, etc.) and the units used to measure LD50 are typically milligrams of chemical per kilogram of body weight. Therefore, a smaller LD50 value means it takes less of the chemical to have a lethal effect. The lower the LD50 value, the higher the acute toxicity.

The EC50 is similar to LD50, but is essentially the effective concentration which kills 50% of the population. Since aquatic toxicity is performed in water, the units are milligrams per liter. 

Assessing hazard
[bookmark: _GoBack]Once you have collected hazard information, how do you know what is a high hazard chemical and what is low hazard? Sometimes the answer is obvious – chemicals that are known carcinogens, or that have high acute toxicity (meaning that exposure to small amounts just once can result in death) are most likely going to be high or very high hazard chemicals and therefore should be avoided. But, upon looking at the data for acute toxicity, for example, how can we interpret information about a LD50 value (Section 11 of the SDS) or EC50 value (Section 12 of the SDS)? There are many organizations that have been working to find consistent ways of determining hazard levels for chemicals and there are many open-access tools for helping to perform hazard assessments. The U.S. Environmental Protection Agency (EPA) developed the Alternative Assessment Criteria for Hazard Evaluation as a transparent framework for evaluating and differentiating chemicals based on their human health and environmental hazards.  Through this resource, criteria has been developed to define hazard endpoints as low, moderate or high concern.  Since the EPA effort, other organizations have developed tools that supplement the Alternative Assessment Criteria by weighting hazard endpoints.  An example of such a tool is the GreenScreen® for Safer Chemicals which applies low, moderate or high hazard scores to a broader range of hazard endpoints and provides an overall score based on the individual endpoints. Both the Alternative Assessment Criteria and the GreenScreen® analysis is labor intensive and requires some training in how to gather and interpret data from credible resources and then apply scores based on the data endpoints. Therefore, we are not going to be doing one of these assessments in this exercise, but we will be using some of the criteria for which hazard scores are applied to help us with determining low, moderate and high hazard chemicals. 

Use the following criteria when assessing your gathered data to assign low, moderate or high hazards for health hazard level of low, medium, or high for the Health Hazard data and the Environmental Hazard data. Use the following as a reference:






Hazard Statements:
	
	Health Hazard
	Environmental Hazard

	High
	H350, H340, H360, H301, H311, H331, H310, H330, H300
	H400, H401, H410

	Moderate
	H351, H341, H361, H302, H312, H332
	H402

	Low
	H303, H313, H333 or No H-Phrases
	No H-Phrases



Toxicity Data from SDS’s:
	
	Health Hazard
	Environmental Hazard

	High
	IARC Group 1 or 2a Carcinogen
Oral LD50 ≤ 300 mg/kg; Dermal LD50 ≤ 1,000 mg/kg; Inhalation (g) LC50 ≤ 2,500 ppm; Inhalation (v) LC50 ≤ 10.0 mg/l; Inhalation (dust, mist) LC50 ≤ 1.0 mg/l
	96 hr LC50 (fish) ≤ 10 mg/l, 48 hr EC50 (crustacea) ≤ 10 mg/l, 72 or 96 ErC50 (algae) ≤ 10 mg/l

	Moderate
	IARC Group 2b or 3 Carcinogen, Oral LD50 > 300 but ≤ 2,000 mg/kg; Dermal LD50 > 1,000 but ≤ 2,000 mg/kg;  Inh. (g) LC50  > 2,500 but ≤ 20,000 ppm; Inh. (v) LC50  > 10.0 but ≤ 20.0 mg/l; Inh. (dust, mist) LC50  > 1.0 but ≤ 5.0 mg/l
	96 hr LC50 (fish)  > 10 but ≤ 100 mg/l, 48 hr EC50 (crustacea)  > 10 but ≤ 100 mg/l, 72 or 96ErC50 (algae ) > 1 but ≤ 100  mg/l

