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Laboratory Safety Rules

Objectives

You will be able to learn various safety rules and locate and learn how

to use some safety equipments in your laboratory.

1. Safety goggles must be worn at all times when working with chemicals
or near others-doing so.

2. Food, drinks, tobacco products, and gum are not allowed in the labs at
any time.

3. Long hair and loose clothing must be confined or tied back.

4. Visitors are not allowed in the labs. Only instructors, stockroom
personnel, and students registered in the section are allowed.

5. Know the locations of fire alarms, fire extinguishers, chemical fume
hoods, safety showers, and emergency eye washes.

6. Notify your instructor immediately of any injury, spill, fire or explosion.
Also notify someone whenever you leave the lab during the lab session
except to go to the stockroom. .

7. Keep your lab space clean and organized. Books, backpacks, jackets,
etc. are not allowed in areas where chemicals are used; place them in
the appropriate storage locations.

8. Whenever your skin (hands, arms, face, ...) comes into contact with
laboratory chemicals, wash it quickly and thoroughly with soap and

warm water.
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will need them.
12.Wash your hands and arm .
the lab even if you have been wearing gloves.
13.Read labels carefully.

14. Label all containers to avoid errors.
nly what will be needed. Do not waste chemicalg

s with soap and water before yoy -

15.Try to dispense 0
Dispose of excess chemicals in appropriate waste containers.

16. Know appropriate procedures for cleaning up spills. Clean up smg|
spills immediately. Report all spills (other than just water) to the
instructor and request instructor assistance with spills larger than 3
few milliliters.

17.Notify your lab instructor and follow appropriate procedures if there
is a mercury spill due to a broken mercury thermometer.

18.Dispose of all waste in an appropriate manner. Read waste
container labels carefully. Many chemicals need to be disposed
of in special containers found in the fume hoods. Never put
solids in the sink.

19. Do not use flames in the labs unless specifically instructed to do so.

Treat every chemical as if it were hazardous!




Safety Equipment

Inspect your lab for the following safety equipment

1. First Aid kit

2. Fume Hoods

3. Safety showers and eye wash stations
4. Fire extinguishers

5. Fire alarm

QUESTIONS

1. Whom should youcall in case of an emergency in the lab?

A. Instructor
B. Nobody
C. Afriend
D. Anybody

2. Why is smoking not permitted in the lab?

A. It is inconvenient

B. Itis bad for your health

C. The lab could be blown up
D. All the above.

3. What should be worn in a laboratory at all times to decrease the
likelihood of eye injury?

A. Corrective lenses
B. Safety Glasses
C. A mask

D. Nothing

4. What should be done if a chemical gets in the eye?

A. Notify the Instructor; then return to the experiment.

B. Use the eye-wash fountain; then return to the experiment
C. Use the eye-wash fountain; then notify the instructor

D. Nothing, unless the chemical causes discomfort



in the lab?
5. Why is it not advisable to wear contact lensés

out of the eye

A. Lenses could accidentaly fall e trapped between the lenses anq th
b

B. Chemical vapor could becom

eye
C. Chemical vapor could literally react with the lenses

D. All of the above

. 1 (- ?
6. What precautions are needed with long hair and beards?

A. Keep long hair tied back/keep hair away from flames

B. Must be shampooed X
C. No long hair and/or beards aIIowed in the la

D. No precautions are necessary
7. Eating and drinkingis not permitied in the lab because:

A. There would not be enough time to finish the experiment
B. The storeroom serves terrible appetizers

C. You could be poisoned
D. The lab would become quite messy with this type of activity

YOU MUST BRING THE FOLLOWING ITEMS TO YOUR LABORATORY
BEFORE THE FIRST LAB SESSION

1. Note book.

2. Safety glasses

3. A calculator

4. Matches

5. Lab coat

6. Soap solution

7. Sponge

8. Towel

10



Agreement

Sign and date this as a reminder of procedures you will be practicing
during chemistry lab class. Keep this for future reference.

| have read and agree to follow all of the safety rules set forth in this
contract. | realize that | must obey these rules to insure my own safety,
and that of my fellow students and instructors. | will cooperate to the fullest
extent with my instructor and fellow students to maintain a safe lab
environment. | will also closely follow the oral and written instructions
provided by the instructor. | am aware that any violation of this safety
contract that results in unsafe conduct in the laboratory or misbehavior on

my part may result in being removed from the laboratory.

Date:

Student Name: Reg. No.

Student Signature

i



Laboratory Techniques

1. Cleaning Glassware and the Lab Bench

Cleanliness is very important to chemist Clean gagg,

immediately after use. Inspect the glassware for cracks or other Physicy

defects.

Clean glassware. Clean all glasswaré with soap and tap water, Use
brushes of appropriate stiffness and size. Rinse the glassware first with tap

water and then once or twice with small amounts of deionized water,

Dry glassware. Invert clean glassware such as beakers and flasks on 5.
paper towel to dry. Do not dry calibrated or heavy glassware (graduateq
cylinders, volumetric flasks, or bottles) in an oven. If the glassware s
cleaned as described, but is needed for immediate use, rinse the
glassware with small amounts of the solvent or solution being used in the

experiment and discard.

Clean lab area. At the end of the laboratory period, wipe clean the surface

of the lab bench where you worked with a damp towel.

2. Laboratory Balances:

A balance is used to measure the mass of a chemical or a smél
piece of laboratory equipment. Some various types and models of
laboratory balances are shown in Figure (1). Select the balance that
provides the sensitivity listed in the procedure of the experiment. In using
and caring for a balance, follow these guidelines:

12



a) Handle with care; balances are expensive.

b) Do not attempt to be a handyman. If the balance is not operating
properly, ask help from your instructor. |

c) Check the level of the balance; see the instructor for assistance.

d) Use a beaker, weighing paper, watch glass, or some other container

to measure the mass of laboratory chemicals. Do not place

laboratory chemicals directly on the pan.

e) Do not drop anything on the pan.

f) After the measurements, retumn the balance to the zero reading.
Clean up any spillage of chemicals on the balance or in the balance
area.

(i) (i1) (iif)

Figure 1. Some laboratory balances: (i) balance with accuracy of *
0.001 g (ii) balance with accuracy of + 0.01 g (iii) balance with accuracy

of £0.1g.

13



3. Bunsen Burner

Lighting the burner:

1. Close the gas inlet valve at the base of the burner and open the M
. - n

gas valve at the outlet. Close the ar openings at the base of the burg
'

(Figure 2).
Hottest part of
the flame
&  pumnerbarrel
1/
air openings
gas intake

gas inlet valve

o

Figure 2. Bunsen burner

2. Bring a lighted match up the outside of the burner tube and then open
slightly the gas control valve until the escaping gas at the top of the
burner barrel ignites. Once the yeliow. luminous flame appears, open
slightly the air control at the base of the burner barrel. Open the gas
control at the base of the burner until a nonluminous, pale blue flame
that has two or more distinct cones appears. Further opening of the air
control valve produces a slight hissing sound characteristic of a
burner’s hottest flame. The addition of too much air may blow out the
flame. When the best adjustment is reached, two distinct cones are
visible. Obtain an instructor's approval of your well-adjusted flame

3. If the flame goes out, immediately tumn off the main gas valve 'at the
outlet and repeat the procedure for lighting a burner.

14



4. Graduated cylinders.

Graduated cylinders (Figure 3a) are used to measure small volumes
of liquids and solution for experiments.

= Check your glassware: what volumes do your graduated cylinders

measure? What is the smallest volume increment marked on the
graduated cylinder?

(b)

Figure 3. (a) Graduated cylinders and (b) liquid meniscus.

» Half fill a graduated cylinder with deionized water. Notice the shape of
the meniscus of the water in the cylinder. Sketch a vertical cross
section of the meniscus on a sheet of paper. Describe how to read the
volume of the water in the cylinder, i.e. how is the eye to be positioned
relative to the surface of the water? How precisely can you estimate the
volume of water in each graduated cylinder?

15



9. Pipets

The pipet that you are 9

' i inats | ted SO
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(usually to the tenth of a milimeter) UP to its Maximum volymg o
d to 5-mL and 10-mL volumes. r

oing to useé in this manual is Calle
that you can deliver any g Oh,

Pipets are commonly restricte

i

i ol
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Use of a Pipet

1. Prepare a pipet. Clean the pipet with a soap solution; ringe Wi
several portions of tap water and then with deionized water. No Wat
droplets should adhere to the inner wall of the pipet. Transfer the iquig
or solution that you intend to pipet from the reagent bottle to a beake
Do not insert the pipet directly into the reagent bottle. Dry the pipet ti
with a clean, dust-free towel or tissue. Rinse through the pipet tip into ,
waste beaker. Using suction from a collapsed pipet bulb (cautiop;
never use your mouth), draw several 2-3 ml volumes into the pipet a5
rinse (Fig. 4A). Roll each rinse around in the pipet so that the solution
washes the entire surface of the inner wall. Deliver each rinse through
the pipet tip into a waste beaker.

2. Fill and operate the pipet. To fill the pipet, place the tip well below the
surface of the solution in the beaker. Then using the collapsed rubber
bulb, draw the solution into the pipet until its level is 2-3 cm above the
“mark” (Figure 4A). Remove the bulb and quickly cover the top of the
pipet with your forefinger, not your thumb (Fig. 4B).

16
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\
B c for this amount to remain

£
s

Figure 4. Proper use of the pipet

. Deliver the solution. Remove the tip from the solution, dry the tip with
a dust-free towel, and holding the pipet in a vertical position over a
waste beaker, control the delivery of the excess solution from the pipet
with the forefinger until the bottom of the meniscus is at the mark.
Remove any drop suspended from the pipet tip by touching it to the wall
of the waste beaker. Again wipe off the tip with a clean, dust-free towel
or tissue, and deliver the solution to the receiving vessel (Fig. 4C); keep
the tip above the level of the liquid and against the wall of the receiving
vessel. Do not blow or shake out the last bit of solution that remains in
the tip; this liquid has been included in the calibration of the pipet.

. Clean the pipet. Once the use of the pipet is complete, rinse the pipet
several times with deionized water. Roll each rinse to flush the inner

wall of the pipet and drain through the tip.
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6. Burets

ious sizes mus
When samples of various sizeS .
precisely, a buret may be used. The buret consists of g Parroy,
calibrated glass tube, fitted at the bottom with a valye for
controlling the flow of liquid. The valve is more commonly cajjgq 5
stopcock. (See Fig. 5).

t be dispensed or measmed

Gy & : %‘
Figure 5. A volumetric buret. Typically,

50-mL burets are used in
chemistry laboratories.

before use. The precision
L. but if the buret is not



to scrub the interior of the glass, Then rinse the buret with tap water.
Do not attempt to admit water directly to the buret from the cold
water tap. Fill a beaker with tap water, and pour from the beaker into
the buret. Finally, rinse the buret several times with distilled water.
Before use, the buret should be rinsed with several small
portions of the solution to be used in the buret. The buret should be
tilted and rotated during the rinsings, to make sure that all rinsed
water is washed from it. Discard the rinsings. |
After use, the burets should again be rinsed with distilled
water. Many of the reagent solutions used in burets may attack the
glass of the buret if they are not removed, This would destroy the
calibration. To speed up the cleaning of a buret in future
experiments, the buret may be left filled with distilled water during
storage between experiments (if your locker is large enough to
permit this).
A common mistake made by beginning students is to fill the
buret with the reagent solution to be dispensed to exactly the 0.00
mark. This is.not necessary or desirable in most experiments, and
waste time. The buret should be filled to a level that is comfortable
for you to read (based on your height). The precise initial liquid level
reading of the buret should be taken before the solution is dispensed
and again after the liquid is dispensed. The readings should be
made to the nearest 0.02 mL. The volume of liquid dispensed is then
obtained by simple subtraction of the two volume readings.

19



1 Techniques and Measurements

Objectives

You will be'able to properly select and operate a balance, use a
pipet and to determine the density of a pure liquid and solid.

