CHEMISTRY 141 PROBLEM SESSION # 3

Gilbert CHAPTERS 7, 8, 9,10 

Fall 2015
1. What is the frequency of an X ray with a wavelength of 1.5 x 10-2 nm?  What is the energy, in joules, associated with a photon of this frequency?  What would be the energy of a mole of such photons?


[image: image35.wmf]S

O

O

C

O

O


2. One way to gain information about the origin and functions of stars within the universe is to study the origin and distribution of the hundreds of gamma ray sources in the sky.  If one such source were producing high-energy gamma rays of 1.6 x 10-8J, what wavelength would astronomers have detected?  What is the frequency of this radiation?
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3. Taking a photograph of a moving object – for example, a person sprinting—will cause some blurring or the actual person’s position when the photograph is developed.  Therefore, the more blur, the better you represent movement.  If the entire scene were re-shot using a faster shutter speed, what information would you gain and what would you lose in the photo?

You would get a sharper image showing the position clearly, but the speed would not be evident.
4. When an electron is in the fifth energy level, how many sublevels are possible?  How many orbitals are possible?

n=5

l = 4,3,2,1,or 0 so 5 possible sublevels

for l = 4, ml = 4,3,2,1,0,-1,-2,-3,-4  so 9 orbitals

for l = 3, ml = 3,2,1,0,-1,-2,-3  so 7 orbitals

for l = 2, ml = 2,1,0,-1,-2  so 5 orbitals

for l = 1, ml = 1,0,-1  so 3 orbitals

for l = 0, ml = 0 so 1 orbital

total 25 orbitals
5. If the four quantum numbers for an electron were (3,2,1,+½) what would be the four quantum numbers for an electron in the same orbital as the first electron?

(3,2,1,−½) 
6. The sequence in each line that follows represents values for the quantum numbers for an electron in a hydrogen atom.  Select any sequence(s) that are not possible and explain the problem(s)?

	n
	l
	ml
	

	3
	-1
	0
	Not possible, l = 0, 1, or 2

	2
	+2
	+1
	Not possible, l must be less than n

	3
	+2
	+3
	Not possible ml = l to –l

	1
	+1
	+1
	Not possible, n must be greater than l

	4
	+3
	-2
	Possible 


7. A photon with a wavelength of 415 nm strikes a metal surface ejecting an electron with a  velocity of 9.0 x 105 m/sec.  What is the threshold frequency of the metal?  (kinetic energy = 1/2mv2, J = kg(m2/sec2)

Energy of excitation
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Energy of electron

Threshold Energy

Ethreshold = Eexcitation- Eelectron = (4.79 – 3.69) x 10-19J = 1.10 x 10-19 J

frequency

(= E/h = 1.10 x 10-19J/6.626x10-34 J sec = 1.66 x 1014 /sec

8. Draw the orbitals associated with the following quantum numbers.
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a. n = 4, l = 0, m = 0
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b. n = 2, l = 1, m = 0
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c. n = 3, l = 2, m = -2

9. Consider the following levels of a hypothetical atom:

E(


  0 J
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a. An electron in the E1 energy level will jump to a higher energy level when excited by light with a wavelength of 190 nm.  Calculate the energy of the light beam.
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b. Predict the energy level to which the electron will jump upon excitation by 190 nm light.

The electron will jump to the E3 level.

c. How many different emission lines would you predict as electrons fall from the E4 state back to the ground state by all possible routes.  (Draw the possible transitions on the diagram using arrows.)

Six lines  see above

10. Determine the following terms:

	a.   octet rule
	l. Lewis structure

	b.   antibonding molecular orbital
	m. lone pair electrons

	c.   delocalization
	n. molecular orbital theory

	d.   bond angle
	o. pi bond

	e.   bonding electron pair
	p. polar covalent bond

	f.   bond length
	q. resonance hybrid

	g.   bond order
	r. sigma bond

	h.   covalent bond
	s. Coordinate covalent bond

	i.   electronegativity
	t. electron affinity

	j.   formal charge
	u. valence bond theory

	k.   hybrid atomic
	


Octet rule: is a simple chemical rule of thumb that states that atoms tend to combine in such a way that they each have eight electrons in their valence shells, giving them the same electronic configuration as a noble gas.
Anti-bonding molecular orbital: The molecular orbital whose occupation by electrons decreases the total bonding (as usual, increases the total energy) of a molecule. The energy level of an anti-bonding MO lies higher than the average of the valence atomic orbital’s of the atoms constituting the molecule.

