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I n t ro d u c t i o n
In this ex p e ri m e n t , a series of metals and a series of nonmetal halogens are studied to find their re l at ive
re a c t ivities. The re a c t ivity of the metals is determined by combining the metals with a complemen-
t a ry series of metal ions in solution. The re a c t ivity of three halogens is found by mixing each with
a halide ion solution. Using the observed re a c t i o n s , an activity seri e s , f rom most re a c t ive to least
re a c t ive, is developed for the metals and for the haloge n s .

C o n c e p t s
• Activity series • Oxidation–reduction • Half-cell reaction

B a c k g ro u n d
A ranking of elements according to their re a c t ivity is called an a c t ivity seri e s. For ex a m p l e, an activ i t y
s e ries containing the elements calcium, go l d, and iron would put the re a c t ive calcium at the top, i ron in
the midd l e, and the unre a c t ive gold at the bottom. If a piece of iron metal is placed in a solution of go l d
n i t rat e, the iron dissolves fo rming positive ions in solution while solid gold metal ap p e a rs. The more
re a c t ive metal (iron) displaces ions of the less re a c t ive metal [gold(III)] from solution. The less re a c t ive
element ap p e a rs as the solid element.

Reactions such as these are examples of ox i d at i o n – reduction re a c t i o n s. Oxidation is defined as the
p rocess of losing electrons and substances that lose electrons during chemical reactions are said to
be ox i d i ze d. Substances that gain electrons during chemical reactions undergo reduction and are
said to be re d u c e d. If one reactant gains electro n s , another must lose electrons. Oxidation and re d u c-
tion reactions occur simu l t a n e o u s ly, and there must be an equal number of electrons lost and ga i n e d
d u ring the two reactions. In the reaction of iron metal with gold ions, the iron metal is ox i d i zed and
the gold ions are re d u c e d. The more re a c t ive metal is the one that is more easily ox i d i ze d.

3 Fe ( s ) → 3 Fe2 +( a q ) + 6e– I ron loses electro n s . Oxidation

2 Au3 +( a q ) + 6e– → 2 Au ( s ) Gold gains electro n s . Reduction

3 Fe ( s ) + 2 Au3 +( a q ) → 3 Fe2 +( a q ) + Au ( s ) Oxidation–reduction

Figure 1. Reduction of gold ions by iron metal.
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When writing ox i d at i o n – reduction re a c t i o n s , it is customary to break the reaction into the two part s
or half-cell reactions. These half-cell reactions rep resent the sep a rate ox i d ation and re d u c t i o n
p rocesses that occur simu l t a n e o u s ly. The electrons within the two half-cell reactions must be equal
so there is no net gain or loss of electrons for the ove rall re a c t i o n .

When a substance re a d i ly loses electrons (and is ox i d i ze d ) , it acts as a good reducing agent. Wh e n
a substance has a strong tendency to gain electrons (and be re d u c e d ) , it acts as a good ox i d i z i n g
agent. Gold ions,Au3 +(aq) , h ave a strong tendency to acquire electrons to fo rm neutral gold at o m s ,
Au(s). Gold ions are thus easily reduced and act as good oxidizing age n t s .

Experiment Overview
The purpose of this ex p e riment is to determine the activity series for five metals and for three halo-
gens. The fi rst part of this ex p e riment derives an activity series for metals and uses a micro s c a l e
t e ch n i q u e. The second part derives an activity series for halogens. It makes use of a solvent ex t ra c-
tion tech n i q u e.

The series of metals to be studied are copper, z i n c, m ag n e s i u m , l e a d, and silve r. Solutions of metal
n i t rates for each of these metals are placed in reaction wells. A piece of each metal is then placed
in the other metals’ n i t rate solutions and observed to see if any reaction occurs. If a metal re a c t s
with another metal nitrat e, then the solid metal has reduced the other metal ion and is, t h e re fo re,
the more re a c t ive metal of the two. By comparing the results of 16 diffe rent re a c t i o n s , the five met-
als are ra n ked from most re a c t ive to least re a c t ive.

