Density is a Periodic Trend
Objectives:


1.  To measure mass and volume data for silicon, tin, and lead


2.  to calculate there densities


3.  Use results to predict the density of germanium, Mendeleev’s undiscovered 



element in Group 14


4.  To measure the volume of the elements using water displacement

Background:


Dmitri Mendeleev proposed the periodic law for the classification of elements in 1869-1871.  After observing trend in the properties of elements when they were arranged in order of increasing atomic mass, Mendeleev made a startling prediction.  He predicted the existence and properties of at least 3 undiscovered elements.


At the time Mendeleev proposed the periodic law, the foundation of the modern periodic table for the classification of element, 63 elements were known.  Their physical and chemical properties had been studied and their atomic masses measured.  Mendeleev arranged the known elements in a calendar-like table of rows and columns in order on increasing atomic masses and repeating chemical properties.  It is at this point, however, that Mendeleev made a giant leap of discovery – he suggested that there were some gaps or missing elements in the list of known elements.


Among the Group 14 elements in Mendeleev’s classification scheme, carbon appeared in the second row, followed by silicon in the third row.  Both tin and lead shared similar chemical properties with carbon and silicon and were also known at this time.  Because of their high atomic masses, however, these metals were placed in later rows of Mendeleev’s Group 14 column of elements.  In 1871, Mendeleev proposed that there existed an as-yet-unknown element beneath silicon in the Group 14 elements.  He named the missing element aka-silicon and predicted its physical properties.  In 1886 the element germanium was discovered by the German chemist Clemens Winkler.

Within 15 years of Mendeleev’s prediction of the existence of missing elements, three of the elements had been discovered, their properties in excellent agreement with those predicted by Mendeleev.  Is it possible to recreate some of the experiments that following the prediction and discovery of Mendeleev’s missing elements?

Safety:  Lead powder is extremely toxic by inhalation and ingestion.  Silicon is also slightly toxic.  Wearing goggles and washing your hands with soap and water are a must before leaving the lab.

Hypothesis:

Materials:  Lead shot (35g)


funnel



Silicon lumps (8 g)





Tin shot (25 g)



Water



Paper towels



Balance



Small cups



Graduated cylinder

Procedure:

1.  Go to the massing station, and obtain approximately 8.0 grams of Si.  Place it in your cup labeled Si and record this mass to the .00 g in your data table labeled initial mass of silicon sample 1.

2.  Fill a 25-mLor 50 mL graduated cylinder approximately to 12.0 mL Record this as your initial volume for Silicon sample 1  in your data table

3.   Slowly add about a 1/3rd of your silicon sample to the graduated cylinder. It does not have to be exact, just estimate.  Record the new volume reading as final volume of your silicon sample 1.
4.  Go to the same scale you used for the above mass and record a new mass (remember you just got rid of 1/3rd) as final mass of silicon sample 1.

5.  Data table work:  This value from procedure #4 needs to also become your initial mass of silicon sample 2.  ALSO, your final volume reading from silicon sample 1 will become your initial volume reading for silicon sample 2.  DON’T EMPTY YOUR GRADUATED CYLINDER IN BETWEEN DATA COLLECTION!
6.  Slowly pour another 1/3rd of your silicon into the graduated cylinder.  Record this volume as final volume of silicon sample 2.

7.  Go to the same scale and record new mass as final mass of silicon sample 2.

8.  Data table work:  Carry this mass down as the initial mass of silicon sample 3.  ALSO, your final volume reading for silicon sample 2 will become your initial volume for silicon sample 3. DON’T EMPTY YOUR GRADUATED CYLINDER IN BETWEEN DATA COLLECTION!

9.  Slowly pour the last of your silicon sample into your graduated cylinder.  Record this volume as final volume for silicon sample 3.  Go to the same scale and mass your empty cup and record this as final mass of silicon sample 3.
10.  Pour your silicon sample onto a paper towel and let dry.
11.  You are going to repeat steps 1-10, but with 25.0 g of tin.  The recording in the data table is the exact same just in the tin section. Use a different paper towel to let dry.
12.  You are going to repeat steps 1-10 with 35.0 g of lead.  The recording in the data table is the exact same just in the lead section.  Use a different paper towel to let dry.
Pre – lab question:  
1. a. Research how to calculate percent error and give equation here.

  b. Do you want your percent error closer to 100% or closer to 0%, why?

Data Table

	Element
	Sample
	Initial mass (g)
	Final mass (g)
	Mass of solid
	Initial volume (mL)
	Final volume (mL)
	Volume of solid
	Density (g/mL)
	Average Density

	Silicon


	1
	
	
	
	
	
	
	
	

	
	2


	
	
	
	
	
	
	
	

	
	3


	
	
	
	
	
	
	
	

	Tin
	1


	
	
	
	
	
	
	
	

	
	2


	
	
	
	
	
	
	
	

	
	3


	
	
	
	
	
	
	
	

	Lead
	1


	
	
	
	
	
	
	
	

	
	2


	
	
	
	
	
	
	
	

	
	3


	
	
	
	
	
	
	
	


Calculations Section:  Please show one sample of all maths above:

Mass of solid:




Volume of solid:

Density:




Average Density:

Construct a graph:

1.  Put period number on the x – axis (3-6)

2.  Put average densities on y-axis

3.  Plot your 3 average densities 

4.  Using a line of best fit, make a straight line through your plotted points
Post lab questions:

1.  What is your predicted density of germanium?

2.  Look up the actual density of germanium (it is in your notes) and calculate percent error.

