Periodic Properties
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1. Elements in the same row are also in the same (circle one)

Period


Group


2. Elements in the same column are also in the same (circle one)
Period


Group


3. When comparing atomic radii of elements in the same group,
Zeff


Principle Quantum
we should compare their (circle one)








   Numbers (n)

4. When comparing atomic radii of elements in the same period,
Zeff

    Principal Quantum
we should compare their (circle one)








   Numbers (n)


5. Compared to the atomic radius of an element, cations of

Bigger


Smaller

the same element are always (circle one)

6. Compared to the atomic radius of an element, anions of

Bigger 


Smaller

the same element are always (circle one)

7. Isoelectronic atoms or ions contain the same number of

Electrons


Neutrons

(circle one)


8. When comparing isoelectronic atoms or ions, the



Positively


Negatively

the one with the larger atomic radius is more (circle one)

Charged


Charged

9. In each of the following problems, rank the following atoms or ions from largest to smallest. Give the Zeff, highest principal quantum number of a ground-state electron, and charge of each in the table below each problem. Write a brief explanation for your answer.
a) Te, S, Sn, Si









b)
Kr, Sr, Br-, Sr2+
Largest


    Smallest



   Largest

        Smallest
	Atom or Ion
	Sn
	Te
	Si
	S
	
	Atom or Ion
	Sr
	Br-
	Kr
	Sr2+

	Zeff
	+14
(or +4)
	+16
(or +6)
	+4
	+6
	
	Zeff
	+2
	+17
(or +7)
	+18
(or +8)
	+2

	Highest n
	5
	5
	3
	3
	
	Highest n
	5
	4
	4
	4

	Charge
	0
	0
	0
	0
	
	Charge
	0
	-1
	0
	+2

	Explanation
	Same group

n(Sn) > n(Si) ( Sn bigger
n(Te) > n(S) ( Te bigger

Same period
Zeff(Sn) < Zeff(Te) ( Sn bigger
Zeff(Si) < Zeff(S) ( Si bigger
n(Te) – n(Si) = 2 > 1 ( Te bigger
	
	Explanation
	For isoelectronic atoms and ions
greatest ‘+’ charge ( smallest

Br- < Kr < Sr2+
n(Sr) > n(Kr) ( Sr bigger
Zeff(Sr) < Zeff(Kr) ( Sr bigger
Hard to compare Sr and Br-, accepted two answers


The first ionization energy of an element is the amount of energy needed to remove the ground-state valence electron with the highest energy completely from an atom of that element. The first ionization energy of carbon, with electron configuration [He] 2s22p2, is the energy needed to move a 2p electron from orbiting the nucleus to infinitely far from the nucleus. The higher the ionization energy, the harder it is to remove the electron from the atom.





The table below gives the relative first ionization energies of elements with atomic numbers 1 – 54.
	Z
	IE
	
	Z
	IE
	
	Z
	IE
	
	Z
	IE
	
	Z
	IE
	
	Z
	IE

	1 
	1312 
	
	10 
	2081 
	
	19 
	419 
	
	28 
	737 
	
	37 
	403 
	
	46 
	804 

	2 
	2372 
	
	11 
	496 
	
	20 
	590 
	
	29 
	746 
	
	38 
	550 
	
	47 
	731 

	3 
	520 
	
	12 
	738 
	
	21 
	633 
	
	30 
	906 
	
	39 
	600 
	
	48 
	868 

	4 
	900 
	
	13 
	578 
	
	22 
	659 
	
	31 
	579 
	
	40 
	640 
	
	49 
	558 

	5 
	801 
	
	14 
	787 
	
	23 
	651 
	
	32 
	762 
	
	41 
	652 
	
	50 
	709 

	6 
	1087 
	
	15 
	1012 
	
	24 
	653 
	
	33 
	947 
	
	42 
	684 
	
	51 
	834 

	7 
	1402 
	
	16 
	1000 
	
	25 
	717 
	
	34 
	941 
	
	43 
	702 
	
	52 
	869 

	8 
	1314 
	
	17 
	1251 
	
	26 
	763 
	
	35 
	1140 
	
	44 
	710 
	
	53 
	1008 

	9 
	1681 
	
	18 
	1521 
	
	27 
	760 
	
	36 
	1351 
	
	45 
	720 
	
	54 
	1170 


1. Make a plot of ionization energy vs. atomic number for the 54 elements listed above. Ionization energy should be on the y-axis, and atomic number should be on the x-axis.

2. What do you see? Do you notice any especially high points (‘peaks’) or low points (‘valleys’) on your graph?
The ionization energy increases, then decreases, then increases, etc. There are large ‘peaks’ and ‘valleys’ in ionization energy where some elements have much higher or lower ionization energies, respectively, than elements with atomic numbers one greater or one less. There are also smaller peaks and valleys between two larger peaks.
3. Which atomic numbers give the highest ‘peaks’ and lowest ‘valleys’ on your graph? Which elements have these atomic numbers? How many elements are between each peak on your graph? Between each valley?
Highest peaks:








Lowest Valleys:

He (Z = 2)









     Li (Z = 3)

Ne (Z = 10)









 Na (Z = 11)

Ar (Z = 18) 









 K (Z = 19)

Kr (Z = 36)









 Rb (Z = 37)

I also accepted intervals of 7 or 17 if you counted all elements between but excluding both peaks.

4. Reading from left to right across a period (e.g., from Li to Ne), does ionization energy increase or decrease?

Ionization increases from left to right across at period.

5. Reading from top to bottom in a group (e.g., from He to Xe), does ionization energy increase or decrease?

Ionization energy decreases from top to bottom in a group.

6. What are the electron configurations of ‘peak’ elements – those with the highest ionization energies? To what group(s) do these elements belong?
He: 1s2   Ne: [He]2s22p6   Ar: [Ne]3s23p6   Kr: [Ar]4s23d104p6   (   These are all noble gases.
7. What are the electron configurations of ‘valley’ elements – those with the lowest ionization energies? To what group(s) do these elements belong?
Li: [He]2s1   Na: [Ne]3s1   K: [Ar]4s1   Rb: [Kr]5s1   (   These are all alkali metals.
(#8 on next page)

8. Using what you know about Zeff, electron orbital quantum numbers (especially n), and periodic trends in atomic radius, explain

a) any trends in ionization energy you observe across a row
Since electrons are more strongly attracted to larger positive charges, as the (positive) effective nuclear charge, Zeff, increases from left to right across a row, more energy is needed to remove an electron from elements farther to the right on the periodic table. Thus, ionization energy increases with Zeff from left to right across a period.
Important for quiz: The alkali metals (‘valleys’) have the lowest ionization energies because after removing one electron, they get a noble-gas electron configuration. Since noble-gas electron configurations are extremely stable, it does not cost much relative energy to remove an electron from an alkali metal. 
b) any trends in ionization energy you observe in a group
Electrons are, on average, farther from the nucleus in orbitals with higher principal quantum number, n. Since the value of n increases from top to bottom in a group, less energy is needed is remove an electron from each element going from top to bottom in a group. Thus, ionization energy decreases with increasing n from top to bottom in a group.
Important for quiz: The noble gases (‘peaks’) have the highest ionization energies because after removing one electron, they lose a noble-gas electron configuration. Since noble-gas electron configurations are extremely stable, it costs a lot of relative energy to remove an electron from a noble gas. 
n = 1





n = 2





n = 3





Elight = hf = Ionization Energy
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n = 2





n = 1





n = ∞
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8 elements in between





8 elements in between





18 elements in between