Delocalization : The phenomenon in which electrons in some molecules are not fixed to specific atoms or bonds but are spread out over several atoms or bonds. Delocalization is an energetically favorable process: by distributing charge over a greater volume, the net energy of the molecule is lowered, resulting in resonance stabilization. 

Bond angle: the angle that is formed between two adjacent bonds on the same atom.
Bonding electron pair: an electron pair found in the space between two atoms
Bond length: is the average (because atoms vibrate) distance between two atoms (taken from the nuclei) in a stable molecule.
Bond order: in a Lewis formula, the number of bonding pairs of electrons between two atoms. The molecular- orbital bond order is the net number of pairs of bonding electrons, or the difference between the number of bonding and anti-bonding electrons divided by two.
Covalent bond: is a form of chemical bonding that is characterized by the sharing of pairs of electrons between atoms, or between atoms and other covalent bonds. In short, attraction-to-repulsion stability that forms between atoms when they share electrons
Electronegativity: is a measure of the tendency of an atom to attract a bonding pair of electrons.
Formal charge: is a partial charge on an atom in a molecule assigned by assuming that electrons in a chemical bond are shared equally between atoms, regardless of relative electronegativity
Hybrid atomic: Orbitals formed by mixing two or more atomic orbitals.
Lewis structure: are diagrams that show the bonding between atoms of a molecule, and the lone pairs of electrons that may exist in the molecule
Lone pair electrons: a pair of electrons in the outermost shell of an atom that are not used in bonding.
Molecular orbital theory: is a method for determining molecular structure in which electrons are not assigned to individual bonds between atoms, but are treated as moving under the influence of the nuclei in the whole molecule. This theory deals with the wave nature of the electron and the overlapping of these waves in both constructive and destructive interference.
Pi bond: A bond formed by the sideways overlap of two parallel p orbitals. Pi bonds result from the concentration of electron density above and below the bond axis and exhibit binodal planar symmetry. The second and third bonds formed are pi bonds. 

Polar covalent bond: covalent bond between atoms of different electronegativities; a covalent bond with a positive end and a negative end. In other words. one atom has a greater attraction for the electrons than the other atom.
Resonance hybrid: the average of the resonance forms shown by the individual Lewis structures.
Sigma bond: The first covalent bond formed between two nuclei is always a sigma. Sigma bonds exhibit cylindrical symmetry to the internuclear axis.
Coordinate covalent bond: a bond formed when one atom provides both electrons in a shared pair.

Electron affinity: is a measure of the energy change when an electron is added to a neutral atom to form a negative ion in the gas phase.

Valence bond theory: A theory of the structure of chemical compounds according to which the principal requirements for the formation of a covalent bond are a pair of electrons and suitably oriented electron orbitals on each of the atoms being bonded; the geometry of the atoms in the resulting coordination polyhedron is coordinated with the orientation of the orbitals on the central atom. 

11. Write the complete and shorthand electronic configuration for the following atoms and ions.

a. Si     [Ne] 3s2 3p2             Si – 1s22s22p63s23p2

b. Mg+2 : [He] 2s22p6                 Mg+2 - 1s22s22p6
c. S‑2: [Ne] 3s23p6               S-2 - 1s22s22p63s23p6
d. V  [Ar] 3d3 4s2               V - 1s22s22p63s23p64s23d3
e. Mn  [Ar] 3d5 4s2             Mn - 1s22s22p63s23p64s23d5
f. Ni +2[Ar] 3d8                   Ni+2 - 1s22s22p63s23p63d8
g. W [Xe] 4f14 5d4 6s2          W - 1s22s22p63s23p64s23d104p65s24d105p66s15d54f14
h. Am:  [Rn] 5f 77s2 

