FLINN SCIENTIFIC INC.

“Your Safer Seurce for Science Suppiies”

PO.Box 219 ¢ Batavia, llinois 60510 © 1-800-452-1261 ° flinn@flinnsci.com e Visit our website at: www.fiinnsci.col

© 1999 Fiinn Scientific, Inc. All Rights Reserved.

Qualitative Analysis of 11 Unknowns

Student Laboratory Kit
Catalog No. AP4855 Publication No. 485

Introduction:

Identify 11 unknown substances by following a qualitative analysis flow chart. Learn to use a variety of chemicai and physi
cal tests to identify 11 common household substances, all of which are white solids.

Background: '

The process of determining the identities of unknown substances is called gqualitative analysis. This can be contrasted
quantitative analysis, which is the process of determining how much of a given component is present in a sample. A qualitative
analysis scheme using simple chemical and physical tests is designed, in this laboratory experiment, for the identification or 11
commeon household white solids: boric acid, calcium carbonate, calcium sulfate, cornstarch, levulose, magnesium sulfate, sodium
bicarbonate, sodium carbonate, sodium chloride, sodium hydroxide, and sucrose. Qualitative analysis schemes are generally sum-
marized by a flow diagram, like the one shown on page four. A flow diagram is designed with the procedural steps on the vertical
lines, the possible test results on the horizontal lines, and the resulting identifications in the boxes.

Qualitative analysis procedures include physical tests as well as chemical tests. The physical tests in this lab are melting point
determination and solubility in water or in alcohol. The chemical reactions or tests in this lab are with iodine, vinegar, sodium
hydroxide, phenolphthalein, and Benedict’s solution. All of these tests involve either formation of a precipitate, a color change, or
evolution of gas bubbles. On the basis of observations, each of the eleven white household substances can be positively identified.

Chemical Concepts:
e Qualitative analysis e Physical and chemical properties e Flow diagrams
Materials Needed:
Unknown Samples (in alphabetical order):
Approximately 0.50—1.0 g of each of the following unknowns is needed:

Boric acid, HBBO3 Sodium bicarbonate, NaHCO,
Calcium carbonate, CaCO, Sodium carbonate, Na,CO,
Calcium sulfate, CaSO, ‘Sodium chloride, NaCl
Cornstarch Sodium hydroxide, NaOH
Levulose, C,H,,0¢ Sucrose, C,H,,0,

Magnesium sulfate, MgSO,
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Chemicals/Test Reagents:

Benedict's qualitative solution, 2 mL
Isopropyl! alcohol solution, 12 mL
Water, distilled or deionized

Iodine, tincture, 6 drops

Vinegar, white, 4 mL

Phenolphthalein solution, 1%, 1 mL
Sodium hydroxide solution, 0.2 M, 18 drops

Apparatus:

Graduated cylinder, 10-mL
Scoop or spatula

Test tube rack

Beral-type pipets, 6 Bunsen burner setup and test tube holder
, or hot plate and 100-mL beaker

Test tubes, 13 x 100 mm, 11
Marking pen
Wooden splints (for stirring), 11

Safety Precautions:

Sodium hydroxide is corrosive both as the solid and in solution; skin burns are possible; avoid all body tissue contact. Iodine
tincture, phenolphthalein solution, and isopropyl alcohol solution are flammable liquids and are toxic by ingestion and inhalation.
All other reagents and unknowns are considered non-hazardous; however, all may cause slight irritation to the skin, -eyes, or respi-
ratory tract; avoid all body tissue contact. Wear chemical splash goggles, a chemical-resistant apron and chemical-resistant

gloves.

Pre-Lab Notes:

» The steps of the procedure written below correspond to the qualitative analysis flow chart provided on page 4. As each
step is followed, record detailed observations of your results on the provided data sheet.

