Periodic Trends

In this exercise, the concepts of atomic radius, ionization energy, electron affinity, physical properties for the
elementsin the periodic table their chemical reactivity characteristics within a given family will be investigated. Y our
understanding of the periodicity of the elements will enable you—and chemists—to predict the outcomes for the
behavior of atoms.

Part 1 Physica Periodicity & Characteristics

A. Atomic Radii (within families). The atomic radium is defined as half the distance between the nuclel of two atoms of
the same element that are bonded together. In general, it is more difficult to remove el ectrons from atoms with small
atomic radii. Isthere any periodicity of atomic radii within families? By graphical anaysis of empirical data, you
should look for trends in specific data and try to develop reasons for the any observed trends. The next page has
two graphs:
a. A plot atomic radii versus atomic number for the first half of the periodic table is given.

b. Writethe correct elementa symbol onto the circle.
c. ldentify the following families below and assign each family a different color of your choice

Group | dkali metals, Group 1V carbon family; Group VI chalogens;
Group Il alkaline earth metals,  (exclude Group V) Group VII halogens;
Group 111 boron family; Group VI noble gases

d. Color the elementswithin a periodic family the assigned color.

e. Connect the same color circlesfor agiven family by connecting those circles with athin straight line. Label this
line with the corresponding family name.

f.  Connect dl circles by increasing atomic number with athin straight line.

B. First lonization Energy (generating plasma). The endothermic energy required to completely remove one valence
electron from an atominthe gasphase A(g) ------ > At + 1e
a. A plot first ionization energy versus increasing atomic number for the first half of the periodic tableis given

b. Writethe correct elemental symbol onto the circle.
c. ldentify the following families below and assign each family acolor asin part A above.

Group | dkali metals, (exclude Group V) Group VI chalogens;
(exclude Group 11) Group V nitrogen; Group VII halogens;
Group 11 boron family; Group VI noble gases

d. Color the elementswithin a periodic family the assigned color.

e. Connect the same color circlesfor agiven family by connecting those circles with athin straight line. Label this
line with the corresponding family name.

f.  Connect dl circles by increasing atomic number with athin straight line.
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Part 1 Questions

1) Which family hasthe largest atomic radii? 2) Which family has the smallest atomic radii?

3)

4)

5)

6)

7)

8)

9)

Isthere any periodicity of atomic radii within families? Explain

Isthere any periodicity of atomic radii within periods (row)? Explain

In general, what happens to atomic radius as you proceed through a period (row) from the alkali metals to the noble
gases?

How doesincreasing nuclear charge, Z, affect atomic radii for atoms within a period (row)? In other words, how
might an attractive force between the nucleus (contains protons) and electrons affect atomic size within a period

(row)?

How does atomic size relate to location in the periodic table?

Does the family with the lowest with the lowest first ionization energy have arelatively large or small atomic radii?

Which families have the highest first ionization energies? Isthere any relationship between their ionization energies
and their radii? Explain using complete sentences.
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Part 2 Chemical Periodicity

A. Vaenceédectrons- Vaence (outermost) electrons are in the principle energy shell furthest from the nucleus (the
highest energy shell).
a. Draw Bohr electron dot structures for the elements of period (row) 2.

Glelolelololele

b. Draw Lewiselectron dot structures or the elements of period (row) 2.

Li Be B C N (0] F Ne

B. Generd Chemical Reactivity - The reactivity of an element isrelated to the tendency to lose or gain electrons; that is
to be oxidized (OIL) or reduced (RIG). The chemistry of metals and nonmetals are important to chemists. Metals
tend to lose electrons to form positively charged cations while nonmetals tend to gain electrons to from negatively
charged anions.

a. Draw Bohr eectron dot structures for theions of period (row) 2.

@@
+ + BS+ 4- 3- 2

Li Be ° c N 0% L Ne
b. Draw Lewiséectron dot structures or the ions of period (row) 2.

_ 2 3+ : . ) )
L * Be °" B c’ N 02 £l Ne


Unknown
4


Part 2 Questions
1) Which elements in period (row) 2 like to be oxidized to a noble gas electron configuration? These ions are
isoelectronic with which noble gas?

2) Which elements in period (row) 2 like to be reduced to a noble gas electron configuration? These ions are
isoelectronic with which noble gas?

