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Select Chapter 7 and 8 AP Problems
Directions:  Show all of your work in order to receive full credit.  If you have any questions, be sure to ask.

1.) 1980

(a) Write the ground-state electron configuration for an arsenic atom, showing the number of electrons in each subshell.

(b) Give one permissible set of four quantum numbers for each of the outermost electrons in a single As atom when it is in its ground state.

(c) Is an isolated arsenic atom in the ground state paramagnetic or diamagnetic? Explain briefly.

(d) Explain how the electron configuration of the arsenic atom in the ground state is consistent with the existence of the following known compounds: Na3As, AsCl3, and AsF5.

a) 1s2 2s22p6 3s23p6 4s23d104p3


b) for the two electrons in the 4s: 4, 0, 0, +1/2 and 4, 0, 0, - 1/2

for the three electrons in the 4p: 4, 1, -1, +1/2; 4, 1, 0, +1/2 and 4, 1, +1, +1/2



c) Paramagnetic. It has three unpaired electrons.



d) 

Na3As - each Na gives up one electron to the As, the As has a complete octet and the sodium atoms are ionically bonded to the arsenic 

AsCl3 - the three chlorines each have one half-filled orbital and the aresenic has three. So three covalent bonds are created and the As has one non-bonding pair to make a pyramidal structure. 

AsF5 - fluorine is so eletronegative that it draws the two electrons of the non-bonding pair of AsCl3 into bonding. A 4d orbital is involved in the sp3d hydridization, yielding a trigonal bipyramidal shape. 

2) 1981 The emission spectrum of hydrogen consists of several series of sharp emission lines in the ultraviolet (Lyman series). in the visible (Balmer series). and in the infrared (Paschen series, Brackett series, etc,) regions of the spectrum.

(a) What feature of the electronic energies of the hydrogen atom explains why the emission spectrum consists of discrete wavelengths rather than a continuum of wavelengths?

(b) Account for the existence of several series of lines in the spectrum. What quantity distinguishes one series of lines from another?

(c) Draw an electronic energy level diagram for the hydrogen atom and indicate on it the transition corresponding to the line of lowest frequency in the Balmer series.

(d) What is the difference between an emission spectrum and an absorption spectrum? Explain why the absorption spectrum of atomic hydrogen at room temperature has only the lines of the Lyman series.

a) 1 point

Quantized energy levels or discrete energies or wave properties of electron produce discrete energy states in a gas.



b) 2 points 

The excited state atoms can relax to several lower energy states (see diagram in c).

Each final state energy level produces a separate series.



c) 2 points

[image: image1.png]T } (= Ttow=)

1}

NEEE Y]

1T

) [
lowest,
—— Balmer series
frequency
2 iy

Balmer series

«—— Lyman series







d) 3 points

Emission spectra are photons emitted from excited state systems as they drop to lower energy states.

Absorption spectra result from the absorption of electromagnetic radiation. Electrons are excited to a highter energy state.

Hydrogen atoms are in the lowest electronic energy state at 25 °C (n = 1) so absorptions will be n = 1 to n = 2,3,4, etc.
3) 1987 Two important concepts that relate to the behavior of electrons in atomic system are the Heisenberg uncertainty principle and the wave-particle duality of matter.

a) State the Heisenberg uncertainty principle as it relates to determining the position and momentum of an object.

b) What aspect of the Bohr theory of the atom is considered unsatisfactory as a result of the Heisenberg uncertainty principle?

c) Explain why the uncertainty principle or the wave nature of particles is not significant when describing the behavior of macroscopic objects, but is very significant when describing the behavior of electrons.
a) three points

It is impossible to determine (or measure) both the position and momentum of any particle (or object, or body) simultaneously.

OR

The more exactly the position of a particle is known, the less exactly the position or velocity of the particle is known.

OR

([delta] x) ([delta] p) [greater than or equal to] h-bar (or h / 4pi)

h = Planck's constant
[delta] x = uncertainty in position
[delta] p = uncertainty in momentum 

Notes:

1 point is given for the notion of simultaneous determination. (A number of students give the first sentence but omit the word simultaneously. (They got 2 out of 3.) If the second or third versions of the answer are given, simultaneity is understood.
If they give the equation, they must have a > sign, not just an = sign, or they lose 1 pt.
A student who gives a correct answer but adds erroneous material gets one point deducted. 



b) five points

Bohr postulated that the electron in a H atom travels about the nucleus in a circular orbitand has a fixed angular momentum. With a fixed radius of orbit and a fixed momentum (or energy),

(∆x) (∆p) < h/4π

and violates the uncertainty principle.

Students receive 2 pts total for the above. If they say only "the electron travels in circular orbits", they get 1 point. They also get credit for saying elliptical orbits. To receive full credit, they must describe an aspect of the Bohr theory.

c. ) The following portion of the answer is worth three points.

The wavelength of a particle is given by the deBroglie relation:

[gamma] = h/mv

For masses of macroscopic objects, h/m is so small for any v that [gamma] is so small as to be undetectable. For an electron, m is so small that h/mv yields a detectable [gamma].

OR

They may say the product of the uncertainties in position and velocity depends on h/m and since h is so small (h = 6.63 x 10¯34 J s) unless m is very small, as for an electron, the product of the uncertainties is too small to be detected.

Students may discuss the fact that measuring the position and momentum requires having a photon strike the particle. The photon has an energy comparable to that of an electon but small compared to that of a macroscopic object. They must stress mass rather than size as the important distinction to get full credit.

A student who says [gamma] or ([delta] x) ([delta] p) depends on "size" and not mass gets 2 points if discussion is otherwise okay.

4) 1978 The postulates of the Bohr model of the hydrogen atom can be stated as follows:

(I) The electron can exist only in discrete states, each with a definite energy.
(II) The electron can exist only in certain circular orbits.
(III) The angular momentum of the electron is nh/2π where n is any positive integer.
(IV) Radiation is emitted by the atom only when an electron makes a transition from a state of higher energy to one of lower energy. 

(a) State whether each of these postulates is currently considered to be correct, according to the wave mechanical description of the hydrogen atom.

(b) Give the wave mechanical description that has replaced one of the postulates now considered to be incorrect.

