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Oregon State University

Worksheet 14 Notes






Dr. Richard L Nafshun
1.
What are the four quantum numbers and describe their significance.  (See the class handout called Quantum Numbers Primer for more detail).

n is the principal quantum number and describes the energy and size of the orbital.

(n = 1, 2, 3..., ∞)  The larger n value; the larger the orbital; the higher the energy.


l is the sublevel (sometimes called the orbital or angular momentum) quantum number (l = 0, 1, 2..., n-1)

l designates the shape of the electron cloud (orbital) (the region of space that represents the volume that the electron occupies 90% of the time).
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When l = 0 (called an s-orbital) the shape is a sphere.  When 1 = 1 (called a p-orbital) the shape is dumb bell.  When l = 2 (called the d-orbital) the shape is, well butterfly and other.



    1s


     2s


    2p


ml is the magnetic quantum number (ml = -ℓ, –2, -1, 0, +1, +2, +ℓ)

ml determines the number and orientation of the orbital.  When n = 2, ℓ can be 0 or 1.  When ℓ = 1, ml is -1, 0, or +1.  These three values imply there are three 2p orbitals and they are orthogonal (90º).

2.
Express 480 nm in cm.


480 nm 
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4.80 x 10-5 cm

3.
How many sig figs in the value 32.0740 grams?  Six (all figures are significant because zeroes to the right are significant).

In 0.0035580 grams?  Five (because zeroes to the left are not significant—they are placeholders).

In 23.0 grams?  Three


Add the three previous masses together and express with the correct number of sig figs.

32.0740
grams

00.0035580
grams

23.0

grams

_________________

55.1

grams
[limited to the tenths place due to the number 23.0]


Multiply the three previous masses together and express with the correct number of sig 
figs.

(32.0740 grams)(0.0035580 grams)(23.0 grams) = 2.62 grams3
(Limited to three sig figs because 23.0 has three sig figs)

(What an odd problem—I have no idea what a gram3 unit is!)

4.
Write chemical formulae and names for six ionic compounds; make certain to use 
polyatomic ions in your selections, as well as transition metals.


Here are some...


CuCl

copper(I) chloride


CuCl2

copper(II) chloride


CuSO4

copper(II) sulfate


Cu3(PO4)2
copper(II) phosphate


Cu3PO4
copper(I) phosphate


Li2O

lithium oxide


Al2S3

aluminum sulfide


AlPO4

aluminum phosphate


Note the use of roman numerals and the lack of prefixes (di, tri...) in ionic compounds

Write chemical formulae and names for four molecules.

Here are some...

NO

nitrogen monoxide

NO2

nitrogen dioxide

N2O4

dinitrogen tetroxide

N2O

dinitrogen monoxide

5.
How many protons, neutrons, and electrons are present in 235U?  In 235U (hmm?  Let's make this 238U) 75As?


235U has 92 protons, 92 electrons, and 235-92 = 143 neutrons

238U has 92 protons, 92 electrons, and 238-92 = 146 neutrons

75As has 33 protons, 33 electrons, and 75-33 = 42 neutrons

6.
A student obtains a 200.0-g sample of methane.  How many methane molecules are 
present?  How many carbon atoms are present?  How many hydrogen atoms are present?  
How many electrons are present?  How many grams of carbon dioxide are produced from 
the combustion of 200.0 grams of methane in oxygen gas to produce carbon dioxide and 
water?


200.0 g CH4 
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 = 12.47 mol methane


12.47 mol methane 
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 = 7.51 x 1024 methane molecules


7.51 x 1024 CH4 molecules 
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 = 7.51 x 1024 C atoms


7.51 x 1024 CH4 molecules 
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7.51 x 1024 CH4 molecules 
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CH4    +   2 O2       CO2   +    2 H2O

(A) the number of moles of methane that react:

200.00 g CH4 
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(B) the number of moles of carbon dioxide formed:


12.47 mol CH4 
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 = 12.47 mol CO2

(C) the number of grams of carbon dioxide formed;


12.47 mol CO2 
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7.
What is meant by a “net ionic equation”?  Give an example.


Net ionic equation shows the reaction and omits the spectator ions:

Full equation:


2 Na3PO4 (aq) + 3 Ca(NO3)2 (aq) → Ca3(PO4)2 (s) + 6 NaNO3 (aq)


Net ionic equation:


2 PO43- (aq) + 3 Ca2+ (aq) → Ca3(PO4)2 (s)


(Spectator ions do not appear in the net ionic equation.  The spectator ions are Na+ and NO3-).

8.
Give the equation used for a titration problem.  What two types of chemicals are involved 


in a titration?


Acid and base:
  NaOH (aq) + HCl (aq) → NaCl (aq) + H2O (l)

9.
How many grams of sodium phosphate are needed to make 587 mL of 4.0-M sodium 


phosphate solution?


Molarity = 
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4.0 M = 
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moles Na3PO4 = 2.348 moles


2.348 moles Na3PO4 
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 = 385 g Na3PO4
If 45.0 mL of this solution were isolated, how many moles of sodium phosphate would it contain?

