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Textbook:  
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by John C. Kotz, Paul M. Treichel, John R. Townsend, David Treichel 
11th Edition | Copyright 2024 
 
Instructions: 

§ This recitation worksheet covers Ch. 6.1-6.5. 
§ Please enter your first and last name as it appears on the eLC roster (do not use 

a nickname that is not reflected in eLC). 
§ Your UGA myID is a combination of letters and numbers (example: Dr. Seivert’s 

MyID is mds73312). Do not use your 81x number. 
§ Your completed worksheet has to be submitted to Gradescope. You have 

multiple options for submission: 
o You may use an app to annotate the worksheet by placing your answers 

in the answer boxes and showing your work when appropriate. Afterward, 
submit the worksheet to Gradescope. You will not need to upload anything 
to eLC. 

o You may print out the worksheet, write your answers in the answer boxes, 
and show your work on it when appropriate. Afterward, convert the 
worksheet to a PDF and submit to Gradescope. You will not need to 
upload anything to eLC.  

o If you do not have access to a printer, you may type your answers directly 
into the worksheet PDF and then submit it to Gradescope. Write your work 
on separate sheets of paper, convert them to a PDF, and upload to the 
appropriate dropbox on eLC. 

o There is a Gradescope app available for both iOS and Android devices 
that allows you to scan and submit your printed work, or you can submit 
your fillable PDF directly.  

§ The following criteria must be met to be eligible for full credit: 
o You must make sure the pages are in the correct order and have the 

same layout as the original worksheet when submitting to Gradescope 
regardless of your submission type. 

o Answers must be written in the corresponding answer boxes. 
o You must show your work when appropriate. 

§ This worksheet is due no later than 9:00 AM on the Saturday of the recitation 
week. 

§ A periodic table and formula sheet are attached to the end of this worksheet. 
Please keep these attached to your worksheet in the correct order when 
submitting to Gradescope. 
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1. Answer the questions below based on the illustration of the wave provided: 
 

 
 
(a) What is the wavelength of the wave (in nm)? Report your answer in standard 
notation. 
 

 
nm 
 

 
 
 
(b) What is the frequency of the wave (in Hertz)? Report your answer in scientific 
notation. 
 
 
 

 
´ 10      Hz 
  

 
 
(c) If the wavelength of the wave is halved, what will happen to the speed of light (c)? 
 

 
 
 

 
 
 
 
(d) If the wavelength of the wave is halved, what will happen to the frequency (ν)? 
 

 
 
 

 
 
  

 

 

 

 

 

A. c will be doubled 
B. c will increase, but not double 
C. c will be halved 
D. c will decrease, but not in half 
E. c will not change 
 

A. ν will be doubled 
B. ν will increase, but not double 
C. ν will be halved 
D. ν will decrease, but not in half 
E. ν will not change 
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2. Consider the two waves illustrated below (line hashmarks included for scale). Which 
of the following statements is false? 

 
 
 
 

 
A. Wave A has a shorter wavelength than Wave B 
B. Wave B has a lower amplitude than Wave A 
C. Wave B has a lower energy than Wave A 
D. If Wave A corresponds to blue light, then wave B could correspond to infrared 
radiation 
E. None of the above are false 
 
 
3. Which of the following photons has the shortest wavelength? 
 

 
 
 

 
A. Visible - green 
B. Microwave 
C. Visible - red 
D. Infrared 
E. Radio 
 
 
4. What is the wavelength (m) of a photon with a frequency of 195 MHz? Report your 
answer in standard notation. 
 

 
m 
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5. Laser tattoo removal is commonly employed using lasers of various wavelengths. If 
the wavelength of a particular laser is 532 nm, what is its energy in Joules? What is its 
frequency in Hertz? Report your answers in scientific notation. 
 
 
 

 
´ 10      J 
 

 
 
 
 
 

 
´ 10      Hz 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
6. Light is shined onto a metal such that the frequency of the light is below the threshold 
frequency. If the frequency of the light is increased above the threshold frequency, 
which of the following statements are true? Select any that apply and answer using 
capital letters with no spaces (e.g. ABCDE). 
 

