Sarah A


Identification of a Compound by Mass Relationships
Objective

The objective is to use the calculated masses of the reactants and products in a reaction to identify an unknown substance. (Notice they outline the task they must complete and by what method they will accomplish this task.  Please do not outline the educational goals of the lab. )
Background Information
All chemical reactions are described by balanced equations that can be found by understanding the properties of different elements and molecules. All equations have reactants with properties that can be observed and cause these substances to react in certain ways. One can determine whether a substance is a carbonate or hydrogen carbonate by observing what occurs when it is heated. When carbonates are heated, no reaction occurs. However, when a hydrogen carbonate is heated, it decomposes. Because some of the products of this decomposition are gases, the mass of the remaining solid product will be much smaller than that of the original hydrogen carbonate reactant. 
In an equation, there is a relationship between the mass of the products and the original mass of the reactants. This means that if the identity of a substance in an equation is unknown, it can be determined by the ratio of the masses of the products and reactants in an equation. If someone can establish this ratio and match it with a theoretical ratio (based on atomic masses of possible identities of the substance), he/she can find out what the unidentified substance is.
(Background covers the general concepts of the lab.  The  writer attempts to teach the overall big picture to the reader.  The write will NOT focus on procedures nor calculations.  They may mention calculations in order to reinforce a concept but it is a general discussion with out attempting to teach how to solve.  I brainstorm by writing a list of the concepts that are covered and then write what I know about these concepts.  Then I will write one or two paragraphs that integrate these concepts to successfully establish the overall scientific idea behind the lab.  Do NOT list definitions as your background.)
Materials

· Ring stand

· Rings

· Clay triangle
· Spatula
· Crucible
· 6 M HCl
· unknown substance B
· Metal tongs
· Bunsen burner

· Striker

· Analytical balance
Procedure
Heat a massed sample of the mystery substance. Afterwards, take the new mass to determine whether the substance is a carbonate or a hydrogen carbonate. Add HCl to the remaining solid carbonate to dissolve it, and then heat it. Weigh the remaining salt to determine the mass ratio of the salt to the original substance.
Data
	Data

	Mass of crucible and cover plus unknown B
	23.0948 g

	Mass of crucible and cover
	22.5378 g

	Mass of unknown
	0.5570 g

	Mass of crucible, cover, and unknown after heating
	22.8691 g

	Loss of mass of sample
	0.2257 g

	Sample is a hydrogen carbonate

	Mass of crucible, cover, and solid chloride
	22.9124 g

	Mass of solid chloride
	0.3746 g

	Ratio: mass of chloride to mass of hydrogen carbonate
	0.6725:1

	Ratio: mass of NaCl to mass of Na2Co3
	1.104:1

	Ratio: mass of KCl to mass of K2CO3
	1.407:1

	Ratio: mass of NaCl to mass of NaHCO3
	0.6968:1

	Ratio: mass of KCl to mass of KHCO3
	0.7447:1


Observations:
We used a balance that measured in grams and was uncertain in the ten-thousandths digit. The unknown sample B was white and had a soft, fine texture. Although the lab called for .5 g of the substance, we had .5570 g, but this did not affect our end results. When we first heated our crucible, we achieved red heat and the bottom of the crucible turned a bright red. After it cooled, the unknown substance was still white. Because there was an appreciable mass loss, we knew the substance was a hydrogen carbonate. When we added the HCl, it fizzed. Bubbles formed as CO​2 gas was created. Although it did not fizz over the edge, some of the substance sprayed over the edge of the crucible, resulting in a small loss of mass. This may have been because we added the HCl a little too quickly. When we heated the substance at red heat again, it turned a yellowish color and gave off a foul smell. A little of it caked on the bottom of the crucible, but we were able to scrape it off. The texture seemed a little coarser than before. When I was taking the final mass of the crucible and the NaCl, my tongs slipped and I dropped the lid on the crucible. Some of the NaCl came out of the crucible, causing a decrease in mass. Additionally, we were rushed at the end of class, and we took the mass of the crucible with the NaCl when it was still hot.
Analysis/Calculations
2NaHCO3(S) ( NaCO3(s) + H2O(g) + CO2(g)
Na2CO3(s) + 2H2(aq) +2Cl-(aq) ( 2NaCl(s) + H2O(l) + CO2(g)
2NaHCO3(S) ( Na2CO3(s) ( 2NaCl(s)
1NaHCO3(S) ( 1NaCl(s)​
.5570 g NaHCO3*   1 mol NaHCO3 *   1 mol Na2CO3 *   2 mol NaCl *   58.533 g NaCl=


      84.006 g NaHCO3   2 mol NaHCO3    1 mol Na2CO3​     1 mol NaCl
.3881 g NaCl

Mass ratio (NaCl to NaHCO3) = .3881 g/.5570 g = .6968:1
1KHCO3(S) ( 1KCl(s)​
.5570 g KHCO3*    1 mol KHCO3 *   1 mol K2CO3 *   2 mol KCl *   74.551 g KCl=



