Gateway 125,126, 130
Fall 2006
Studio 3b  p11

Studio 3b:  9/20:  Periodic Trends

Reading: 7.8-7.11 p 307-316

Group assignments:  A Reporter/Skeptic;  B Leader; C Recorder
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Question  What trends can you find in the periodic table?

Trend: a general or prevailing tendency.  Every element does not need to follow the trend.  Often the exceptions are as enlightening as the trend. 

The trends in a periodic table of the elements depend on the arrangement of elements in that table.  Most of the focus in this class will be on the s- and p-blocks (lighter grey) of the periodic table shown in Figure 1.  

Hypothesis:  The common periodic table is organized such that trends in elemental properties can be predicted and assessments made without knowing actual values.  

Data/Fact Gathering:  

A)  Atomic Number  .  Atomic number (Z) increases going down a group and going across a period (Figure 1.)
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B) Atomic Mass
1)  Where does most of the mass of an atom come from?

2) What do you predict the trend in atomic mass will be going down a group?  

3) Across a period?

4) Will this trend be the same as the one observed for atomic number?  Why/why not?

5) Use the periodic table in the back of your course pack to find the trend in atomic mass.

6) One notable exception to this trend is that argon has a mass greater than potassium.  Why could the mass of argon be greater than the mass of potassium even though it has a lower atomic number?

C) Atomic Radius

The atomic radius is the measure of the size of the neutral, spherical atom.  The atomic radius is measured by taking one half of the distance between the nuclei centers of twol like atoms in a molecule.
7) Which shell will determine the atomic radius of carbon?  of aluminum?

8) As one goes down each column on the periodic table, an additional shell level is added, thus what is the trend in atomic radius down a group?

9) Figure 2 shows the atomic radii of atoms in the s- and p-blocks.  Does this data support your prediction?

10) What is the trend across a period?

Figure 2:  Atomic radii (from http://www.iun.edu/~cpanhd/C101webnotes/modern-atomic-theory/atomic-radii.html )
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Explaining the trend in atomic radius:

As one compares elements across a period, the major differences are the number of electrons in the outermost shell and the total number of protons

1) an increased number of electrons = repulsion from each other = more  spread out

2) a greater number of protons in the nucleus = stronger pull toward the center = smaller atom

Data shows that the second effect is more dominant.  Since the electrons are already attempting to stay far apart within the shell, an additional electron has a less dramatic effect compared to the increased attraction that ALL the electrons feel toward the increased positive charge of the nucleus.  Thus going from left to right across a period, a decrease in atomic size is observed. 

D) Ionization energy is the amount of energy required to remove a single electron to make the positive ion of an atom.  In the case of generic element M, an ionization is represented:
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Specifically for sodium and sulfur it would be the energy required for the following reactions:

[image: image4.png]Na




Ionization always requires energy.  The amount of energy depends on how tightly the electron is being held.  Generally, the less energy that a reaction requires, the more favorable the reaction.

11) Which of the electrons in an atom would be the easiest to remove?

12) How might the radius affect the ionization energy?

13) How might the atomic weight affect the ionization energy?

14) What trends would you expect to find for the ionization energy? 

15) Figure 3 shows ionization energies of the s- and p-block elements.  What is the trend in ionization energies going down a group?

16) Going across a period?

Figure 3:  Table and Graph of Ionization Energy (kJ/mol)  (from Purdue General Chem)
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Ionization Energy Exceptions  

17) If you focus on the second period (Z = 3-10) of the periodic table (Figure 3), you see two exceptions to the general trend in ionization energy (from Be to B and from N to O.)  Write out the electron configurations and draw diagrams of the “hotel” for each of the atoms in this period.  Use your representations to formulate an explanation for the exceptions. Hint:  What do Be and N have in common? Out of the total electrons in the shell that is being filled, how many do the atoms of each element have?
Second Ionization Energy: The energy needed to remove a second electron from an atom:

M+ (g)  [image: image6.png]


M2+(g) + e-

Sucessive ionization energies of elements 11-18 (period 3) are shown in Table 1.

Table 1:  Successive Ionization Energies for Period 3 Elements
	Successive ionization energies in kJ/mol

	Element
	First
	Second
	Third
	Fourth
	Fifth
	Sixth
	Seventh

	Na
	496
	4,560
	
	
	
	
	

	Mg
	738
	1,450
	7,730
	
	
	
	

	Al
	577
	1,816
	2,744
	11,600
	
	
	

	Si
	786
	1,577
	3,228
	4,354
	16,100
	
	

	P
	1,060
	1,890
	2,905
	4,950
	6,270
	21,200
	

	S
	999
	2,260
	3,375
	4,565
	6,950
	8,490
	11,000

	Cl
	1,256
	2,295
	3,850
	5,160
	6,560
	9,360
	11,000

	Ar
	1,520
	2,665
	3,945
	5,770
	7,230
	8,780
	12,000


Table from http://en.wikipedia.org/wiki/Ionization_energy
18) How does the 2nd ionization energy of an atom compare to the first ionization energy of an atom?  Explain.
19) Do the second ionization energies follow the same trend as the first ionization energies?  Explain

20) Why is the second ionization of silicon less that that of aluminum?