Am - 1s22s22p63s23p64s23d104p65s24d105p66s25d104f146p67s25f7
12. Arrange the following from left to right in order of increasing size:

a. As, Br, Ga, Kr                             Kr < Br < As < Ga,     
b. Mg, Ba, Sr, Be                           Be <  Mg < Sr < Ba,                          
c. F-, Ne, F, O2-                                            Ne <F< F- < O2-                                       
                      

d. K, K+, Ca +2, Sc+3                     Sc+3 < Ca +2 < K+ < K
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a. Explain why there is an increase in ionization energy from Al to Ar.

Increased effective charge leads to increased ionization energy.

b. Explain the slight decrease in ionization energy from P to S.

S will have a half filled p sublevel if it loses 1 electron and you removed the electron repulsion of the paired electrons.  This is good therefore the ionization energy not that high.  P will lose half filled shell if it loses an electron therefore the ionization energy is high.

13. Draw the best resonance structure for each possible structure and assign formal charges to determine whether the connectivity in dinitrogen oxide is NNO or NON.  Identify the more stable structure and explain your reasoning.
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14. Tabun is a chemical warfare agent 
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a. How many pi  bonds are there in tabun?  3
b. How many sigma bonds are there in tabun?  20
c. Give the hybridization of each carbon, nitrogen and oxygen in 





      the molecule.  
The C(N C and N are both sp, the double bonded O is sp2, and all other non H atoms are sp3.
d. Which is the shortest C(N bond in the molecule?  C(N
e. What is the P(C(N bond angle?  180o
f. What is the C(N(C bond angle?  109o
15. Complete the following table

	Molecule
	Lewis Diagram
	Orbital geometry
	molecular geometry
	Hybridization

	BrF5
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	Octahedral
	Square pyramidal
	Br

sp3d2

	SiO3-2
(Show formal charges on atoms and any resonance structures)
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	Trigonal planar
	Trigonal planar
	Si

sp2

	XeO3
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	Tetrahedral
	Trigonal pyramidal
	Xe

sp3

	PCl3
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	Tetrahedral
	Trigonal pyramidal
	P

sp3


16. Answer the questions for the structure shown below. Note that the molecule was drawn to fit the imagination of the instructor and may not faithfully represent the geometry of the molecule. All bonds and lone pairs are shown.

a. What are the molecular and orbital geometries around Xenon?

Molecular       Square pyramidal
Orbital     Octahedral
b. What is the hybridization of the nitrogen atom? sp2
c. What is the formal change on the fluorine atom? +1
d. What is the hybridization of carbon?    sp      Charge on carbon? 0
e. What are the orbital and molecular geometries around iodine?

Molecular      T-shaped
Orbital  Trigonal pyramidal
f. What is the hybridization of the bromine atom? sp3
g. What are the orbital and molecular geometries around oxygen?

Molecular bent
Orbital  Tetrahedral
[image: image5.png]




17. Acetylene reacts with bromine according to the following equation:

C2H2  +  2 Br2  ((  C2H2Br4
From bond energies, calculate the standard enthalpy change for the reaction.
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Bonds Broken



Bonds Formed

1 C(C

812 kJ


4 C(Br

4((285 kJ)

2 Br(Br

2(193 kJ)

1 C(C

(346 kJ

1198 kJ




(1468 kJ

(Hrxn = 1198 kJ (energy required to break bonds) ( 1468 kJ (energy released forming bonds)

=  (288 kJ  
18. Draw the compounds XeF3+ and CH2O.  Explain the bonding in terms of valence bond theory.  That is show the atomic orbitals on the central atom, describe any electron promotion necessary, and show the orbitals involved in both sigma and pi bonding.
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[image: image31.wmf]
19. Acetonitrile, H3CCN, is a common organic solvent that has a H3C---C---N skeletal structure. Consider this molecule from the viewpoint of Valence Bond Theory.