3) How are metals and nonmetals grouped in the periodic table?

4) Areadl elements metas or nonmetals?

5) How doestheionization energy of an atom relate to the location in the periodic table?
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Part 3 Laboratory Experimentation Observations (Circle the right words)

A.

1)
2)
3)
4)

5)

6)
7)
8)
9
10)
12)
13)
14)

15)
16)
17)
18)
19)
20)
21)

22)

Group 1V - Elements

In general, the melting point (increases, decreases, remains the same) with increasing atomic number
In general, the boiling point (increases, decreases, remains the same) with increasing atomic number
In general, the density (increases, decreases, remains the same) with increasing atomic number
In laboratory, the melting point and boiling point data taken from the periodic table was given in
(degree Fahrenheit, degree Celsius, Kelvin).
Kevin temperature has the formula:
(K=273+°C K=°C-273 -C = 273+K)

Group Il - lonic Salts - metal oxides compounds

Metal oxidesarecaled (basic oxides, acidic oxides, neutral oxides)

Metal oxides react with water to give (hydroxide ion, hydroniumion, oxideion)

All metd oxides of representative el ements are (whiteionic salts, colored ionic salts).

A metal oxide in water turns (blue, red) to (blue, red)

Phenol phthalein turns (pink, blue ,red) in the presence of hydroxide ion which is a base.

In general, the melting point (increases, decreases, remains the same) with increasing atomic number

In general, the boiling point (increases, decreases, remains the same) with increasing atomic number

Group Il metal oxide chemical formulawill always have one metal ion attached to two hydroxides (true, false)

Group | - Elements - Alkai Metals

Group | lements are stored under alayer of (water, ethanol, mineral ail) in the laboratory.

Group | elements react violently with water to produce metal (hydroxide, hydride) and hydrogen gas.

Group | elements react violently with and the reaction is (endothermic, exothermic).

Group | elements react violently with water and the water layer becomes (colorless, pink) if test with phenolphthaein.
Group | elements are also known as (alkali, alkaline earth) metals.

Of thethree adkali elementstested in water, al three were (oxidized, reduced) to M(1+) cations.

List these elements Li, Na, K in order of increasing reactivity. Base on your graphical analysis of atomic radii and

ionization energy datain part |, give areasonable explanation for your ranking.

In terms of electronic structure why do elements in the same group display similar chemical properties
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D. Reactivity trendsin halogens.
This activity alowed you to determine whether electron affinity increases or decreases with the halogens by pitting

molecular halogens (Clo, Bro, 12) against different halide salts (KCI, KBr, KI). The halogen with the greater electron
affinity will emergeinionic form (Cl-, Br-, I7) while the lesser electron affinity will emerge as a molecular halogen
element (Clo, Bro, 12). Thewinner will appear inionic form and the color of the solution indicates the "loser"

All of the halogens have significant electron affinity (tendency to gain or retain electrons) to become halide ion.
Expect chlorine has the greatest affinity of the three listed here.

one nmolecule Clp (g2qp + 26 —% two halide ions O (4
col orl ess chloride ions

yel | ow chl ori ne

one nolecule Brp (|,,qp + 2e —»  two halide ions Br (4

brown br om ne col orl ess brom de ions

one nolecule Iy (5,299 + 2 e —» two halide ions I'(aq)

pur pl e i odi ne col orl ess iodide ions

reactants product s

obser ved Q2 (gzq) | * 2Nal (aq) | T 2 (g,zq) t 2NaCl (4q)

inlab yel | ow col orl ess purple col orl ess

+ . . . .
where Na was a spectator ion in the reaction so it can be shown that

A2 (gzq | * 2 1 (aq) ’ 2 (g,zq) 2 Ad (ag

yel | ow col orl ess purple col orl ess

and the resulting color change fromyellow reactant to purple product was noted

1) Would the following be observed? Explain.

*1 2 Oag | = | T2(gzq * 2 1 (aq)

I'2 (g, zaq)

purple col orl ess yel | ow col orl ess

2) ListtheseelementsClo, Bro, |2 inorder of increasing reactivity to be reduced. Base on your graphical analysis of
atomic radii and ionization energy datain part |, give a reasonable explanation for your ranking.

3) All three halogen are diatomic molecules like to be (reduced, oxidized) thus they are (oxidizing, reducing) agents

Circle the right words.
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