Gateway 125,126, 130
Fall 2006
Studio 2b p8

Studio 2b:  9/13/06:  Atoms

1) What is an atom?

2) Are all of an element’s atoms identical?

Reading:  Moore, Stanitski, Jurs:   2.5-2.7 p 53-60

Group assignments:  A Skeptic;  B Leader; C Recorder

In response to a question, scientists will conduct background research aka fact gathering, by consulting published data.  They may find that their question has already been answered or that they can propose a better hypothesis or method for future data gathering.  

You can see from the scientific inquiry model in Figure 1 that science process is not linear.  Today you will practice fact gathering and the effects of this process on developing questions and hypotheses as you explore the models and data that exist in an effort to answer the two questions, “What is an atom?” and “Are all of an element’s atoms identical?”

Figure 1:  Model for scientific inquiry
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1) Question:  What is an atom?

Model 1:  Schematic Diagrams for Various Atoms





















The nucleus of an atom contains the protons and the neutrons.

Evaluation

1)  How many protons are found in 12C?  13C?  13C-?

2)  How many neutrons are found in 12C?  13C?  13C-?

3) How many electrons are found in 12C?  13C?  13C-?

4) Based on the model, 

a) What do all carbon atoms (and ions) have in common?

b) What do all hydrogen atoms (and ions) have in common?

5)  What is the significance of the atomic number, Z, above each atomic symbol in the periodic chart?  (There is a periodic table at the end of the course pack.)
6)  What do all nickel (Ni) atoms have in common?

7)  How is the mass number, A, (left-hand superscript next to the atomic symbol) determined?

8)  What structural feature is different in isotopes of a particular element?

9  a) What feature distinguishes a neutral atom from an ion?

    b)  How is the charge on an ion determined in the model?

10)  Where is most of the mass of an atom, within the nucleus or outside of the nucleus?  Explain your reasoning.

11) Complete the following table.

	Isotope
	Atomic 

Number Z
	Mass 

Number A
	Number of 

electrons

	31P
	15
	
	

	18O
	
	
	8

	
	19
	39


	18

	58Ni+2
	
	58


	


12)  What is the mass (in grams) of a) one 1H atom?  b) one 12C atom?

13)  What is the mass (in grams) of 4.35x106 atoms of 12C?

14)  What is the mass (in grams) of 6.022x1023 atoms of 12C?

15)  What is the mass (in grams) of one molecule of carbon dioxide which has one 12C atom and two 16O atoms, 12C16O2?

16)  Indicate whether the following statement is true or false and explain your reasoning.


An 18O atom contains the same number of protons, neutrons, and electrons.

17)  Using grammatically correct English sentences, describe what the isotopes of elements have in common.

2) Question:  Are all of an element’s atoms identical?
Each element found in nature occurs as a mixture of isotopes.  The isotopic abundance can vary appreciably on an astronomical scale –in the Sun and on Earth, for example.  On Earth, however, the abundance shows little variation from place to place.

Table 1:  Natural abundance and atomic masses for various isotopes
	Isotope
	Natural Abundance on Earth (%)
	Atomic Mass (amu)*



	1H
	99.985
	1.00728

	2H
	0.015
	2.0165

	
	
	

	12C
	98.89
	12.0989

	13C
	1.11
	13.1076

	
	
	

	16O
	99.76
	16.1330

	17O
	0.04
	17.1417

	18O
	0.20
	18.1503

	
	
	

	24Mg
	78.99
	24.1979

	25Mg
	10.00
	25.2065

	26Mg
	11.01
	26.2152


* 1 amu = 1.66054 x10-24g

Model 2:  The Average Mass of a Marble
In a collection of marbles, 25% of the marbles have a mass of 5.00 g and 75% of the marbles have a mass of 7.00 g.  The average mass of a marble is 6.50 g.
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The average mass of a marble can be determined by dividing the total mass of the marbles by the total number of marbles:


average mass of a marble =  1(5.00g)  +  3(7.00g)   = 6.50 g/marble






      4 marbles

Or the average mass of a marble can be determined by (1) multiplying the fraction of marbles of a particular type by the mass of a marble of that type and (2) taking a sum over all types of marbles:


average mass of a marble  = (0.250 x 5.00g)  +  (0.750 x 7.00g) =  6.50 g

Evaluation

18) How many isotopes of carbon occur naturally on Earth?