Introduction

The use of laboratory equipment requires a knowledge and
understanding of the scope and limits of the equipment that is being used.
For example, a bathroom scale (balance) might be “good enough” for
collecting data on the average mass of a student in a class of students, but
would be useless in determining the average mass of an ant in a colony of
ants. Once the appropriate laboratory apparatus has been selected for the
experiment, the next step is to use it properly so tHat best data can be
obtained.

The laboratory balance is perhaps the most common and most often
used piece of laboratory apparatus. Balances are of different sizes, makes,
and sensitivities. The selection of the appropriate balance for mass
measurement depends upon the degree of accuracy and precision
required from the analysis. Read carefully Technique (2) in the section
Techniques and Measurements.

Most of the glassware in your laboratory has been marked by the
manufacturer to indicate the volume contained by the glassware when
filled to a certain level. For example, beakers and Erlenmeyer flasks are
marked with very approximate volumes which: serve merely as a rough

guide to the volume of liquid in the container. Graduated cylinders, burets

and pipets are used for more precise measurements of volume as needed.

21



ne determination of liquid VOIUmeS.

i |
duated cylinder does not Perm \
the pipet or buret, for mana

y

sufficient.

inder is
-« applications the precision of gr aduated oylin
ssware that measure Precigg

Pipets are long narrow pieces of gla ]
s. The techniques for filling ang

the volumes of liquids or solution _
dispensing a liquid require practice. Technique (5) describes the COrrgyy

procedure for the use of pipets in transferring liquids.
In this experiment you will use someé of the laboratory equipmen; "

The most common apparatus for routl
the graduated cylinder. Although 2 gra
precise determination of volume as

determine the density of a liquid sample and the density of a solig
substance. Density is an intensive property of all substances, |,

measurement is expressed as a ratio of mass to volume:
Density = Mass/Volume

For most solid and liquid samples, it is reéported in the units of g/m| (or
g/cm?®). A substance having a large density has a large mass occupying a
small volume. Water has a density of 1.0 g/mL at 4 °C. Osmium retal hag
the greatest density among the elements with a density of 22.6 g/cm?, |
this experiment the. density of a liquid is determined by measuring the
mass of a known volume of the liquid. The density of a water-insoluble

solid is determined by measuring its mass and then the volume of water it

displaces.

—_—

Safety Precautions:

m Wear safety glasses at all times while in the laboratory.
a When using a pipet, use rubber safety bulb to apply the suction force.
Never use your mouth to apply the suction

Apparatus/Reagents Required
| .\ ‘_/
Graduated cylinder (50 mL), Pipet (10 mL) Pipet filler s di hloride

’ i » SOdium chio '

22



water-soluble liquids, small pieces of solid material that are insoluble in water

(pellets, shots, or spheres)

Procedure

Record your data and observations directly on the data sheet.
Perform two trials for the following determinations if time permits.

A. Determination of the Density of Pure Liquid

1. Clean and wipe dry a 50-mL beaker. Weigh the dry beaker to the
nearest 0.01g.

2. Obtain about 50 mL of distilled water-in-a clean 100-mL Erlenmeyer
flask. Determine and record the temperature of the water.

3. Obtain a 10-mL pipet and a pipet bulb. Clean the pipet with soap and
water. Rinse the pipet with tap water and then with small portion of
distilled water.

4. Pipet 10 mL of the distilled water from the fiask into the clean beaker
you have weighed. Reweigh the beaker containing the 10 mL of
water. Determine the mass of water transferred by the pipet.

5. Calculate the density of water. Compare the measured density of
water with the value listed in the handbook for the temperature of
your experiment.

6. Obtain an unknown liquid and record its identification number.

7. Determine the density of the unknown liquid, using the method just
described above (steps 1 — 5). In this case, and after cleaning the
pipet with water (as listed in step 3), wash the pipet with small portion
of the unknown liquid. '

8. Return the used unknown liquid to the appropriate disposal container.

B. Density of Solutions

1. Prepare approximately 50 mL of 10% m/v of sodium chloride solution
by dissolving about 5 g of NaCl in 50 mL of distilled water (measured

23



3. Rinse the pipet with small portio

5.

ameyer flask. Mass of the o '
U

- rle
yin an E '

to the nearest 0.019.
mL beaker: Weigh the dry beaker to the

by a graduated cylinder

should be determined UP

Clean and wipe dry @ 50-
0.01g. .

noares ’ n of the solution.

n from the flask into the cleap

weigh the beaker containing the

e the mass of salt solution

Pipet 10 mL of the salt solutio

beaker you have weighed. Re
10 mL of salt solution. Determin
transferred by the pipet.

Calculate the density of salt solution.

C. Density of Solids

1.

Obtain a sample of the solid substance (pellets, shots, or spheres)

and record its identification number.

Weigh an empty 50-mL beaker to the nearest 0.01 g. Add
approximately 50 g of the solid material and record the total mass to
the nearest 0.01 g.

Add water to your 50-mL graduated cylinder to approximately the 25-
mL mark. Record the exact volume of water in the cylinder to the
precision permitted by the calibration marks of the cylinder. “
Pour the solid sample into the graduated cylinder, making sure that
none of the pieces sticks to the wall of the cylinder above the water
level. Shake the cylinder gently to make certain that no air bubbles
have been trapped among the pieces of the solid.
Read the level of the water in the graduated cylinder, again rhaking
your determination to the precision permitted by the calibration marks
of the cylinder. It is clear that the change in water levels represents
the volume of the solid pieces.

Calculate the density of the unknown solid substance

Dry the pieces of the solid with paper towel and return them to your
instructor. (Do not discard)

24



1 Techniques and Measurements

NAME: o, Section ..ovvvvrrrnrnerininienin

Lab. Instructor .....coovvvvveinininiii, Date .oocvvrirrirvarassriassaraon

Pre-Laboratory Questions

1. A metal sphere weighing 9.48 g is added to 21.27 mL water in a

graduated cylinder. The water level rises to 24.78 mL. Calculate the
density of the metal.

---------------
------------------------------------------------------------------------------------

--------
-------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------

2. An empty beaker weighs 32.4257 g. A 10.00 mL sample of unknown
liquid is transferred to the beaker. The total mass of the beaker and

liquid sam-ple was 39.4507 g¢. Calculate the density of the unknown
liquid.

---------------------------------------------------------------------------------------------------

3. A term that is easily confused with density is specific gravity. What is

meant by specific gravity? What are the units of specific gravity?

25



l 1 Techniques and Measurements

Name: ..o, Section ......ceveveneeens .

Lab. Instructor

Results and Calculation

A. Determination of the Density of Pure Liquid

Pure water Trial (1) Trial (1)

Mass of beaker g g
Mass of beaker + water g g
Mass of water g g
Volume of water mL mL
Temperature of water ‘© g
Density g/mL g/mL
Average density | ' g/ml
Handbook density g/ml.

Unknown liquid

Unknown Nomber

Mass of beaker g g
Mass of beaker + unknown

liquid g g
Mass of unknown liquid g g
Volume of unknown liquid mL mL
Density of unknown liquid g/mL g/mL
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B. Density of solutions

_,_——//‘/Triam)/// Trial gy ™
- — g N
mL
Volume of solution //-’—\'“l
Mass of beaker + solution /———g—_—————\@
Mass of solution /,9— )
0
Temperature of solution ;/_,_C, 0
d
Density of solution L/""QTL I
C. Density of Solids
____’//_/'_‘
Tral (1) Trial(l) |
Mass of beaker | g i
Mass of beaker + solid pieces g :
Mass of solid pieces g g
Initial water level in the graduated |
cylinder m: //HW
Final water level in the graduated
cylinder mL "
Volume of solid pieces
P mL m
Density of the solid substance
g/mL gin-
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Questions

1. What error would be introduced into the density of the metal pellets if
you had not shaken the pellets to remove adhering air bubbles? Would
the density be too high or too low?

2. The density of silver is 10.5 g/om®and the density of platinum is 21.45
glem®. If equal masses of silver and platinum were transferred to equal
volumes of water in graduated cylinders, which graduated cylinder
would have the highest volume reading? Explain.
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2 Formula of a Hydrate

Objectives

You will be able to determine the percentage of water of
crystallization and the formula of potassium alum, i.e. the value of "x" in
the formula KAI(SO,),.xH,0, and to determine the percent by mass of
water of crystallization in an unknown hydrate.

Introduction

A hydrate is a compound that has crystallized from aqueous sqlution
with weakly bound water molecules contained in the: crystal. These compounds
could be transition metal salts as CuSQ,4.5H,0 or non-transition metal salt as
NaC2H302.3H,0 or even a covalent compound. But normally the name hydrate
is used for metal salts. A class of hydrates is the alums, these consist of a
double salt with the general formula (M'M"(SO4);.xH;0) , where M' is a
univalent cation and M" is a trivalent cation. An example is the potassium alum
KAI(SO4)2.12H,0.

Many hydrated salts can be transformed to the anhydrous (without
water) salt by heat. For example, if a sample of copper sulfate
pentahydrate, CuSQO4.5H,0, is heated, the bright blue crystals of the
hydrate are converted to the white, powdery, anhydrous salt;

CuS045H,0) — CuSOus + 5H,0

(blue) (white)
During heating of copper sulfate pentahydrate, the water of
crystallization is clearly seen escaping as steam from the crystals. It is
also possible to reconstitute the hydrate of copper sulfate; if water is
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added to the white anhydrous salt, the solid will recover the blue ¢q

of the hydrated salt. -
Not all hydrated salts are converted simply into the anhydroyg

compound when heated, however. SOme hydrated metal salts will
decompose upon losing the water of crystallization; subsequently they

are converted to the metal oxide if the heating is carr ied out in air. Mg

covalent hydrates decompose rather than simply lose water whep,

heated.

In this experiment you will start wit
hydrate, heat it in a porcelain crucible to evaporate all water of

h a measured quantity of the

'crystallization and then measure the mass of the anhydrous sajt
produced. From the masses of the hydrate, the water lost and the
anhydrous salt produced you will be able to calculate the percentage of

water of crystallization and the formula of the hydrate.

Safety Precautions:

m Wear safety glasses at all times while in the laboratory.

m All copper, cobalt, nickel, chromium and barium compounds are
highly toxic. Wash hands after use. . )

s When you are heating the hydrated metal salts, they may spatter if
heated too strongly. To avoid this, heat the solid with as small a
flame as possible at first, then heat strongly to ensure complete
loss of water of hydration.

m Dispose of the metal salts as directed by the instructor. Do not
wash the salts down the drain, and do not place them in the
wastebasket.

a Use crucible tongs to handle the hot crucible and cover. Do not
touch the crucible or the ring at any time during the experiment.

/
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Apparatus/Reagents Required

I

Porcelain crucible, crucible tongs, clay triangle, stand with metal ring,

potassium alum and an unknown hydrate.

Procedure

A. Potassium Alum

1. Obtain a crucible and cover from the store room, examine them for
any crack. Wash the crucible, rinse with-distilled water and dry it.

2. Place the crucible on a clay triangle supported by an iron ring (Figure
2.1) and heat itfo redness using the non-luminous flame of the
Bunsen burner. Turn off the Bunsen burner and.allow the crucible to

cool to room temperature (without moving the crucible).

1

Crucible

—==|ron ring

el =
Clay triangle

Figure 2.1. The correct arrangement of the ring, clay triangle, crucible
and the burner.

3. Weigh the crucible to the nearest 0.01 g (my).
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ssium alum in the crucible and Weigh

0,019 (m2)-

with the BUnse

e gram of PO

Place about on
the neares

with its content to '
heat the crucible
eat

n burner. After the salt

e with hot non-luminoyg ﬂar:%
\

Carefully
expanded and frothed, h

inutes. and then weigh i
for five mi 000l 010 om tempe"?tu"e | gh it ("‘a),
Allow the crucible inutes, allow it to cool to ooy

. in for two m!
the crucible again ined is di
e d weigh it again- If the mass obtaln‘efj ls- sy o
temperature an ting, cooling, and weighing shoylq b

ms by 0.04 g or more, hea

repeated

B. Unknown Hydrate

1.