In Pa rt 2, tests are perfo rmed to determine the activity series of the halogens. Chlorine (Cl2) ,
b romine (Br2) , and iodine (I2) are placed in solutions containing ch l o ride (Cl–) , b romide (Br–) , o r
iodide (I–). An activity series of the nonmetallic halogens places the most re a c t ive halogen at the
top. In the reaction of a free halogen (X2) with a diffe rent halide ions (Y–) , the free halogen ga i n s
e l e c t rons and is then reduced to its corresponding halide ions (X–). The ori ginal halide ions lose
e l e c t rons and there fo re are ox i d i zed to their corresponding free halogen (Y2). The more re a c t ive
h a l ogens displaces ions of the less re a c t ive halides from solution. In an activity series of haloge n s ,
the most re a c t ive halogen is the one most easily re d u c e d.

X2(aq) + 2e–(aq) → 2X–(aq) Reduction

2Y–(aq) → Y2(aq) + 2e– Oxidation

X2(aq) + 2Y–(aq) → 2X–(aq) + Y2(aq) Oxidation–reduction

Figure 2. Reduction of a free halogen X2 by halide ions Y–.

To determine if a reaction occurs , a method is needed to identify wh i ch halogen is pre s e n t .
H a l ogens dissolve in the nonpolar solvent mineral oil fo rming diffe rent colored solutions. Minera l
oil does not dissolve in wat e r, but when shaken with an aqueous halogen solution, the halogen is
ex t racted from the water into the mineral oil. The color of the mineral oil layer indicates wh i ch
h a l ogen is pre s e n t .
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M a t e r i a l s
Pa rt 1

Copper fo i l , 6 × 6 mm pieces, 4 M agnesium nitrate solution, M g ( N O3)2,0.1 M,4 mL

Zinc fo i l , Z n , 6 × 6 mm pieces,4 Lead nitrate solution, P b ( N O3)2,0.1 M,4 mL

M agnesium ri bb o n , M g, 6-mm pieces, 4 2 4 - well reaction plat e

Lead fo i l ,P b, 6 × 6 mm pieces, 4 B e ral-type pipets, 5

S i l ver nitrate solution,A g N O3,0.1 M, 4 mL Fo rc ep s

C u p ric nitrate solution, C u ( N O3)2,0.1 M,4 mL S t i rring ro d

Zinc nitrate solution, Z n ( N O3)2,0.1 M,4 mL

Pa rt 2

C h l o rine wat e r, C l2 in H2O,3 mL Potassium iodide solution, K I , 0.1 M,3 mL

B romine wat e r, B r2 in H2O,3 mL B e ral-type pipets, 7

Iodine wat e r,I2 in H2O, 3 mL Test tubes, 1 3 × 100 mm, 1 2

M i n e ral oil, 12 mL C o rk stoppers for test tubes, 1 2

Sodium ch l o ride solution, N a C l , 0.1 M,3 mL Test tube ra ck

Sodium bromide solution, N a B r,0.1 M, 3 mL

Safety Pre c a u t i o n s
The silver nitrate solution is moderat e ly toxic by ingestion and is a body tissue irritant. Silve r
n i t rate stains skin and clothing; howeve r, the stains may not appear for seve ral hours. The cupri c
n i t rate solution is slightly toxic by ingestion and is irri t ating to skin, eye s , and mucous membra n e s .
Zinc nitrate solution is slightly toxic by ingestion and is corro s ive to body tissue. Mag n e s i u m
n i t rate solution is a body tissue irritant. The lead nitrate solution is moderat e ly toxic by inge s t i o n
and inhalation; it is a possible carc i n ogen and is irri t ating to skin, eye s , and mucous membra n e s .
The magnesium ri bbon is a fl a m m able solid. The ch l o ri n e, b ro m i n e, and iodine water solutions
h ave strong odors and are highly toxic by ingestion and inhalation. All are ve ry irri t ating to eye s ,
s k i n , and mucous membranes. Mineral oil is a combu s t i ble liquid. Wear chemical splash gogg l e s ,
ch e m i c a l - resistant glove s , and a ch e m i c a l - resistant ap ron. Wash hands thoro u g h ly with soap and
water befo re leaving the lab o rat o ry.

