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Density Measurement
Purpose: Learn how to make density measurements.
Procedure:

Part A. Density of Deionized Water

Part B. Density of Unknown Liquid

Part C. Density of Unknown Metal
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Report:
Part A. Density of Deionized Water
Trial 1 Trial 2

Mass of beaker

Mass of beaker + water

Mass of water

Volume of water

Density of water

Show calculation for the density of water:

Average density of water

Was the density of water the same in the two trials? If not, what could have caused the difference?

Between the two trials, which density value is correct?
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Part B. Density of Unknown Liquid

Unknown number and/or letter

Trial 1 Trial 2

Mass of beaker

Mass of beaker + unknown liquid

Mass of unknown liquid

Volume of unknown liquid

Density of unknown liquid

Show calculation for the density of unknown liquid:

Average density of unknown liquid
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Part C. Density of Unknown Metal Cylinder

Unknown number and/or letter

Trial 1

Mass of unknown metal cylinder

Initial volume of water

Trial 2

Final volume of water

Volume of unknown metal cylinder

(by water displacement)

Density of unknown metal cylinder

Show calculation for the density of unknown metal cylinder:

Average density of unknown metal cylinder

Identity of unknown metal cylinder

Select from the following:
Aluminum, Density = 2.70 g/cm?
Iron, Density = 7.87 g/cm?
Copper, Density = 8.96 g/cm®

From the experiment, was your unknown metal cylinder’s average density value lower, higher, or
the same as one of the given values? If not the same as the given values, explain what could have

caused your density value to be lower or higher?
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Mixture Separation
Purpose: Learn how to separate a mixture and identify the individual substances of the mixture.
Procedure:

Part A. Solubility

Part B. Mixture Separation

(a)
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Figure 2

Boiling chips
in water

Figure 3
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Report:

Part A. Solubility

Indicate, yes or no, if any of the substances is soluble in water:
Sand Salt Salicylic Acid
Indicate, yes or no, if any of the substances is soluble in ethanol:
Sand Salt Salicylic Acid
Part B. Mixture Separation

In step 8, does your filtrate contain a water-soluble and/or ethanol-soluble substance?

If a solid residue remains after ethanol evaporation in step 9, is the residue sand, salt, or salicylic
acid?

In step 10, does your filtrate contain a water-soluble substance?

If a solid residue remains after water evaporation in step 12, is the residue sand, salt, and/or
salicylic acid?

Unknown number and/or letter

Indicate, yes or no, if any of the substances was a component of your unknown mixture.

Sand Salt Salicylic Acid
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Heat Capacity of Metals

PART A. Specific Heat Capacity of Copper

Part B. Specific Heat Capacity of an Unknown Metal
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Part A Data Trial 1

Mass of calorimeter

Mass of calorimeter and water

Trial 2

Initial temperature of water
inside calorimeter

Mass of copper

Temperature of boiling water bath
after 10 minutes

Highest temperature of water with
copper inside calorimeter

Part A Calculations. Show your work.
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Part B Data Trial 1

Unknown letter

Mass of calorimeter

Mass of calorimeter and water

Trial 2

Initial temperature of water
inside calorimeter

Mass of unknown metal

Temperature of boiling water bath
after 10 minutes

Highest temperature reached of
water with metal inside calorimeter

Part B Calculations. Show your work.
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Questions
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Experiment 5
Formula of a Hydrated Salt

Objectives

1. To determine the percent (by mass) of water in an unknown hydrated salt.
2 To determine the number of water molecules per formula unit of the unknown hydrated salt.

Discussion

When aqueous solutions of certain ionic compounds (salts) are allowed to evaporate, some water
molecules (water of hydration) remain as part of the crystals that are left after evaporation is
complete. Such compounds are referred to as hydrated salts or simply as hydrates. Each hydrate
has a definite composition; a certain number of water molecules are combined with each formula
unit of the salt. For example, CuSO4-5H20 means that 5 water molecules are in chemical
combination with each formula unit of CuSOs. Formulas and names of a few common hydrates
follow:

CuSO4 5H20 copper(ll) sulfate pentahydrate
BaCly-2H20 barium chloride dihydrate
Na,CC3-10H20 sodium carbonate decahydrate

The stability of hydrates varies. Some spontaneously lose their water molecules and others must be
heated to high temperature to drive off the water of hydration. Substances which absorb water from
the atmosphere are called hygroscopic (for example CuSOs). Some hygroscopic substances (for
example CaClp) absorb so much water that they form solutions.