Examine the flow chart on page 4. The numbers 1-20 are provided next to each of the possible results. Write the corre/
sponding number onto your data sheet as you go through the flow chart. For example, if unknowns A, B, and C are water-
insoluble (which is result #1) and unknowns D-K are water-soluble (which is result #2), then write a “1” by A, B, and C
and record “Insoluble in H,0"; and write a' “2” by D-K and record “Soluble in H,O” on your data sheet. To further
explain, if unknown “X" is found to be 1, 4, and 6, then the observations would read “Insoluble in H,O; orange-brown
(NR) with I,; NR with vinegar” on your data sheet. Following 1 to 4 to 6 on the flow chart, the unknown “X” is then

clearly identified as CaSQ,.
e The goal of this lab is to learn to use physical and chemical tests to determine the identities of unknowns A-K.

Caution:
Since all of the samples are unknown to you, treat each and every one of the white solids as if it were a hazard. Follow all
safety precautions; be sure 1o properly label all unknowns so the identity may be determined in the case of an emergency.

Procedure:

L;

2;

Label 11 test tubes A-K with a marking pen and place the tubes in a test tube rack.
Place a small scoop of each of the 11 unknown substances, A-K, into the appropriate test tube. (Note: A small scoop is the
pea-sized amount that will fit on the end of a spatula, approximately 0.25 g. Results may be affected by using more than

that amount.) ,
Add approximately 5 mL of distilled or deionized water to each tube. (Note: This can be efficiently accomplished by mea-
suring 5 mL once using a 10-mL graduated cylinder. Pour the 5 mL of water into test tube A and then add water to each of

the 10 remaining tubes to the same height of the liquid in tube A.)
a. Stir the contents of each tube with a separate wooden splint to attempt to dissolve the solids. If using a stirring rod, be

sure to rinse the stirring rod between tubes.
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10.

11.

12

=13,

14.

. Following the flow chart, take the three tubes from step 4 containing the insoluble s

. a. Dispose of the contents of the two tub

_ The other eight solids are water soluble. To each of the eight

b. Record observations of which substances are soluble and which are insoluble in water. Remember (©© record both

result # (1 or 2) as well as the written observation. (Note: Some soluble solids may take Jonger to dissolve than other

Only three of the unknowns—cornstarch, calcium sulfate, and calcium carbonate—will not readily dissolve in wa
and are considered insoluble.

ubstances. Add 2 drops of iodine tr

f the tubes will show no reaction with iodine and will be an orange-brown color. T

ture to each of the three tubes. Two O
iodine complex which positive

contents of one of the tubes will turn a deep blue color. The deep blue color is 2 starch-

indicates cornstarch.
es that did not react with iodine. Rinse out the tubes. Prepare fresh wbes of the
two unknowns by placing a small pea-sized scoop of the solid into the appropriate tube. Do not add water.

of vinegar to these two tubes and note whether gas bubbles are produced. The evolution

b. Add approkimately 10 drops
The rema'm'mg solid must be calcium sulfate. Recol

carbon dioxide gas positively identifies calcium carbonate.

observations.

tubes from step 4, add 3—4 drops of phenolphthalein solutio

Two of the unknowns, sodium hydroxide and sodium carbonate, dissolve in water to produce alkaline solutions bas

enough to give a bright pink color upon addition of phenolphthalein. Do not be concerned with precipitate formation

this point, or with faint pink coloration.

a. Dispose of the contents of the two tubes that gave a positive test in step 7. Rinse out the tubes. Prepare fresh tubes ¢
these two unknowns by placing 2 small scoop into the appropriate tube. Do not add water.

b. Add approximately 10 drops of vinegar to each tube and note whether gas bubbles are produced. The evolution of cal
bon dioxide gas positively identifies sodium carbonate. The remaining solid must be sodium hydroxide.

a. Dispose of the contents of the tubes containing the six solids that remain to be identified. Rinse out the tubes. Prepar
fresh tubes of these six unknowns by placing a small scoop into the appropriate tube.

b. Add 5 mL of distilled or deionized water to the six tubes and stir as in step 4 to dissolve the solids.

