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There is a noticeable lack of Atomic Theory FRQs in this handout. Sad!

Some past Atomic Theory FRQs can be found at this link:
http://bhs.bellvilleisd.org/UserFiles/Servers/Server_1204/File/Schumann/Atomic%20Theory%20&%20Periodicity%20FR%20worksheet.pdf

The corresponding solutions are available here:
https://pobchemteam.weebly.com/uploads/2/5/7/7/25772138/atomic_theory_and_periodicity_fr_worksheet_key.pdf




(Some) Solutions
Solutions to old AP exam questions can be found at AP Central

	2019 (Scroll Down)
	https://apcentral.collegeboard.org/courses/ap-chemistry/exam

	Pre 2018
	https://apcentral.collegeboard.org/courses/ap-chemistry/exam/past-exam-questions?course=ap-chemistry



The solutions to the selected FRQs from Old USNCOs are below.
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7. The complete photoelectron spectrum of an element is represented above.
(a) Identify the element.
A radioactive isotope of the element decays with a half-life of 10. minutes.
(b) Calculate the value of the rate constant, k, for the radioactive decay. Include units with your answer.

(c) If 64 atoms of the radioactive isotope are originally present in a sample, what is the expected amount of time
that will pass until only one atom of the isotope remains? Show how you arrived at your answer.
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5. The complete photoelectron spectrum of an element in its ground state is represented below.
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(a) Based on the spectrum,
(i) write the ground-state electron configuration of the element, and

(ii) identify the element.

(b) Calculate the wavelength, in meters, of electromagnetic radiation needed to remove an electron from the
valence shell of an atom of the element.




image1.png
_ __0.0343 mol L atm _
4. a. PV=nRT p =" n (0.0821 /ol K) x 373 K = 0.700 atm
b. P1=Pxa; + Px+ Pc,
0.800 = 0.70 — x + x + 1.5x
0.800 — 0.700 = 1.5x
x=0.067

Pxc1; = 0.700 — 0.067 = 0.633

Px=0.067
Pci, = 0.099
2 3 2 3 -6
: 0.067“ X 0.099 4.36 x10 _
c i K= 2Pl = 2RI ISTP - 20X 2 =109 x 1078
ch13 0.633 4.01 x 10

. o ] —
ii. AG = -RTIn(K,) = —8.314 —— x 373 Kx In(1.09 x 10 5) =
35552 ]/mol

d. K, = Ko x (RT)A"
1.09 x 1075 = K. x (0.0821 x 373)3

1,09 x1075 _
K.= 22— =380 x 10710
2.872 x10%

2 XCls —~ 2X + 3 Cly





image5.png
0.0500 0 0
2
—X X 1.5x
(0.0500 - x) X 1.5x
(38 x 10-10) = x% x (1.5x)3

(0.025 — x)





image6.png
1

1mol

a. 5.60gCx =.466mol
12.01g

CO, n=PV/RT n=(1.50atm)2.5L)/298K(.0821) n=0.153mol

. (1100K)
b.(i). P,=P(T,/T, P,=1.50atm-———> P, =5.54atm
() 2 1( 2 1 ) 2 298K 2
(i). Py =1.75(5.54) =9.70atm n=PV/RT n= GT0AmM2SL) _ g 56801
1100K(.0821)
0.268=0.153 - x +2x x=0.268-0.153 x=.115
nRT (.038)(.0821)1100
ngo, =0.038 N =0230  Pyy =—— Py, =P =13atm
Co, co Co, v Co, 25L
Poo = (Z3O(08DI00 g 3100 Pey=831atm
2.5L
9.70atm = (0.153 —x)+2x[%) 0.269=0.153 +x x=.116

P2
iii). K ="¢€0
., =P

@). k, =63 1)%37 K, =504

c. (i). nco will increase. As V is T,PIs so system shifts —.
(ii). ncodoes not change. He is not in K, so has no effect.

(iii). nco will increase.. AH is positive so T will favor —.
(iv). nco will not change. Solids do not affect equilibrium.
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2NO(g) + 04(g) — 2 NO,(g)

2. A student investigates the reactions of nitrogen oxides. One of the reactions in the investigation requires an
equimolar mixture of NO(g) and NO,(g), which the student produces by using the reaction represented above.

(a) The particle-level representation of the equimolar mixture of NO(g) and NO,(g) in the flask at the
completion of the reaction between NO(g) and O,(g) is shown below in the box on the right. In the box
below on the left, draw the particle-level representation of the reactant mixture of NO(g) and O,(g) that
would yield the product mixture shown in the box on the right. In your drawing, represent oxygen atoms
and nitrogen atoms as indicated below.

Oxygen atom = O Nitrogen atom = .

® 2o
-QC’O8
3 O

Reactant Mixture Product Mixture
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The student reads in a reference text that NO(g) and NO,(g) will react as represented by the equation below.
Thermodynamic data for the reaction are given in the table below the equation.

NO(g) + NO,y(g) & N;yO5(g)

o o e}
AH. 298 AS 298 AGZ‘)S

~40.4 kJ/mol,,,, | -138.5 J/(K-mol,,) | 0.87 kJ/mol,,,,

rXn

(b) The student begins with an equimolar mixture of NO(g) and NO,(g) in a rigid reaction vessel and the
mixture reaches equilibrium at 298 K.

(i) Calculate the value of the equilibrium constant, K, for the reaction at 298 K.

(ii) If both Pyg and Pyo, in the vessel are initially 1.0 atm, will Py,0, at equilibrium be equal to

1.0 atm? Justify your answer.

(c) The student hypothesizes that increasing the temperature will increase the amount of N,O5(g) in the
equilibrium mixture. Indicate whether you agree or disagree with the hypothesis. Justify your answer.
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4.[14] A 0.0343 mol sample of XCl;(g) is added to an evacuated 1.50 L glass bulb. The bulb is sealed, heated to 100 °C and the
following equilibrium is established: 2XCl;(g) === 2X(g) + 3Cl,(g)
At equilibrium, the final pressure in the bulb is 0.800 atm.
a. Calculate the pressure of XCl;(g) in the bulb at 100 °C if no reaction had occurred.
b. Calculate the equilibrium partial pressures of
1. XCli(g),
ii. X(g),
iil. Cly(g).
c. Determine the value at 100 °C of:
i. K,
ii. AG" inkJemol .
d. Calculate the value of K, at 100 °C.
e. Write an expression that can be used to solve for the concentration of XCl; at equilibrium when 0.0500 mole of XCl; is
placed in an evacuated 2.00 L glass bulb at 100 °C. You need not solve this expression.
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1. (12%) 5.60 g of solid carbon is placed in a rigid evacuated 2.5 L container. Carbon dioxide is added to the container to a final pressure
of 1.50 atm at 298 K.
a. Calculate the number of moles of each reactant in the container originally.
b. The container is heated to 1100 K and the following reaction occurs:  C(s) + CO,(g) == 2 CO(g) AH’ =173 kJ
i. Calculate the pressure in the container at this temperature before the reaction takes place.
ii. When equilibrium is reached the pressure inside the container is 1.75 times that calculated in b.i. Determine the
equilibrium partial pressures of CO,(g) and CO(g).
iii. Write the equilibrium expression for this reaction, K.
iv. Calculate the value of K,, for this reaction at 1100 K.
c. Predict the effect on the number of moles of carbon monoxide of each of the following changes made to this system at
equilibrium. Give reasons for your predictions.
i. The volume of the container is increased to 5.0 L.
ii. The pressure inside the container is increased by adding helium.
iii. The temperature of the system is increased to 1200 K.
iv. The amount of solid carbon is increased to 6.00 g.




