AP Atomics Class Packet Unit 2
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REVIEW
Directions: Fill in the table below using your AP reference tables. There are isotopes and ions on this table.

	Name (and charge)
	Symbol
	Protons
	Neutrons
	Electrons
	Atomic #
	Mass #
	Nuclear charge

	Oxygen
	
	
	8
	8
	8
	16
	8+

	
	
	7
	7
	
	7
	
	

	
	3416S
	
	
	18
	
	34
	

	Hydrogen (deuterium)
	
	1
	1
	
	1
	
	

	Hydrogen (tritium)
	
	1
	
	
	1
	3
	

	
	
	9
	
	
	
	19
	

	Beryllium
	
	
	
	2
	
	9
	

	
	
	12
	
	
	
	24
	

	
	
	12
	
	
	
	25
	

	
	
	
	
	92
	
	238
	92+

	Chlorine
	
	
	
	18
	
	35
	

	
	
	17
	
	
	
	37
	

	
	8436Kr
	
	
	36
	
	84
	

	Iron (III) ion
	
	26
	
	
	
	56
	

	Silver
	
	
	60
	46
	
	
	


1. Give the name, symbol, charge and location of all subatomic particles in an atom:

2. Define ions with an example from above: 

3. Define isotopes with an example from above:

4. Naturally occurring chlorine that is put in pools is 75.53% Cl-34.969 and 24.47% Cl-36.9666. Calculate the atomic mass.

5. Copper is used in electric wires and comes as two isotopes, Cu-63 and Cu-65. Cu-63 has an actual mass of 62.9298amu and Cu-65 has an actual mass of 64.9233 amu. If they are 69.09% and 30.91% abundant respectively, what is the atomic mass?
6. Magnesium has three isotopes Mg-24 (78.70%), Mg-25 (10.13%), and Mg-26 (11.7%).  The actual mass of Mg-25 is 24.98584 and the actual mass of Mg-26 is 25.98259. What is the actual mass of Mg-24 if the atomic mass of magnesium equals 24.3050 amu?
7. The results taken from a mass spectrum of chlorine gas show peaks at m/z 35.00 and m/z 37.00 (The m/z peaks on a mass spectrum identify the different isotopes of an element that are present in the sample).

(a) Given that the relative abundances of Cl 35.00 and Cl 37.00 are 77.50% and 22.50% respectively, calculate the average relative atomic mass of chlorine atoms to four significant figures.
(b) Suggest all the possible masses of CI2 molecules that are made when two chlorine atoms bond together.

(c) Which of the molecules you have suggested in (b) will be the most abundant? Explain your answer.
8. Draw the model, give the nickname and scientific experiment where appropriate.

	Dalton
	Thompson
	Rutherford
	Bohr

	
	
	
	

	Model Nickname: 


	Model Nickname: 


	Model Nickname: 


	Model Nickname: 



	Experiment: 


	Experiment: 


	Experiment: 


	Experiment: 



	Discovery:


	Discovery:


	Discovery:


	Discovery:




ELECTRON CONFIGURATIONS
	
	Full e- Configuration
	# Valence e-
	Valence orbital notation
	Lewis Diagram

	H
	
	
	
	

	He
	
	
	
	

	Li
	
	
	
	

	Be
	
	
	
	

	B
	
	
	
	

	C
	
	
	
	

	N
	
	
	
	

	O
	
	
	
	

	F
	
	
	
	

	Ne
	
	
	
	

	Mg
	
	
	
	

	Si
	
	
	
	

	S
	
	
	
	

	Ar
	
	
	
	

	K
	
	
	
	

	Fe
	
	
	
	

	Zn
	
	
	
	

	As
	
	
	
	

	Br
	
	
	
	

	Sr
	
	
	
	

	Zr
	
	
	
	

	Te
	
	
	
	

	Xe
	
	
	
	


IONS AND EXCEPTIONS
	
	Atom’s e- Configuration

(Noble Gases Short Cut Allowed)
	# Valence e-
	Ion’s e- Configuration

(Noble Gases Short Cut Allowed)
	Ion’s Lewis Diagram

	Li+
	
	
	
	

	Cu+2
	
	
	
	

	Co+3
	
	
	
	

	Mg+2
	
	
	
	

	Sc+2
	
	
	
	

	Na+
	
	
	
	

