REFERENCE SHEET FOR ACDA5014 ADVANCED CHEMISTRY QUIZ #1
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PHYSICAL CONSTANTS:

C =3.0x10% m/s (speed of light)

Ry =3.29 x 10*° 5! (Rydberg constant)

h =6.6 x 103* Js (Plank’s constant)

e =1.602 x 10*° C (charge of electron)

1 amu = 1.66 x 10?4 kg (atomic mass unit)
6.02 x 10% Avogadro’s number

R =0.0821 L-atm/mol-K

USEFUL EQUATIONS:

g=nx MM

M=mol/v

m = mol of solute / kg solvent

¥ = (moles of solute) / (total number of moles)
C=VXA

E=hxv

v =Ru ((1/n1%) - (1/n2?))

% yield = (actual yield / theoretical yield) x 100%
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1. (10 points) Indicate whether each of the following statements is true or false:
T F
X ___ One mole of carbon-12 weighs exactly 12 grams.

_ X _ __ Intensity of light is directly proportional to the frequency.
X _ Alitreis a volume equal to 100 cm?3.
_ X _ There are three d orbitals.
_ X _ Strontium ion used in pyrotechnics produces green light in fireworks.
____ X _ X-rays have a longer wavelength than ultraviolet.
_X_ __ lIsotopes of the same element always have the same number of protons.
_ X ___Elements in the same column (family) of the periodic table usually have similar
chemical properties.

_X___Anionisformed when a neutral atom gains or loses electrons.

____ X _Electrons account for most of the mass of an atom.

2. (4 points) Identify each of the following as an element, a compound, a homogeneous
mixture or a heterogeneous mixture (no credit for “mixture” as whole answer):

Stainless steel: ......... NOMOZENOUS MIXEUIE...cueieiereereerreiieesreereeeerreessebeneesaesreersessaessenns
Salsa Sauce: ............... heterogenous MIXLUIE.......ccceece e ettt ettt e
Aniron bar: .............. LY 1=T 0 4 =T o TSRS



3. (3 points) How many of each type of sub-atomic particles are contained in an atom
110Cd?

4. (4 points) What did Einstein’s photoelectric effect experiment prove about the
structure of the atom? Answer in no more than 2 sentences.

The photoelectric effect is a phenomenon where electrons are emitted from the metal
surface when the light of sufficient frequency is incident upon.

Electrons can absorb or emit energy of a certain value

Electrons occupy levels in the atom of certain energy only.

5. (8 points) Balance the following equations. Do not leave spaces blank. Write “1” to
indicate a single unit of a species.

A. 1 Mg(s)+ _1 Clg) =2 _1_MgCly(s)
B. 1 CsHs(g)+ _6_02(g) 2 4 H,0(g) + 4 COg)
C. 6 _K(s)+ 1 _Nag)=> _2_KsN(s)

D. 1 CHsO2+ 8 0> 7 CO2+ 4 H,0

6. (5 points) How many nitrogen atoms are there in 30.0 g of N2O4. Give your answer in
individual atoms, not moles.

1 mol of N204 has mass of 92.0 g so 30.0 g of N2Oa is the mass of (30.0 g/92.0 g/mol)
0.326 mol N204

One mol of N204 molecules provides 2 moles of N atoms, so 0.326 mol N2O4 provides (2
x 0.326) 0.652 mol of N atoms

1 mole of N atoms contains 6.022 x 10723 atoms of N so 0.652 mol N contains (0.652
mol N x 6.022 x 10723 N atom/mol N) 3.93 x 10723 N atoms



7. (5 points) 1.07g of solid Ca(NO3s); are dissolved in enough water to make 452.1 mL of
solution. Calculate the molar concentration of Ca(NOs); in the solution.

Molarity is M = mol solute/v solution with the unit of mol/L

Ca(NOs); is the solute. It has a molar mass of 164.0 g and 1.07 g of Ca(NOs), corresponds to
(1.07 g/164.0 g/mol) 0.0065 mol Ca(NOs):

Volume of solution is 452.1 mL=0.4521L

M = mol/V = 0.0065 mol Ca(NOs),/ 0.4521 L = 0.0144 mol/L

8. (14 points) Answer the following questions.

A. (9 points) Write the full and shorthand electronic configuration of each species.
For the shorthand notation show the electrons in orbitals.

Na: 11 valence electrons
full electron configuration: 1s%2s22p®3s?
shorthand electron configuration: [Ne] 3s?
Cu: 29 valence electrons

full electron configuration: 1s22s22p°®3s23p®4s'3d?° full subshell

shorthand electron configuration: [Ar] 4s'3d?° |T | |T¢|T¢|T¢|T¢|Ti«|

C02+I Co has 27 valence electrons, Co2+ has 2 electrons less = 25 electrons

full electron configuration: 1s22s22p®3s23pf4s23d°

shorthand electron configuration: [Ar] 4s23d°> |T~L| |T |T |T |T |T |

B. (2 points) How many unpaired electrons are there in a sulfur atom?

S has 16 valence electrons [Ne] 3s%3p* Im |T¢|H | T )l
N—

There are 2 unpaired electrons

C. (3 points) Circle the answer that correctly arranges the species in order of
increasing ionization potential:

K+, Ar, Cl K+, Cl, Ar Cl, K+, Ar



9. (8 points) An electron in the hydrogen atom moves from the n=5 state to the n=3 state.
A. (4 points) Calculate the frequency of the light related to this transition

v =Ry ((1/n12) - (1/n22)) = 3.29 x 10%5 s (1/(5)72 — 1/(3)"2) = 3.29 x 105 s (1/25 — 1/9)

v =(-) 2.34 x 10714 Hz (1/s, %)

B. (3 points). Calculate the energy associated with this transition.

E=hxv=6.6x10"34J-sx(-) 2.34x 10714 1/s

E=-1.54 x 10719 ) the negative sign means that energy is ...