The hydrates used in this experiment require some heat to drive off the water of hydration. The
resulting water-free compound is called an anhydrous salt. The general equation and a specific
example follow:

heat
hydrated salt = anhydrous salt  + water of hydration
(solid) (solid) (gas)
heat
CuSO45H;0(s) = CuSOu(s) + 5 H,0(g)
(blue) (white) (colorless)

The reaction is reversible. When exposed to moisture, anhydrous salts absorb water to form
hydrates. For example:
CuSOa4(s) s 5 H20(g) — CuSO04'5H20(s)
(white) (colorless) (blue)

The percent of water in a hydrate can be determined in a manner similar to determining the percent
composition of a compound. Experimentally, a hydrate is heated to a constant mass. The decrease
in mass of the sample is due to the amount of water lost, and the remaining material is the anhydrous
salt. One can determine the mass of water lost from a given amount of hydrate and then calculate
the percent of water.

mass of water lost
% water = s x 100%

mass of hydrate

From the mass of water lost, moles of water can be calculated. From the mass of the anhydrous salt
and the given molar mass of the anhydrous salt, moles of anhydrous salt can be calculated. The ratio
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of these quantities yields the number of water molecules per formula unit of hydrate.

mole of water .
= molecules of water per formula unit of hydrate

mass of anhydrous salt

The formula of the hydrated salt is determined by rounding the result of the last equation to the
nearest whole number. This number is the value of x in the formula salt:xH20. This method of
rounding to the nearest whole number works because the hydrated salts used in this experiment all
have a ratio of one mole of salt to a whole number moles (x) of water.

Procedure
A. Preparation of the Crucible

1. Place a clean crucible on a clay triangle supported on a ring stand and heat it with a blue flame
for several minutes. Allow it to cool to room temperature. Do not set the hot crucible on the
bench top or on the balance. After heating you may use the crucible tongs to move the
crucible to a ceramic tile until cooling is complete.

2. Until the end of the experiment you may no longer touch the crucible with your fingers or
hand. Use crucible tongs only.

3. Weigh the cool, empty crucible. Record the mass on the data sheet. All digits displayed on
the electronic balance must be recorded.

B. Heating the hydrate

1. Obtain an unknown hydrate from the stockroom and record the number on your report sheet.
2. Fill the weighed crucible about 1/3 full with the unknown hydrate and weigh again.

3. Return the crucible containing the hydrate to the clay triangle and heat gently. Please note that
it is possible for an unknown to liquefy. If your unknown liquefies see note a, if it does not,
see note b:

a. For those unknowns that liquefy when heated, use low heat until they resolidify. Then
gradually increase the heat, and heat strongly for 10 minutes.

b. If the unknown does not liquefy, gradually increase the heat, and heat strongly for 10
minutes.

4. Cool the crucible as before and weigh the crucible and its contents. Record the mass on the
date sheet.

C. Heating to Constant Mass

1. To determine if all the water has been driven off, return the crucible to the day triangle and
heat for an additional 5 minutes.

2. Cool the crucible as before and reweigh. Record the mass on the data sheet.

3. If the two weighings do not agree within 0.04 g, you must heat the crucible and its contents a
third time for an additional 5 minutes, cool and reweigh again. This procedure is called
“heating to constant mass”; only the anhydrous salt is left in the crucible. Use the mass from
your last weighing in your calculations.

D. Reproducibility of Your Result

Use another portion of your unknown and repeat all of the above steps for trial 2.
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Date: Name:

Experiment 5 “Formula of a Hydrated Salt”

Data and Calculations

Unknow Number ____
Trial 1 Trial 2
Mass crucible + hydrate g g
Mass of empty crucible g g
Mass of hydrate g g
Mass of crucible and its content
after 1% heatind g g
after 2" heating g g
after 39 heating g g
Mass anhydrous salt g g
Mass of water lost g g
Percent of water (experimental) % %
Molar mass of water g/mol
Moles of water mol
Formula of anhydrous salt (from instructor)
Molar mass of anhydrous salt g/mol
Moles of anhydrous salt mol
Moles of water per mole of anhydrous salt mol H20 / mol salt
Formula of hydrated salt
Percent of water (theoretical) %
Percent error = | % H,O (theoretical) — % HzQ (experimental) I « 100% = o
% H,0 (theoretical)
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Determining the Formula of a Hydrate Name

Chem Worksheet 11-6

A hydrate is an ionic compound that contains water molecules in its structure. To determine
the formula of a hydrate experimentally, we must calculate the mole: mole ratio of the water portion
compared to the anhydrate portion. An anhydrate is the substance that remains after the water is
removed from a hydrate. When a hydrate is heated the water molecules are driven off as steam, leaving
behind the water-free anhydrate.