 
 
 

 
A. The energy of the light increased. 
B. The wavelength of the light increased. 
C. Photons are ejected from the metal after the light is changed. 
D. Electrons are ejected from the metal after the light is changed. 
E. Electrons are absorbed by the metal after the light is changed. 
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7. Watson and Crick were awarded the Nobel Prize in 1962 for the discovery of DNA, 
but it was Rosalind Franklin’s research group who collected “Photo 51”, an x-ray 
diffraction image that was critical in this discovery. The diffraction image clearly 
illustrated diffraction spots throughout the pattern (shown below by the red arrows) 
which was a result of x-rays diffracting off of the DNA structure. Based on this 
information, which of the following statements is/are true? Select any that apply and 
answer using capital letters with no spaces (e.g. ABCDE). 
 
Hint: the diffraction spots were a result of increased amplification. 
 

 

 
 

 
 
 

 
A. The spots seen were a result of destructive interference 
B. The spots seen were a result of constructive interference 
C. The x-rays used in this experiment had a higher wavelength than infrared or 
microwave radiation 
D. The x-rays used in this experiment had a lower wavelength than infrared or 
microwave radiation 
E. The x-rays used in this experiment had higher energy than infrared or microwave 
radiation 
F. The x-rays used in this experiment had lower energy than infrared or microwave 
radiation 
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8. Consider an electron that transitions from the n = 4 level to a lower energy level... 
 

(a) In which transition would the resulting photon produced be at the shortest 
wavelength? Answer by using an integer (e.g. 0, 1, etc.). 

 
n = 4 → n = ? 
 
 

 
n =  
 
 
 
 
(b) Which transition most likely correlates to the emission of light recorded in the 
illustration below? Answer by using an integer (e.g. 0, 1, etc.). 
 
n = 4 → n = ? 

  
 

 
n =  
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9. Which of the following options below will have the smallest de Broglie wavelength 
when moving at the same velocity? 
 

 
 
 

 
A. a chemistry book 
B. a titanium atom 
C. a sheet of paper 
D. a drop of water 
E. The planet earth 
F. There is not enough information to determine this 
 
 
10. A student walks into their General Chemistry I exam and they realize they have 
forgotten their nonprogrammable calculator. A prepared friend carefully throws a 
calculator to them at a velocity of 0.520 m/s. If the calculator has a mass of 113 grams, 
what is the calculator’s wavelength (in m)? 
 

 
 
 

 
A. 1.13 × 10−35 m 
B. 1.50 m 
C. 1.50 × 10−12 m 
D. 1.13 × 10−32 m 
E. 0.780 m 
F. 0.780 × 10−12 m 
 
 
11. Which statements are true based on the Bohr model of the atom? Select any that 
apply and answer using capital letters with no spaces (e.g. ABCDE). 
 

 
 
 

 
A. Atomic emission spectra are due to electrons losing energy and changing energy 
levels 
B. The energy of transition for n = 2 to n = 3 would be the same as n = 4 to n = 5 
C. The first energy level is set at zero energy 
D. Electrons lose energy as they travel around the nucleus 
E. Each energy level has a specific energy value 
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12. Which of the following are true? Select any that apply and answer using capital 
letters with no spaces (e.g. ABCDE). 
 

 
 
 

 
A. The Bohr model is the most modern model for electrons in atoms  
B. The energy of an electron in an orbit is positive and the energy of an electron after it 
has left (ionized) from an atom is equal to 0 
C. When an electron moves from a high energy level to a low energy level, it is referred 
to as emission 
D. The Heisenberg uncertainty principle states that we cannot exactly know the position 
and momentum of an electron simultaneously 
E. In the Bohr model of the atom, electrons are embedded in the positively charged 
nucleus 
 
 
13. Which of the following electronic transitions would result in emission of a photon 
with the lowest frequency? 
 

 
 
 

 
A. n = 4 →  n = 3 
B. n = 4 →  n = 2 
C. n = 5 →  n = 1 
D. n = 2 →  n = 1 
E. n = 3 →  n = 4 
F. More than one of the above would have the same frequency 
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14. The binding energy of a metal is 3.99 × 103 kJ/mol. What is the minimum frequency 
of light (in Hertz) that is required to remove a singular electron from the metal? Hint: 1 
mol = 6.022 × 1023 electrons. Report your answer in scientific notation. 
 