Obtain from the store room an unknown hydrate; write down
identification number on your lab report. Wash the crucible, ring,

with distilled water and dry it.
Place the crucible on a clay triangle supported by an iron ring ang

heat ‘it to redness using the non-luminous flame of the Bunsen
burner. Turn off the Bunsen burner and without moving the crucible

allow it to cool to room temperature.

Weigh the crucible to the nearest 0.01 g (my).

Place about one gram of the unknown hydrate in the crucible and
weigh it with its content to the nearest 0.01 g (ms).

Carefully heat the crucible with the Bunsen burner, note any change
in the color or shape of the crystals. When no more water vapor in

observed, heat the crucible with hot non-luminous flame for five
minutes.

(mg) by 0.04 g or more, heating

repeated. Cooling, and weighing should b®
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92 Formula of a Hydrate

[ F2 1)1 - 1 SECHON ..cvvvvrerrrrrrnrerenninns
Lab. Instructor ...........cccoevevi Date ..ovvveneeennierinerrnnnenns

Pre-Laboratory Questions

1. What are alums? Give examples other than potassium alum.

-------------------------------------------------------------------------------------------------
-------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------
LR R

3. Potassium chromic alum has the formula: KCr(SO4)2.x!-|20. A sample
of 1.12 g of this alum was heated in a crucible to get a constant mass.

The mass of the anhydrous salt produced (KCr(SO,),) was 0.64 g.
Calculate the value "x" in the formula of the alum.

------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------
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2 Formula of a Hydrate

NI, teeettt ittt e et Section

Lab. Instructor

Results and Calculations

A. Potassium Alum:

Mass of empty crucible (m) 9
Mass of crucible and the alum (m,) g
Mass of crucible and anhydrous salt (m3) g
Mass of alum (mz-m,) g
Mass of anhydrous salt (m;-m;) g
Mass of water lost upon heating (m-m3) g
Number of moles of water lost upon heating mol
Number of moles of anhydrous salt ( KAI(SO4),) mol

Percentage of water of crystallization, by mass

%

The value “x" in the formula, (number of moles of
water of crystallization / number of moles of

anhydrous salt)
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B. Unknown Hydrate:

Unknown number: -——-—-——--

Mass of empty crucible (ms)

Mass of crucible and the hydrate (ms)

Mass of crucible and anhydrous salt (me) -

Mass of anhydrous salt (me—ma)

Mass of water lost upon heating (ms—me)

Percentage of water of crystallization, by mass
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QUESTIONS

1. What is the effect on the calculated value of "x" if the dehydration of the
alum is not complete

2. A student heated 1.16 g of hydrated sodium sulfate in a crucible to get

0.51 g of anhydrous salt. What is the formula of the anhydrous salt?
(Show your work)

.......................................................................................

.......................................................................................
.......................................................................................
.......................................................................................
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3 The Empirical Formula of an Oxide

Objectives

You will be able to determine the empirical formula for magnesium
oxide from the masses of magnesium and oxygen that react to form
magnesium oxide.

Introduction

Magnesium metal is a moderately reactive element. At room
temperature, magnesium reacts very slowly with atmospheric oxygen and
can be kept for long periods of time without appreciable oxide buildup. At
elevated temperatures, however, magnesium will ignite in an excess of
oxygen gas. The burning is accompanied by an intensely white flame to
produce magnesium oxide. Because of the brightness of its flame,
magnesium was_used in photographic flashbulbs and is still used in
flares.

In this experiment, you will heat a known mass of magnesium in a
closed. crucible and expose it gradually to the air. Because air contains
both oxygen and nitrogen gases, magnesium will react with both of them,
and gradually turning from shiny metal to grayish-white powder. Under
these conditions of burning, a portion of this powder is magnesium nitride,
MgsN,. Although the amount of molecular nitrogen in the air is
approximately four times that of molecular oxygen, more oxide than nitride
is formed when an active metal is burned in air. The reason is the superior
reactivity of molecular oxygen. Water will convert the magnesium nitride in
the mixture to magnesium hydroxide [Mg(OH),] with the liberation of
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ammonia (NH3). Heat will causé conversion of the hydroxide to the oxidg

with the loss of gaseous water.
MgsN, + 6H0 — 3Mg(OH), + 2NHs
Mg(OH), + heat — Mgo + H20
The ammonia produced by this reaction can be detected by its odor,

which is released upon heating the mixture.
Because the product consists of magnesium oxide only after this

treatment, you can determine the mass of oxygen that is present in the
oxide from its mass and the original mass of magnesium. From the
masses of O and Mg, and by applying the laws of conservation of mass
and the mole concept, you can determine the empirical formula of this

oxide.

Safety Precautions:

m Use crucible tongs to handle the hot crucible and cover.
m Avoid burning your fingers. Do not touch the crucible or the iron

ring at any time during this experiment.

Apparatus/Reagents Required

Porcelain crucible and cover, crucible tongs, clay triangle,

magnesium ribbon (or turnings), litmus paper.

Procedure

1. Record all data and observations directly in your notebook in ink.
2. Ask your laboratory instructor about discarding the magnesium oxide

that you will prepare in this experiment.
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3. Obtain a crucible and cover and examine for any defects. The crucible
and cover are extremely fragile and expensive. Use caution in handling
them. Wash the crucible and its cover, rinse and dry them.

4. Obtain about 0.2 g of magnesium ribbon (or magnesium turnings). If it
is not bright, clean the surface with sandpaper.

5. Place the covered crucible in a clay triangle on an iron ring that is
attached to a ring stand. Adjust the height of the ring so that the bottom
of the crucible will be in the hottest part of a properly adjusted
laboratory burner. The correct arrangement of the equipment, crucible,
and burner is shown in Figure 3.1. |

Crucible

Figure 3.1. The correct arrangement of the the ring, clay
triangle, crucible and its cover, and the burner.

6. Heat the covered crucible for about 5 min. The bottom of the crucible
should attain a red-hot glow during this time. Remove the burner and
allow the crucible to cool (5-10 min). When the covered crucible is
cool, transfer the crucible to the pan of a balance using crucible tongs
while holding the wire gauze (or the watch glass) under the crucible.
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7. Obtain and record thé mass O

8. Return the crucible and C

9.
. Obtain the mass, and record it again.

10.

11.

12.

13.

14.

- when cool.

e nearest 0.01 g.

¢ crucible 1o 1
le. Reheat in the ful

to the clay triang
n. Allow the crucible/cover tg coq

m temperature- Reweigh the crucible after it has'
rs from the earlier mass by me,

dditional 5 min and reweiqy

over

heat of the burner flame for 5 mi

completely to roo
he mass this time diffe
for an a
/weighing until the mass of th,

Record the averagg

cooled. If t
than 0.02 g, reheat the crucible

Continue the heating
crucible and cover constant to within 0.02 9-
value of these masses. | o
Fold the magnesium ribbon to fit completely inside the cruciblg

Return the crucible to the clay triangle and adjust the cover to be
he crucible. Do- not open the cover

slightly open to allow air to enter t
| to enflame. The metal

too far, because doing so will allow the meta

should glow brightly without flames. Flames from the metal must be
ide out of the

avoided because they will carry part of the solid oxi

crucible.
With a very small flame, begin heating t
crucible begins to smoke when heated, immediately cover the

he crucible gently (If the

magnesium completely and remove the heat for 2-3 min). Next heat
the crucible until no metal is evident and no glow occurs when the

cover is lifted.
Allow the covered crucible and its content to cool. The contents

should be white or slightly gray.

Remove the cover and place it on the wire gauze. Add about 10 drops
of distilled water, using a medicine dropper, directly on the contents-
The smell of ammonia may be evident at this point.

Return the crucible and its cover to the clay triangle and heat the
crucible first with a small flame to drive off the water that has bee"
added. As the water .is driven off, hold a piece of moistened red litmus
paper (with a forceps) in the stream of stegm being expelled from the

44



. crucible. Record your observations. When it is certain that all the

15.

16.

17.
18.

water has been driven off, heat the crucible strongly for 8-10 min to
convert the hydroxide to the oxide.

Allow the covered crucible to cool completely to room temperature.
Obtain the mass of the crucible (without cover) and record it.

Heat the covered crucible strongly again for about 3 min. Obtain and

record the mass after the crucible has cooled. Continue the

heating/weighing until the mass of the crucible is constant to within
0.02 g. Record the average value of these masses.

Clean the crucible and its cover carefully.

Calculate the mass of magnesium that was taken, the mass of
magnesium oxide formed, and the mass percentage of magnesium in

magnesium oxide.
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3 The Empirical Formula of an Oxide

NaME: e SECtioON ...cvvvvreenreninernnans

Lab. Instructor ........coovevieiiiinniiiin, DB ..o sunismisissssmsmmmmens ase

Pre-Laboratory Questions

1. What is the mole and molar mass? What are the molar masses of
magnesium and atomic oxygen?

2. When 0.192 g of phosphorus is burned, 0.341 g of a white oxide is
obtained. (a) Write a balanced chemical equation for the reaction of
phosphorus with molecular oxygen based on this empirical formula. (b) -
Determine the empirical formula of the oxide.

-----------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------
.....................................................................................................
---------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------
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3 The Empirical Formula of an Oxide

INBIMIBE <t 85w s s s s« s+ s e =7=Th1110] | [P —

Lab. Instructor ..........cooovviovvei Date

Results and Calculations

Mass of empty crucible (after first heating) g
Mass of empty crucible (after second heating) g
Final mass of empty crucible g
Mass of crucible and Mg g
Mass of Mg g
Moles of Mg (n1) mol
Final mass of crucible and Mg-oxide g
Mass of Mg-oxide produced g
Mass of oxygen gained g
Moles of oxygen atoms (n2) mol
Formula of magnesium oxide (Mgn10n2)

Empirical formula of magnesium oxide

Mass percent of Mg in the oxide (x1) (experimentally) %
Mass percent of Mg in the oxide (x,) (calculated for

MgO) | ”
Percentage error = [| xp-x1 | /x,] X 106% %

49



QUESTIONS

1. If water had not been added to your initial product, what error in the
determined percentage of magnesium would have resulted (that is, ;
part of the product has been magnesium nitride)? Explain.

...................................................................................................
...................................................................................................
...................................................................................................
...................................................................................................
...................................................................................................

2. If large amount of magnesium oxide had been lost during the heating
of the crucible, would this have made the calculated %Mg in the
product too high or too low? Explain.
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4 Limiting Reactant

Objectives

You will be able to determine the limiting reactant in the reaction of
sodium phosphate and barium chloride solutions from the mass of barium

phosphate produced, and you will be able to calculate the original masses
of reactants.

Introduction

In any chemical reaction, the reaction will continue towards
equilibrium or until one of the reactants is completely consumed. Such
reactant thus limits the reaction and is referred to as the limiting reactant.
Other reactant, or reactants, will present at the end of the reaction in
excess. Once the .Iimiting reactant is known, the theoretical and the
percentage yields can be calculated.

In this experiment, you will carry out an aqueous reaction between
sodium phosphate and barium chloride:

2 N83PO4(aq) +3 BaClg(aq) — Ba3(PO4)2(s) + 6 NGC'(aq)

the net ionic equation for the reaction will be:

2 PO4&(aq) % 3 Baz+(aq) = Ba3(PO4)2(s)

You will be given a mixture of the two salts: Na;P0O,.12H,0 (molar
mass = 380.2 g/mol) and BaCl,.2H,0 (molar mass = 244.2 g/mol) with
“unknown composition. You will then mix a weighed amount of the mixture
in water to dissolve. Collect the precipitate, dry and weigh. At the same
time the student will test the filtrate for the excess reactant whether it is

phosphate ion or barium ion. Knowing the limiting reactant and the mass of
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the precipitate, you will then calculate the masses of the two salts thy

original mixture.