The first step to finding the formula for a hydrate is to record the mass of the hydrate. After
heating the hydrate, the mass is determined for the anhydrate that remains. The mass of the water that
was present is calculated by finding the difference between

the mass of the hydrate and the mass of the anhydrate. The Data Table

mass of the water and the mass of the anhydrate are each Mass of hydrate (CaCl - XH,0) 4.72g
converted to moles using their respective molar masses. From Mass of anhydrate (CaCly) _ 3.56g
this a whole number ratio can be determined (see example). DB iof b e LISE
Example

A calcium chloride hydrate has a mass of 4.72 g. After heating for several minutes the mass of the anhydrate is found to be
3.56 g. Use this information to determine the formula for the hydrate.

- find the mass of the water driven off: mass of hydrate — mass of anhydrate = mass of water
472g-3.56g=1.18¢g

- convert the mass of anhydrate to moles: 3562CaCl, 1molCaCly,  _ (4391 mol CaCl,
1 110.98 pCaCl, :
- convert the mass of water to moles: 118 2H,0 " IlmolH,0 _ 0.0655 mol H,0
1 18.02 24,0
- find the mole H,0 to mole CaCl, ratio: 0.0655mol H,0 _ 2 molH,0

0.0321mol CaCl,  1mol CaCl,

Since the compound contains 2 moles of water for every 1 mole of anhydrate the formula is CaCl, - 2 H,O

Solve the following problems. Show werk to support your answer.

1. A hydrate of magnesium sulfate has a mass of 13.52 g. This sample is heated until no water
remains. The MgSO, anhydrate has a mass of 6.60 g. Find the formula and name of the hydrate.

2. A sample of copper (II) sulfate hydrate has a mass of 3.97 g. After heating, the CuSOy that remains
has a mass of 2.54 g. Determine the correct formula and name of the hydrate.

3. When 5.00 g of FeCls - xH,O are heated, 2.00 g of H,O are driven off. Find the chemical formula
and the name of the hydrate.

4. A sample of the hydrate of sodium carbonate has a mass of 8.85 g. It loses 1.28 g when heated.
Find the formula and the name of the hydrate.

5. A 16.4 g sample of hydrated calcium sulfate is heated until all the water is driven off. The calcium
sulfate that remains has a mass of 13.0 g. Find the formula and the chemical name of the hydrate.

6. When 8.00 g of Pb(C2H302)2 - xH,0 are heated, 1.14 g of H,O are driven off. Find the chemical
formula and the name of the hydrate.

7. A hydrate is determined to be 45.43% water and 54.57% CoCl,. Find the chemical formula and
name for this hydrate. (*Hint — assume that there is 100 g total of hydrate compound.)

© John Erickson, 2006 WS11-6Hydrates
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Nomenclatur.é Worksheet 1

Give either the missing name or formula for the following ions or compounds.

]. cadmium bromide

2. aluminum chlonde

3. zinc phosphate

4. calcium oxide

5. mercury (1) chlonde

6. cesium chromate

7. sodium oxide

8. sodium peroxide

9. potassium carbonate

10. silver sulfite

11. lead (I1) sulfide

12. silicon dioxide

13. cobalt (II) hydroxide
14_tin (IV) sulfate

15. hithium bicarbonate -
16. dihydrogen phosphate ion
17. hydrogen phosphate ion
18. copper (1) hypochlorite
19. iron (I1) nitnde

20. phosphorus pentabromide
21. carbon tetraiodide

22 tin (11) fluoride

23 starmousfueride

24. calcium periodate -

25. sulfur trioxide

26. sulfite 1on
27. mereury (I) phosphite
28. zine carbonate
29. sodium bisulfide

30. nitne acid

45.N0,

31. NaNO,

32.HPO,

33. CuSO,

34. A(CIO)),
35.LiOH

36. Ag,CrO,

37.Ba(H,P0,),

38. HBr

39. Mg(MnO,),

40. FeF3

41. CuO

47, CuzO

43. Hg (CN),

44, CaCO3

46. N0

47. (NH,),HPO,
48. MgSO,

49. 1110,
50. B.':13P2

51.NO,

52.CS,

53.Hel,
54.HCIO,

55.H,0,

56. Sb,0,

57. Pb(SO,),
58.5n(CO,),
59 HCIO,

60. CO
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Nomenclature Worksheet 2

Give either the missig name or formula for the following ions or compounds.

