Stage 1 Chemistry

Investigations Folio
Classification of Unknown Substances - Practical
Classification of Unknown Substances Practical Report
Aim:
To find the bonding and structure and name of two unknown substances using a series of tests conducted in the laboratory.


Materials and Apparatus:
	· 2 unknown white powders

· Matches

· Watch glass

· Spatula

· Test tubes - Heating
- Non-heating

· Light bulb conduction tool


	· Nichrome wire probe

· Heat proof mat

· Distilled Water

· Hydrochloric Acid

· Sodium Hydrogen Carbonate

· Power Pack

· Bunsen burner




Method:

The chemical properties of each unknown substance were determined individually. Each test ruled out, or confirmed, what possible substances the unknown substances could be.

White Powder Labelled  J
Beginning with substance J, the melting point was tested and recorded as low or high using a heating test tube and a Bunsen burner. The same substance was then tested for conductivity in solid and aqueous form using a light bulb conduction tool and it could then be classified as containing covalent or ionic bonds.
Then its solubility in water was tested and recorded as soluble or insoluble using the non-heating test tube. The substance was then placed into a watch glass with sodium hydrogen carbonate to rule the other factor. These tests provided enough evidence to draw an accurate conclusion about the nature of substance J and made it possible to deduce what the substance was.
White Powder Labelled  L
After substance J was successfully identified, substance L's chemical properties were tested. The melting point was tested first, followed by its solubility in water, which classified its bonding structure. Then the conductivity was tested in liquid and solution form to prove it was an ionic substance.
So to narrow down the possibilities of the substances, the flame colour was tested using a nichrome wire and hydrochloric acid. Then, to confirm which substance L was, a small amount of it was placed in a test tube to see if there was a reaction when placed in dilute hydrochloric acid. Thus, both substances could be successfully identified.
Results: 
The results from the pre-laboratory activity are shown in Table 1 below. The data was used to devise the experimental method used to identify the unknown substances. 
Table 1: Chemical Properties of 6 Compounds (All White Powders)
	Compound
	Formula
	Density
(g mL-1)
	Flame
Colour
	m.pt.
(oC)
	Solubility in solvent type
	Electrical Conductivity

	
	
	
	
	
	water
	organic 
	Water
	Molten

	sodium chloride
	NaCl
	2.2
	orange
	801
	soluble
	insoluble
	good
	good

	benzoic acid
	C6H5COOH
	1.266
	N/A
	122.4
	insoluble
	soluble
	non
	non

	silicon dioxide
	SiO2
	2.6
	N/A
	1713
	insoluble
	insoluble
	did not dissolve
	non

	sodium carbonate
	Na2CO3
	2.5
	orange
	851
	soluble
	insoluble
	good
	decomposed

	potassium chloride
	KC1
	2.0
	lilac
	770
	soluble
	insoluble
	good
	did not melt

	glucose
	C6H12O6
	1.562
	N/A
	146
	soluble
	insoluble
	non
	non


The experimental results shown in Table 2 provide data which allow the determination of a set of tests that were conducted to determine the bonding and structure of the two unknown substances.
Table 2: Results of Tests Used to Determine Identity of Substances J & L
	
	   Melting Point
	Conductivity
	Reaction with
	Flame

Colour
	Solubility

	
	
	
	HCl
	NaHCO3
	
	

	J
	High
No changes to the appearance, smell, or sound were noticed
	Non (Solid)
Didn't conduct in solid form

Good (aqueous)
conducted in solution with water
	Yes – fizzed vigorously in the watch glass
	N/Applicable
	Orange
	Soluble

	L
	Low
When heated it turned to a yellow - brown colour and there was a change in smell observed
	Non (Solid & aquesous)
	N/Applicable
	N/Applicable
	N/Applicable
	Soluble
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Figure 1: Process used to Identify Substances J and L

Discussion
The two types of bonding which were present in this investigation were ionic and covalent. Ionic bonding displays a distinctive set of properties which makes it possible to determine what the bonding structure of a substance is. In substance J it was clear there were ionic bonds as it displayed these clear properties. The model for an ionic compound is a 3D lattice structure of cations and anions. The cations were usually formed from metals and anions from non-metals due to the significantly lower Electronegativity on the left side of the periodic table. There is a strong electrostatic force of attraction between these bonds which gives it the high melting point. Ionic substances can conduct in solution or aqueous form due to the free anions to pass the current.