Safety Precautions.

u Barium salts are toxic, so clean your hands carefully after handling

barium salts
m Use a towel in handling the beaker containing hot solution.

Apparatus/Reagents Required

Digital balance, filter funnel, watch glass, filter paper, 0.5 M NazPO,
solution, 0.5 M BaCl, solution, drying oven.

Procedure

A. Precipitation of Ba3(POy);

1. Weigh accurately (to the nearest 0.01 g) about 0.70 g of the unknown
salt mixture. You can weigh it into a clean dry 250 ml beaker or on a
piece of weighing paper and then transfer it into a 250 mL beaker.

2. Add about 150 mL of distilled water to the salt mixture. Stir the
mixture with a Astirring rod for about one minute. Allow the precipitate
to settle.

3. Cover the beaker with a watch glass and heat thé solution gently on
a low flame of Bunsen 'burner, and keep the temperature in the
range 80-90 °C for about 20 minutes. Rinse the glass rod used for
stirring with distilled water before taking it out of the beaker. Do not
allow the solution to boil. |
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4. Weigh accurately (to the nearest 0.01 g) and Record the mass of a
piece of fine porosity fiter paper, fold it twice and seal into the filter
funnel with small amount of distilled water. Figure (4.1) illustrates how
to fold the filter paper. o

Figure 4.1. Folding the filter paper for gravity filtration.

Decant most of the hot solution through the filter paper. Do not allow
the level of the liquid in the funnel to reach the top of the paper. Filter
the precipitate and collect any precipitate remaining on the inside
walls of the beaker by washing it with hot distilled water. Finally, rinse
the precipitate with two 5 mL portions of hot water.

. Label two 100 mL beakers (as | and Il) and transfer two 50 mL
volumes of the filtrate into each. Keep solutions | and Il for part B.

6. Wash the precipitate while in the filter funnel with two 25 mL portions |

of acetone (or ethanol) to remove most of the water. Transfer your
filter paper containing the precipitate to a watch glass labled with your
~ name. Place the watch glass in a drying oven at 110 °C. for 20
minutes. Cool and weigh the filter paper with the precipitate. You can
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heat the precipitate again for 5 minutes for a constant weight, Re%m

the final mass of the paper and the precipitate.

B. Determination of the Limiting Reactant_

1. Test for excess PO,
Add 2 drops of 0.5 M BaCl, solution to beaker |. If a precipitatg
forms, then PO,* is in excess and Ba* is the limiting reactant.

2. Test for excess Ba*':

Add 2 drops of 0.5 M NasPO, solution to beaker Il. If a precipitate
forms, then Ba* is in excess and PO, is the limiting reactant.

Note: Some cloudiness may appear in both tests but one shows
more definite precipitate formation.
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4 Limiting Reactant

Pre-Laboratory Questions

1. NazP0O,4.12H,0 and BaCl,.2H,0 are examples of compounds known as

hydrates. Calculate the molar masses of Na;PO, and BaCl, in the hydrated
and anhydrous forms.

2. A mixture of 0.28 g BaCl,.2H,0 and 0.72 g NasPO,;.12H,0 was
dissolved in water. Which of the two reactants is the limiting reactant?
Calculate the mass of the precipitate formed, Bas(POy),.

------------------------------------------------------------------------------------------------------
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4 Limiting Reactant

Results and Calculations
A. Precipitation of Bas(PQ,)s:

Unknown Number:

Mass of salt mixture (m;) g
Mass of filter paper (m,) g
Mass of filter paper and Bas(POy), (mj) g
B. Determination of the Limiting Reactant:

Limiting reactant in salt mixture is " vovveveeer o oiiiss

Excess reactant in salt mixture is =~ .....coeveeennnn.

Mass of Bas(PO,), precipitated (m;=m,) gl
Number of moles of Baz(PO,), precipitated (n:) mol
(a) If the limiting reactant is BaCl,. 2H,0:

Number of moles of BaCl,.2H,0 reacted (n,) mol
Number of moles of Na;PO, .2H,0 reacted (n;) mol
Mass of BaCl,.2H,0 reacted (mjy) g
Mass of Na;PO, reacted (ms) g
Mass of excess NazPO, [ my-(my+ms)] g
Mass percentage of BaCl,.2H,0 %

o7




(b) If the limiting reactant is Na;P04.12H20:

Number of mole of NasP04.12 H20 reacted (n2) \-mm
Number of moles of BaCl,.2H,O reacted (na) \mOI
Mass of NasP0O,.12H,0 reacted (my) 9
Mass of BaCl,.2H,0 reacted (ms) g
g

Mass of excess BaCl,.2H,O [ mq-( mg+ ms)]

Mass percentage of NazPO4.12H,0

%
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QUESTIONS

1. Caloulate the mass of Bay(P0,), produced from the reaction of 0.78 g
NasPO4.12H,0 with ‘excess BaCl,.2H,0. What is the purpose of heating
the mixture in step 3 for 20 minutes?

.................................................................................................
...................................................................................................
----------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------

2. What is the purpose of washing the precipitate with hot water in step 4?
How would the reported percentage of the excess reactant be affected
if the precipitate was not washed in this step?

.............................................................................................................
---------------------------------------------------------------------------------------------------
....................................................................................................
...................................................................................................
...................................................................................................
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5 D.etermination of Acetic Acid in
Vinegar

Objectives

You will be able to standardize a solution of NaOH and to determine
the mass percent of acetic acid in vinegar.

Introduction

Vinegar is a dilute solution of acetic acid (CH;COOH) in water. The
acid concentration of a known volume of vinegar can be measured by
adding just enough basic solution of known concentration to react with it
completely.

The experiment is divided into two parts. In Part A, a sodium
hydroxide solution is prepared and standardized, that is, its concentration
is accurately measured. In Part B this standard NaOH solution is used to
measure the acid concentration of vinegar. The calculations in both parts
in this experiment are based on the fact that when one substance exactly
reacts with another, so that no excess of either remains, the same number

of moles of each reactant is used. The principal equation for calculation is:
Number of moles of base = Number of moles of acid

For a solution, the number of moles of a solute (n) is the product of

the molarity (in moles per liter) times the volume (in liters) that is:

n=Mx V(L)
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whereas for a pure substance the number of moles (n) can be calcylq, d

by dividing mass by molar mass of that substance:

n = mass/ molar mass

All volume measurements are made by burets and pipets, which cg,
be reported to the nearest 0.05 mL. The indicator phenolphthalein, which g
colorless in acid and pink in base, marks the end point of the reaction. Ong
drop of excess base turns the entire solution faint pink.

The primary standard substance (KHP) has the formula KHCgH,0,,

In this salt, there is only one acidic hydrogen per molecule and would react
with the base. The equation for the neutralization reaction is:

KHCBH404 + NaOH — NﬂKCgH4O4 + Hzo

Safety Precautions:

m The primary standard acidic substance potassium hydrogen
phthalate (KHP) will be kept stored in an oven fo keep moisture

. from adhering to the crystals. Use tongs or a towel to remove the
KHP from the oven.

m Sodium hydroxide is extremely caustic and its dust is very
irritating to the respiratory system. Do not handle the pellets with
the finger. Wash hands after weighir;g the pellet. Work in a
ventilated area and avoid breathing NaOH dust.

m Use a rubber bulb when pipeting. Never pipet by mouth.

m The unknowns to be used are acidic and may be irritating or

damaging to the skin, Avoid contact with skin, and wash after
using them.
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Apparatus/Reagents Required

50-mL burets, stand, clamps, 10-mL pipet, pipet bulb, ~0.3 M

sodium hydroxide solution, white vinegar, primary “standard” grade
potassium hydrogenphthalate (KHP), phenolphthalein indicator solution.

Procedure

A. Standardization of NaOH Solution

1.

Weigh a sample of potassium hydrogenphthalate (KHP) of about 0.2 g
on a piece of paper and place it in a previously weighed 250-mL flask.
Weigh the flask and its contents. (Do not waste too much time trying to
get exactly 0.2 g as no advantage is gained).

. Add 50 mL of distilled water to the sample in the flask and swirl until the

acid is dissolved. Use swirling rather than 2 stirring rod to prevent loss
of sample on the stirring rod.

3. Set up the titration apparatus as shown in Figure 5.1.

Obtain about 100 mL of the NaOH solution (~ 0.3 M) in a dry clean
beaker.

. Wash the buret with soap, water, distilled water and then rinse twice

with about 10 mL of the NaOH solution to be used. Make sure that the
NaOH solution comes in contact with the entire inner surface of the
buret. Let the solution run out of the tip. This assures that the standard
solution will not be diluted with distilled water adhering to the buret wall.

. Fill the buret, making sure that no bubbles remain in the tip. A quick

squirt <;f solution will usually sweep them out.
Record the initial buret reading to 0.05 mL.
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Titrant carefully added until
an indicator signals that the
stoichiometric point has
been reached.

N

e

|  Titmnt solution of known
concentration put into buret.

B

=

T

vlﬁ-

15"

T

Figure 5.1. Setup for titration; stand, clamp, buret, and flask

e
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- Add 3 drops of phenolphthalein indicator to the KHP sample. Place

the flask on a piece of white paper under the buret and allow the
NaOH solution to run in slowly with swirling. Pink color will appear
where there is a high local base concentration, but it will vanish
quickly as the solution is swirled. Near the end point, the addition
should be done one drop at a time with swirling between drops.

. As soon as the color shows any tendency to persist, the rate of

addition should be slowed. Do not add too much base. At the end

point, one drop of base produces a permanent pale pink color.
Record the final volume of the base used, estimating to the nearest
0.05 mL.

10. Repeat steps 6 through 9 for a second sample. |
11.Calculate the molarity of the NaOH from each sample. If the two

molarities do not agree to within 0.02, run a third sample.

B. Mass percent of acetic acid in vinegar

1.

Clean your pipet very well and rinse it with distilled water.

Obtain a sample of vinegar solution (in a dry clean flask) from the store
room; write down the sample number on your data sheet.

Rinse your pipet with small portions of the vinegar solution and discard
the solution used for washing.

."Use your 10 ml pipet to measure 10.00 mL of the vinegar solution,
transfer it into a clean 250 mL Erlenmeyer flask and add one or two
drops of phenolphthalein indicator. The solution should remain

colorless.

4., Fill the buret with the standard NaOH solution and run some through the

stopcock of the buret and make sure that no air bubbles remain. (Your

instructor will demonstrate that for you).

5. Place the flask under the buret and record the initial reading on the

NaOH buret in the data sheet.
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o the acid solution while stirring the acid solut'o
flask. A spot of pink color Wil
but it disappears 4

6. Start adding the base t

constantly with a rotary motion of the

appear momentarily when a drop of base is added

you stir.
7. Titrate each solution with care. If the end point is overshot, discard

the whole solution and repeat the titration as described in Part A

above.

£ recieve
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Determination of Acetic Acid in
Vinegar

NaMe: «ooeeeeiniiiiiinii e SECHON vvvvvvvrnrerrensrasnnnrees
Lab. Instructor ............coooooii DAt vevvverireernusrienasennnnes

Pre-Laboratory Questions

1. Why was the standard NaOH solution not prepared by calculating
the amount of solid NaOH needed for 100 mL of solution, weighing it
accurately, and making it up to exactly 100 mL of total volume?

b Why not simply rinse the buret with distilled water rather than the
solution to be used in it?

3.  Why does the volume of water added to potassium hydrogen

" phthalate not have to be measured carefully?
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Determination of Acetic Acid in
Vinegar

Name: ....coooovvnnnii, SECHON vvvvreeresrrneemnnnsnens

Lab. Instructor ...................._ DALE o.voevverereeeseeereneeens

Results and Calculations

A. Standardization of NaOH Solution

Trial (1) Trial (I1)
Mass of flask g g
]ass of Flask + KHP g g
Mass of KHP g g
Molar mass of KHP- g/mol g/mol
Moles of KHP mol mol
Initial buret reading mL mL
Final buret reading mL| mL
Volume of NaOH mL mL
Moles of NaOH mol mol
‘Molarity of NaOH M M
Average Molarity of NaOH M

L
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B. Mass percent of acetic acid in vinegar.

