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40A = Ethanol
Description of the substance from your observations:
This unknown substance is a clear liquid that has a pH of about 6. Also, the liquid smells like rubbing alcohol and sharpie
	Test Performed
	Result of Test

	Swipe test compared to water and hexane
	Evaporated faster than water, but slower than hexane

	Miscibility with water
	Immiscible 

	Miscibility with hexane
	Immiscible

	 AgNO3 was added
	No precipitates formed

	CH3COOH was added
	No precipitates formed

	NaCl was added
	No precipitates formed

	 KI was added
	No precipitates formed

	Na2SO4 was added
	No precipitates formed

	NaHCO3 was added
	No precipitates formed

	Pb(C2H3O2)2 was added
	No precipitates formed



Net Ionic Equations:
No chemical changes performed
Reasons for Verification:
· The swipe test confirmed that vial A was ethanol, because it has the IMF strength between hexane and water. This is because ethanol contains one hydrogen bond which is stronger than the dispersions forces of hexane, yet one hydrogen bond isn’t as strong as the two hydrogen bonds of water. Furthermore, this is why ethanol evaporates the second fastest and not the fastest or slowest.
· A miscibility test conducted between water and ethanol showed that vial A is ethanol due to the difference in IMFs. Substances of like IMFs dissolve in one another, however, when water and ethanol were mixed together, the two substances were immiscible with each other. This is due to the fact that ethanol has one hydrogen bond and water has two hydrogen bonds.
· A miscibility test was conducted between hexane and ethanol showed that vial A is ethanol due to the difference in IMFs between hexane and ethanol. The two substances are immiscible with each other due to the difference in IMFs. Hexane has dispersion forces while ethanol has a hydrogen bond. Only substances of like IMFs will dissolve in each other.
· Another reason vial A is ethanol is because it smells like sharpie. When researching the contents of a sharpie marker, several different types of alcohols make up the ink in the marker.
















40B = NaCl
Description of the substance from your observations:
This unknown solid is soluble in water and has a pH of 5. Also, the granules are smaller and seem to have a crystalline structure to it. Plus, the granules seemed to clump up a bit in the vial. This solid has no smell as well.

	Test Performed
	Result of Test

	NaCl solution and AgNO3 added
	Forms a white precipitate

	NaCl solution and Pb(C2H3O2) 2
added
	Forms a white precipitate

	Miscibility with ethanol
	Immiscible with ethanol

	CH3COOH was added
	No precipitate formed

	 NaOH was added
	No precipitates formed

	 HCl was added
	No precipitates formed

	Hexane was added
	No precipitates formed

	Water was added
	No precipitates formed

	Ethanol was added
	No precipitates formed



Net Ionic Equations:
Ag+ + Cl- → AgCl (s)
Pb+2 + 2Cl-  → PbCl2 (s)
Reasons for Verification:
· When NaCl and AgNO3 undergo double replacement, the precipitate AgCl formed. This reaction is shown on the solubility chart, too. Chloride precipitates are normally white.
· When NaCl and Pb(C2H3O2) 2 undergo double replacement, the precipitate PbCl2 formed. On the solubility chart, this shows that this reaction can happen as well. Again, chloride precipitates are normally white.
· A miscibility test was performed between ethanol and an NaCl solution. The test proved that vial B was NaCl because NaCl was immiscible with ethanol due to the difference IMFs. In fact, it was because NaCl has an ionic bond which is stronger than any IMF (covalent bond), including the hydrogen bond that ethanol contains. This is why there is a very distinct line between the NaCl solution and ethanol.
· Vial B created only white precipitates with other unknowns. Based on previous knowledge, this test made it clear that the Cl- anion was present. To distinguish the vial between NaCl and BaCl2, a sodium bicarbonate solution was made and vial B was added.  A precipitate did not form confirming that vial B was NaCl and not BaCl2 because BaCl2 would have created a white precipitate of BaCO3. 












40C = AgNO3
Description of the substances from your observations:
This unknown liquid has no smell and a pH of 5. Also, this liquid has black specks in the slightly black-tinted liquid.

