Chemistry 211 Lab
Fall 2004

Chemical Interactions: Qualitative Analysis, and Identification

of Unknown Aqueous Solutions

INTRODUCTORY INFORMATION

Salts


Materials commonly called salts are those that are composed of a metal ion, and a non-metal ion (or, non-metallic polyatomic ion)  Most common salts dissociate in water into positive ions (cations) and negative ions (anions):







H2O
NaCl(s) ----------> Na(aq)  +  Cl(aq)

The resulting ions are said to be aquated or aqueous, which simply means closely associated with water molecules in an aqueous media.  This behavior is symbolized by "(aq)", found after the ions of interest.

Some water-soluble compounds are not salts.  Common table sugar (sucrose) is an often-cited example.  Sucrose is a molecular compound, which dissolves in water, but does not dissociate into ions.  To summarize these differences, study the examples below which include water-soluble examples of ionic and molecular compounds.

NaI(aq):


Na(aq)  and  I(aq)

Cu(NO3)2(aq):


Cu(aq)  and  2NO3 (aq)

C12H22O11(s):


No dissociation, simply C12H22O11(aq)

(NH4)2SO4(aq):

2NH4(aq)  and  SO4 (aq)

Once dissociated, the positive and negative ions act independently from each other.  This allows their aqueous solution behavior to also be studied independently.  Any aqueous solution containing the silver(I) ion will react with any other solution containing the chloride ion (Cl) to produce the compound AgCl(s), which does not dissolve in water.  The silver chloride thus formed is insoluble in water, and forms a solid precipitate of AgCl(s).

Ag(aq)  +  Cl(aq) ----------> AgCl(s), white solid precipitate

Acids and Bases

Acids can be defined as compounds that will increase the aqueous concentration of hydronium ion (H3O+, or more simply H+) as they dissolve in water.  Common acids are nitric acid (HNO3) hydrochloric acid (HCl) and sulfuric acid (H2SO4).  In general, this increase in aqueous hydronium ion concentration can be represented by a relatively simple dissociation equation:

H2SO4(aq) ----------> 2H(aq)  +  SO4(aq)

For the most part, an acid is most easily recognized by a hydrogen atom in a formula that either begins a formula, or seems to be set apart from the other hydrogen atoms in a formula.  This is meant to convey the relative ease with which that hydrogen atom is lost to the aqueous media as hydronium:




HNO3(aq)
=
nitric acid




HC2H3O2
=
acetic acid




H3PO4

=
phosphoric acid

In any case, an acid increases the hydronium ion concentration.  When an acid dissolves in water, a convenient measurement of this increase is the pH scale.  Acidic solutions have a pH value less than 7.


Bases, by contrast, increase the concentration of hydroxide ion (OH-) as they dissolve in water.  Any salt containing in its formula the hydroxide ion (NaOH, KOH, etc.) is by definition a base, as the following ions are produced when sodium hydroxide dissolves in water:

NaOH(s) ----------> Na(aq)  +  OH(aq)


Other bases include aqueous ammonia (NH3(aq)) and aqueous sodium sulfide (Na2S) for reasons not so obvious.  The reason they are classified as bases has to do with the behavior of the ions these compounds produce, after dissolving in water.

S(aq)  +  H2O ----------> HS(aq)  +  OH(aq)

NH3(aq)  +  +  H2O ----------> NH4(aq)  +  OH(aq)

PERFOMING THE EXPERIMENTS, AND INTERPRETING YOUR RESULTS


The design and aim of this experiment is to identify unknown aqueous solutions.  To do this, you must carefully follow directions, meticulously record what you see when two given solutions are mixed, and be able to deduce what might happen if solutions you don't actually mix are mixed.  There is a general series of things you can watch for, to bring a degree of organization to your results, and help you deduce the identity of your unknowns.

Color and Odor

You should carefully examine the unknowns you are given, and if a perceptible color or odor are present, describe it to the best of your ability.  Specifically:

•  Solutions of NH3 and Na2S have characteristic odors.  You should carefully direct the vapors from the CLOSED TEST REAGENT BOTTLE toward your nose.  Describe the odor in your own words.

•  Aqueous solutions of compounds of the transition metals have identifying colors.  Copper compounds are usually blue, compounds of nickel are usually green, compounds of iron are orange, yellow, or purple.

•  Any precipitates (solids) that form from mixing aqueous solutions should be characterized by color.  A chart in this procedure gives you some common insoluble materials and their colors.  There may be some trends in that information that could be useful to you.

Acidity and Basicity

There are four primary classifications under this heading.

Strong acids (pH less than 3) form solutions of the common aqueous acids mentioned earlier.

Weak acids (pH between 3 and 7)  Salts (usually of the transition metals) dissolved in water form solutions that test weakly acidic to pH paper.

Weak Bases (pH between 7 and 11)  Salts of the main group metals (IA, IIA or IIIA) dissolved in water will usually form solutions that test weakly basic to pH paper.  Ammonia, and sodium sulfide, are other common materials that form weakly basic solutions.

Strong bases (pH greater than 11) form when hydroxide salts are dissolved in water.