Covalent bonding, like Ionic, displays distinctive but very different properties. Covalent bonding is the sharing of electrons as the atoms both want to gain electrons. This means that they do not form a lattice but form molecules. It is these molecules which experience inter-molecular forces which makes them a compound. The properties of these substances are low melting points due to the weak forces (intermolecular not primary covalent bonds) between each molecule. The fact that they do not conduct in any form is due to the lack of anions or electrons to pass the current.
From our results, it can be clearly seen that the solid substance L is Glucose with covalent bonds. Likewise, it is obvious that substance J is sodium carbonate with ionic bonding present.

Substance L - Glucose

There were only two types of bonding possible in the substances; covalent and ionic. Thus, the low melting point of substance L along with the fact it didn't conduct electricity in any form meant that it was a covalently bonded substance. The low melting point is due to the weak bonds between the atoms. We know it is covalent as there were no free electrons or anions which would make it possible to pass a current.

From deducing that the substance was covalently bonded the possibilities are narrowed to Glucose and Benzoic Acid (Silicon dioxide can be disregarded as it has a high melting point).To find the name of the products we then tested the solubility, flame colour, reactivity with hydrochloric acid and/or sodium hydrogen carbonate. The solubility in water proved that it was Glucose, and not Benzoic acid, because of the table of possible unknown substances showed how glucose is the only covalently bonded substance which is soluble in water. The only other option was covalently-bonded Benzoic Acid. This was eliminated as an option, however, due to its insolubility in water. Thus, substance L was Glucose. It had a low melting point (146°C) because the weak forces of attraction between the molecules were overcome by the energy at 146°C. It was soluble in water because of its structure; there is a polar covalent bond present due to the 0-H bond (also hydrogen bonding), which could allow the molecule to be soluble in water. This is because the partial charge of water can pull the atoms out of the lattice as it is a polar molecule. There was also a small telling factor when the Glucose was heated as it turned to a yellowy brown colour which can be associated with toffee. The final proof that it wasn't Benzoic acid was that when placed in sodium hydrogen carbonate there was no reaction, which would normally occur with acids.

Substance J - Sodium Carbonate

The relatively high melting point of substance J eliminated the possibility of it Benzoic Acid (glucose was already known as substance L). A conductivity test proved it had to be an ionic compound as covalently bonded substances do not conduct in any form. Its solubility in water ruled out silicon dioxide as a possibility. It was then noticed that of the remaining three ionic compounds two had sodium in their equation. So, as a result of a flame colour test, potassium chloride was ruled out as the flame was an orange colour which is characteristic of sodium products.

It was only after the substance was reacted with dilute hydrochloric acid that we could confirm that substance J was sodium carbonate. This is because carbonates are highly reactive with hydrochloric acid. Its high melting point (851°C) was due to the strong electrostatic force of attraction between sodium cations and the carbonate anions extending throughout its continuous 3D lattice, which were only overcome at this temperature. The ability to conduct in solution form was due to the free anions which could conduct the current. It was, soluble in water because the polar ends of the water molecules were strong enough, through their random movement, to dislodge their oppositely charged ion from the lattice. In other words, the negative ends of water molecules overcame the force of attraction between the sodium cations and carbonate anions, such that they dislodged the sodium cations from the lattice, while the positive ends of the polar water molecules did vice versa to the carbonate anions, until it was dissolved. Substance J's flame colour was orange due to it being made up of a sodium cation. The bubbles produced in the reaction with hydrochloric acid were due to the carbonate anion so substance J was definitely sodium carbonate, and both substances were successfully identified.
Conclusion
After carrying out a series of tests and analysing the data obtained, it was determined that substance L was glucose and substance J was sodium carbonate.