	Low
	Oral LD50 > 2,000 mg/kg; Dermal LD50 > 2,000 mg/kg; Inh. (g) LC50  > 20,000 ppm; Inh. (v) LC50  > 20.0 mg/l; Inh. (dust, mist) LC50  > 5.0 mg/l
	Technical Criteria: 96 hr LC50 (fish) > 100 mg/l, 48 hr EC50 (crustacea) > 100 mg/l, 72 or 96 ErC50 (algae )> 100  mg/l





Pre-lab Procedure:
Step 1: Gather the SDS’s for the following chemical compounds:
· Barium chloride dihydrate, (BaCl2  2H2O)
· Calcium sulfate dihydrate, (CaSO4  2H2O)
· Copper (II) sulfate pentahydrate, (CuSO4  5H2O)
· Magnesium sulfate heptahydrate, (MgSO4  7H2O)
· Nickel (II) chloride hexahydrate, (NiCl2  6H2O)
· Sodium carbonate monohydrate, (NaCO3  H2O)

Step 2: Gather the data for each chemical compound found in each of the 3 sections – 2, 11, and 12. Fill out the following table. Make note of what hazard the pictograms correspond to: https://www.osha.gov/Publications/HazComm_QuickCard_Pictogram.html. 

	Chemical compound:
	Section 2: Hazard ID
(GHS Pictogram(s), Hazard Statements)
	Section 11: Toxicological Information
(Health Hazard)
	Section 12: Ecological Information
(Environmental Hazard)

	Barium chloride dehydrate

	




	
	

	Calcium sulfate dihydrate
	




	
	

	Copper (II) sulfate pentahydrate

	




	
	

	Magnesium sulfate heptahydrate
	




	
	

	Nickel (II) chloride hexahydrate
	



	
	

	Sodium carbonate monohydrate
	



	


	




Step 3: Rank the chemicals by hazard (least to most hazardous). Justify your ranking based on your gathered data. 


Discussion Questions:
1) What do you think it means when you find “No data” for particular endpoints, or when you don’t find a pictogram or Hazard Statement for a chemical?
2) Based on your data, which chemical would you most like to work with in the Formula of a Hydrate lab? Which one would you least like to work with? Why?

Step 4: Confirm your results
Oftentimes chemical hazard data is dispersed and is not found in only one location. For example, SDS’s might not have all the data and often have some data omitted. There are several open-access platforms for finding chemical hazard data. The Chemical Hazard and Alternatives Toolbox, ChemHAT, is an internet database design for easy use to quickly identify hazards. Look up each chemical on this platform and report the hazard information in the table below. Note that some data endpoints have stronger evidence than others, which is a consideration in hazard and risk assessment. Compare your results to those that you gathered from the SDS’s. What conclusions did you come to? Were the SDS’s missing any information? Would you change your ranking based on any new evidence? (HINT: you may need to search for the anhydrous compound)

	Chemical compound:
	Health Hazard Information
	Environmental Hazard Information
	Conclusion

	Barium chloride dehydrate

	
	
	

	Calcium sulfate dihydrate
	



	
	

	Copper (II) sulfate pentahydrate
	



	
	

	Magnesium sulfate heptahydrate
	



	
	

	Nickel (II) chloride hexahydrate
	


	
	

	Sodium carbonate monohydrate
	
	
	



Step 5: Does No Data mean Safe?
What does it mean when there are no H phrases on an SDS or no data in a hazard database? Does that mean a chemical is safe? Not necessarily. Both the SDS and ChemHAT profile of a chemical list known hazards and are good guidance on some safety practices but they don’t tell the whole story.  In order to assess if a chemical is safer, one needs to make sure that there is sufficient data available on multiple health endpoints that supports a claim of safer.  Luckily, there are some positive lists being developed that help with this. One such list is the EPA’s Safer Chemical Ingredient List, which assess chemicals against a broad range of potential toxicological effects.  Each of the chemicals listed on the Safer Chemical Ingredient List meets the standardized criteria, and might have additional restrictions it needs to meet depending on the reason the chemical is used.
Look up the hydrates that have limited data for health or environmental hazards.  Are they listed?  What is the function?