Start by writing a complete electron dot formula for the molecule. Then draw and clearly label one or more pictures to show the types of orbitals that are used to form the various and/or bonds. Also clearly show the 3-dimensional structure of the molecule, including the relative orientation of the C-H, C-C, and C-N bonds, etc.
[image: image8.png]H

i C— C=N—

H 3-D structure

s %P
sp sp

o bonds 7T bonds



22. The molecular orbital diagram for the NO molecule has the same ordering of the molecular orbitals in energy as the molecular orbital diagram for a homonuclear diatomic molecule.  

(a) Draw the correct molecular orbital for the NO molecule 

7 + 8 = 15 e- (-1 pts if number of valence electrons used instead of atomic number).  

[image: image9.png]


  



(b) What is the bond order of the NO molecule?                            1/2(10-5) = 2.5 

(c) How many unpaired electrons does the NO molecule have?                     1 unpaired electron 

(d) Is NO paramagnetic or diamagnetic?                                        paramagnetic 
23. The starship Enterprise is powered by dilithium (Li2). Based on molecular orbital theory, should Li2 be a stable molecule? A MO diagram may be useful._____
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Consider the MO diagram shown

at right. Each Li atom has electron

configuration 1s22s1. So, there are

a total of six electrons to consider.

After building the MO diagram,

we see that Li2 should have a bond

order of 1( [(4-2)/2]). This leads us

to believe that Li2 should be a

somewhat stable molecule.

24. The Lewis Structure for molecular oxygen is shown below. Using valence bond theory, describe the hybridization around each oxygen and draw a sketch showing how the hybridized and/or unhybridized orbitals can produce the electron-pair geometry and bonding in oxygen

[image: image11.png]0=0




Each oxygen has three “things” around it, two unshared pairs and one oxygen atom.

Therefore, each oxygen atom must be sp2 hybridized. If this is so, we can sketch each atom as shown below. End-to-end overlap of one sp2 orbital on each oxygen allows the formation of a sigma bond. The unhybridized p orbital on each oxygen can then get involved in the formation of a pi-bond. As a result, two pairs of electrons are “shared” between oxygen atoms in the molecule.
25. Explain the structure of a hydrogen bond.
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26. Write the Lewis structures and give the shapes of each of the following molecules; predict which substance of each pair has the higher boiling point.  Explain your reasoning.

a. Ethanol, CH3CH2OH or dimethyl ether, CH3-O-CH3?

Ethanol can hydrogen bond therefore the intermolecular forces are stronger and it has a higher boiling point.

b. Butane, C4H10 or octanol, C8H18?

Octanol has a higher molecular weight and therefore is has stronger dispersion forces (London forces) leading to a higher boiling point.

c. PF3 or PCl3?
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d. SO2 or CO2?

e. See question below.  Polar SO2 has stronger intermolecular forces than nonpolar CO2.

f. Extra question:  Explain why sulfur dioxide, SO2, has a dipole moment of 1.63D, but that of CO2 is zero.



27. The phase diagram of an unknown substance is shown below:  








a. Label the solid liquid and gas regions of the phase diagram.

b. Label the triple point and the critical point.

c. Label the normal freezing and boiling points.

There is not a normal boiling point or freezing point as the picture is drawn.  The normal sublimation point is the point where there is a transition between the solid and the gas phase at 1 atm pressure.

d. Which phase is more dense the liquid or the solid?  Explain your reasoning.

The liquid is more dense.  Since the fusion line between the solid and the liquid has a negative slope this implies that the liquid is more dense than the solid.
28. Explain why CH3OH is completely soluble in water but not completely soluble in toluene, C6H5CH3.

CH3OH is polar so it dissolves easily in polar solvent water but not so easily in nonpolar toluene.
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A 4s orbital





� EMBED ChemWindow.Document  ���





A 2p orbital
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A 3d orbital
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The electrons of an electronegative atom are attracted to a partially positively charged H which is bonded to another electronegative atom.
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Because F is more electronegative than Cl, PF3 is more polar and has stronger intermolecular forces therefore it has a higher boiling point.





� EMBED ChemWindow.Document  ���





SO2 is bent therefore it has a net dipole moment towards the oxygens.  CO2 is linear and the two bond dipoles cancel.
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