PERFORMANCE STANDARDS FOR ASSESSMENT: INVESTIGATIONS FOLIO - PRACTICAL

	
	Investigation
	Analysis and Evaluation
	Application
	Knowledge and Understanding

	A
	Designs a logical, coherent, and detailed chemistry investigation.
Critically and logically selects and consistently and appropriately acknowledges information about chemistry and issues in chemistry from a range of sources.

Manipulates apparatus and technological tools carefully and highly effectively to implement well-organised safe and ethical investigation procedures.

Obtains, records, and displays findings of investigations using appropriate conventions and formats accurately and highly effectively.
	Systematically analyses data and their connections with concepts, to formulate logical and perceptive conclusions and make relevant predictions.

Logically evaluates procedures and suggests a range of appropriate improvements.


	Applies chemistry concepts and evidence from investigations to suggest solutions to complex problems in new and familiar contexts.

Uses appropriate chemical terms, conventions, formulae, and equations highly effectively.
Demonstrates initiative in applying constructive and focused individual and collaborative work skills.
	Consistently demonstrates a deep and broad knowledge and understanding of a range of chemistry concepts.

Uses knowledge of chemistry perceptively and logically to understand and explain social or environmental issues.

Uses a variety of formats to communicate knowledge and understanding of chemistry coherently and highly effectively.

	B
	Designs a well-considered and clear chemistry investigation.

Logically selects and appropriately acknowledges information about chemistry and issues in chemistry from different sources.

Manipulates apparatus and technological tools carefully and mostly effectively to implement organised safe and ethical investigation procedures.

Obtains, records, and displays findings of investigations using appropriate conventions and formats mostly accurately and effectively.
	Logically analyses data and their connections with concepts, to formulate consistent conclusions and mostly relevant predictions.

Evaluates procedures and suggests some appropriate improvements.

	Applies chemistry concepts and evidence from investigations to suggest solutions to problems in new and familiar contexts.

Uses appropriate chemical terms, conventions, formulae, and equations effectively.

Applies mostly constructive and focused individual and collaborative work skills.
	Demonstrates some depth and breadth of knowledge and understanding of a range of chemistry concepts.
Uses knowledge of chemistry logically to understand and explain social or environmental issues.

Uses a variety of formats to communicate knowledge and understanding of chemistry coherently and effectively.

	C
	Designs a considered and generally clear chemistry investigation.

Selects with some focus, and mostly appropriately acknowledges, information about chemistry and issues in chemistry from different sources.

Manipulates apparatus and technological tools generally carefully and effectively to implement safe and ethical investigation procedures.

Obtains, records, and displays findings of investigations using generally appropriate conventions and formats with some errors but generally accurately and effectively.
	Analyses data and their connections with concepts, to formulate generally appropriate conclusions and make simple predictions, with some relevance.

Evaluates some procedures in chemistry and suggests some improvements that are generally appropriate.

	Applies chemistry concepts and evidence from investigations to suggest some solutions to basic problems in new or familiar contexts.

Uses generally appropriate chemical terms, conventions, formulae, and equations with some general effectiveness.
Applies generally constructive individual and collaborative work skills.
	Demonstrates knowledge and understanding of a general range of chemistry concepts.
Uses knowledge of chemistry with some logic to understand and explain one or more social or environmental issues.

Uses different formats to communicate knowledge and understanding of chemistry with some general effectiveness.

	D
	Prepares the outline of a chemistry investigation.

Selects and may partly acknowledge one or more sources of information about chemistry or an issue in chemistry.

Uses apparatus and technological tools with inconsistent care and effectiveness and attempts to implement safe and ethical investigation procedures.

Obtains, records, and displays findings of investigations using conventions and formats inconsistently, with occasional accuracy and effectiveness.
	Describes basic connections between some data and concepts, and attempts to formulate a conclusion and make a simple prediction that may be relevant.

For some procedures, identifies improvements that may be made.