	Test Performed
	Result of Test

	Penny Test
	Turned penny black

	HCl was added
	Formed a white precipitate

	NaOH was added
	Formed a brown precipitate

	KI was added
	Formed a pale yellow precipitate

	Pb(C2H3O2) 2 was added
	No precipitates formed

	Na2SO4 was added
	No precipitates formed

	Hexane was added
	No precipitates formed

	Water was added
	No precipitates formed



Net Ionic Equations:
Cu + 2AgNO3 →  Cu(NO3)2 + Ag
Ag+ + Cl- → AgCl (s)
Ag+ + OH- → AgOH (s)
Ag+ + I- → AgI (s)
Reasons for Verification:
· The penny test is when a drop of AgNO3 is placed on a penny. If the penny starts to turn black, then this is a positive test for  AgNO3. During this reaction, copper atoms are being replaced with silver atoms which is shown by the crystals forming on the penny. This reaction is undergoing a redox reaction. Normally, the crystals would turn gray, but the silver is undergoing oxidation.
· HCl and AgNO3 undergoes a double replacement reaction to form the precipitate AgCl. This reaction is shown on the solubility chart as well, leading to the formation of the white precipitate.
· NaOH and AgNO3 undergo a double replacement reaction to form the precipitate AgOH. This reaction is shown on the solubility chart as well, leading to the formation of the brown precipitate.
· KI and AgNO3 undergo a double replacement reaction to form the precipitate AgI. This reaction is shown on the solubility chart as well, leading to the formation of the pale yellow precipitate.


















40D = Pb(C2H3O2) 2
Description of the substance from your observations:
This unknown soluble solid smells like vinegar and has a pH of 7. Also, the small granules are white and do not seem to have a crystalline structure.

	Test Performed
	Result of Test

	KI was added
	Formed a mustard yellow precipitate

	NaOH was added
	Formed a white precipitate

	HCl was added
	Formed a white precipitate

	Na2SO4 was added
	Formed a white precipitate

	AgNO3 was added
	No precipitates formed

	CH3COOH was added
	No precipitates formed

	Ethanol was added
	No precipitates formed

	Water was added
	No precipitates formed

	Hexane was added
	No precipitates formed



Net Ionic Equations:
Pb+2 + 2I- → PbI2 (s)
Pb+2 + 2OH-  → Pb(OH)2 (s)
Pb+2 + 2Cl-  → PbCl2 (s)
Pb+2 + SO4-2  → PbSO4 (s)
Reasons for Verification:
· KI and Pb(C2H3O2) 2 undergo a double replacement reaction to form the precipitate PbI2. This reaction is shown on the solubility chart as well, leading to the formation of the distinguishable mustard yellow precipitate.
· NaOH and Pb(C2H3O2) 2 undergo a double replacement reaction to form the precipitate Pb(OH)2. This reaction is shown on the solubility chart as well, leading to the formation of the white precipitate.
· HCl and Pb(C2H3O2) 2 undergo a double replacement reaction to form the precipitate PbCl2. This reaction is shown on the solubility chart as well, leading to the formation of the white precipitate.
· Na2SO4 and Pb(C2H3O2) 2 undergo a double replacement reaction to form the precipitate PbSO4. This reaction is shown on the solubility chart as well, leading to the formation of the white precipitate.

















40E = Na2SO4
Description of the substance from your observations:
This unknown soluble solid has no smell and a pH of 5. The granules of this solid are slightly bigger compared to others and have a circular shape to them.

	Test Performed
	Result of Test

	AgNO3 was added
	Formed a gray precipitate 

	Pb(C2H3O2) 2 was added
	Formed a white precipitate

	BaCl2 was added
	Formed a white precipitate

	CH3COOH was added
	No precipitates formed

	HCl was added
	No precipitates formed

	NaOH was added 
	No precipitates formed

	Ethanol was added
	No precipitates formed

	Hexane was added
	No precipitates formed

	Water was added
	No precipitates formed



Net Ionic Equations:
2Ag+ + SO4-2 → Ag2SO4 (s)
Pb+2 + SO4-2  → PbSO4 (s)
Ba+2  + SO4-2  → BaSO4 (s)
Reasons for Verification:
· AgNO3 and Na2SO4 undergo a double replacement reaction creating the precipitate Ag2SO4. This reaction is shown on the solubility chart as well, leading to the formation of the gray precipitate.
· Pb(C2H3O2) 2 and Na2SO4 undergo a double replacement reaction creating the precipitate PbSO4. This reaction is shown on the solubility chart as well, leading to the formation of the white precipitate.
· BaCl2 and   Na2SO4 undergo a double replacement reaction creating the precipitate BaSO4. This reaction is shown on the solubility chart as well, leading to the formation of the white precipitate.