    100.114 g KHCO3   2 mol KHCO3   1 mol K2CO3​     1 mol KCl

.4148 g KCl

Mass ratio (KCl to KHCO3) = .4148 g/.5570 g = .7447:1
Identity of unknown B: NaHCO3
(Calculations ALWAYS include the general equation, then the equation with substituted values and units.  You also must include the percent error/yield calculation)

Error Analysis
Weighed mass of NaCl obtained from .5570 g NaHCO3​: .3746 g NaCl
Theoretical mass of NaCl obtained from .5570 g NaHCO3​​:

.5570 g NaHCO3*   1 mol NaHCO3 *   1 mol Na2CO3 *   2 mol NaCl *   58.533 g NaCl=



      84.006 g NaHCO3   2 mol NaHCO3    1 mol Na2CO3​     1 mol NaCl

.3881 g NaCl

(.3746 g NaCl - .3881 g NaCl)/.3881 g NaCl = 3.478 % error
Actual ratio: .6725:1

Theoretical ratio: .6968:1

(.6725 - .6968)/.6968 = 3.478 % error
I calculated the percent error in two different ways, and both gave the same result. My calculated mass for the NaCl obtained was a little smaller that it should have been. One possible cause of this is the fact that some mass may have been lost when the HCl was being added to the Na2CO3. When the HCl was added, the solution started fizzing and some of it sprayed out of the crucible. Additionally, when I was taking the final mass of the crucible, cover, and NaCl, I dropped the lid on the crucible and some of the NaCl flew out, causing a decrease in mass. Also, we ran out of time at the end of class and massed the crucible with the NaCl when it was still hot, which may have caused the balance reading to decrease slightly. Why??
(Notice in this error analysis compared to sample 3, the student explains why the splattering of HCl creates error. She could be VERY clear and mention that some of the actual product is in the splatter.)  

Results

In this lab, I determined the unknown compound B to be the hydrogen carbonate NaHCO3, which was its actual identity. I determined the ratio of NaCl to NaHCO3 to be .6725:1, but the theoretical ratio was .6968:1.
(I like the results before the error analysis.)
Discussion
I found the correct identity of our compound in the lab, NaHCO3. However, I did not calculate the correct ratio of NaCl to NaHCO3​. I found a ratio of .6725:1, but the correct theoretical ratio was .6968:1. In the lab, we heated the unknown substance to determine whether it was a carbonate or a hydrogen carbonate. If there were a significant mass loss, we would know it was a hydrogen carbonate. This is because hydrogen carbonates decompose and release CO2 and H2O gases when heated, but carbonates do not react when heated. Our substance was a hydrogen carbonate.
This lab used the reacting properties of certain compounds and the relationship between the masses of products and reactants in a chemical reaction. We compared the theoretical ratios of products to reactants in two separate pairs of equations with different compounds with our own calculated ratios. The pair of equations with the ratio that better matched ours contained our unknown substance as one of its original reactants.
The ratio of NaCl to NaHCO3 was found by using a balanced equation to see how much NaCl should have been produced in the lab from .5570 g NaHCO3. I converted the original amount of NaHCO3 (which was in grams) to moles. I then used the balanced equations given to me in the lab to see how many moles of NaCl would be produced by some number of moles of NaHCO3. I found that 1 mole of NaHCO3 produces 1 mole of NaCl. Next, I converted the number of moles of NaCl produced by .5570 g NaHCO3 to grams of NaCl. I calculated that .5570 g NaHCO3 produced .3746 g NaCl. Theoretically, .3881 g NaCl should have been produced.
( This discussion needs some work.  They gloss over what happened in lab.  She mentions how they identified it as a hydrogen carbonate  but not which hydrogen carbonate.  There needs to less focus on the math.  You do not need to resummarize the calculations.  We will look at that section to understand the math.  Keep the focus on the theory but as it relates to YOUR results.)

Conclusion
In this lab, I learned the importance of working quickly and carefully. Although we were able to finish the lab by the end of class, we made a few careless mistakes that skewed our results. For example, when rushing to take the final mass of the NaCl and the crucible, I let my tongs slip and dropped the cover on the crucible, causing some of the NaCl to fly out. My partner and I were impatient and added the HCl too quickly, causing some of the substance to spray out of the crucible. However, by working quickly, we were able to finish the lab and calculate our results that day. We did not have to come in the next day and take the final mass. I also learned the importance of reading the lab beforehand. By knowing the procedures of the lab before performing it, my partner and I had a good understanding of the lab and were able to complete it accurately. Finally, I learned that it is a good idea to know the theory behind the lab, not just the procedures. At first, my partner and were confused as to how we were supposed to calculate ratios, but by rereading the background information in the lab packet, we figured out what to do.
