Gateway 125/126/130
Fall 2006
Exam 1 practice


All of the problems in this file come from old exams.  You should also be prepared to be able to do problems like your homework such as unit conversions, gram/mole/atoms conversions, arrange elements in order based on periodic trends, write electron configurations, use quantum numbers, and draw Lewis Structures and draw and name VSEPR shapes; all material through studio 4c.
1) (14 pts) The creation of element #114 was claimed by scientists at Russia's Joint

Institute for Nuclear Research in Dubna in 1999. Suppose in the year 2010 four different

research groups claim to have made a macroscopic sample of #114 so that chemical and

physical characteristics could be explored. Each group’s data is presented in the table

below. Evaluate the data and decide who should be awarded the Nobel prize for making

a macroscopic sample of element #114.  (There is data in the Appendices that might be useful)
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Fill in the table below. Put an X in each box if you believe the data provided by the

group is inconsistent with that expected based upon periodic trends. Explain your set of

answers for each chemical property.

1 pt for each X, 1 pt for each of 4 chemical property answers

	Chemical Property
	Eudora Welty
	Gabriel Garcia Marquez
	A.S. Bryatt
	Jelaluddin Rumi

	Melting point
	
	
	
	

	Atomic Radius
	
	
	
	

	Oxide Stoichiometery
	
	
	
	

	Electron Affinity
	
	
	
	

	Ionization Energy
	
	
	
	


The Nobel Prize should be awarded to ________________.
[image: image2.png]6) Let’s use Michigan stadium as an analogy for
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represent the mass of the protons and electrons.
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b) (3 pts) If the 100,000 occupants are apportioned according to the relative mass of the

electron and the proton, how many “electron” fans and “proton” fans do we have?

c) (3 pts) Sketch how the stadium is filled if the Rutherford model of the atom is correct.

(Don’t worry if space per fan ratio gets even worse than the real stadium, even to the

point that many fans have to share a pea-sized space).

2) Group the elements AA-LL into the table below so that they reflect the trends found in the actual periodic table.  Fill in the table below with just the names of the elements.  Below the table, explain why you grouped the elements the way that you did.  (The Appendices were not available on this problem)

EN:  electronegativity

IP:  ionization potential

Radius:  atomic radius

	
	
	
	

	
	
	
	

	
	
	
	


AA


BB


CC


DD

EN:  1.6


EN:  2.1


EN:  2.4


EN:  2.1

IP:  577


IP:  869


IP:  869


IP: 1012

Radius:  143

Radius:  139

Radius:  119

Radius:  110

EE


FF


GG


HH

EN:  2.5


EN:  1.7


EN: 2.0


EN:  1.5

IP:  999


IP:  579


IP:  947


IP:  558

Radius:  103

Radius:  135

Radius:  120

Radius:  167

II


JJ


KK


LL

EN: 1.9


EN:  1.8


EN:  1.6


EN:  1.8

IP:  834


IP:  786


IP:  708


IP:  761

Radius:  140

Radius:  118

Radius:  153

Radius:  122

3) The next question refers to the hypothetical universe named Morespin whose atomic orbitals hold three electrons each.  All other physical laws are the same as those on earth.  The periodic table of Morespin is:
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What would be the greatest negative charge that element 25 could have?

What is the electron configuration for element 17?

How would element 16 react with water?

Would element 21 or 22 have a higher ionization energy?  Why?

Which element do you thing would be the largest one shown on the table (in terms of atomic radius)?

4)  (1 point)  Which statement regarding an orbital is FALSE?
a. An orbital is three dimensional.
b. Only one electron is allowed per orbital. 
[image: image12.jpg]


c. An electron shell consists of a collection of orbitals with the same principal quantum number.
d. An orbital may be designated with the letters s, p, d, f.
e. An orbital describes the location of the electron 90% of the time.