P ro c e d u re

Part 1. Determine an Activity Series for Metals.
1 . Place the 24-well plate on top of a piece of white paper so that there are 6 wells acro s s

(columns) and 4 wells down (rows). Refer to Fi g u re 3 to see how the wells are arra n ge d. Note
t h at each well is identified by an unique combination of a letter and a nu m b e r, wh e re the letter
re fe rs to a hori zontal row and the number to a ve rtical column.

2 . Put one dro p p e r-full (about 15 drops or 1 mL) of cupric nitrate solution in wells B1, C 1 , a n d
D1 in the fi rst column.

3 . Put one dro p p e r-full of magnesium nitrate solution in wells A 2 , C 2 , and D2 of the second column.

4 . Put one dro p p e r-full of lead nitrate solution in wells A 3 , B 3 , and D3 of the third column.

5 . Put one dro p p e r-full of zinc nitrate solution in wells A 4 , B 4 , and C4 of the fo u rth column.
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6 . Put one dro p p e r-full of silver nitrate solution in each of the wells A5 through D5 in the fi f t h
c o l u m n .

7 . Put a small piece of copper metal in each of the wells containing a solution in the fi rst row.

8 . A dd magnesium metal to the solutions in the second row, a dd lead metal to the solutions in the
t h i rd row, and add zinc metal to the solutions in the fo u rth row. Use a stirring rod to submerge
e a ch metal in the solutions. A l l ow to stand at least 5 minu t e s .

9 . D e t e rmine if a reaction has occurred in each well by observing if a new metal has deposited or
if the surface of the metal has become coat e d.

1 0 . R e c o rd each observation as either coating forms or no reaction in the Pa rt 1 Data Tabl e.

1 2 3 4 5 6

R ow A

R ow B

R ow C

R ow D

Figure 3.

Part 2. Determine an Activity Series for Some Halogens.
All wo rk in Pa rt 2 should be done in a fume hood.

1 . As a re fe re n c e, test to see wh at color develops when each halogen is dissolved in mineral oil.
Place one dro p p e r-full of ch l o rine wat e r, one dro p p e r-full of bromine wat e r, and one dro p p e r-
full of iodine water into three sep a rate 10 mm test tubes.

2 . A dd one dro p p e r-full of mineral oil to each test tube, c o rk the tube, and shake it for ten seconds.

3 . Let the mineral oil layer rise to the top and re c o rd the color that each halogen shows when dis-
s o l ved in mineral oil. Record your observations in the Pa rt 2 Data Tabl e.

4 . Test to see if the halide ions give a color to mineral oil. Place one dro p p e r-full of sodium ch l o-
ri d e, sodium bro m i d e, and potassium iodide solutions into three sep a rate test tubes.

5 . A dd a dro p p e r-full of mineral oil to each test tube, c o rk the tubes, and shake for ten seconds to
d e t e rmine if the halide ions impart a color to the mineral oil laye r.

6 . R e c o rd your observations in the Pa rt 2 Data Tabl e.
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7 . Set up six test tubes in a test tube holder as in Fi g u re 4. Label the test tubes 1 through 6 with a
m a rke r.

Figure 4.

8 . React each halogen with the other two halide ion solutions to determine if the ions reduce the
h a l ogens. Place one dro p p e r-full of sodium bromide solution into test tube #1 and one dro p p e r-
full of potassium iodide solution into test tube #2.

9 . A dd one dro p p e r-full of ch l o rine water to each of test tubes #1 and #2, c o rk each , and shake to mix.

1 0 . A dd one dro p p e r-full of mineral oil to each of test tubes #1 and #2, c o rk each , and shake aga i n .

1 1 . When the mineral oil layer has sep a rat e d, d e t e rmine its color and whether a reaction has occurre d.
If the color of the ch l o rine ap p e a rs in the mineral oil layer then no reaction has occurre d. If either
the bromine or iodine color ap p e a rs in the mineral laye r, then there was a re a c t i o n .

1 2 . R e c o rd both the color and the reaction results (reaction or no reaction) for Cl2(aq) in the Pa rt 2
Reaction Data Tabl e.