1. calcium bromate

1. L1.PO,
2. sodium carbonate 32. HBO
% 3 3
3. ferric nitrite . 33. Be(ClO)
4. potassium bromite 34. Mn.S :
7 2503

5 eupreﬁ-s—m-mde- 35. B203
6. chromium (II) chlorite

' 36. ALO,
7. ammonium phosphite 37.N.O.
8. strontium hydroxide 38 }-}i}?())4
. S-aunetodide~ 39. KMnO,

10. hypochloerous acid "40. BeH

11. dinitrogen tetroxide 4]. NH2

12. cadmium sulfide 42.NH/*

13. hydrochloric acid 43. SO

14. sulfite ion 44 SO}’

15. sulfur trioxide 45. HE
-16. chloric acid 46. HIO

17. cuprous selenate 47. He.O

18. lithium perbromate 48. He(OH),
19. zinc 1odite 49_CaS

20. alununum nitrite SOLALE,
21. boron trichloride 51. Rb,CO,
22. calcium hydride 52. Fe(PO,),
23. barium hydroxide 53. NiCrO,
24. lead (IV) hypochlorite 54. CdB1O,
25. sulfurous acid 55. Aul

26. nitrous acid 56.Sb.0O.
27. hydrotelluric acid 57. CUZ(,;SOS'),
28. iron (II) nitride 58.Sn (ClO,),
29. mercury (I)ion 59. HCIO
30.chromic acid 60. HIO

4
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Procedures
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Data Table:

mass of magnesium
% Mg = f mag ) X 100%
mass of product (g)
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experimental value-theoretical value
% error = - X 100%
theoretical value
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Determination of a Reaction Yield

Data Trial 1 Trial 2

Mass of 50 mL beaker

Mass of copper salt

Stoichiometric mass of Mg

1.5 X stoichiometric mass of Mg

Mass of beaker containing
dried copper residue
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Questions/Calculations. Show your work.
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Flame Test

Procedure:

1. Put on your approved safety goggles.

2. Add 10 drops of each 1 M solution to a different clean well in your well-plate:

DD
DOIOC)
OO

3. Set up a Bunsen burner with a blue flame (showing an inner blue cone):

4. Obtain either a platinum wire or a nichrome wire. Clean the looped end of the wire by dipping it
into the 1 M HCI solution, remove and place the looped end of the wire into the hottest part of the
Bunsen burner flame (the tip of the inner blue cone) until the only color observable is the blue
color of the flame itself — this usually takes 3-5 seconds (no longer).

5. When the wire is clean, dip the looped end of the wire into the 1 M LiCl solution, remove and
place the looped end of the wire into the hottest part of the Bunsen burner flame (the tip of the
inner blue cone) for 3-5 seconds only. Observe and record (using colored pencils) any color
produced during this 3-5 second period. Clean the looped end of the wire by dipping it into the 1 M
HCI solution, remove and place the looped end of the wire into the hottest part of the Bunsen
burner flame (the tip of the inner blue cone) until the only color observable is the blue color of the
flame itself — this usually takes 3-5 seconds (no longer).
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6. Repeat step 5 for each new chemical solution in the well-plate.

7. Obtain one or two unknown solutions (1, 2) from the lab instructor. Add 10 drops of each unknown
1 M solution to a different clean well in your well-plate:

8. Repeat step 5 for each unknown solution. Unknown solution 1 and 2 will be the same chemical(s)
used elsewhere in the well-plate. Identify the unknown solution(s) by comparing the flame color(s)
to those already recorded earlier.

9. Repeat steps 4-8 using a hand-held spectroscope:

10. Use the spectroscope (which contains a diffraction grating) to observe the color of the flame for
each of the solutions and unknown(s) in the well-plate. Use colored pencils to record the
appearance of the flame for each solution as seen through the spectroscope.

11. Return all items used in this experiment and wash your work station and hands with soap and
water. Finally, remove your safety goggles.
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Results:

Use colored pencils to color in each well-plate below from steps 5-7.