5)  (1 point)  Which of the following is NOT part of Dalton's Atomic Theory?

a. Matter is not created nor destroyed in a chemical reaction; the molecular arrangements are changed.

b. An atom of one element can be chemically transformed into a different type of atom.

[image: image13.png]


c. Atoms of different elements combine in whole number quantities.

d. Atoms of a given element have the same mass.

e. Atoms of different elements have different masses.

6) .  (1 point) Which of the following is a correct statement about the cathode ray experiments?
a. The ray bent towards the positive exterior plate, proving that the ray was made up of negative particles.
b. The cathode ray experiment can be considered equivalent with the discovery of electrons.
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c. The behavior of the ray was independent of the metal chosen to make the plates inside the vacuum tube, proving that all metals contain a common particle.
d. All of the above.
e. None of the above.

7)   (1 point) The Millikan oil drop experiment was used to determine
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a. whether the atom was radioactive.
b. the electron distribution in the atom.
c. the atomic number of an atom.
d. the charge of an electron.
e. the nuclear character of the atom.

8)   ( 1 point) In Rutherford's gold foil experiment:
a. the alpha particles used were attracted to the positive particles in the gold foil.
b. Rutherford’s expectations for the experiment were proven to be correct.
c. neutrons were discovered.
d. the alpha particles mostly bounced off the foil, with most particles undergoing sharp deflections.
e. Rutherford concluded that there must be a compact, massive, positively charged particle inside the gold atoms.
9.  (4 points) Caffeine has the molecular formula C8H10N4O2.  

To make 1 mole of caffeine, you would need:


                  moles of C atoms,


                  moles of H2 molecules, 


                  moles of N2  molecules, and


                  moles of O2 molecules.

How many caffeine molecules are in the 36 mg of caffeine in a can of Coke Classic?  (Please show your work.)


10.  (4 points) How many water (H2O) molecules are in a drop or water?  (Please show your work)

Information you have available:  

58,240 drops of water in a gallon

density of water = 1 g/cm3  

(see the Appendices for common conversions)

11)  (11 points) Draw a pictorial representation of the full electron configuration of sulfur.  Write the quantum numbers for the valence electrons or sulfur in the Table below.





12).  (4 points) Element 110 was recently named Darmstadtium (Ds) for the town of Darmstadt, Germany where it was discovered.  Using noble gas configuration, write the electron configuration for darmstadtium.


13)  (18 points) Sometimes the element hydrogen is placed in at the top of group 1A while other times, it is placed at the top of group 17A.  Explain how hydrogen fits into each group using its electron configuration, electron affinity, ionization energy, the known compounds HCl and NaH, and the physical properties of the element hydrogen to support your claims.  (See the Appendices for information on electron affinity and ionization energy)

Provide your explanation in the chart below and mark an X in the box of the group (1A or 17A) which the given property best supports:

	
	Group 1A
	Group 17A

	Electron configuration


	
	

	Electron affinity


	
	

	Ionization energy


	
	

	
	Group 1A
	Group 17A

	HCl


	
	

	NaH


	
	

	Physical property


	
	


14) (1 point)  Which of the following is defined as, “In science, an observation that has been repeatedly confirmed.“

a. law

b. hypothesis

c. fact

d. theory

e. model 

15) (1 point) Which of the following statements is NOT true?

a. 
[image: image3.wmf]  

42

95

Mo contains 53 neutrons.

b. 
[image: image4.wmf]  

23

51

V has an atomic number of 23.

c. 
[image: image5.wmf]  

6

12

C has the same number of protons, neutrons and electrons.

d. 
[image: image6.wmf]  

30

66

Zn has the same number of electrons and protons.

e. 
[image: image7.wmf]  

26

56

Fe has the same number of neutrons and protons.

16) (1 point) Which of these groups of elements is arranged correctly in order of INCREASING electron affinity?

a) C, Si, Li, Ne

b) Ne, Si, C, Li

c) Li, Si, C, Ne

d) Ne, C, Si, Li

17) (1 point) Which statement is FALSE?
a. Cations are smaller than their corresponding neutral atom.
b. Anions are smaller than their corresponding neutral atom.
c. Mg2+ is larger than Be2+.
d. O2- is larger than F-.
e. Br- is smaller than I-.