 
 

 
´ 10      Hz 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
15. Consider a sparkle of colored light that contains 285 kJ of energy. How many 
photons are in the sparkle if the wavelength of the light is 623 nm? Report your answer 
in scientific notation. 
 
 
 

 
´ 10      photons 
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16. A student is performing a synthesis reaction that requires 514 J of energy. To 
provide the needed energy, these use a blue laser with a wavelength of 412 nm that 
produces 2.1 × 1019 photons/sec. How many seconds do they need to run the laser? 
Report your answer in standard notation. 
 

 
seconds 
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17. Which of the following statements are false?  
 

 
 
 

 
A. Quantum numbers indicate the orbitals occupied by electrons and their 
corresponding energy  
B. The quantum number ℓ defines the shape and orientation of s, p, d, f, etc. orbitals 
C. A 3p orbital and 75p orbital have the same number of possible mℓ values 
D. There is only one orbital that corresponds to the following quantum numbers: n = 7,  
ℓ = 3, mℓ = -2 
E. More than one of the above are false 
F. None of the above are false 
 
 
18. Which of the following subshell designations are invalid? Select any that apply and 
answer using capital letters with no spaces (e.g. ABCDE). 
 

 
 
 

 
A. 1s     
B. 1p     
C. 1d     
D. 2s     
E. 3d  
F. 4p   
G. 8p   
H. 20d   
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Extra Practice Questions: these questions will not be graded. 
 
1. Consider a laser that emits energy at a rate of 212 J/s. If the laser has a 
wavelength of 635 nm, how many photons are emitted every 2.00 seconds? Report 
your answer in scientific notation. 
 
 
 

 
´ 10      photons 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. A scientist finds an unknown metal in the lab. They determine it requires 
approximately 342 kJ/mol of energy to remove electrons from the surface of the 
metal. As a result, what minimum wavelength of light is required to reproduce the 
photoelectric effect they observed? Hint: 1 mol = 6.022 × 1023 photons. Report your 
answer in standard notation. 
 

 
nm 
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3. A scientific lab is performing an experiment with photons and electromagnetic 
radiation. They find stray photon signals that they think are coming from local radio 
broadcasting stations. Which radio station should they ask to turn down their signal if 
they are getting individual photons with a wavelength of just 304 cm? 
 

 
 
 

 
A. 106.5 MHz 
B. 98.6 MHz 
C. 96.1 MHz 
D. 91.2 MHz 
 
 
 
 
 
 
 
 
 
4. What is the minimum energy (in Joules) of a photon that must be absorbed to excite 
the electron from the ground state in a hydrogen atom to n = 5? Report your answer in 
scientific notation and three significant figures. 
 
 
 

 
´ 10      J 
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5. What is true about the Bohr model of the atom? 
 

 
 
 

 
A. Electrons orbit the nucleus in fixed energy levels 
B. Electrons absorb energy as photons when they fall from an excited state to a ground 
state 
C. The spacing of energy levels is even; all transitions have the same change in energy 
D. Electrons falling from an excited state can emit a range of wavelengths if they fall in-
between energy levels 
E. Electrons have to continually absorb energy so they do not fall toward the nucleus 
 
 
 
6. A certain atom has four bright lines in its atomic emission spectrum in the microwave, 
infrared, ultraviolet, and x-ray regions corresponding to n = 5 to n = 6, n = 4 to n = 2, n = 
3 to n = 1, and n = 2 to n = 1. Which of these transitions corresponds to the emission in 
the microwave region? 
 

 
 
 

 
A. n = 5 to n = 6 
B. n = 4 to n = 2 
C. n = 3 to n = 1 
D. n = 2 to n = 1 
 
 
 
 
 
7. Photosynthesis uses 660. nm light to convert CO2 and H2O into glucose and O2. 
Calculate the frequency (in Hz) of this light. Report your answer in scientific notation. 
 
 
 

 
´ 10      Hz    
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8. Which of the following transitions in the Bohr hydrogen atom will result in absorption 
of the highest energy photon? 
 