	Ag+
	
	
	
	

	Ca+2
	
	
	
	

	O-2
	
	
	
	

	Zn+2
	
	
	
	

	K+
	
	
	
	

	Br-
	
	
	
	

	As-3
	
	
	
	

	Cu+1
	
	
	
	

	Au+
	
	
	
	

	N-3
	
	
	
	

	Mo+
	
	
	
	

	S-2
	
	
	
	

	F-
	
	
	
	

	As+5
	
	
	
	

	P-3
	
	
	
	

	As+3
	
	
	
	


1. Explain why arsenic can form three different ions in terms of valence electrons and stability.
2. The electron configuration 1s2 2s2 2p6 3s2 3p6 4s2 3d10 4p6 5s2 has _____ unpaired electrons and represents element _________________.
3. The electron configuration 1s2 2s2 2p6 3s2 3p6 4s2 3d10 4p2 has _____ unpaired electrons and represents element ______________________.
4. Which electron configuration(s) are in the excited state? Circle all that apply:
1s2 2p6 3s2 3p6 4s2 3d10 4p2


1s2 2s2 2p6 3s2 3p1

1s2 2s2 2p6 3s2 3p6 4s2 3d10 4p2


1s2 2p6 3s2 3p6 4s2 3d10 4p2

1s2 2s2 2p6 3s2 4s2 3d10 4p2


1s2 2s2 2p6 3s1

1s2 2s2 2p6 3s2 3p5 4s2 3d10 4p2


1s2 2s2 2p6 3s3

1s2 2s2 2p6 3s2 3p6 4s2 3d8 


1s2 2s2 2p6 3s2 3p8

1s2 2s2 2p6 3s2 3p6 4s2 3d5


1s2 2s2 3s2 
5. Where any of the above configurations not allowed? Box them and explain their errors.

6. Draw shapes for the s p and d orbitals.

7. How many electrons can fill each orbital? Why? (Give a rule and explanation)
8. How many electrons fill the s orbital? ____
9. How many electrons fill the 4p sublevel? ____
10. How many electrons fill the 3d sublevel? ____
11. How many electrons fill the 5f sublevel? ____
12. How many electrons will fill a p orbital? ____

13. Which rule states that the 3d must be filled using a 4s electron for Copper? ______________________
14. What is the term given to describe that all 3d orbitals have the same energy? _____________________
ELECTRON CONFIGURATIONS PRACTICE
1. Give full and abbreviated (noble gas core method) electronic configurations for the following.

(a) Br FULL ______________________________

NOBLE GAS CORE ______________________________

(b) Cr FULL ______________________________

NOBLE GAS CONF ______________________________

(c) Fe FULL ______________________________

NOBLE GAS CONF ______________________________

(d) S2- FULL ______________________________

NOBLE GAS CONF ______________________________

2. For each of the following sets of orbitals, indicate which orbital is higher in energy.

(a) 1s, 2s _________


(c) 4s, 3dyz _________
(b) 2p, 3p _________


(d) 3px, 3py, 3pz _________

3. Indicate the block (s, p or d) in which each of the following elements found. 

(a) Sc ______



(d) Ni ______
(b) P ______



(e) As ______
(c) Fr ______



(f) Sr ______

4. An atom has two electrons with principal quantum number (n) = 1, eight electrons with principal quantum number (n) = 2 and seven electrons with principal quantum number (n) = 3. From these data, supply the following values

(a) The mass number  _________

(b) The atomic number  _________

(c) The electron configuration ___________________________

5. Identify the element from the electron configurations of atoms shown below.

(a) [Ne] 3s2 3p2
_________

(b) [Ar] 4s2 3d7 
_________

(c) [Xe] 6s2 

_________

6. Give the symbol of the atom or ion represented by the following sets of atomic numbers and configurations.

Atomic # 
Electronic Configuration 
Symbol of Atom or Ion

(a) 8 

1s2 2s2 2p4 


________

(b) 11 

1s2 2s2 2p6


 ________

(c) 14 

1s2 2s2 2p6 3s2 3p2

 ________

(d) 22 

1s2 2s2 2p6 3s2 3p6 3d2
 
________

7. Give the electron configurations for the following transition metal ions.

(a) Sc3+ __________________________________

(b) Cr2+ __________________________________

(c) Ni3+ __________________________________

8. Consider the element Scandium, atomic # 21.

(a) If the configuration of the element were constructed, into which orbital would the final electron be placed?