18)  Which of the following sets of quantum numbers (n, A, mA, ms) could not occur.

a. 2, 1, 2, +1/2

b. 3, 2, 0, -1/2

c. 1, 0, 0, -1/2

d. 3, 2, 2, -1/2

e. 2, 0, 0, +1/2

19) (4 points) A gold dollar was produced as US currency from 1856-1889.(Figure 1)  It has a 15 mm diameter, weighed 1.672g, and was made of 90% gold (density 19.32 g/mL) and 10% copper (density 8.93 g/mL).  



20) (3 points) Which contains the SMALLER mass? (show your work in calculating the mass of each and write “smaller” in the box with the smaller mass)


21)  (3 points) Which contains FEWER carbon atoms? (show your work in calculating the number of carbon atoms each and write “fewer” in the box with fewer carbon atoms)



22)  (2.5 points) According to Chemical and Engineering News,
 the Department of Energy is slated to resume production of plutionium-238 as an energy source for spy satellites and spacecraft.  This radioactive isotope is not used for nuclear weapons, but its slow, nearly infinite release of heat during decay makes it a useful source of electricity to power spacecraft and satellites.

For plutonium-238 fill in the following information:

	Atomic number
	Mass number
	# electrons
	# neutrons
	# protons

	
	
	
	
	


23)  (6 points) Figure 3 shows the planetary model of a nitrogen atom.  



24) (2.5 points) For each valid electron configuration write in the element that it represents?  If the electron configuration is invalid then write INVALID and circle the portion that makes it invalid.


 Write the electron configurations of the following elements.  You may use the shortened noble gas abbreviation as shown in part c.


25) (4 points)  Using the graph in Figure 4, answer the following questions.

Figure 4:  Graph Ionization Energy vs. Atomic Number


[image: image8.wmf]Ionization energy (kJ/mol) vs. atomic number
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[image: image9.png]1) Karl O. Christe . a scientist associated with both
the Air Force Rescarch Laboratory and the University.
of Souhern Califoria, has spent a career making
remarkable new main group compounds.  These
compounds tend to be quite unstable and are of
potential interest as explosives or propellants.  We
will use this chemistry to further our understanding of
Lewis and VSEPR theory.

A fascinating species synthesized by Christe and coworkers was (Ns)'(SbFe ). (Vi
Wilson. Vij. Tham, Sheehy, Christe J. Am. Chem. Soc. 2001, 123, 6308). The (Ns)"
cation represents only the third readily accessible homonuclear polynitrogen species
besides Na and (N3, We compare and contrast these three compounds.




a) (1 pt) Write the electron configuration of nitrogen.

b) (1 pt) How many valence electrons does nitrogen have?
c) (3 pts) What are the total valence electrons counts for N2, (N3)-, and (N5)+? All three compounds consist of a chain of nitrogen atoms.
d) (3 pts) Draw the best Lewis structure for N2. Explicitly show formal charges.
e) (3 pts) Draw the best Lewis structure for azide, (N3)-. Explicitly show formal

charges.
f) (4 pts) Use VSEPR theory to determine which Lewis Structure(s) (I, II, and/or III) best

represent(s) the (N5)+ cation. Your answer should include your reasoning for all three

structures and must show your work.
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The X-ray crystal structure of (N5)+ (Sb2F11)- is shown to the right. Use this data in your evaluation of the importance of the three different Lewis structures shown above. The N4-N3-N2 angle is 111.2°.

[image: image11.png]



26.  (15 points) The shelves in a grocery store contain various “chemicals” available for purchase.  For each of the designated ions below, count the valence electrons and draw the Lewis structures including any formal charges and all resonance structures.