Lab Procedure

[image: C:\Users\user\Desktop\Clipboard.jpg]Handle crucibles and evaporating dishes with care, especially when hot! Do not try to move a hot dish too far. Wait until it is cool before putting it in a plastic desiccator or on a balance. Make sure to clean your lab bench and wash your hands when you are done.

1. Obtain a container of unknown hydrate salt, and record the number of the unknown. Write down a brief description of the salt (e.g. What color is it?  How large are the salt crystals?).

2. Measure approximately 3 grams of the salt in a pre-weighed evaporating dish.  Record the actual mass of the evaporating dish and the evaporating dish plus salt in your data table.

3. Place the evaporating dish plus salt on a ring stand and wire gauze, and heat gently for no more than 5 minutes with a Bunsen burner.  Use only the tip of the fire cone for this first heating.  Record any observations (e.g. color changes, texture changes, sounds or “popping” being produced).

4. Remove the hot evaporating dish and salt from heat, and allow the dish to cool down almost completely. The dish may be placed in a desiccator if the salt seems to be reabsorbing moisture from the air.

5. Measure the mass of the cooled dish and salt, and record this number in your data table. Do not place hot objects on the balance! Doing so will damage the balance.

6. Repeat steps 3-5 two more times using the same cooled dish and salt sample, for a total of three heatings for this trial.  However, heat the sample slightly more vigorously by allowing more of the fire cone to come into contact with the dish.  The goal is to make sure that there is no more water in the hydrate to be driven off.  The masses of the last two heatings should be reasonably close to each other (± 0.01 g).  If heating is done too vigorously, decomposition of the salt or other side-reactions may occur, causing your measured mass to fluctuate unpredictably.

7. Repeat steps 2-6 for a second complete trial, if there is time.



ANALYSIS
1. Create a summary table containing the information below. 
· Data collected for each trial (Unknown hydrate ID number):
mass of empty container (g)
mass of container + salt, before heating (g)
mass of container + salt after EACH heating (g)  [include all heatings performed]
· Calculated results for each trial:
Mass of hydrate (g)
Mass of anhydrate (g) – use the heating (usually last heating) that had the lowest mass
Mass of water (g)
Experimental % water in hydrate
· The important results:
Average % water in hydrate (or value of best trial, if significant error is noted)
Actual % water in hydrate (obtain from instructor WHEN you complete #2 below)
% Error (using % water in hydrate)
Experimental formula of hydrate
Actual formula of hydrate

2. Include sample calculations to support Summary Table

3. Confidence in Results
•	When discussing the confidence in the results, be sure to include the calculation for the percent error (using the average % water in the hydrate).
•	If you completed more than one trial, discuss both the precision and the accuracy.

4. Error Analysis
Would the calculated value for the percent water be too high, too low or unaffected, if:
· the hydrated salt was neither heated to a high enough temperature nor for a long enough period of time?
· the salt decomposed to yield a volatile product during the heating process?
· the crucible and the anhydrous salt were weighed while still very hot?

5. Calculating the experimental chemical formula of the hydrate
Use the average experimental %water and the chemical formula for the anhydrous form (obtained from your instructor) to calculate the experimental chemical formula of the hydrate.  For example, your unknown may be the hydrate of sodium carbonate, Na2CO3•xH2O. Your task is to determine the value of x, which is the number of moles of water per one mole of sodium carbonate.  Your answer for x will NOT be a whole number, as this reflects the magnitude of the experimental error.  Do not round x to a whole number; keep all valid significant figures.

6. Calculating the actual chemical formula of the hydrate
Use the theoretical % water (obtained from your instructor) to calculate the actual formula of the hydrate.  This time, your answer for the formula must have a whole number for the number of water molecules!
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