Add 3 drops of 0.2 M NaOH to each mbe. All of the tubes should remain clear except one tube which gives a white pre:
cipitate. This white precipitate positively identifies magnesium sulfate, which forms an insoluble hydroxide upon additior
of sodium hydroxide.

a. Take the remaining five tubes from step 10 and add 10 drops of Benedict's qualitative solution to each tube.

d heat each tube gently over a Bunsen burner flame. In one tube, an orange

b. Hold the tubes with a test tube holder an
lor change to orange indicates that

precipitate will form while the remaining four tubes will stay blue in color. The co
the copper ions in the Benedict's solution are being reduced to copper by a reducing sugar group. Levulose (fructose) is

a reducing sugar; thus, this test is a positive identification for levulose.

a. Dispose of the contents of the tubes containing the four solids that remain to be identified. Rinse out the tubes. Prepare

fresh tubes of these four unknowns. Do not add water.

b. Add approximately 10 drops of vinegar to each tube and note whether gas bubbles are produced. The evolution of car-

bon dioxide gas positively identifies sodium bicarbonate.
Dispose of the contents of the three remaining tubes. Rinse out the tubes and prepare fresh tubes of these three
unknowns. Do not add water.

ropyl alcohol to each tube. Stir the contents of each tube to attempt to dissolve the solids.

b. Add approximately 5 mL of isop:
Of the three solids, only boric acid dissolves readily in alcohol; thus, this test is a positive identification for boric acid.

a. Dispose of the contents of the two remaining tubes. Rinse out the tubes. Prepare fresh tubes of these two unknowns. Do

not add water.

b. Hold the tubes with a test tube holder and heat each tube gently over a Bunsen purner flame. The solid in one tube will
turn brown, smell sweet, and begin to melt in 1-2 minutes. This is an indication that the material has a low melting
point and that it is sucrose. The other solid will not change as it is heated. This indicates that the solid has a high melt-

ing point and is sodium chloride.
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Qualitative Analysis of 11 Unknowns
Flow Chart

NaCl, NaHCQ,, CaS0,, Sucrose, CaCO,, NaOH
Cornstarch, Levulose, MgSQ,, H,BO,, Na2C03

]
Insoluble (1) WA Soluble (2)
[ , | ‘
Easo4, caco,, | L NaCl, Na,CO,, NaHCO,, Sucrose, 7
Cormnstarch : Levulose, MgSo,, H;BO,, NaOH
Iod‘ine Phenolplhthalcirr
Deep Blue (3) ‘ Orange—Brown NR 4) Pink (7) NR (8)
[ 1 l Xl
L Cornstarch 7 IjaSQ,, CaCC?’ BaOH, NaZC(f] Na(Cl, NaHCO3, Sucrose,
, 1 ! Levulose, H,BO,, Mgso,
‘ Vinegar Vinegar
Bubbles (5) - |nr s
[ 1
| _caco, | | caso, |
Sodium hydroxide

Bubbles (9) | NR (10)

[ 1
| NacCo, || Neom ]
' NR (12)
[

—
Levulose, Sucrose, L MgSOo, 7
H,BO,, Na.HCO3, Na(Cl
Benedict's Solution/heat
Orange Precipitate (13) I Blue (14)

[ 1
L Levulose 7 lﬁaCl, Sucrose, NaHCO,, H;BO,
I
‘ Vinegar
NR (16) | Bubbles (15)

White Precipitate NR (11 )

[ 1
NaCl, H,BO,, Sucrose | NaHCO,
[ a0, | [ vaco, ]

Alcohol
Soluble (17) I Insoluble (18)

]
l H,BO, J ‘j ucrose, NaCl I
I

Heat
Melrs (19) I Does Not Melt (20)

[ I
L Sucrose T L NaCl —’

NR = No reaction
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Name:

Data Sheet
Qualitative Analysis of 11 Unkme===

Lite the corresponding result numbers for each mmi——=s~. Z=cord descriptive observauol
K in the “Identdty” con==z

Follow the flow chart and W
each test below the numbers. Identify each of the unknowns A-—

Unknown Observations Identity

A

W
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