The Evolution of Gases

A few of the possible unknown anions in the experiment will produce gases when reacted with aqueous acids.  You may or may not see bubbles.  The three possibilities include bicarbonate (HCO3), carbonate (CO32) and sulfide (S2).  The first two produce odorless CO2(g), while sulfide produces a small amount of H2S(g), which smells like rotten eggs.

Aqueous Solubilities

Insoluble precipitates will be formed when certain combinations of aqueous solutions are mixed.  It is useful to be aware of what products two solutions will make when mixed, and whether or not any of those products will be insoluble in water.  Being aware of these solubility rules can be of a great help in identifying unknowns.

1).  All common salts of the nitrate ion (NO3) are soluble in water.

2).  All common salts of the Na+, K+, and NH4+ cations are soluble in water.

3).  Most common salts of the Cl, Br, and I anions are soluble in water EXCEPT when the accompanying cation is Ag+, Pb2+, and Hg22+.

4).  All common salts of the sulfate ion (SO42-) are soluble in water EXCEPT when the accompanying cation is Ba2+, Sr2+, and Pb2+.

5).  Salts of the S2- ion are insoluble in water EXCEPT when the accompanying cation is Na+, K+, NH4+, Ba2+, and Ca2+.

6).  Most of the transition metal cations (Ag+, Cu2+, Ni2+, etc.) form complexes with aqueous ammonia.  Sometimes, ammonia is used to "dissolve" otherwise insoluble precipitates of these metal cations.

Colors of Some Common Water-Insoluble Materials

Carbonates, CO32-

Ag2CO3
=
yellow


CuCO3

=
pale blue


BaCO3

=
white


CaCO3

=
white

Chlorides, Cl-

AgCl

=
white


Hg2Cl2

=
white


PbCl2

=
white


CuCl

=
white

Hydroxides, OH-

AgOH

=
grey-brown

Cu(OH)2
=
pale blue


Fe(OH)3
=
rust red


Ni(OH)2
=
pale green


Pb(OH)2
=
white


Zn(OH)2
=
white

Iodides, I-

AgI

=
yellow


Hg2I2

=
yellow-orange


PbI2

=
yellow


CuI

=
brown

Sulfides, S2-

Ag2S

=
black


CuS

=
black


Fe2S3

=
black


HgS

=
black


NiS

=
black


PbS

=
black

Sulfates, SO42-

BaSO4

=
white


PbSO4

=
white

EXPERIMENTAL PROCEDURE

You will be assigned 5 unknowns to test, and then to identify.  You must read the test reagent bottles carefully, to ensure you are doing the correct tests, and not doing any unnecessary tests.  You will be assigned 1 unknown from each of the following categories:

a).  A strong acid -- HCl, HNO3, or H2SO4
b).  A strong base -- KOH, NH3, or Na2S

c).  A salt of the chloride ion -- NaCl, CuCl2, or BaCl2
d).  A salt of the nitrate ion -- AgNO3, Cu(NO3)2, or Fe(NO3)3
e).  A salt of the sodium ion -- NaI, Na2SO4, or Na2CO3
Include in your lab reports a completely recopied chart describing the results of your tests as you interpret them.  Also be sure and identify your unknowns by number and chemical name.

PERFORMING EACH QUALITATIVE TEST

All solutions are in dropper bottles.  You will not need much, so use the bottles where you find them, do not take the caps off, and leave them where you found them when you are done.  Your fellow lab students will need to know where to find these materials.

For every test: Add approximately 5 drops of an assigned unknown from the dropper bottle to a clean, small test tube.  Add approximately 10 drops of the test solution from the dropper bottle (watch those LABELS!!) to the test tube containing the unknown, one drop at a time.  Describe carefully what you see happen, if anything, as soon as possible after performing each test.

Keep your test tubes very clean, and DO NOT touch the tip of any dropper bottle to any other test or unknown solution.  This will cause contamination, and will drastically upset your co-workers, the instructors, and the entire lab preparation staff.  Points will be deducted ON THE SPOT for anyone being careless in the handling of these solutions.

All tests will end up in the same waste bottle.  Any clinging solids should also be rinsed into this waste bottle.  Empty as much spent test materials into the waste bottle as possible, before cleaning your test tubes.  This minimizes the discharge of anything harmful to the environment into the waste water system.

There are ONLY 8 test solutions.  They are:

1).  KOH(aq), 2).  AgNO3(aq), 3).  BaCl2(aq), 4).  NaCl(aq), 5).  NH3(aq), 6).  Na2S(aq), 7).  Na2SO4(aq), and 8).  H2SO4(aq).  All test solutions are of sufficient concentration to minimize "false positive" tests.

CAUTION

If you have trouble telling the difference between NH3 and KOH (think separately about WHY it might be hard to tell between these two substances) Follow this general procedure:

•  Use 5 drops of AgNO3 plus 10 drops of NH3 test solution, note result

•  Use 5 drops of AgNO3 plus 10 drops of KOH test solution, note result

•  Use 5 drops of AgNO3 plus 10 drops of your unknown solution, compare this to the two above results.

The only potential "false positive" is a mixture of Ba2+ and S2-.  It gives a cloudy whiteness, even though it should not.  It comes about from tests that are not definitive for either ion anyway.

Summarize your results in a table like this one.  COPY ONE INTO YOUR LAB NOTEBOOK
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	NaCl
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