Use colored pencils to represent your observation for each well through the spectroscope from steps 8-
10.
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Discussion Questions:

The following questions relate to the three spectra (plural of spectrum) shown above:
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Gamma rays

|
00001 nm  0.01 nm

The following questions relate to the spectrum above:
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Conclusions:
Identify the cause of the flame test observations made in this experiment and write a short conclusion

based on your observations and from any ideas introduced in the “Discussion Questions” above (1
paragraph).

Future questions:
What questions does do you have now you’ve finished this experiment? (ask at least 1 question)
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Vi W2

—_—= — Equation 1
Ti Tz 9

Procedures
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Data Table:

Table I. Vapor Pressure of Water as a Function of Temperature

Temperature (C ) Vapor Pressure (mm) Temperature (C )  Vapor Pressure (mm)

10 9.2 20 17.5
11 9.8 21 18.6
12 10.5 22 19.8
13 11.2 23 21.1
14 12.0 24 224
15 12.8 25 23.8
16 13.6 26 25.2
17 14.5 27 26.7
18 15.5 28 28.3
19 16.5 29 30.0

30 31.8
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P total-P water

V2measured=V2wet x —— Equation 2
P total

|V2measured-V2 calculated|
Yo error= V2 calculated x 100%
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The Shape of Molecules
Purpose: Determine polarity of molecules.

Check out a molecular model kit from the stock room. Check that the kit contains linear, trigonal
planar, tetrahedral, trigonal bipyramidal and octahedral electron geometries.

1. Complete the following table and build the model for each. Show the model to the instructor.

.Cl——Be —Cl : 1800
.o .o M=O

:Cl—Be —Cl: - >
. :Cl—Be—Cl*
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Questions:

Page 46



Page 47



Page 48



Page 49



Page 50



Titration

Part A.

Standardization of approx. a 0.1M NaOH solution.

1. Measure about 0.720 g of KHP (Potassium hydrogen phthalate
KHCsH404) on a weighing paper

2. Transfer the measured KHP to a 250 ml Erlenmeyer flask.

3. Measure 50 ml of deionized water using a graduated cylinder
and transfer the water to the flask containing the KHP.

4. Add three drops of Phenolphthalein indicator to the dissolved
KHP.

5. Condition the burette by rising it with 5- 15 ml of NaOH solution.
Discard this solution in the waste container.

6. Place the burette in the ring stand as shown in the figure below:

H

Fig 1. Burette on a ring stand.
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7. Fill the burette with the NaOH solution making sure that there
are no bubbles in the tip of the burette.

8. Record the initial volume of NaOH in the burette.

9. Place the Erlenmeyer flask under the burette (it is recommended
to place a piece of white paper under the Erlenmeyer flask. (See

picture below).

- Barwl

Graduated markings show
volume withatawn from burel

Valume is read from tre
boltem ol t*a cerved sirlace

[
Q | S
-
il
H
'gf_ Stegcock is yned 1o
[ ‘ ceanol rale of adddion
L —

[

[\

Figure 2. Set up for titration.

10. Titrate the KHP solution until the equivalence point is reached.
11 Record the volume of NaOH added to reach the equivalence

point.

12. Repeat the titration two more times, for a total of 3.

13. Before proceeding to the second part of the experiment
compute the average molarity of the NaOH solution and show the

calculations to your instructor.

Part 2. Concentration of acetic acid in vinegar.
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1. Transfer 4 — 5 ml of vinegar form the burette in the chemical
hood to

a 125 ml Erlenmeyer flask and dilute to a total volume of 50 ml
with deionized water.

2. Add 3 drops of phenolphthalein indicator.

3. Re-filled the burette with the standardized NaOH solution.
Record the initial volume.

4. Titrate the vinegar, with the NaOH solution, to the equivalence
point.

5. Repeat the process for a total of three times.

6. Compute the average molarity of the Acetic Acid in the vinegar
sample.

Data and results.
Standardization of NaOH.

Data Trial 1 Trial 2 Trial 3

Mass of KHP

Initial volume of
NaOH

Final volume of NaOH

Volume of NaOH
added to equivalence
point

Molarity of NaOH

Average molarity

Calculations:
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Dada and results.

Titration of Vinegar.

Data and results

Trial 1

Trial 2

Trial 3

Initial volume of
NaOH

Final volume of NaOH

Volume of NaOH
added to the
equivalence point

Molarity of acetic acid
in vinegar

Average Molarity

Calculations.
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