\ .
Trial (1) Trial (11 |
Volume of vinegar mL m(
Initial buret reading mlL m(,
Final buret reading mL mL
Volume of NaOH used mL m{.
Average molarity of NaOH, From Part A: Ml
|
Moles of NaOH used mol ma
Moles of CH;COOH in vinegar |
_ mol mol'
Reacted with the NaOH ‘
Molarity of CH3COOH in vinegar M M
Average molarity of acetic acid in vinegar M
Molar Mass of acetic acid, CH:COOH g/mol?
Mass of CH3;COOH per liter of vinegar g1
-
Mass percent acetic acid in vinegar ;

(assume that vinegar has a density of 1.00 g/mL)
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QUESTIONS

Calculate the percent error would have been in a titration that used
32.75 mL of a solution if a bubble with a volume of 0.25 mL had

been swept out of the tip during the titration.

--------
----------
---------------------------------------------------------------
--------
-----------
-----------------------------------------------------------------------

The label on the vinegar bottle usedin-this experiment claims that
the vinegar contains 3 % acetic acid by weight. Use your results and

a density of 1.0 g/mL to investigate this claim.
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The Neutralizing Capacity of
Antacid Tablets

—

Objectives

e————

You will be able to determine the amount of base in commercial
antacids and amount of acid that can be neutralized by 1.00 g antacid

tablet.
Introduction

—

When you eat or drink too much, your digestive system may
generate too much acid, a condition called "heartburn”. Heartourn and acid
indigestion are primarily due to excess acid in the stomach. There are
many preparations sold in our market to relieve these conditions, all of
which act by neutralizing the excess acid in the stomach, and some may
be more effective than others. In most of these products, other ingredients
are added, flavoring agents and substances to soothe the walls and lining
of the stomach, binders to make the tablet hold together and so forth. This
will lead to low solubility of antacid in water. The active ingredients,

however, are there to neutralize the excess acid in the stomach.

Among the most common active ingredients are: Mg(OH), (the
active ingredient in most of commercial antacid treatments.), NaHCO; and
CaCO; and in some AI(OH);. You are going to evaluate some of the
commercially available antacids by determining the amount of HCI

(stomach acid!) that one gram tablet will neutralize.

The reaction between the metal hydroxides and the stomach acid is
an acid base reaction very similar to that in the previous experiment:
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___» MgClyag * 2H:00

Ma(OH)zes) * 2HCl(ag)
iy + 3H20(|)

ICl
Al(OH)ss) * 3HCliza —f—i—v AlCls(zq)

h are the m'pst common a
salt, water and a gas,

ctive component n

Metal carbonates, whic

antacids, neutralize the stomach acid by forming a

CaCOye + 2HClsg —* CaClzaa ™ H200 * COxg)

In this simple experiment you will determine the neutralizing capacity
of a commercial antacid tablet. To test their capacity to neutralize acid, yoy
will first dissolve an appropriate and measured amount of the sample in 3
simulated stomach environment. This is a solution containing a known
quantity of HCI that will react with all of the antacid and still leave some
extra HCI. Then you will determine how much of the original HCI remains
by titrating it to neutrality with a standardized solution of NaOH. Simple
subtraction will reveal how much of the acid was neutralized by the antacid
tablet. This general method of analysis is called back-titration.

If n, is the number of moles of HCI that you use for dissolving the
antacid sample, and ng is the number of moles of NaOH needed to back-
titrate the excess HCI, then nsample, the number of moles neutralized by the

sample, is given by:
N sample = Na = NB

For metal carbonates, boiling is an important element of this
experiment. Dissolved carbon dioxide is converted into the weak acid,
carbonic acid (H,COs;) which reacts with sodium hydroxide (NaOH).
Although the distilled water is free of most impurities, it does contain
- dissolved carbon dioxide that must be removed by boiling to give accurate
titration results. All of the antacids that you titrate contain carbonates.
When you acidify the antacid sample with standard HCI, the carbonates
are converted into carbonic acid that must be boiled off in the form of CO:. |
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Safety Precautions:

ochlori id i i
« Hydr . ric acid js corrosive. In the event of skin contact, wash
well with water.

« Sodium hydroxide is caustic, In the event of skin contact, wash
well with water. ‘

« Follow your instructor directions for the handling and disposal of
all chemicals and solutions,

—

Apparatus/Reagents Required

—

Digital balance, dispenser, stirring rod, 250 mL Erlenmeyer flasks,
wash bottle, buret, mortar and pestle, 0.150 M sodium hydroxide solution,
0.150 M hydrochloric' acid solution, bromothymol blue indicator, antacid

tablets.

Procedure

1. Record all data and observations directly in your notebook in ink.

2. Obtain one tablet of the antacid from the store room. Crush the tablet
using the mortar and pestle, or by placing it between two clean pieces
of paper and pressing by a spatula.

3. Divide the crushed tablet in to two roughly equal portions.

4. Weigh the crushed portion accurately and transfer it quantitatively
to a 250 mL Erlenmeyer flask. In case of using antacid powder, weigh
accurately 0.15-0.20 g samples.

5. Add exactly 50.0 mL of 0.150 M hydrochloric acid solution to the flask-
using dispenser (Figure 6.1) and dissolve the crushed tablet as
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h .
completely as possible. Part of the tablet (the starc bmder) "

probably not dissolve.

Figure 6.1. A 50-mL dispenser

6. Warm gently on a Bunsen burner (use stand, ring and wire gauze) to
dissolve the sample and then boil for one or two minutes to get rid of
CO,. Some components of the samples may remain undissolved, but
these will not cause problems. Allow the flask to cool.

7. Add 2 drops of bromothymol blue acid-base indicator to the solution.
(This acid-base indicator is yellow in an acidic solution and blue in a
basic solution.)

8. Titrate the yellow acid solution with 0.150 M sodium hydroxide solution
until the indicator just turns blue. This color change indicates the end
point. (The blue color should remain for at least 30 seconds.)

9. Record the exact volume of 0.150 M sodium hydroxide solution required

to neutralize the excess acid.

10. Repeat the above procedure (steps 4-9) with a second sample of
antacid tablet.

11. Repeat the procedure if your results (mol of acid consumed per1.00 g
of tablet) are drastically different for the two runs.
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The Neutralizing Capacity of
Antacid Tablets

NaME: «ooverri SECHON vooeveercnnnrenneneneeees
Lab. Instructor ..., DALE o.vvvvvnenensnrensnnsnannsens

Pre-Laboratory Questions

1. Write a balanced equation for the reaction of HCI and NaHCOs.

-------------------------------------------------------------------------------------------

tablet?
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The Neutralizi i |
zing Capacity of
Antacid Tabletsg et

Name: LT TP

Lab. Instructor ...................

............ SECLON vvvvvevrrvrnrnreresarasees

IngredientSt. ..o,
r'/ Trial (1) Trial (1)

Mass of antacid sample g g
Volume of 0.150 M HCl

solution UE i
Moles of HCI (used to

dissolve antacid ) mol mol
Initial buret reading L L
Final buret reading R ml
Volume of NaOH added mL _ mL
"Moles of NaOH (used to

titrate the excess acid ) 2ae e
Moles of excess HCI mol mol
Moles of HCl(needed to

neutralize the antacid tablet) ol ol
Neutralizing capacity of mol HCl/g mol HCl/g
antacid

mol HCl/g antacid

Average (mol HCl/g antacid)

I———

79




ONS .
QUESTI tration of stomach acid I8 0.10M ang .
nce mol/g, calculate the Volum@

antacid tablet.

1. Assume the CO

id is 0.013
neutralizing capacity of the acid is 0

of stomach acid needed to neutralize 1.0 9

2. A 0.333 g-sample of antacid was dissolved in 40.00 mL of 0.135 !
HCI solution, then back-itrated to the end-point with 9.28 mL of 4

0.0203 M NaOH solution.

a) Calculate number of moles of acid in the original 40.00 mL of HCJ?

HCI?

------------------------------------------------------------------------------
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7 Vitamin C Analysis

p—

Objectives

.t
You will be able to determine the amount of vitamin C in a vitamin C

tablet or an unknown sample,

Introduction

—

The human body does not synthesize vitamins; therefore, the
vitamins we need are gained only from the food we eat. Vitamin C can be
obtained from citrus fruits, a variety of fresh fruits and vegetables. It is
important to know that storage and processing causes vegetables to lose
part of their vitamin C content. Cooking leaches water soluble vitamin C
from the vegetables and high temperatures accelerates its degradation by
air oxidation. Therefore, in order to maximize the intake of vitamin C,
freshly harvested fruits and vegetables should be consumed.

Vitamin C (Fig. 7.1), also called ascorbic acid, is one of the more
abundant and easily obtained vitamins. It is a white water-soluble acid that

is a powerful reducing agent, which means that it readily undergoes

HO OH

HO OH

Figure 7.1. Structural formula of ascorbic acid (vitamin C)
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+
H:C—CH\ 0\ Ho__7 3150 o)
H . 9 3 HD === g (
)= A P
~ AN
HC

L] + .
CeHsO6 (aq) +HOy) = CeHeO7(e)  *2H'(ag) * 26

In order to perform a vitamin C analysis, the sample containing
vitamin C is dissolved in water and treated with a measured amount of
iodate ion, 103, in‘an acidic solution containing an excess of I. Potassium

iodate, a strong oxidizing agent, oxidizes I to . Since an excess amount
of iodide ion I present in solution, |, binds to the iodide ion to form a red-
brown soluble triiodide ion, |5, a milder oxidizing agent than 105 :

05(aq) *+ 8Viag) + 6H'egy > 35y + 3 H.0)

For the analysis, vitamin C from the sample reduces a portion of the
known amount of |, generated in solution:

CsH:O + | ¢
68Y6) * lyaq) + H0p — CeHyOraq) + 3 lag) + 2 H' (o)




2 $,03% g + y
3 (aq) eXxcess I — 3l(aq + 34062-(aq)

Therefore, the difference between the ls” generated from reaction of
105 with I and that titrated as an excess from reaction with S,0:% is a
measure of the vitamin C content of the sample. The stoichiometric point is
detected using starch as an indicator. Just prior to the disappearance of
the red-brown triiodide ion, I, starch is added:; this forms a deep-blue ion,
[|3~starch]'. The addition of the thiosulfate titrant is continued until the
[I3-starch] ion is reduced to I'; the solution appears colorless at the end

point.

Apparatus/Reagents Required

R

Vitamin C tablet, balance, 250 mL Erlenmeyer flask, 0.50 M H,SO,,
sodium hydrogencarbonate, standard sodium thiosulfate sclution, 0.10 M,
standard potassium iodate solution, 0.01 M, potassium iodide, starch, and

buret.

Safety Precautions:

» Remember that vitamin tablets contain binders and other
material that may be insoluble in water-do not heat in order to
dissolve the tablet.

» The NaHCO; reacts in acidic solution to produce CO; gas,
providing an inert atmosphere above the solution, minimizing
the possibility of oxidation of vitamin C by the oxygen of the

air.
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i

l_

dure |
Proce A —

The sample is p

rovided in the form of a tablet or a powder. |
ceutical preparations, reaq b

1. In case of using tablets from pharma e
' i ass of vitamin ¢ .
label on the bottle to determine the approximate m ing,

each tablet.