40F = CH3COOH
Description of the substance from your observations:
This unknown clear liquid smells like vinegar and has a pH of 3. 

	Test Performed
	Result of Test

	Smell test
	Smells like vinegar

	pH test
	pH of 3

	Added to NaHCO3
	Bubbles formed

	HCl was added
	No precipitates formed

	NaOH was added
	No precipitates formed

	Hexane was added
	No precipitates formed

	Water was added
	No precipitates formed

	NaCl was added
	No precipitates formed

	Na2SO4 was added
	No precipitates formed

	KI was added
	No precipitates formed

	Pb(C2H3O2)2 was added
	No precipitates formed



Net Ionic Equation:
NaHCO3 + CH3COOH → NaC2H3O2 + H2O + CO2 (g)
Reasons for Verification:
· Acetic acid, CH3COOH, has a very distinct smell: CH3COOH smells like vinegar. This is because acetic acid is known more commonly as vinegar, which helped confirmed that vial F is  CH3COOH.
· When pH was tested, vial F ended up with an acidic pH of 3. Acetic acid also has a very distinct pH of 3 which confirmed that vial F is CH3COOH.
· When acetic acid was added to NaHCO3 solution, bubbles formed. This is because when a metal carbonate and an acid are added together, a metal salt, liquid water, and carbon dioxide gas form. The bubbles are an indication that carbon dioxide gas is being created and released. This helped confirm vial F to be acetic acid.






















40G = HCl 
Description of the substance from your observations:
This clear unknown liquid has a faint smell (I thought an oatmeal smell) and it has a pH of 1. 
	Test Performed
	Result of Test

	pH test
	pH of 1

	Added to NaHCO3
	Bubbles formed

	Added to AgNO3
	Formed a white precipitate

	Added to Pb(C2H3O2) 2 
	Formed a white precipitate

	NaOH was added
	No precipitate formed 

	Hexane was added
	No precipitate formed 

	Water was added
	No precipitate formed 

	NaCl was added
	No precipitate formed 

	Na2SO4 was added
	No precipitate formed 

	KI was added
	No precipitate formed 

	CH3COOH was added
	No precipitate formed 

	Na2SO4 was added
	No precipitate formed 



Net Ionic Equations:
HCl + NaHCO3 → NaCl + H2O + CO2 (g) 
Ag+ + Cl- → AgCl (s)
Pb+2 + 2Cl-  → PbCl2 (s)

Reasons for Verification:
· HCl has a very distinct pH of 1, which vial G had when pH was test. This confirmed that vial G was HCl.
· When HCl  was added to NaHCO3 solution, bubbles formed. This is because when a metal carbonate and an acid are added together, a metal salt, liquid water, and carbon dioxide gas form. The bubbles are an indication that carbon dioxide gas is being created and released. This helped confirm vial G to be HCl.
· AgNO3 and HCl undergo a double replacement to form the precipitate AgCl. This reaction is shown on the solubility chart, leading to the formation of of the white precipitate. 
· Pb(C2H3O2) 2 and HCl undergo a double replacement to form the precipitate PbCl2. This reaction is shown on the solubility chart, leading to the formation of of the white precipitate. 















40H = KI
Description of the substance from your observations:
This unknown soluble solid smells like Home Depot/fertilizer and has a pH of 4. Also, the big granules would get stuck around the inside of the vial.