MV = moles

(4.0 M)(0.045 L) = 0.18 moles Na3PO4
10.
What is the volume of a balloon filled with 80.0 g of Ar at STP?


PV = nRT


V = nRT/P


n = moles = 80.0 g Ar 
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 = 2.00 mol Ar


V = nRT/P  = (2.00 moles)(0.0821 L•atm/mol•K)(273.15 K)/(1.00 atm) = 44.9 L

What is its volume at 512K (same pressure)?

V = nRT/P  = (2.00 moles)(0.0821 L•atm/mol•K)(512 K)/(1.00 atm) = 84.1 L

11.
Zinc reacts with HCl to make diatomic hydrogen gas and zinc(II) chloride.  Write out this 
equation and balance it.  How many liters of hydrogen gas at STP are produced by the 
reaction of 50.0 g Zn with excess HCl?

Zn (s)
 
+
2 HCl (aq)

→
ZnCl2 (aq)
+
H2 (aq)

50.0 g









_____ L
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Step 1:


50.0 g Zn  
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Step 2:


0.765 moles Zn 
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Step 3:


Use PV = nRT to solve for the volume of H2 (g).  We just calculated that 0.765 moles H2 (g) are produced:


V = nRT/P = (0.765 moles)(0.0821 L•atm/mol•K)(273.15 K)/(1.00 atm) = 17.2 L

12.
How much heat is required to warm 580 g water from the freezing point to the boiling 
point? (specific heat of water is 4.184 J/g·°C)


heat = mcΔT = (580 g)(4.184 J/gּ˚C)(100.0 ˚C – 0.0 ˚C) = 242440 J or 242 kJ

      (Tfinal – Tinitial)


Note the positive energy (+242 kJ) denotes the process is endothermic (energy was taken in to heat the water.)

13.
No question here.

14.
No question here.

15.
What are photons?


Packets of energy—electromagnetic radiation.

16.
Explain deBroglie’s proposition regarding the nature of matter.


All matter exhibits a wavelength:  λ = h/mv

17.
Contrast the ideas of Bohr and Schrodinger.


Bohr:  classical model of the hydrogen atom (classical as in a particle).


Schrodinger:  an electron is a wave; therefore describe the system as quantum energy.

18.
Consider the following transitions in the Bohr Model for the Hydrogen Atom:


(A)
n = 7 to n = 5.


(B)
n = 6 to n = 4.


(C)
n = 5 to n = 3.


(D)
n = 4 to n = 2.


(E)
n = 3 to n = 1. 

Which releases the greatest energy? 

n = 3 to n = 1 releases the most energy (all transitions involve n changing by 2, but the lower transitions are larger).

Which releases electromagnetic radiation with the greatest frequency?

E = hν

High energy corresponds to high frequency, so the greatest frequency is n = 3 to n = 1.

Which releases electromagnetic radiation with the greatest wavelength?

E = hc/λ

High energy corresponds to short wavelength, so the longest wavelength is n = 7 to n = 5.

Calculate the wavelength of the n = 4 to n = 2 transition?

(Final – Initial):

E2 – E4 =
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so, 246 kJ of energy is released when one mole of electrons "falls" from n = 4 to n = 2.

E = hc/λ (this energy corresponds to the energy of one photon; the energy calculated in this problem is for one mole of photons so we will change this after we change the units from kJ to J).


246 kJ/mol photons 
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E = hc/λ


Rearranged:  λ = hc/E

λ = 
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19.
The wavelength of a certain blue light is 430 nm.  Express this wavelength in meters.  Calculate the frequency of this blue light.  Calculate the energy of one photon of this blue light.  Calculate the energy of one mole of photons of this blue light.


430 nm
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430 x 10-9 m or 4.30 x 10-7 m


ν = c/λ = (3.00 x 108 m/s)/(430 x 10-9 m) = 6.98 x 1014 1/s


E = hν = (6.626 x 10-34 Jּs)(6.98 x 1014 1/s) = 4.62 x 10-19 J (per photon)


4.62 x 10-19 J/photon 
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278421 J/mol or 278 kJ/mol

20.
Sketch 1s, 2s, 2p, 3s, 3p, and 4s orbitals.  Discuss their shape and relative size.


Consider the label 2p.  The 2 comes from n = 2 (indicating energy and size).  The p comes from l = 1 (indicating the dumbbell shape).


21.
Consider the set of quantum numbers n = 4, l = 1, ml = -1, and ms = -½ .  What orbital does this set correspond to?


4p.

_1017101651.unknown

_1017102233.unknown

_1096827999.unknown

_1096828403.unknown

_1017102687.unknown

_1017104818.unknown

_1017105188.unknown

_1017104640.unknown

_1017102639.unknown

_1017101913.unknown

_1017102000.unknown

_1017101871.unknown

_1017100899.unknown

_1017101174.unknown

_1017101579.unknown

_1017101123.unknown

_1017099541.unknown

_1017099569.unknown

_1017100780.unknown

_1016315459.unknown

_1016309438.unknown

_1016309218.unknown