19) If you select one carbon atom at random, the mass of that atom is most likely to be ________ amu.

20)  What is the mass (in amu) of 100 12C atoms?  Of 100 13C atoms?

21)  If you select one hundred carbon atoms at random, the total mass will be:

a) 1200.00 amu

b) slightly more than 1200.00 amu

c) slightly less than 1200.00 amu

d) 1300.34 amu

e) slightly less than 1300.34 amu

Explain your reasoning.

22)  Do any of the marbles in Model 2 have the average mass?

23)  Use the method in Model 2 to determine the average mass of a carbon atom (in amus and grams).

    Does any carbon atom have this mass?

24)  For a large collection of magnesium atoms (randomly selected), what is the average mass of a magnesium (Mg) atom (in amu and  in grams)?

25)  What is the mass (grams) of 6.022 x1023 magnesium atoms (randomly selected)?

26)  What is the mass (grams) of 6.022 x1023 carbon atoms (randomly selected)?

27)  Examine the periodic table and find the symbol for magnesium.  Compare the number given just below the symbol for magnesium with the average mass (amu) of one magnesium atom and with the mass (grams) of 6.022 x1023 magnesium atoms.

28)  Find the symbol for carbon on the periodic table.  Compare the number given just below the symbol for carbon with the average mass (amu) of one carbon atom and with the mass (grams) of 6.022 x1023 carbon atoms.

29) Does any carbon atom have a mass of 12.011 amu?  Does any magnesium atom have a mass of 24.305 atoms?

30) Using the periodic table, but without doing the calculations, what is the mass in grams of 

a) 6.022 x1023 hydrogen atoms (random)?  

b) b)  6.022 x1023 potassium atoms (random)?

31)  What is the mass in grams of:  

a) 12.044 x1023  sodium atoms?  

b) 15.0 x1023 sodium atoms?



1 dozen items = 12 items


1 mole of items = 6.022 x1023 items
32)       a) How many elephants are there in a dozen elephants?

b) Which has more animals –a dozen elephants of a dozen chickens?

c) How many elephants are there in a mole of elephants?

d) Which has more animals –a mole of elephants or a mole of chickens?

e) Which has more atoms –a dozen H atoms or a dozen Ar atoms?

f) Which has more atoms –a mole of hydrogen atoms or a mole of argon atoms?

33)  Which has more atoms:  1.008 g of hydrogen or 39.95 g of argon?

34)  Without doing the calculations, what is the mass in grams of:  

a) one mole of helium atoms?  

b) one mole of potassium atoms?

35)  What is the average mass, in grams, of:  

a) one helium atom?  

b)  one potassium atom?

36)  What is the mass (in grams) of five moles of carbon atoms?

37)  How many sodium atoms would be found in 

a) six moles of sodium?  

b) In 100.00 g sodium?













1.00728 amu





1H





     electron (-)           neutron (no charge)         proton (+)    1 amu = 1.66054 x10-24g





Hydrogen





Hydrogen

















2.0165 amu





2H





1H and 2H are isotopes of hydrogen.























12.0989  amu





Carbon





Carbon anion























     13.1081 amu








6 protons


7 neutrons





Carbon





12C and 13C are isotopes of carbon.





12C





13C-





16O-2





6 protons


6 neutrons





13C























     13.1076 amu








6 protons


7 neutrons























     16.1330 amu





23Na+























        23.1895 amu





Oxygen dianion





Sodium cation





8 protons


8 neutrons





11 protons


12 neutrons








� This day’s lab is taken directly from Moog, R. S.; Farrell, J. J. “Chemistry A Guided Inquiry” 2nd edition John Wiley & Sons 2002, p 1-10.
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