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(Total number of pages = 14)
(Total points = 120)
(Total time = 120 minutes)

**Carefully remove the last two pages: Constants and Formulas, and Periodic Table.**

WRITE IN PEN
Do not use white-out.

Show all your work to receive full credit. Check units and significant figures.

Box your final [answer.

This is a closed book exam: Only a pen and simple scientific calculator are allowed.

No other material allowed.

Good Luck
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Riboflavin (Vitamin B2) is an essential vitamin found in milk, cheese, and eggs, and
plays a critical role in cellular respiration. When 0.7360 g of Riboflavin are burned in
the presence of molecular oxygen, 1.463 g of CO2, 0.3524 g of H20, and 0.1096 g of

N2 are produced according to the balanced combustion reaction shown below. (16pt)
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VS Riboflavin + 190,(g) - 17 CO.(g) + 10 H,0(g) + 2 Na(g)
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You later learn that the molar mass of Riboflavin is 376.3 g.mol-'. Determine the molecular
formula for Riboflavin. P ——

CW\Q Fecm T OGNH

\1 hle

L) Moy mass v 316.3¢

Q\“# H‘Lo Oe M‘-t
(B olse M ™Mele colaxr GorMu\m




£A. Gold is a valuable element not only for its monetary value but also for its use in
biological applications. For example, gold nanoparticles are used in medical
diagnostics as tracers. The work function of Au(s) is 492 kJ.mol .
What is the longest wavelength light (in nm) that can remove an electron from gold?
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(Concept question)

Q2B. A beam of light at constant intensity and increasing frequency is shone on a metal
surface. A detector reads the number of electrons ejected from the sheet of metal. The
graph below has the frequency of the incoming light on the x-axis and the number of
the ejected electrons on the y-axis. Draw the excepted plot for the number of the
electromtimomequeﬂcy. Write on the x-axis the frequency at which
electrons will start to be ejected. (6pt)
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Q2C. In another photoelectric experiment, light at a fixed frequency is shone on a gold
surface and the measured kinetic energy of an electron released from the gold metal is

5.02 eV, what is the wavelength (in nm) of the incoming light? (8pt)
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Q3A. Electron diffraction is used to determine the structure of biological molecules.

Calculate the wavelength of an electron traveling at 1.0 x 10° m.s™ (6pY)
\ V
W -
A= s p= ™V
- n
= ==
e We= 4.1093¢3 % 10 " kg (
@ W2 ¢.6260% x 10°3Y Tig
NI \.ox \0° w57 2 NM
o 1 x
A= T am

(Concept questions)

Q3B. What is the name of the equation used in Q3A? (2pt)
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Q3C. Eosinophils, a type of white blood cell in your body, can use bromine to produce anti
parasitic compounds, such as hypobromite, to fight off parasitic infections.

A bromine atom contains one unpaired electron in the 4p: state. If we assume this

unpaired electron is spin up, what are its quantum numbers? (4pt)
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How many electrons in bromine possess identical values for the first two quantum
numbers, n and |, as the unpaired electron? Include the unpaired_electron in your
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(Concept and calculation questions) S a2
Light with a wavelength of 102.557 nm excites a hydrogen-atom gas sare
Is the change in energy of a hydrogen atom positive or negative when It aﬁ(\ﬁz’:—i
hoton? What is the principal quantum number of the state that the electron wa -
exc:|ted to? Make sure to show all your calculatuons
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If 100 kJ of energy was absorbed by the gas sample, how many photons in total
caused electronic excitations? How many moles of hydrogen were excited assuming
one photon interacted with one unique hydrogen atom? (4pt)
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(Concept questions)

Q5A. Write the full electron configuration. (4pY)
F 4 ST 2% 255
As 152 25729 352 3% 34 4s* Y~
Q5B. Which neutral element has the following electron configuration™ (4pt)
)
152 252 2p® 352 3p6 3d104s’ Cud
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Q5C. Calcium ions are important in the process of neurotransmitter release at the
neuromuscular junction. Write the full electron-configuration for the ground-state of a
calciu!jlon.») Nek reu el (4pt)
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(Concept questions)

Q6A. Magnesium ions are a known cofactor in Oilel' 300 enzymatic reactions.
What are the possible angular momentum quantum numbers of the highest energy o
electronsin these magnesium ions? Indicate the corresponding subshell of each
angular momentum quantum number. (4pY)
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Q6B. Arrange the following elements in order of increasing atomic radii (e.g. X <Y < Z).

pom g et numbes

Rb, Sr, Sn, Te, | (2pt)
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Q6D. Briefly explain why the first ionization energy of oxygen is lower than the first ionization
energy for nitrogen. (2pt) |
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F, Cl, Br, |
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In class there have been many excellent student questions.

(Concept questions)

Q7A. Protein phosphorylation is an important regulatory process for cell cycling and enzyme
activity. In protein phosphorylation an amino acid residue is phosphorylated by a
protein kinase by the addition of a covalently bound phosphate (PO4*).
Draw four PO+* resonance structures and assign formal charges to all atoms. (8pt)
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Are the phosphorus-oxygen bond lengths the same or different? Why? (2pt)
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Q7B. In low doses, small molecules such as carbon monoxide (CO) and hydrogen sulfide
(H28) are cell-signaling agents. However, in high doses they are lethal. Draw the most

stable Lewis structures for each compound. (6pt)
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ghemistry Community surpassed 9 million page views this quarter. _
many student questions and student-student discussion involved the assigned homework and

often centered on figuring out the structures and bonding in molecules as this is a major topic
in Chem 14A.

(Concept questions)

Q8. Draw the Lewis structure, including resonance structures where appropr iate, for
(a) the oxalate ion, C2042" (there is a C-C bond with two oxygen atoms attached to
each carbon atom); (b) BrO*; (c) the acetylide ion, C2*".

Assign formal charges to each atom. (14pt)
) bu™ ) 0"
2xCr B we” O 1""“-
Hx OF 24ve” Q: 6 vel
42 .
\2 Ve
EER