	Test Performed
	Result of Test

	Added to Pb(C2H3O2) 2  
	Formed a mustard yellow precipitate

	Added to AgNO3
	Formed a pale yellow precipitate

	Added a lot of KI to HCl
	Forms a yellow solution

	Ethanol was added
	No precipitate formed 

	Water was added
	No precipitate formed 

	Hexane was added
	No precipitate formed 

	HCl was added
	No precipitate formed 

	NaOH was added
	No precipitate formed 

	CH3COOH was added
	No precipitate formed 



Net Ionic Equations:
Pb+2 + 2I- → PbI2 (s)
Ag+ + I- → AgI (s)
KI + HCl → HI + KCl
Reasons for Verification:
· KI and Pb(C2H3O2) 2 undergo a double replacement reaction to form the precipitate PbI2. This reaction is shown on the solubility chart as well, leading to the formation of the distinguishable mustard yellow precipitate.
· KI and AgNO3 undergo a double replacement reaction to form the precipitate AgI. This reaction is shown on the solubility chart as well, leading to the formation of the pale yellow precipitate.
· KI and HCl undergo a double replacement reaction creating HI. HI is a strong acid that has a pH of about 1.
























40I = NaOH
Description of the substance from your observations:
This unknown clear liquid has no smell and a pH of 11. Also, this liquid has white little flurries in it: these flurries look like crystals.

	Test Performed
	Result of Test

	pH test
	pH of 11

	Added to AgNO3
	Formed a brown precipitate

	Added to Pb(C2H3O2) 2 
	Formed a white precipitate

	Na2SO4 was added
	No precipitate formed 

	NaHCO3 was added
	No precipitate formed 

	KI was added
	No precipitate formed 

	HCl was added
	No precipitate formed 

	Water was added
	No precipitate formed 

	Hexane was added
	No precipitate formed 



Net Ionic Equations:
Ag+ + OH- → AgOH (s)
Pb+2 + 2OH-  → Pb(OH)2 (s)
Reasons for Verification:
· NaOH has a very distinguishable pH in the 11-12 range: so it is very basic. When pH was collected for vial I, the pH was 11. This led to the confirmation of vial I being NaOH.
· NaOH and AgNO3 undergo a double replacement reaction to form the precipitate AgOH. This reaction is shown on the solubility chart as well, leading to the formation of the brown precipitate.
· NaOH and Pb(C2H3O2) 2 undergo a double replacement reaction to form the precipitate Pb(OH)2. This reaction is shown on the solubility chart as well, leading to the formation of the white precipitate.























40J = NaHCO3
Description of the substance from your observations:
This unknown solid is very soluble and has a very faint or no smell depending on the person. Also, it has a pH of 8. Plus, these granules are very fine.

	Test Performed
	Result of Test

	Added to HCl
	Bubbles formed

	Added to CH3COOH
	Bubbles formed

	Added to Pb(C2H3O2) 2 
	Bubbles and a white precipitate formed

	Added to AgNO3
	Formed a white precipitate

	Added to BaCl2
	Formed a white precipitate

	Ethanol was added
	No precipitate formed 

	NaOH was added
	No precipitate formed 

	Hexane was added
	No precipitate formed 

	Water was added
	No precipitate formed 



Net Ionic Equations:
HCl + NaHCO3 → NaCl + H2O + CO2 (g) 
NaHCO3 + CH3COOH → NaC2H3O2 + H2O + CO2 (g)
Pb+2 + CO3-2 → PbCO3 (s)
2Ag+ + CO3-2 → Ag2CO3 (s)
Ba+2  + CO3-2 → BaCO3 (s)

Reasons for Verification:
· When HCl  was added to NaHCO3 solution, bubbles formed. This is because when a metal carbonate and an acid are added together, a metal salt, liquid water, and carbon dioxide gas form. The bubbles are an indication that carbon dioxide gas is being created and released. Any substance with the carbonate ion will undergo this reaction. This helped confirm that vial J is  NaHCO3.
· When acetic acid was added to NaHCO3 solution, bubbles formed. This is because when a metal carbonate and an acid are added together, a metal salt, liquid water, and carbon dioxide gas form. The bubbles are an indication that carbon dioxide gas is being created and released. Any substance with the carbonate ion will undergo this reaction.This helped confirm that vial J is  NaHCO3.
·  Pb(C2H3O2) 2 and NaHCO3 undergo a double replacement reaction to form the precipitate PbCO3. This reaction is shown on the precipitate chart, leading to the formation of the white precipitate. 
·  AgNO3 and NaHCO3 undergo a double replacement reaction to form the precipitate Ag2CO3. This reaction is shown on the solubility chart, leading to the formation of the white precipitate.
· BaCl2 and NaHCO3 undergo a double replacement reaction to form the precipitate BaCO3. This reaction is shown on the solubility chart, leading to the formation of the white precipitate.