E) Electron affinity of an element is defined as the energy given off when a neutral atom in the gas phase gains an extra electron to form a negatively charged ion.  The more negative the electron affinity, the more energy given off, the more favorable it is for an atom to accept an electron.  Electron affinities of the s and p block elements are shown in Figure 4.


F(g) + e- [image: image7.png]


F-(g)  Ho = -328.0 kJ/mol
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Figure 4:  Table and Graph of Electron Affinities (kJ/mol) (http://colossus.chem.umass.edu/chandler/ch111/Electronaffinity.gif)
21)  What is the general trend in electron affinity across a period?  

22)  Down a group?

23)  Why do groups 2A and 8A have positive electron affinities?  (Refer back to the electron configurations you drew on p 91.)  (Is energy needed or given off?)

24)  Which group has the most negative electron affinities in a period?  Why?

25)  How are ionization energy and electron affinity related?

F) Eletronegativity:  






     Figure 5:  Linus Pauling


Figure 6:  Pauling Electronegativity vs. Atom number
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27)  Explain why these trends occur.  Try to use what you know about atoms and the concepts of electron affinity and ionization energy in your explanation.

28) Why is Group 8A not included ? 
Mulliken proposed an electronegativity scale based where electronegativity was calculated using the formula:

m   =  (IE + EA)/2    where IE is ionization energy and EA is electron affinity (both in units of electron volts (eV)  (1 eV = 1.602 x10-19 J)
	Element
	IE (eV)
	EA (eV)
	Pauling EN

	1 H
	13.6
	-0.76
	2.1

	2 He
	24.6
	
	

	3 Li
	5.4
	-0.62
	1.0

	4 Be
	9.3
	
	1.5

	5 B
	8.3
	-0.28
	2.0

	6 C
	11.3
	-1.27
	2.5

	7 N
	14.5
	0
	3.0

	8 O
	13.6
	-1.43
	3.5

	9 F
	17.4
	-3.41
	4.0

	10 Ne
	21.6
	
	

	11 Na
	5.1
	-0.55
	0.9

	12 Mg
	7.6
	
	1.2

	13 Al
	6.0
	-0.46
	1.5

	14 Si
	8.2
	-1.39
	1.8

	15 P
	10.5
	-0.75
	2.1

	16 S
	10.4
	-2.08
	2.5

	17 Cl
	13.0
	-3.62
	3.0

	18 Ar
	15.8
	
	

	19 K
	4.3
	-0.50
	0.8

	20 Ca
	6.1
	
	1.0


29)  Do the two scales have the same periodic trend?

30)  If they show the same trend, then they are probably closely related.  How much so?  Plot Mullikan electronegativities vs. Pauling electronegativities?  Do they have a linear relationship?  If so, how good is the fit?  (Right click on the data points and select Add Trendline.  Select Options and Display R-squared value on chart. What is the R2 value?  The close it is to 1, the better the fit.)
G) Oxide Formation
31)  The ratio in which an element will combine with oxygen is related to the ions that the element commonly forms.  For example, lithium forms the Li+ ion easily.  (Lithium has a low first ionization energy, but high second ionization energy.)  Oxygen forms O-2 ions easily (high electron affinity for two electrons.)  Li+ and O-2 combine to form Li2O (dilithium oxide.)  Some elements like carbon can form two oxides:  carbon monoxide (CO) and carbon dioxide (CO2).  Explain.

32)  Figure 7 shows common ions formed by s- and p-block elements-what pattern do you see in oxide formation?

Figure 7:  Commonly Formed Ions  (from your text)
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Note:  Mendeleev’s 1871 periodic table included oxide formation as an organizing feature.  What about your periodic table that you constructed in lab?

H) Density
33)  Using the data in Figure 8, describe density as a function of location in a group.

34)  A period?

Figure 8: Density Graphs (from http://www2.ncsu.edu:8010/scivis/chemistry.html)

35)  Remember that density is mass/volume.  As one goes down a group, what is the trend in mass?

36)  What is the trend in volume (atomic radius)?  

37) Based on what you know about atomic weight and radius, what would you expect the trend for density to be across a period?

It is useful to think about density using atomic properties of mass and volume, however, density is a bulk property.  This is evident if you try to apply trends in atomic mass and volume across a period in order to predict trends in density.  

H) Melting point
38)  Are any trends in melting point evident across periods or down groups that are apparent from Figure 9?

Figure 9: Trends in Melting Point (from  http://www.webelements.com/)
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39) Are the periodic trends in atomic properties (measurement about a single atom  ex. atomic radius, ionization potential, electron affinity and electronegativity) or bulk properties (measurements of atomic interactions with other atoms, ex. Oxide formation, density and melting point) better predicted using the periodic table?
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Linus Pauling (shown in Figure 5) defined electronegativity as, “The power of an atom in a molecule to attract electrons to itself.”  Often electronegativity is set on a relative scale.  Pauling’s scale assigns 4.0 to fluorine (the most electronegative element) and sets the other elements relative to fluorine.  Electronegativity will be discussed much more as we discuss chemical bonding and is very useful in explaining reactivity.  





26)  Use Figure 6 is a plot of Pauling electronegativity vs. atomic number. Find any trend down a group and across a period.
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