C. (1 point) Is the energy absorbed or emitted?

... emitted

10. (6 points) For each of the following molecules, give the name of the molecular
geometry, give an approximate value for the specified angle (in degrees), and indicate
whether the molecule has a permanent dipole. If an angle is a little smaller than some value,
you must specify “greater than” or “less than” the closest angle you can name.

A NF3 MOLECULAR SHAPE:_trigonal pyramidal

F-N-F BOND ANGLE:_less than 109.5 PERMANENT DIPOLE? Y /N

B.CH,S  MOLECULAR SHAPE:_trigonal planar

H-C-S BOND ANGLE:__120 PERMANENT DIPOLE? Y /N



11. (6 points) Answer each of the following:

A. Arrange the following atoms in order of increasing electronegativity: SiSO Na

Na<Si<S<O

B. Arrange the following species in order of increasing radius: F 02_ Li C.

Li<C<F<O%
C. Arrange the following species in order of increasing ionization potential (if an ion is

specified, use the ionization potential of the ion, not the parent atom): F-Ne Na

Na < F <Ne

12. (6 points) The radio station 92.1 FM broadcasts at a frequency of 9.21x107 Hz (92.1
MHz). Calculate the wavelength of the broadcast, and the energy of one photon.

Wavelength (1) and frequency (v) are related through c, speed of light: c=Axvso A=c/v
v in this problem equals 9.21 x 10’ Hz so A = (3 x 108 m/s) / (9.21 x 10r7 s1) =3.26 m

E=hxv=6.62x10"34 J-s x9.21 x 107 1/s = 6.097 x 10

13. (5 points) Calculate the percentage yield of the following reaction CHs + 20, = CO; +
2 Hy0 if 29.5 g of CH4 reacts with an excess of oxygen and produces 68.0 g of CO..

% yield = (actual yield / theoretical yield) x 100%

Actual yield in this reaction is 68.0 g of CO; and the theoretical yield can be calculated from
the stoichiometry of the reaction: 1 mol of CH4 produces 1 mol CO,. 29.5 g of CH4 (molar
mass 16.0 g/mol) corresponds to (29.5 g / 16.0 g/mol) 1.84 mol CH4, the same as the
theoretical CO2 produced. 1.84 mol CO2 (molar mass 44.0 g/mol) has the mass of (1.84 mol
CO2 x 44.0 g/mol) 80.6 g and it is the theoretical yield.

% yield = (68.0 g / 80.6) x 100% = 83 %



14. (6 points) Calculate the molality of 4.91 M NaOH solution that has a density of 1.04
g/mL.

Molality is the number of (moles of solute)/(kg of solvent), m = mol/kg.
Assume 1.0 L of SOLUTION and solution consists of solute, NaOH, and solvent.

If the molarity of this solution is 4.91 mol/L, there are 4.91 moles of NaOH (molar mass 40.0
g/mol) solute in 1.0 L of solution which corresponds to (4.91 mol x 40.0 g/mol) 196.4 g of
NaOH.

If density of this solution is 1.04 g/mL, 1.0 L will have a mass of (1000 mL x 1.04 g/mL) 1040
g. Mass of solvent is mass of solution minus mass of solute (1040 g —196.4 g), 843.6 g =
0.8436 kg

m = 4.91 mol NaOH / 0.8436 kg = 5.82 mol/kg

15. (5 points) Calculate the mole fraction of each compound in the solution if 35.7 g KBr is
dissolved in 1200 g of water (density of water is 1.00 g/mL)

%, = (moles of X) / (total number of moles)

Compound 1: KBr (molar mass 119 g/mol); 35.7 g of KBr corresponds to (35.7 g / 119 g/mol)
0.3 mol KBr

Compound 2: H,0 (molar mass 18.0 g/mol); 1200 g of H,0 corresponds to (1200 g / 18.0
g/mol) 66.7 mol H,0

Total number of moles is 0.3 mol KBr + 66.7 mol H,0 = 67.0 mol

xxer = (moles of KBr) / (total number of moles) = 0.3 mol KBr / 67.0 mol = 0.0045

xH20 = (moles of H20) / (total number of moles) = 66.7 mol H,0 / 67.0 mol = 0.9955
OR 1 -0.0045 = 0.9955

16. (5 points) Draw the Lewis structure of fulminate ion CNO including the resonance
structures. Calculate the formal charge on the carbon atom in each of the resonance
structure.
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