27) VSEPR is based upon what principle?
A. The size of the electrons in the valence shell of a molecule determines the shape of the molecule.
B. The velocity of the electrons in the valence shell of a molecule determines the shape of the molecule.
C. The repulsion of electrons in the valence shell of a molecule determines the shape of the molecule.
D. The attraction of electrons in the valence shell of a molecule determines the shape of the molecule.
E. The mass of the electrons in the valence shell of a molecule determines the shape of the molecule.
28) In VSEPR Theory, under which of the following conditions will the electron-pair geometry be the same as the molecular geometry?
A. in molecules with at least one lone pair of electrons on the central atom
B. in molecules with no lone pairs of electrons on the substituent atoms
C. in molecules with a central atom which is a nonmetal
D. in molecules with no lone pairs of electrons on the central atom
E. in molecules with more than one octet around the central atom

29) (15 points) For each of the following three molecules, a) count the number of valence electrons; b) draw the Lewis Structures including all resonance structures; c) draw out the shape of the molecule according to VSEPR;  e) name the electron pair geometry, and f) name the molecular geometry.  











7) (2 points) Capsaicin is one of the ingredients that puts the heat into chili peppers.  It stimulates n
Appendix

1 gallon = 231 in3 

1 in = 2.54 cm

1 lb = 453.59 g

1 ton = 2000 lb

1 gal = 4 quarts
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Please draw a horizontal line between your sets of quantum numbers to separate the rows of the table.
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Pictorial representation of the full electron configuration of sulfur.
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Please place the correct answer to each question in the corresponding box.


(1 point each)





Sodium nitrite (NaNO2) is used as a food preservative.  


Draw the Lewis structure of nitrite:





# valence electrons:_____





A common food preservative (sodium sulfite) Na2SO3  


Draw the Lewis Structure for sulfite:





# valence electrons:____





Bleach (sodium hypochlorite) NaOCl  


Draw Lewis structure of hypochlorite:





# valence electrons:____











a) How thick was the gold dollar assuming it is a cylinder?








Figure 1:  Type 3 Gold Dollar � INCLUDEPICTURE "https://www.coastcoin.com/coinimages/type3dollarBig.jpg" \* MERGEFORMATINET ���


Picture from:  http://www.coastcoin.com/Merchant2/merchant.mvc?Screen=CTGY&Category_Code=US-GoldCoins








b) Gold prices fluctuate.  If gold currently sells for $480.00 per troy ounce, (1 troy ounce = 31.1 g).  How much would the gold in an 1875 gold dollar be worth today?








3.0x10-22 mol oxygen gas





a dozen molecules of aspirin (C9H8O4)











a 1.3 carat diamond (a carat is weight unit equivalent to 200mg)











0.12 mol carbon











Figure 3:  Planetary Model � INCLUDEPICTURE "http://education.jlab.org/qa/atom_model_02.gif" \* MERGEFORMATINET ���





a) Describe two things about the model that fit accurately with the modern understanding of an atom.  








b) Describe one aspect of the model that does not accurately portray the modern understanding of an atom.  How would you change this feature to make it reflect the modern understanding of an atom?  Sketch a picture to describe your change.








c) [Kr]5s34d1





b) 1s21p62s22p63s2





a) 1s22s22p63s2





d) Nd





e) Ga





a) A plot of fourth ionization energy versus atomic number for elements 1 through 18 would have peaks at what atomic numbers?





b) Why is there no third ionization for helium?











c) What is the reason for the large third ionization energy for beryllium?

















d) Write the equation for the process corresponding to the data point where the arrow is pointing.
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Valence electrons:





a) SO3

















electron pair geometry:








molecular geometry:








b) SO3-2




















Valence electrons:





electron pair geometry:








molecular geometry:








c) XeO3F2  (Remember that nature loves symmetry)




















Valence electrons:





electron pair geometry:








molecular geometry:











� “U.S. to resume making plutonium-238” Chemical and Engineering News July 4, 2005, 16.
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