. Weigh accurately about 0.10 g of vitamin C.
Dissolve the sample in a 250 mL Erlenmeyer flask with 40 mL of 0.5y

H,SO, and then add about 0.5 g NaHCOs3.
. Add exactly 50.0 mL of the standard 0.01 M KIOs solution (using ;
dispenser) into the sample solution and add about 0.5 g of Nal (or Kl
. Add about 5 mL of 0.5 M H,SO,4, and 0.1 g of NaHCOj3 to the flask.
. Fill a 50 mL buret with a standard 0.1 M Na;S,05 solution. Drain the aj

bubbles from the buret.
Titrate the excess I in the sample with the standard 0.10 M Na,S;0,

solution. When the red-brown solution (due to l3) changes to a pale
yellow color, add 2 mL of starch solution (the solution turns deep blue)
While stirring, continue ‘the titration slowly until the blue colo
disappears. Read and record the final buret reading to the nearest 0.0¢

mL
Repeat the analysis to complete two titrations. The result of the titration

should be within £ 0.1 mL
Dispose the remaining KlOj3 in the "waste oxidizing agent" container.

Dispose the excess Na,S,0; solution in the "waste reducing agent'

container.
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7 Vitamin ¢ Analysis

NAME: srersssssrsstersrinnniniiiiiiii, ., Section ......cccvvvvviviiiiin,

Lab- lnstrUCtor ------------------------------------- Date

Pre-Laboratory Questions

Explain why cooked fruits ang vegetables have lower vitamin C
content than fresh fruits and vegetables.

—

3. What will be the color change of the starch indicator that indicates
the end of the titration in this experiment?

4, Vitamin C is an acid (ascorblc acid) and a reducing agent. Wh|ch
property is utilized for this analysis in this experiment?

5. If 39.50 ml of a vegetable juice contains 45% of the recommended
daily allowance of vitamin C (equal to 60 mg). How many milliliters of

the vegetable juice will provide 100% of the recommended daily
allowance?
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7 Vitamin C Analysis

Name: .........................................

Lab. Instructor

-------
-----------------------
-------

Results and Calculations

.............

sample

Trial (1) Trial (I1)
Mass of sample g g
I
Volume of 0.010 M KIO; added mL mL
Moles of |03 added mol mol
Moles of I3~ generated, total mol mol
Initial buret reading mL mL
Final buret reading mL mL
Volume of 0.10 M Na,S,03 added mL mL
Molar concentration of Na;S,0; mol/L mol/L
Moles of S,05” added mol mol
Moles of I reduced by $,05° mol mol
Moles of |5 reduced by CgHgOs mol mol
Moles of CgHgOs in the sample mol mol
Mass of CgHgOs in the sample g g
Mass percent of CgHgOg in the % %

Average percent of C¢HgOg in the
| Sample

%
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QUESTIONS

M KIOS)
lume of 0.010 : i :
' Adfis‘: " \(;0346 g sample of a lemon solution containing vitamin

added to a . |

The red brown solution, caused by the presence of excess |, 3
titrated to a colorless starch end point with 7.70 mL of 0.10g y

N823203.

containing an excess of k| i

a. Calculate the moles of 5 that aré generated from KIO,

---------------
.................
--------------------------------

-----
-----------------------

----------------------------
---------------------------------------
e
------------------------

b. How many moles of I; reacted with the 0.1 00 M Na;S,0; in the

titration?

¢. How many moles of I3 had reacted with the vitamin C in the

lemon sample?

------------------------------------------------------------------------------------------

2. If the blue color does not appear when the starch solution is added
during the titration, should you continue titrating or discard the sample?
Explain.



8 Bleach Analysis

—

objectives
OpjE~"

You will be able to determine the concentration of hypochlorite ion

(CIO_) in bleach solution by redox titration.

Introduction

| bk
The active ingredient in most chlorine bleaches is sodium

hypochlorite, NaOCI, which is an oxidizing agent. It kills germs and also

" decolorizes many stains and dyes. The strength of bleach solution is rated

by a term called available Cl, or as mass percent of NaClO that will be
determined in this experiment.

Substances (fabrics and stains) have a color due to light absorption.

Upon oxidation, stains and most colors disappear. The hypochlorite ion in

bleach removes the color of stains by oxidation. That is to say, the

hypochlorite ion acts as an oxidizing agent:
ClO (oq) * 2H'(eg * 26 — Clzg + H0y

In this experiment, the oxidation-reduction analysis of bleach
involves the reaction of the hypochlorite ion as an oxidizing agent, with

iodide ion. The iodide ion (1) is oxidized to I, which forms a triiodie ion (I3)
in the presence of excess | .

CIO (agy* 3l(aq) *2H e — la(ag) * Cliew * HzO0

The triiodide on (1) generated in the reaction, is fitrated with a

standard sodium thiosulfate (Na;S,03) solution until the red-brown color of
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1 forms deep blue color wj, 5y

' )
n, starch whie

' : he :
l3” nearly disappears. T tact the end point

added as an indicator to de

2 3 |-(aQ)+ 84062-(aq)
-
Iy (aq) + 2 S04 (e

ite ion in a bleach sqjy;
\vsis for hypochlorite fon In tion
The chemical analy

- jon:
Summarized in the net ionic equat

N

Yoo = Cliag) S406"(aq) + M0,
ClO g + 28,07 g + 2H ea

: ining the strep
This equation serves as the basis for determining gth o
bleaching agent in this experiment.
: idi by oxygen
Since thiosulfate solution might be oxu?lzed fY Y9 ?r by
bacteria| action, it is necessary to standardize it jUSt. before tuse againgt
More stable Primary standard, such as potassium dichromate.

Cr0r ) + 9Tag + 1 Hy = 2Crag) + 3l5(aq) + 7 H,0
Standardization of sodiym thiosulfate involves the reaction of an accurately

known amount of the dichromate with exces

titrating the resulting triiodide Iy, with the thiosulfate using starch ag an
indicator,

Safety Precautions:

S potassium iodide ang then

chis a dangerous materil
that causes burns ang is toxic,

* Potassium iodide ang iodine are toxije,
* Avoid contact with chemicays,
* Wash spiis immediately With 3y

ge aMountg of water and Wash your
hands after the €xperiment

\_/




Apparatus/Reagents Required

i —————

puret, standard potassium dichromate solution -~0.010 M, sodium
thiosulfate solution, 6 M hydrochloric acid solution, potassium iodide,

starch, dilute commercial bleach solution.

Procedure

—

A. Standardization of thiosulfate solution

1.
9.

st et o
Digital balance, dispenser, 250 mL Erlenmeyer flasks, wash boftle

Weigh out roughly 1.0 g potassium-iodide(KI)

Quickly dissolve the Kl in about 25 mL of distilled water in a 250 mL
Erlenmeyer flask. Then add about 5 mL of 6M HCI. (If the solution
turns yellow discard and begin with a cleaner flask).

To the above acidified solution add from the dispenser 25.0 mL of
0.010 M K,Cr,0; solution. Cork the flask and place it in the dark for
about 5 minutes to complete the redox reaction. The solution should
be yellow to red in color. !

Rinse the buret with 3-5 mL thiosulfate solution and then fill it with
thiosulfate solution. Be sure to clear the buret tip and record the buret
reading. Titrate the solution in the flask till the solution” becomes
yellow. At this stage most of the iodine in the flask is titrated, but not
all of it.

As the solution in the flask becomes yellow, add 3 mL of starch

indicator. The color of the solution should turn blue. If the color does

not turn blue it means that you have already passed the end point in

the titration. In such a case you need to repeat the experiment.
ation carefully until the blue color is turned to yellow -

* Record the final buret reading.

Continue the titr
green due to presence of Cr®
Repeat steps 1-6 for the second trial.
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f pleach solution

potassium iodide (K1)

f distilled water in a 250 mL
f 6 M HCI. (If solution tumg

B. Analysis o

Weigh out roughl
Quickly dissolve t
Erlenmeyer flask. Then a -
yellow discard and begin with a
To the above-acidified solution a
diluted bleach solution. Cork the flask an . |
5 minutes to complete the redox reaction. The SO

A Lo
he Kl in gbout 25 M

dd about 5mLO

cleaner flask). |
dd from the dispenser 25.0 mL

d place it in the dark for aboy;
ution should bg

yellow to red in color. . |
Fill the buret with thiosulfate solution. Be sure to clear the buret tip

and record the initial buret reading. Titrate the solution in the flask. At
this stage most of the iodine in the flask is to be titrated, but not all of
it, before addition of the starch indicator.

As the “solution in the flask becomes yellow, add 3 mL of starch
indicator. The color of the solution should turn blue. If the color does
not turn blue it means that you have already passed the end point in
the titration. In such a case you need to repeat the experiment.
Continue the . titration -carefully until the blue color is turned to
colorless. Record the buret reading.

Repeat steps 1-6 for the second trial.
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8' Bleach Analysis

Pre-Laboratory Questions

1. Write balanced equation(s) for the reactions involved in standardization

of sodium thiosulfate.

...........................................................................................
..
et
.
-------------------------------------------------------------------------------------------
sene
X

9 In today's chemical analysis of bleach solution, what substance is

oxidized by the hypochlorite ion?

4. Does sodium thiosulfate serve as an oxidizing agent or as a

reducing agent? What does sodium thiosulfate reduce?
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8 Bleach Analysis

---------------
--------
------

Results and Calculations

A standardization of thiosulfate solution

L
K’/ Trial (1) ~ Trial ()

Volume of 0.010 g mL mL
K,Cr,07 solution
ot

initial buret reading mL mL
Final buret reading mL mL
Volume of NazS203 mL mL
solution

Number of moles of mol mol
KoCr,07

Number of moles of mol mol
N326203

Molarity of Na,S,0, M M
Average molarity of M
N823203
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B. Analysis of bleach solution

,//—\
ial (Il
Trial (1) Trial (I
____/————//——f—\
Dilution Factor —
.
Volume of bleach solution mL ml
/ﬂ
Initial buret reading mL ml
e — ]
Final buret reading mL ml
L
Volume of Na,S;03 solution mL mL
Number of moles of | mol
Na,S,0; oxidized ki
Number of moles of CIO® - mil
reduced
Molarity of diluted bleach M M
solution
Molarity of original bleach.
" M M
solution
Average molarity of original
bleach solution M
Mass% of NaClO(assume
density of bleach solution = %
1.00g/mL)
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A 10.0 mL bleach sample is diluted to 100 mL in a volumetric flagk
25.0 mL of this solution is analyzeq according to the procedure iS th'A
sxperiment. [ 12.5mL of 0.30 Na28,0; is needed to reach thc: y
ooint, calculate the mass percent of NaClO in the original sam eln:
(Assume the density of bleach solution is 1.084 g/mL) -

----------------------------------
------
----------
--------------
-----------
e
----------------
------------------------
-----------------------------
-------------
---------
------------------
-------------------------
.............................
-------------
----------
---------------
-------------------------------
-----------------------------------
-------------
-------------
------------------------------
---------------------------------------
-------------
-----------
-------------------
-------------------------
--------------------------------------
-----------
------------------------------------------
--------------------------------------------
-----
-----------------------
.............................
----------------------------------------

2 Ableach solution that is 6.58% NaCIO (density=1.10 g/ml) was diluted
to 0.056 M concentration. Calculate dilution factor.

------------------------------------------------------------------------------------------
-------------------------------------------------------------------------------------------
...........................................................................................
.........................................................................................
--------------------------------------------------------------------------------------
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9 Molar Mass of a Volatile Liquid

Objectives

You will be able to determine the molar mass of a volatile liquid
using Dumas method.

Introduction

Chemical and physical - methods for ~determining atomic and
molecular weights or molar masses have historically been important
as a way of analyzing and categorizing new materials. The modern
laboratory is generally equipped with instrumentation which makes many
of these methods obsolete. However the principles upon which the older
methods were based are not insignificant and may from the
foundation for the prediction of physical and chemical properties and
behaviors of substances.

The classic Dumas* method for determining the formula weight of a
volatile liquid is a case in point. Avogadro proposed, as early as the mid-
1800's, that equal volumes of gases measured under identical conditions
would contain equal numbers of gas particles. With an established relative
atomic mass scale it was possible to describe a constant volume, which
would contain a mass of one mole of a gaseous element or compound
under fixed conditions, as the molar volume. At STP this volume is 22.4 L
for an ideal gas.