(b) When scandium forms an ion with a charge of +1, from which orbital would the electron be removed? 

9. Of the following species (Sc, Ca2+, Cl, S2-, Ti3+), which are isoelectronic? ____________________________

10. Identify the element that is composed of atoms where the last electron;

(a) Enters and fills the 4s sub-shell ________

(b) Enters but does not fill the 4s sub-shell ________

(c) Is the first to enter the 2p sub-shell ________

(d) Is the second to enter the 4d sub-shell ________

11. Write the full electronic configuration for argon. _______________________________________________

12. Identify two positive and two negative ions that are isoelectronic with argon. 

ORBITAL FILLING RULES
The rules that you have been applying in order to determine the electronic configuration of an atom are:
A. Lowest energy orbitals are filled first. THE AUFBAU PRINCIPLE.
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Orbitals can only contain a maximum of two electrons and when two electrons enter the same orbital they must have opposite spins so that each electron has a unique set of quantum numbers. (In the electrons in boxes diagram they must be drawn        NOT          OR        ). THE PAULI EXCLUSION PRINCIPLE.

C. When orbitals of identical energy (degenerate) are available electrons enter these orbitals singly before any spin pairing takes place. HUNDS RULE.

D. There are some notable exceptions. For example Cr and Cu achieve extra stability by forming a half-filled and completely filled d sub-shell respectively by using one of their 4s electrons.

Consider each of the elements listed and the INCORRECT electronic configuration associated with each one. In each case identify which of the above rules or principles (A, B, C or D) is violated and insert the correct electronic configuration. 
	Element 
	Incorrect Configuration
	Violation
	Correct Configuration

	N
	1s2 2s2 2px2  2py1
	C
	1s2  2s2  2px1 2py1  2pz1

	Al
	1s2  2s2 2p6 3p3
	
	

	B
	1s2  2s3
	
	

	P
	1s2 2s2  2p6 3p5
	
	

	Cu
	[Ar] 4s2 3d9
	
	

	C
	1s2  2s1  2px1 2py1 2pz1
	
	

	C
	1s2  2s2 2px2
	
	

	Ag
	[Kr] 5s2  4d9
	
	

	Mn
	[Ar] 4s1 3d6
	
	

	Ni
	[Ar] 4s2  3dxy8
	
	

	Sc
	[Ar] 3d3
	
	

	B
	1s2  2s1 2px1  2py1
	
	

	Na
	1s1 2s2  2p6 3s2
	
	

	S
	[Ne] 3s2  3px2  3py2
	
	

	V
	[Ar] 3d5
	
	

	P
	[Ne] 3s2  3px2 3py1
	
	

	Kr
	[Ar] 4s2 3d16
	
	


ELECTROMAGNETIC RADIATION
Light, which is also called electromagnetic radiation, carries energy and has characteristics of both particles and waves (deBroglie). The absorption and emission of ER is one of the powerful tools used to probe molecular structure and chemical reactions, forms the basis of medicine’s magnetic resonance imaging (MRI), and is intrinsic to many analytical techniques used to monitor manufacturing processes and the environment. You will use the emission and absorption of light by matter to obtain the relative energies of the atomic and molecular orbitals and other energy levels, which are associates with vibration, rotation, electron spin and nuclear spin as well as spectra.

Reference Table Formulas:  


E = hν



E = energy


Planck’s constant, h = 6.626x10-34 Js 
c = λν



ν = frequency


Speed of light, c = 2.998x108 m s-1




λ = wavelength

Avogadro’s number = 6.022x1023 mol-1









Electron charge, e = -1.602x10-19 coulombs

Key Questions:

1. What is the equation showing the relationship between energy of a photon and frequency of light? How are they correlated (direct or indirect?) Explain.

2. What is the relationship between frequency and wavelength? Explain how they are correlated.

Exercises:

3. The laser in a cd uses light with a wavelength of 780nm.

a. Calculate the frequency of this light.

b. Calculate the energy of a single photon of this light.