 
 
 

 
A. n = 5 → n = 1 
B. n = 3 → n = 4  
C. n = 1 → n = 4 
D. n = 2 → n = 5 
E. More than one of the above 
 
 
9. Which of the following types of electromagnetic radiation would have the shortest 
wavelength? 
 

 
 
 

 
A. Visible light 
B. Infrared radiation 
C. Microwaves 
D. X-rays  
E. UV radiation 
 
 
10. The quantum number that describes the orientation of an orbital is… 
 

 
 
 

 
A. n 
B. ℓ 
C. mℓ 
D. None of the above 
 
 
11. What is the correct orbital designation for the following quantum numbers: 
 

n = 9, ℓ = 0, mℓ = -2 
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Formula Sheet 

Length 
1 kilometer = 0.62137 mile 
1 inch = 2.54 centimeters (exactly) 
1 Ångstrom = 1 × 10−10 meter 

Energy 
1 joule = 1 kg·m2/s2 
1 calorie = 4.184 joules 
1 Calorie = 1 kilocalorie = 1000 calories 
1 L·atm = 101.325 joules 

Pressure 
1 pascal = 1 N/m3 = 1 kg/m·s2 
1 atmosphere = 101.325 kilopascals = 760 mm Hg = 760 torr = 14.70 lb/in2  
1 bar = 1 × 105 Pa (exactly) 

Temperature 
0 K = −273.15°C 
K = °C + 273.15 
°C = (5/9)(°F − 32) 

Mass 
1 kg = 2.205 lbs 

Volume 
1 mL = 1 cm3 = 1 cc 

Constants 
c = 2.998 × 108 m/sec 
h = 6.626 × 10−34 J·sec 
R = 0.08206 L·atm/mol·K = 8.314 J/mol·K 
Specific heat of water = 4.184 J/g∙K 
Mass of an electron: 9.109 x 10−31 kg 
Mass of a proton: 1.673 x 10-27 kg 
RH = 2.18 x 10−18 J 
Specific heat of water = 4.184 J/g∙K 
Avogadro's number: 6.022 × 1023 

F = 96485 J/(V∙mol e−) 
Kw = 1.0 × 10−14 at 25 °C 
kb = 1.381 × 10−23 J/K 
 
Equations 
(P + a(n2/V2))·(V − nb) = nRT 
molar mass (M) = mRT/PV 
density (d) = MP/RT 

𝐾𝐾𝐾𝐾 =  
3
2
𝑅𝑅𝑅𝑅 

𝜇𝜇𝑟𝑟𝑟𝑟𝑟𝑟 = �3𝑅𝑅𝑅𝑅
𝑀𝑀

 



𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑜𝑜𝑜𝑜 𝑅𝑅𝑜𝑜𝑜𝑜𝑒𝑒𝑒𝑒𝑒𝑒𝑜𝑜𝑒𝑒 𝐴𝐴
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑜𝑜𝑜𝑜 𝑅𝑅𝑜𝑜𝑜𝑜𝑒𝑒𝑒𝑒𝑒𝑒𝑜𝑜𝑒𝑒 𝐵𝐵

= �
𝑀𝑀𝑀𝑀𝐵𝐵

𝑀𝑀𝑀𝑀𝐴𝐴
 

∆𝐾𝐾 =  −2.18 × 10−18𝐽𝐽(
1
𝑒𝑒𝑓𝑓2

−
1
𝑒𝑒𝑖𝑖2

) 

 

Cg = kPg 

Psolution=Psolvent Xsolvent 
Psolution=∑Pj=∑PjXj 
π = MRTi 

Thermodynamic and Electrochemistry 
S = kb × ln(W) 
ΔS = qrev/T  
∆G = ∆G° + RT∙lnQ  
R=8.314 J/mol.K 
∆G° = −RT∙lnK 
∆G= −nFEcell  
E°cell = RT/nF lnK  
E°cell = (0.0257/n) lnK = (0.0592/n) logK  
Ecell = E°cell − (RT/nF) lnQ  
Ecell =E°cell − (0.0257/n) lnQ  
Electrolysis: Q (total charge) = I × t = n × F 

Integrated Rate Laws & half-life 

 

Equilibrium and Acid / Base 
KP = Kc × (RT)Δn  

ln 𝐾𝐾2
𝐾𝐾1

=  ∆𝐻𝐻𝑟𝑟𝑟𝑟𝑟𝑟
°

𝑅𝑅
 ( 1
𝑇𝑇1
−  1

𝑇𝑇2
) 