*Dumas method: is a classical method for determining molar mass of volatile liquid
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ole. Once the liquid has vaporized, the Containg

or, which remaineq in y,,

known temperature (aboV

container through a tiny
erature. Gradually the vap

to a liquid and its magg i
own along with the hig,

is cooled to room temp

container at the higher temperature, condenses

then measured. If the volume of the container is kn

temperature, the room pressure can be used (because the system is ope,

to the atmosphere through the orifice) 10 calculate moles. From the mass
and moles, the molar mass can be determined. The vapor is assumed to |
behave ideally at the temperature and pressure at which it occupies the
container. |

When the liquid is present, it vapofiies to some extent depending on
by its vapor pressure at room temperature. Since the internal pressure is
equalized with the room pressure and the number of gas particles remains
constant if the temperature and pressure remain constant. Thus, when the
mass of container is weighed again, the mass of the condensed liquid is |
determined by difference. The result is the mass of the condensed liquid

which is too small.

From the mass of condensed vapor, the molar mass of unknow"
liquid can be calculated:




/__-__—\
Safety Precautions:

» The unknown volatile liquid could be highly flammable.

+ Avoid burning your fingers while removing the flask from the water
bath.

Apparatus/Reagents Required

Aluminum foil, rubber band, boiling stones, 600 mL beaker, thermometer,
150 mL flask, volatile liquid, digital balance.

Procedure

1. Obtain a 150 mL Erlenmeyer flask and ensure that it is completely dry
before starting the experiment. If it is not completely dry, rinse the
flask with acetone and leave it to dry.

2. Determine the total mass of the dry Erlenmeyer flask, a rubber band,
and a square of aluminum foil.

‘Add about 7 mL of a volatile liquid into the dry flask.

4. Cover the mouth of the flask with the small aluminum foil followed with
larger one. Secure it with the rubber band.

3. Make a small hole through both aluminum foils.

6. Clamp the flask assembly into the beaker so that the flask is as far
down as possible in the beaker (Fig. 9.1). Fill the beaker with water as
shown in figure 6.1 and then add few pieces of boiling stones to the
water in the beaker. Heat at the boiling point of water until liquid is no
longer visible in the flask, continue heating for another 5 minutes.
Record the boiling point of water to the nearest +0.5 °C. Also, record
the current barometric pressure.
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oom temperature, p
d allow it cool tO. I its contents, the g W b
7. Remove the flask a"d weigh ! alond with ! Urmnurn
outside of the flask &"
foil and rubber band. neyer flask DY totally filling the flagy

e Erié . |
8. Megsure e olume I e veter 0 graduated ylinder g,
with water and transferring

allows, repeat the experiment

i

Figure 9.1. Setup for the determination of molar mass of
a volatile liquid.
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g Molar Mass of a Volatile Liquid

NAME: «evveererriiniiin e, SECHON ..ovvvvevrrernmmmmseerenees

Lab. Instructor ..., DAt vovvevereeeeeeemennnresnes

Pre-Laboratory Questions

1. Dumas method assumes the gas behaves ideally, in general,
when gases behave ideally?

-----
-------------------------------------------------------------------------

2. The vapor froman unknown volatile liquid occupies a 279 mL
Erlenmeyer flask at 98.5 °C and 745 torr. The mass of vapor is

0.841g.
a) What is the molar mass of the volatile liquid?
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9 Molar Mass of a Volatile Liquid

Name: ..............................

Lab. Instructor

----------
-------
--------

........... Section ..........

Results and Calculations

................

Trial (1) Trial (I1) \

Boiling point of water °C 0 \
Atmospheric pressure mmHg mmHg \
Mass of empty flask g g \
Mass of flask and condensed
vapor 9 ﬂ
Mass of condensed vapor g ﬂ
Volume of flask mL mLJ
Boiling point of water K K\
Atmospheric pressure atm atm
Volume of flask L L \
Gas constant (R) 0.0821 L.atm /mol.K
Molar mass of unknown g/mol g/mol
Avera

Ve ge molar mass g/mol
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QUESTIONS B
” fter Vaponzmg. the liquid, wj e
1. Ifthe outside of the flask no to0 low? Explain.

high Of
calculated molar mass pe too N9

...............
L
L1}
.
D
.

..........................
..........
-------
aet
-----
-----
----------------
----------------
-----------
----------
---------------
.
nnnnn
-----------
ses
--------
------------------------

......................
DeesssasEessusetITII It aiLLy,
-------
-------------------
-------
------------------------------

2. Consider the following experimental date: Mass of condensed vapor =

0.395 g at 96 °C and 755 mm Hg occupies 137 mL. What is the molar

mass of the liquid?

---------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------
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10 Thermochemistry and Hess’s Law

—

Objectives

/-

You will be able to determine the heat capacity of a simple coffee-
cup calorimeter. The same calorimeter will be used to measure the
enthalpy change when solutions of sodium hydroxide (NaOH) and
hydrochloric acid (HCI) are mixed. Finally you will apply Hess's law of heat
summation to calculate the enthalpy change for the reaction of ammonium
chloride (NH,Cl) and sodium hydroxide (NaOH).

[ntroduction

im——

Chemical and physical changes are always accompanied by a
change in energy. Most commonly, this energy change is observed as a
flow of heat energy either into or out of the system under study. Heat flows
are measured in an instrument called a calorimeter.

The calorimeter you will use in this experiment is made of heat-
insulating plastic foam material. It consists of two nested plastic foam
coffee cups and a cover, with thermometer and stirring wire inserted
through holes punched in the cover. Although the plastic foam material
from which your calorimeter is constructed does not conduct heat well, it
does still absorb some heat. In addition, a small quantity of heat may be
transferred to or from the metal wire used for stirring the calorimeter’s
contents, or to the glass of the thermometer used to measure temperature
changes. Some heat energy may also be lost through the openings for
these devices. Therefore, the calorimeter will be calibrated (i.e. to find its

he ; :
fat Capacity) using a known system before it is used in the determination
Ofthe heat flows in unknown systems.
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e of any substance change ,

a sampl o
ture of ture change IS given by;

a
When the temper oera

: m
Quantity of heat, q, involved in the €

q = mass x specific heat X A
or (1)
a=mxSxi At is the t
Where m is the mass of the substance, e. Th emPerature
change, and S is the specific heat of the substance. The speciis heat

: ise the temper
represents the quantity of heat required to raise Perature of Ong

i ific heat
gram of the substance by one degree Celsius. Szeftilﬁ:n h : ; :re Quoteq ,
units of joules per gram per degree, Jig°C. To dete Ca'°”meter

is to be T B
constant for the simple coffee-cup apparatus that | used in g

experiment, we will make use of the conservation of energy Principje,

Energy cannot be created or destroyed during a process, but ¢,

- only be transformed from one form to another or transferred from o, 3
part of the universe to another. Measured quantity of cold water is
placed in the calorimeter to be calibrated and is allowed to come to thermg
equilibrium with the calorimeter. Then a measured quantity of warm water
is added to the cold water in the calorimeter. Since the energy contained in
the hot.water is conserved, we can make the following accounting of

energy:

Heat Lost = Heat Gained

Qwarm water = [Gcold water * Gcalorimeter] .. (2)

The amount of heat absorbed by the calorimeter, Qeaiorimeter. €aN be
written as:

| Qealorimeter = ccalorimeterx At | e (3)



Applyin i
pplying Eq.uat|ons (1) and (3) to account for the energy transferred in
the system as given in Equation (2), we get:

(m X Sx At)warm water — [(m x S x At)cold water (C X At)calorimete ] (4)

since the specific heat of water is effectively constant over the range of

temperatures in this experiment (Swater = 4.184 J/9.°C), determination of the

calorimeter constant is possible by making two measurements of mass

and two measurements of changes in temperature.
The chemical reactions that will be considered during this experiment

are given in the following equations:

NaOH + HCl . — NaCl+ H,O
NH, + HClI — NH,CI

NaOH+ NH,Cl — NaCl + NH3 + H20
d that there is a relationship among these

You may have note
d and then combined by

equations. If the first two equations are manipulate
addition, the third equation is generated. This relationship provides the
Hess's law of heat summation. You will find that you can

basis for using
hird reaction by combining the

predict the enthalpy change for the t

enthalpy changes for the first and second reaction.

orbed during the first two reactions will be

The heat evolved or abs
. The enthalpy change

measured with a coffee-Cup calorimeter (Fig. 10.1)
for the third reaction will be calculated using Hess's law.

/Thermometer

Figure 10.1. Simple calorimeter
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- this experiment are exampjeg .

ians 1N
ical reaction ore about thes
The three cher 1 leam much ™ ® tomg

acid-base reactions. Although Y°" . us at |
during this course, it will b useful {1

the acids in this experiment.

e TN

Safety Precautions

» Wear safoty glasses at all tim

much
past to identify the baseg ang

os while in the Jaboratory.

m Use towels to protect your hands when handling hot glasswarg

a CAUTION: Hydrochloric acid, sodiu™ hydroxide and ammonia ¢,
uining your clothing. iy,

cause chemical burns in addition to T :
spill one of these solutions on Yot wash the contaminated are,

thoroughly and report the incident to your laboratory instructo,

You may require further treatment.

Apparatus/Reagents Required

Plastic foam coffee cups and covers, thermometer, one-hole papers
punch. 1.0 M HCL, 1.0 M NaOH, 1.0 M NH;

—

Procedure

A. Determination of the Heat Capacity of Calorimeter

Work with a partner.
1. Record all data and observations directly in your notebook in ink.
2. Nest two similar-sized plastic foam coffee cups (If thick-walled
styrofoam cups are available, you can yse only one cup) for usé as
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the calorimeter. If the Cups have been rinsed with wat

er, dry them
out. Obtain a plastic lid that tightly fits the coffee CUps. Using the
paper punch, make one small hole near the center of the lid for the

thermometer.
insert the thermometer as indicated in Figure 10.1. Since
: of water over the range of temperatures in this experim
nearly 1.00 g/mL, the amount of water to be placed in the
can be more conveniently measured by volume.
with a graduated cylinder, place 750 m| of cold water into the

calorimeter. Cover the calorimeter with the plastic lid and insert both
the thermometer and stirrer in the apparatus.

the density
ent is very
calorimeter

Measure 75.0 mL of water into a clean, dry 250 mL beaker, and heat
the water to 60-70 °C. Stir the water with a glass rod occasionally
during the heating to ensure that the temperature is as uniform as
possible. While the water is heating, monitor the temperature of the
cold water in the calorimeter for 2-3 minutes to make certain that it
has become constant. Record the temperature of the cold water in
the calorimeter to the nearest 0.2 °C.

When the water being heated has reached 60-70 °C, use tongs or a
| towel to remove the beaker from the heat source. Allow the beaker to
stand on the laboratory bench for 2-3 minutes with stirring. the water
occasionally during this time period. After the standing period, record
the temperature of the hot water to the nearest 0.2 °C. ~
. Quickly remove the lid from the calorimeter, and pour the hot vlv: ef
into the cold water in the calorimeter. Imnmediately rep!ace the li ?
the calorimeter, stir the water for 30 seconds to mix, and begin
monitoring the temperature of the water in the calorimeter. o
- Record the highest temperature reached by the w:s S
Calorimeter, to the nearest 0.2 °C. From the massesd(";raom g
X 1.00 g/mL) of cold and hot water used, an
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B. Heat of Acid-Base Reaction

1. Work, as in Part (A), with 2 parnef- —
Useﬂlecoﬁee-apmﬂmywdem' constant i,

Part (A). _
3. Obiain. 600 mL of the 1.0 M solution of HCL in a clean, 4y,
graditated cyfinder. Obiain 50.0 mL of the 1.0 M solution of NaOt j
another clean, dry oraduzted cylinder.
4. Measure the temperature of each of these solufions, using the same
thermometer. However, rinse the thermometer and dry it after the firgt

measurement. The temperatures should agree to within £ 0.2 °C.