LIGHT EQUATIONS PRACTICE
1. Find the frequency of the following:
a. A wave with a wavelength of 5.60x10-5m.

b. A wave with a wavelength of 7.21x10-2m.

c. A wave with a wavelength of 555 nm.

d. A wave with a wavelength of 22.3 nm.

e. A wave with 2.31x10-20 J of energy.

f. A wave with 3.56x10-30 kJ of energy.

2. Find the wavelength of the following in nanometers:
a. A wave with a frequency of 40050 s-1.

b. A wave with a frequency of 58900 s-1.

c. A wave with a frequency of 2.00x106 Hertz.

d. A wave with a frequency of 3.45x1010 Hertz.

e. A wave with 3.89x10-25 J of energy.
f. A wave with 4.57x10-31 kJ of energy.

3. Find the energy of the following:
a. A wave with a frequency of 1.00x103 s-1.

b. A wave with a frequency of  3.40x1018 Hertz.

c. A wave with a wavelength of 2.89x103 m.

d. A wave with a wavelength of 567 nm.

4. Find the type of energy emitted using the following diagram for questions 3a to 3d.

3a.  _____________________________________________

3b.  _____________________________________________

3c.  _____________________________________________

3d.  _____________________________________________
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MASS SPEC

Mass Spectrometry, Percent Abundance & Atomic Mass
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Mass spectrometry is a technique used in chemistry to determine average atomic mass values for the elements.  It can also be used to identify unknown compounds, such as in forensics and archeology.   

                                Mass Spectrometer
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              Mass Spectrometer Reading for Neon

              [image: image4.png]Fig220 Pg54

P 2 22 Mags spectrum of neon.
() actual appearance.
@ (b) bar graph representation.

Mass number

%,

®




For example: Which mass spectrometer reading represents naturally occurring magnesium?
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(A) 


 (B)

  
        (C)


   (D)

1. An unknown element ‘Z’ is analyzed in a mass spectrometer and is found to have the following isotopes with the corresponding relative abundances.

                              Isotope Z 

   Relative Abundance

50 Z


4.34

52 Z


83.79

53 Z


9.50

54 Z


2.37

(a) Sketch the expected mass spectrum that these data would provide. Label the axes and pay attention to the size of any lines that you draw.

(b) Calculate the average atomic mass of Z and identify the element. 

2. [image: image23.png]


[image: image24.png]


Consider the following mass spectrum that was generated from the analysis of an element. What does the existence of only a single peak in the spectrum suggest about the element? What is the element’s identity?
                                                 100
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3. How many peaks would be observed in the mass spectrum of O2+, given that there are three, commonly occurring isotopes of O with mass numbers of 16, 17 and 18?
4. Bromine has two isotopes, Br-79 and Br-81. The isotopes occur in a 50:50 (1:1) ratio. Given that the mass spectrum of bromine contains peaks for both bromine atoms and diatomic bromine molecules, predict the number of peaks in the spectrum. What would be the relative height of the atomic peaks? What would be the relative height of the molecular peaks? Assume that z = +1 in each case.
5. A sample of carbon atoms were chemically combined with a sample of oxygen atoms to yield the compound carbon dioxide. The sample of oxygen atoms was artificially manufactured to have a 3:1 ratio of O-16 and O-18, Assuming carbon to have only a single isotope C12, predict the mass spectrum that the resulting sample of carbon dioxide would produce in terms of the number of peaks. Which peak would be the smallest? Explain. Assume the mass spectrum only includes peaks for the compound carbon dioxide and that z = +1 in each case.
6. Neon atoms are known to produce a mass spectrum that consists of three peaks at m/z values of 20, 21 and 22, with the relative abundance of the peaks found to be in the ratio 112  :   0.21   :    11.1. Assuming the z value of the species causing the peaks to be +1 in each case, calculate the average atomic mass of neon based on these data.
PES
The photoelectric spectrum of Neon
 SHAPE  \* MERGEFORMAT 



1000
800
600
400
200
0
Binding Energy (eV)
1. The peaks A, B, and C represent the binding energies of electrons in which subshells of neon?
a. 1s, 2s and 2p


c. 1s, 1s and 1s

b. 2p, 2s and 1s


d. 2s, 2p and 2p

2. Which of the following statements best accounts for the peak A being far to the left of peaks B and C:

a. The electron configuration of neon is 1s2 2s2 2p6
b. Neon has 8 electrons located in its valence shell

c. Core electrons of the atom experience a much higher effective nuclear charge that the valence electrons

d. Peaks B and C show first ionization energies of electrons in neon, whereas peak A shows the second ionization energy or neon.