	Applies some evidence to describe some basic problems and identify one or more simple solutions, in familiar contexts.

Attempts to use some chemical terms, conventions, formulae, and equations that may be appropriate.
Attempts individual work inconsistently, and contributes superficially to aspects of collaborative work.
	Demonstrates some basic knowledge and partial understanding of chemistry concepts.
Identifies and explains some chemistry information that is relevant to one or more social or environmental issues.

Communicates basic information to others using one or more formats.

	E
	Identifies a simple procedure for a chemistry investigation.

Identifies a source of information about chemistry or an issue in chemistry.

Attempts to use apparatus and technological tools with limited effectiveness or attention to safe or ethical investigation procedures.

Attempts to record and display some descriptive information about an investigation, with limited accuracy or effectiveness.
	Attempts to connect data with concepts, formulate a conclusion, and make a prediction.

Acknowledges the need for improvements in one or more procedures.


	Identifies a basic problem and attempts to identify a solution in a familiar context.

Uses some chemical terms or formulae.

Shows emerging skills in individual and collaborative work.
	Demonstrates some limited recognition and awareness of chemistry concepts. 

Shows an emerging understanding that some chemistry information is relevant to social or environmental issues.

Attempts to communicate information about chemistry.


Investigation


Provides required detailed, coherent and logical information to plan for a chemistry investigation.





Application


Makes connections between the data in the pre-laboratory activity to determine the appropriate tests to identify the two white powders.





Application


Uses chemical terms, formulae, and equations highly effectively in Tables 1 and 2, and the flow chart.





Application


Applies chemistry concepts to complex problems in the laboratory tests to help identify the powders e.g. Tables 1 and 2.





Investigation


Obtains, records, and displays findings of the investigation using appropriate conventions, and formats (e.g. tables) for a report.





Possibilities:


NaCl,  SiO2,  KCl,


C6H5COOH


C6H12O6, Na2CO3





High:


NaCl,  SiO2,  KCl,


Na2CO3





Low:


C6H5COOH  C6H12O6





NaCl, Na2CO3, KCl


 





SiO2 Na2CO3, KCl


 





Insoluble





Insoluble





Soluble





C6H5COOH Na2CO3, KCl


 





Soluble





C6H12O6


 





KCl Na2CO3, KCl


 





NaCl, Na2CO3


 





Lilac





Orange





1. Melting Point Test





2. Solubility Test (H2O)





2. Solubility Test (H2O)





3. Flame Test





4. Carbonate Test (HCl)





Bubbles 





No Bubbles 





Na2CO3Cl


 





NaCll Na2CO3, KCl


 





Substance J





Substance L





Knowledge and understanding Demonstrates considerable knowledge and understanding of chemistry concepts and applications in the flow chart.





Flow Chart for Identifying Two Unknown White Powders





Investigation


Communicates the findings of an investigation in a flow chart, using conventions and formats accurately and highly effectively.





Analysis and Evaluation


Systematically analyses data and their connections with concepts (e.g. comparison and deduction, to develop and examine relationships between the data and concepts related to bonding and structure) to formulate logical and perceptive conclusions.





Application


Makes connections between evidence from the investigation and concepts related to bonding and structure to suggest solutions to the complex problem of identifying the powders.





Analysis and Evaluation Systematically analyses data and their connections with concepts, to formulate logical and perceptive conclusions.








Additional comments on evidence


The teacher would need to consider more than one assessment task to be able to indicate that a student Consistently demonstrates a deep and broad knowledge and understanding of a range of chemistry concepts (Knowledge and Understanding)


Communicates the findings of an investigation using appropriate conventions and formats throughout the discussion and conclusion (Investigation)


The teacher would use observation supported by questions or discussion with the student during the practical part of the assessment to assess the student’s ability to:


manipulate apparatus and technological tools carefully and highly effectively to implement well-organised safe and ethical investigation procedures (Investigation)


demonstrate initiative in applying constructive and focused approaches to individual and collaborative work (Application)
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