1 3 . R ep e at the test using bromine wat e r. A dd one dro p p e r-full of sodium ch l o ride solution to test
tube #3 and one dro p p e r-full of potassium iodide to test tube #4.

1 4 . A dd one dro p p e r-full of bromine water to each of test tubes #3 and #4, c o rk each , and shake to mix.

1 5 . A dd one dro p p e r-full of mineral oil to each of test tubes #3 and #4, c o rk each , and shake aga i n .

1 6 . When the mineral oil layer has sep a rat e d, d e t e rmine its color and whether a reaction has
o c c u rre d. If the color of the bromine ap p e a rs in the mineral laye r, then no re a c t i o n has occurre d.
if either the ch l o rine or iodine color ap p e a rs in the mineral laye r, then there was a re a c t i o n.

1 7 . R e c o rd both the color and reaction results (reaction or no reaction) for Br2(aq) in the Pa rt 2
Reaction Data Tabl e.

1 8 . R ep e at the test for iodine wat e r. A dd one dro p p e r-full of sodium ch l o ride solution to test tube
#5 and one dro p p e r-full of sodium bromide solution to test tube #6.

1 9 . A dd one dro p p e r-full of iodine water to each of test tubes #5 and #6, c o rk each , and shake to mix.

2 0 . A dd one dro p p e r-full of mineral oil to each of test tubes #5 and #6, c o rk each , and shake aga i n .

2 1 . R e c o rd both the color of the mineral oil layer and the reaction results (reaction or no reaction)
for I2(aq) in the Pa rt 2 Data Tabl e.
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Data Ta b l e s Name _____________________________________

Part 1. An Activity Series for Some Metals.
R e c o rd your observations in the data table below :

C u2 +( a q ) M g2 +( a q ) P b2 +( a q ) Z n2 +( a q ) A g+( a q )

Cu(s) ×

Mg(s) ×

Pb(s) ×

Zn(s) ×

Part 2. An Activity Series for Some Halogens.
R e c o rd your observations in the data tables below :

H a l oge n Color in Mineral Oil Halide Ion Color in Mineral Oil

Reaction Data Table

R e a c t a n t s C l2( a q ) B r2( a q ) I2( a q )

Cl–(aq) ×

Br–(aq) ×

I–(aq) ×



D i s p o s a l
Part 1
D i s c a rd all solutions into the container provided by your instru c t o r. Clean the 24-well plate with
s o ap and water using cotton swabs if needed.

Part 2
Empty the test tubes in the container provided for disposal by your instru c t o r. A diffe rent container
than the one used in Pa rt 1 will be used in Pa rt 2.

Post-Lab Questions
1 . W rite balanced net ionic equations for all the reactions that occurred with the metals.

2 . List the metals in order of decreasing ease of ox i d ation. Compare this list with an activ i t y
s e ries found in a textbook. How do the two lists corre l at e ?

3 . W rite reduction half-reactions for each of the metal ions. A rra n ge the reaction list in order of
d e c reasing ease of reduction. Compare the order with a listing found in a table of standard
reduction potentials. How do the two lists corre l at e ?

4 . Explain how to determine if a reaction occurs in the halogen ex p e ri m e n t .

5 . Why should the halide ions not dissolve in mineral oil?

6 . Explain wh at is meant by solvent ex t raction. How is it used in Pa rt 2?

7 . W rite balanced net ionic equations for the reactions wh i ch occurred with the haloge n s .

8 . List the halogens in decreasing order of re a c t iv i t y. Compare this list with an activity seri e s
found in a textbook. How do the two lists corre l ate? Predict the location of fl u o rine in this
a c t ivity seri e s .

9 . W rite reduction half-reactions for each of the halogens. A rra n ge in order of decreasing ease of
reduction. Compare the listing with the order found in a table of standard reduction potentials.
H ow do the lists corre l at e ?

1 0 . Why was it necessary to test the halide ions for their color in mineral oil?

1 1 . Would it make a diffe rence if calcium bromide solution, C a B r2, is used rather than sodium bro-
mide solution? Explain.
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