3. Which of the following statements best accounts for peak C being three times the height of peak B:

a. The intensity of the photoelectron signal at a given energy is a measure of the number of electrons in that energy level.

b. Electrons represented by peak B have approximately triple binding energy than those represented by peak C.

c. In the photoelectron spectrum, as binding energy increases, the relative number of elctrons decreases.

d. The height of the peaks in a photoelectron spectrum does not have any relation to the structure of the atom.
4. Nitrogen shows 3 peaks in its photoelectron spectrum. These 3 peaks correspond to the binding energies of nitrogen’s 1s, 2s and 2p electrons. The relative heights of the 1s, 2s, and 2p peaks in the PES spectrum of nitrogen will be:
 a.    1, 1, 1


b.    2, 2, 3

 
 c.    1, 1, 2


d.    2, 2, 5
5.  If the binding energy of an electron is between 0 - 10 eV, it can be assumed that the electron originated in:

 
a. an s orbital

b. a p orbital

c.  a core orbital

d. a valence orbital

6. Shown below are the photoelectron spectra of nitrogen (atomic number 7) and fluorine (atomic number 9).

Photoelectron Spectrum of Nitrogen
 SHAPE  \* MERGEFORMAT 



1000
800
600
400
200
0
Binding Energy (eV)
Photoelectron Spectrum of Fluorine
 SHAPE  \* MERGEFORMAT 



1000
800
600
400
200
0
Binding Energy (eV)
Given the data in the two spectra, what do you expect the binding energy of the 1s electrons in oxygen (atomic number 8) to be?

 
a.   0 - 50 eV 

 b.   50 - 400 Ev
c. 400 -700 eV 

d.   700 ‐ 1000 eV

7. The photoelectron spectrum below shows the binding energies for all electrons in neutral element Z:

Photoelectron Spectrum of Element Z
 SHAPE  \* MERGEFORMAT 



1300
1200
1100
200
100
0
Binding Energy (eV)
What is the identity of element Z?

a. boron

b. carbon

c. neon

d. magnesium

Photoelectron Spectrum of Sodium
 SHAPE  \* MERGEFORMAT 



1300
1200
1100
200
100
0
Binding Energy (eV)

8. Identify the peak (A‐D) in the photoelectron spectrum of sodium that represents the binding energy of electrons in the 2s orbital.

9. Identify the peak (A‐D) in the photoelectron spectrum that gives the binding energy of sodium’s valence electrons.

10. Which peak (A‐D) in the photoelectron spectrum of sodium shows electrons closest to the nucleus?

11. Which peak (A‐D) in the photoelectron spectrum of sodium represents an orbital containing 6 electrons?

Photoelectron Spectrum of Element Q
 SHAPE  \* MERGEFORMAT 



1800
1700
1600
100
0
Binding Energy (eV)
12.
The electrons that feel the strongest effective nuclear charge are given by which peak?

 
a. A 

b. B

c. E

d. all electrons in this spectrum experience the same effective nuclear charge

13.
Which peaks in the photoelectron spectrum represent valence electrons of element Q?

 
a. A only

b. B and C

c. D and E

d. E only

14. Which peaks in the photoelectron spectrum of Q are given by the binding energy of p orbital electrons?

 a. C only

b. D only  
c. C and E

d. B, C, and D

 15. What is the identity of element Q?

a. carbon

b. oxygen

c. magnesium

d. silicon
AP Chemistry:  Atomic Structure Multiple Choice
	22.   1s2 2s22p6 3s23p3   

Atoms of an element, X, have the electronic configuration shown above. The compound most likely formed with magnesium, Mg, is… 

	(A) MgX     (B) Mg2X     (C) MgX2     (D) MgX3     (E) Mg3X2

	

	43. The elements in which of the following have most nearly the same atomic radius?

	(A) Be, B, C, N        (B) Ne, Ar, Kr, Xe        (C) Mg, Ca, Sr, Ba

	(D) C, P, Se, I          (E) Cr, Mn, Fe, Co

	

	58. Which of the following represents the ground state electron configuration for the Mn3+ ion?              (Atomic number Mn = 25)

	(A) 1s2 2s22p6 3s23p63d4             (B) 1s2 2s22p6 3s23p63d5 4s2       (C) 1s2 2s22p6 3s23p63d2 4s2

	(D) 1s2 2s22p6 3s23p63d8 4s2      (E) 1s2 2s22p6 3s23p63d3 4s1

	

	Use the following answers for questions 1 - 3.