40K = Hexane
Description of the substance from your observations:
This unknown clear liquid has a smell similar to nail polish remover and a pH of 6. Also, this substance evaporates very quickly.

	Test Performed
	Result of Test

	Swipe test compared to water and ethanol
	Evaporated the quickest out of the three substances tested

	Miscibility with water
	Immiscible

	Miscibility with ethanol
	Immiscible

	Na2SO4 was added
	No precipitate formed

	NaHCO3 was added
	No precipitate formed

	KI was added
	No precipitate formed

	HCl was added
	No precipitate formed

	NaOH was added
	No precipitate formed

	CH3COOH was added
	No precipitate formed

	Pb(C2H3O2) 2 was added
	No precipitate formed

	AgNO3 was added
	No precipitate formed

	NaCl was added
	No precipitate formed

	Water was added
	No precipitate formed



Net Ionic Equations:
No chemical changes performed
Reasons for Verification:
· The swipe test conducted between water, hexane, and ethanol showed that hexane evaporated the fastest. This is due to the very weak IMFs that hexane contains: dispersion forces. Water and ethanol lasted longer due to the stronger IMFs that those substances contained.
· A miscibility test was conducted between water and hexane. This test resulted in the two liquids being immiscible with each other. “Like dissolves like” does not apply in this scenario because both water and hexane have different IMFs. Water has two hydrogen bonds while hexane has dispersion forces. This is why the two are immiscible with each other.
· A miscibility test was conducted between hexane and ethanol. This test resulted in the two liquids being immiscible with each other. This is due to the idea that “like dissolves like” or the opposite: basically substances that have the same IMFs are miscible with each other and substances with different IMFs are NOT miscible with each other. Due to ethanol having a hydrogen bond and hexane having dispersion forces, different IMFs, the two are immiscible with each other.













40L = H2O
Description of the substance from your observations:

	Test Performed
	Result of Test

	pH compared to the water provided
	Same pH

	Swipe test compared to hexane and ethanol. Swipe test with water provided.
	The longest to evaporate out of the three substances

	Miscibility with hexane
	Immiscible

	Na2SO4 was added
	No precipitate formed

	NaHCO3 was added
	No precipitate formed

	KI was added
	No precipitate formed

	HCl was added
	No precipitate formed

	NaOH was added
	No precipitate formed

	CH3COOH was added
	No precipitate formed

	Pb(C2H3O2) 2 was added
	No precipitate formed

	AgNO3 was added
	No precipitate formed

	NaCl was added
	No precipitate formed

	Water was added
	No precipitate formed



Net Ionic Equations:
No chemical changes performed
Reasons for Verification:
· I believe vial L is water for many reasons. One being that it has the same pH as the water provided. This is a positive test for identification because the water provided has a pH of 6 and L matched with a pH of 6 as well.
· Another reason that L is water is due to a swipe test conducted between ethanol and hexane. Hexane evaporated first, then ethanol, and then L: water. This is a positive identification of water because it has the strongest Intermolecular forces out of the three substances. Water has two hydrogen bonds (dispersion forces and dipoles, too) which is the strongest IMFs. Hexane has dispersion forces: the weakest IMF. On the other hand ethanol only has one hydrogen bond (dispersion forces and dipoles, too): two hydrogen bonds are stronger than one. Another swipe test was done to double check the confirmation of water. This swipe test was done between vial L and the distilled water provided. Both took a long time to evaporate, once again confirming that L is water.
· Lastly, a miscibility test was conducted between water and hexane. This test resulted in the two liquids being immiscible with each other. “Like dissolves like” does not apply in this scenario because both water and hexane have different IMFs. Water has two hydrogen bonds while hexane has dispersion forces. This is why the two are immiscible with each other.










Purpose:
In this lab, you will be given 12 unknown vials labeled A-L. Each containing a different substance that needs to be identified. Using your knowledge that you have learned throughout the school year, including solubility, IMFs, chemical reactions, precipitates, and more, identify all 12 unknown substance with a minimum of three confirmation tests.
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