	(A) F      (B) S      (C) Mg      (D) Ar      (E) Mn

	1. Forms monatomic ions with 2− charge in solutions

	2. Forms a compound having the formula KXO4

	3. Forms oxides that are common air pollutants and that yield acidic solution in water

	

	33. Which of the following conclusions can be drawn from J. J. Thomson's cathode ray experiments?

	

	(A) Atoms contain electrons.

	(B) Practically all the mass of an atom is contained in its nucleus.

	(C) Atoms contain protons, neutrons, and electrons.

	(D) Atoms have a positively charged nucleus surrounded by an electron cloud.

	(E) No two electrons in one atom can have the same four quantum numbers. 

	

	1.  Use these answers for questions 1 - 3.

	(A) O     ( B) La      (C) Rb      (D) Mg      (E) N

	1. What is the most electronegative element of the above?

	2. Which element exhibits the greatest number of different oxidation states?

	3. Which of the elements above has the smallest ionic radius for its most commonly found ion?

	

	50. In the periodic table, as the atomic number increases from 11 to 17, what happens to the atomic radius? 

	(A) It remains constant.                   (B) It increases only.

	(C) It increases, then decreases.      (D) It decreases only.

	(E) It decreases, then increases.

	4.  Use these answers for questions 4 - 7.

	(A) 1s2 2s22p5 3s23p5                (B) 1s2 2s22p6 3s23p6                   (C) 1s2 2s22p62d10 3s23p6

	(D) 1s2 2s22p6 3s23p63d5        (E) 1s2 2s22p6 3s23p63d3 4s2

	4. An impossible electronic configuration

	5. The ground-state configuration for the atoms of a transition element

	6. The ground-state configuration of a negative ion of a halogen

	7. The ground-state configuration of a common ion of an alkaline earth element

	

	1.  Use these answers for questions 1-4 

	(A) Heisenberg uncertainty principle     (B) Pauli exclusion principle       (C) Hund's rule

	(D) Shielding effect        (E) Wave nature of matter

	1. Can be used to predict that a gaseous carbon atom in its ground state is paramagnetic

	2. Explains the experimental phenomenon of electron diffraction

	3. Indicates that an atomic orbital can hold no more than two electrons

	4. Predicts that it is impossible to determine simultaneously the exact position and the exact velocity of an electron

	

	54. All of the following statements concerning the characteristics of the halogens are true EXCEPT… 

	(A) The first ionization energies (potentials) decrease as the atomic numbers of the halogens increase.

	(B) Fluorine is the best oxidizing agent.

	(C) Fluorine atoms have the smallest radii.

	(D) Iodine liberates free bromine from a solution of bromide ion.

	(E) Fluorine is the most electronegative of the halogens. 

	

	5.  Questions 5-8 refer to atoms for which the occupied atomic orbitals are shown below: 

	

	

	

	

	

	5. Represents an atom that is chemically unreactive 

	6. Represents an atom in an excited state 

	7. Represents an atom that has four valence electrons. 

	8. Represents an atom of a transition metal. 

	

	51. Which of the following is a correct interpretation of the results of Rutherford's experiments in which gold atoms were bombarded with alpha particles? 

	(A) Atoms have equal numbers of positive and negative charges.

	(B) Electrons in atoms are arranged in shells.

	(C) Neutrons are at the center of an atom.

	(D) Neutrons and protons in atoms have nearly equal mass.

	(E) The positive charge of an atom is concentrated in a small region. 

	Ionization Energies for element X (kJ mol−1)
	
	 

	First
	Second
	Third
	Fourth
	Five
	
	 

	580
	1815
	2740
	11600
	14800
	
	 

	

	37. The ionization energies for element X are listed in the table above. On the basis of the data, element X is most likely to be… 

	(A) Na     (B) Mg     (C) AI     (D) Si     (E) P

	

	19. Which of the following represents a pair of isotopes?

	  
	
	Atomic Number
	Mass Number
	
	
	 

	(A) 
	I.
	6
	14
	
	
	 

	
	II.
	7
	14
	
	
	 

	(B) 
	I.
	6
	7
	
	
	 

	
	II.
	14
	14
	
	
	 

	(C) 
	I.
	6
	14
	
	
	 

	
	II.
	14
	28
	
	
	 

	(D) 
	I.
	7
	13
	
	
	 

	
	II.
	7
	14
	
	
	 

	(E) 
	I.
	8
	16
	
	
	 

	
	II.
	16
	20
	
	
	 


	Questions 1-2
Consider atoms of the following elements.  Assume that the atoms are in the ground state.

(A)  S
(B)  Ca
(C)  Ga
(D)  Sb
(E)  Br

1.  The atom that contains exactly two unpaired electrons.
2.  The atom that contains only one electron in the highest occupied energy sublevel.


	17.  In which of the following groups are the three species isoelectronic, i.e. have the same number of… electrons?

(A)  S2¯, K+, Ca2+
(B)  Sc, Ti, V2+
(C)  O2¯, S2¯, Cl-
(D)  Mg2+, Ca2+, Sr2+
(E)  Cs, Ba2+, La3+


	44.  Which of the following properties generally decreases across the periodic table from sodium to chlorine?

(A)  First ionization energy
(B)  Atomic mass
(C)  Electronegativity
(D)  Maximum value of oxidation number
(E)  Atomic radius

	46. The effective nuclear charge experienced by the outermost electron of Na is different than the effective nuclear charge experienced by the outermost electron of Ne.  This difference best accounts for which of the following?

(A)  Na has a greater density at standard conditions than Ne.
(B)  Na has a lower first ionization energy than Ne.
(C)  Na has a higher melting point than Ne.
(D)  Na has a higher neutron-to-proton ratio than Ne.
(E)  Na has fewer naturally occurring isotopes than Ne.


Learning Objectives:





1.1 The student can justify the observation that the ratio of the masses of the constituent elements in any pure sample of that compound is always identical on the basis of the atomic molecular theory.


1.5 The student is able to explain the distribution of electrons in an atom or ion based upon data.


1.6 The student is able to analyze data relating to electron energies for patterns and relationships.


1.7 The student is able to describe the electronic structure of the atom, using PES data, ionization energy data, and/or Coulomb's law to construct explanations of how the energies of electrons within shells in atoms vary.


1.8 The student is able to explain the distribution of electrons using Coulomb's law to analyze measured energies.


1.12 The student is able to explain why a given set of data suggests, or does not suggest, the need to refine the atomic model from a classical shell model with the quantum mechanical model.


1.13 Given information about a particular model of the atom, the student is able to determine if the model is consistent with specified evidence.


1.14 The student is able to use data from mass spectrometry to identify the elements and the masses of individual atoms of a specific element.


1.15 The student can justify the selection of a particular type of spectroscopy to measure properties associated with vibrational or electronic motions of molecules.











How a Mass Spectrometer Works:


A gaseous sample is hit with electrons, which produces positive ions 


These positive ions are sent through a magnetic field, which exerts a force on the charged ions


The ions are deflected by the force of the magnetic field and hit a film on the other side of the magnetic field – this is how they are detected


The lighter (less massive) particles are affected by the force of the magnetic field more than the heavier particles, and so will be deflected more from the straight-line path.


By comparing the amount or degree of deflection for the particles in a sample of a given element to the standard deflection angles for a sample of carbon-12, atomic masses* can be determined.  *These are relative atomic masses – relative to the standard (carbon-12).


From the number of hits at each deflection point, the relative abundances of the isotopes in the sample can be determined.





How to Read a Mass Spectrogram:


A peak indicates that particles with that mass number were detected


The taller the peak, the more particles there were in the sample with that particular mass


This spectrogram for neon shows a very tall peak at mass = 20 and a short peak at mass = 22.  This means that there were more neon-20 atoms than neon-22 atoms.  The neon-20 isotope contributes more to the average atomic mass for neon because there are more atoms of neon-20 than neon-22.  Looking up the average atomic mass for neon on the Ref. Tables, we find that it is 20.18 amu, which makes sense because there are many more neon-20 atoms than neon-22 atoms, making the average atomic mass closer to 20 than to 22.     


You may be asked to pick out a correct spectrogram for an element, given its atomic mass, on the AP Exam.
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