5. Record the mean temperature. This is the initial temperature.
6. Add carefully the base to the calorimeter and then add the acid.

Immediately place the cover on the calorimeter 2nd begin stirming.

7. Record the highest temperature reached by the mixture (fo the
nearest 0.2°C).

8. From the change in temperature undergone by the mixture upon
reaction, the total mass (volume) of the combined solutions, and the
calorimeter constant (determined in Part (A)), calculate the quantity of
heat that flowed from the acid-base reaction into the solution and
calorimeter.

9. Calculate the number of moles of the acid or base and the number of
moles of water produced when 50.0 mL of 1.0 M HCJ reacts with 500
mL of 1.0 M NaOH.
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late AH in terms of the number of kilojoules of
a .
10.06'0‘: rred when one mol of water is formeg iy,
sre
tran ous HCl with aqueous NaOH.
aque

heat €nergy

€ neutralizatiop, of
If time Permits
ination of AH for the HCI/NaOH réaction using the Same acig
determ

e and calculate a mean valye for AH of the reaction.
bas
and

at steps (2-8) but using 50.0 m( of 1.0 M amm
e : .
11'Refead of 1.0 M NaOH solution.
ins

) repeat the

Onia Solution

late the number of moles of the acid or base and the Number of
a
12_( alcu

of NH4Cl produced when 50.0 mL of 1.0 M HCI reacts with
moles
50.0 mL of 1.0 M NH,,

HCI with aqueous NHa. If time permits, repeat th:

ous N | !

. ination of AH for the HCI/NH; reaction using the same acj
determin

an a .
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Pre-Laboratory Questions

1. Whatis the definition of the Joule in terms of the basic S| units?

2. In a calorimeter calibration experiment, a sampe of 51.682 g of water
at 55.2 °C is added to a calorimeter containing 50.220 g of water at
23.5 °C. After stirring and waiting for the system to equilibrate, the

final temperature reached is 36.6 °C. Calculate the calorimeter
constant.

3. Give chemical equations for the reactions that will occur during this
Experiment
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10 Ther mOChemistry and Hess’s Law

.............
"o
----------------
--------------

Results and Calculations

A. Determination of a Calorimeter Constant.

—

Trial (1) Trial (I1)

Mass (or volume) of cold water g g

Temperature of cold water °C °C
Mass (or volume) of hot water g g
Temperature of hot water N °C
Final temperature reached °C €C
Increase of cold water temperature (AT) e °C
Decrease of hot water temperature (AT) %© 9%
Heat lost by hot water J J
Heat gained by cold water J J
Heat gained by calorimeter water J J
Calorimeter constant (C) JI°c Jrec
Average value of calorimeter constant J/°C
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B. Heat of Acid/Base R
T Thaq
1.HCUNaOH  — ()
mL ml
Volume of 1.0 M NaOH used e \‘)C
Initial temperature of NaOH ——
_ mL mL
Volume of 1.0 M HCl used - —
0
C
Initial temperature of HCI S—
——— OC OC
Final temperature reached . S
Total volume of mixture ik It
Total mass of mixture g g
Temperature change, At °c %
Average value of the J°C
Calorimeter constant (C)
Heat gained by the solution* J J
Heat gained by the calorimeter J J
Heat of the reaction J J
Moles of NaOH reacted . — 1
mol mol
Moles of HClreacted | —— ——— | ]
mol mo
Moles of water produceg e
mol mol
an kd/mol "'H/O
- mol H,0 ol Hz
Average value of AH : . kJ/j/o
_\ -55.9 kJ/mol H20

* Assume density of Solutio
4.07 Jig.°C

n= 1'00 Q/mL
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2. HCI/NH;,

S
Trial () Trial (Il

ﬂme of 1.0 M NH, useq mL mL
Initial temperature of NH, °C °C
Volume of 1.0 M HCI useq m| mL
Initial temperature of HC| °c °C

Final temperature reached °C °C
Total volume of mixture mL mL
Total mass of mixture g g
Temperature change, At “C °C
é\;?c:?i%eeter ::rlgant ( gf) " e
Heat gained by the solution* J J
Heat gained by the calorimeter J J
Heat of the reaction J J
Moles of NH, reacted mol mol
Moles of HCl reacted mol mol
Molées of NH,CI produced mol mol
AH kJ/mol kJ/mol
Average value of AH kd/mol
AH for the reaction: kJ
NaOH + NH,Cl — NaCl + NHs + H.0

* Assume density of soluti
solution = 4.07 J/g.°C.
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Questions

|ated calorimeter constant would be Obse

X
f conducting materig| (st \
%

1. What effect on the calcu e
a
if the calorimeter cup Were m

i ?
metal) rather than plastic foam

2. Why is water typically used as the heat-absorbing liqyiq i

calorimeter?

3. - Given that:
HzOz(() - HzO(z) +)s 02(9) AH =-96.0 kJ/mol
2H2(g) + 02(9) — 2H20(¢) AH =-571.6 kJ/mol

Use Hess's law to calculate AH for the reaction:
Hag) + Ozgy = H;04
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11 Molar Mags from Freezing Point
€pression

e

Objectives

—

You will be able to determine the molar mass of a nonvolatile solute

by observing the freezing point depression of a solvent due to solution
formation.

Introduction

Solutions differ in their properties from pure solvents. Among these
properties are vapor: pressure, osmotic pressure, freezing point depression
and Dboiling point elevation. These properties are called colligative
properties and are affected by the number of moles of solute particles
dissolved in the solvent and not due to the kind of solute. As a
consequence, colligative properties can be used to determine the number
of moles per a certain quantity of solute, and thus the molar mass of a
solute. The apparatus you will use will ‘probably resemble that shown in
Figure (11.1).

In this experiment, you will determine the freezing-point -
depression, AT (freezing point of solvent — freezing point of solution).
This quantity is proportional to the molal concentration of the solute, m:

ATi = km

The molal concentration (m) is defined as the number of moles of solute

divided by the mass of solvent in kilograms.
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Figure 11.1. Apparatus for freezing point depression

The ' proportionality constant is called the molal freezing-point
depression constant and is characteristic of the solvent. You can
calculate the molar mass of a soluté from AT;, ki, the mass of the solute,
and the mass of the solvent. The molal freezing point depression
constant for some solvents are reported in Table 11.1.

Tab]e 11.1 the molal freezing point depression constants for some
common solvents.

Solvent k (°C/m)
Water 1.86
Benzene 2.07
Cyclohexane 20.0

In order to determine AT; you will measure the freezing point of pure
solvent and the freezing point of a solution of the solute in that solvent. -
To evaluate the freezing point of pure solvent, you will cool a sample
of this substance and measure the temperature a 5 function of time. As
the solvent is cooled, the temperature of the solvent starts decreasing
122




HoweVer. 85 SO0n as the solvent begins to freeze, the temperature no
longer decreases but remains constant. The freezing point is the
constant temperature that occurs while solvent is freezing (Fig- 11:2)-

The freezing point of a solution (solute in a solvent) can be obtained in
a similar way, but there is a difference. The difference can be seen in
Figure 11.2. Cooling the solution results in an initial rapid decrease in the
temperature until freezing begins. However, with the solution (unlike pure
solvent) the temperature does not remain constant until all the solvent has
frozen. As the solvent in the solution freezes, the solution becomes more
concentrated because less liquid remains. The molal concentration of the
solute must increase, and the freezing point must decrease still further.
The result is a steadily decreasing freezing temperature. When all the
solvent has frozen, the temperature decreases more rapidly.

The freezing point that you need to record for the solution, is the

initial freezing point, that is, the point at which only a small fraction of
solvent solidifies.

Freezing pointof
pure substance
Temp. °C
i Pure substance
AT,I \Super cooled liquid

Freezing point of
solution
Solution

" Time (minitues)

Figure 11.2 Cooling curves for pure solvent and solution.
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Itis worth noting that the expression:

ATe issociatin and nonassog
is valid and holds for dilute solutions of nondissociating SOCiatip,

ulated fr
solutes. For these solutes, the molar mass M2/ be cale om AT;, k.

the mass of solute, and the mass of solvent.

Apparatus/Reagents Required

Freezing point depression apparatus consisting of small tube, larger
tube, cork, cotton, a stiing wire. goo-mL Beaker, thermometg,

cyclohexane, ice and an unknown solute.

Safety Precautions:

a Cyclohexane is flammable. No opén flames are allowed during

this experiment.
m Do not discard cyclohexane into the Sink. Obtain directions for

discarding cyclohexane and cyclohexane solution that you will

use in this experiment from your instructor.

Procedure

A.' Measuring the freezing point of cyclohexane

1. Obtain the apparatus required for this experiment. It will be
demonstrated by your laboratory instructor.

l 2 Make sure that the small test tube of the apparatus is dry. If not wash

it with acetone and allow to dry.

Weigh the empty dry small test tube to the nearest 0.01 g.

Measure, using a graduated cylinder, about 15.0 mL of cyclohexane
and place into the small tube. :
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9.
10.
1.

Assemble the freezing point apparatus and PIac® it in 2 beaker

containing crushed ice and water, as shown in Figuré 11.1.
S’;ir the cyclohexane gently but constantly observing the tem
at which the cyclohexane starts to solidify.

Continue the cooling process for 2-3 minutes while
temperature (do you observe any change in temperature?)-
Record the temperature at the start of solvent crystal formation

perature

observing the

(this temperature will remain constant until all of the solvent
solidifies). This temperature is the freezing point of the solvent.
Remove the small tube and allow the solvent to melt.

Repeat steps 5 through 8 for trial (11).

Save the cyclohexane for the next part of the experiment.

B. Measuring the freezing point of the solution

1.
2.

Obtain two pieces of weighing paper. Mark each one for recognition.
Weigh accurately about 0.20-0.25 g of the solute on the first paper.

Record the mass of the solute. =« = |
Remove the stirrer and thermometer from the small tube and then

weigh the small tube with cyclohexane. (You can use 2 small beaker

to hold the test tube on the balance pan).

Transfer the first sample into the test tube that contains the

cyclohexane.
Stir until you obtain 2 complete solution. All of the solid, including any

on the walls of the inner tube, must dissolve before the measurement

can begin.

Place the apparatus in a beaker containin
but constantly, and record the

g crushed ice and water.

stir the cyclohexané gently
temperature at which the solution starts to solidify (first freezing point).

Remove the apparatus from the beaker and allow the solution to melt

completely.
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9. Weigh accurately about 0.10 9 of the same solute and add it ¢ N

cyclohexane solution.
10. Repeat steps 5 through 7.
11. Record the second freezing point.
12. Calculate the molar mass of solute
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1 1 Molar Mass from Freezing Point
Depression

NaME: vt (SY=1wt ([o] { IR PTTTEI L A

Lab. Instructor ...........ccocoiviinis DALE vovvrerseesssesnnsssnnneees

Pre-Laboratory Questions

1. Define what we mean by the colligative property.

------------------
-------------------------------------------------------------------------
---------------------

--------------------------------------------------------------------

---------
---------------------------------------------------------------------------------------------

2. A 0.36-g sample of an unknown substance was dissolved in 30.0
mL of cyclohexane. The density of cyclohexane is 0.779 g/mL.
The freezing-point depression was 2.50 °C. Calculate the molar
mass of the unknown substance. [k; (cyclohexane) = 20.0 °C/m]

------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------
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14 Molar Mass from Freezing Point
Depression

Results and Calculations

A. Freezing point of cyclohexane

Trial (1) Trial (I1)
Mass of empty small tube g g
Freezing point of cyclohexane °C °C
Average value of freezing point °C
B. Freezing point of solution

‘ | Data
Mass of empty small tube g
Mass of solute g
Mass of empty small tube + cyclohexane g
Mass of cyclohexane g
First freezing point °C
(AT¢) °C|
Molar mass of solute g/mol
Mass of second sample of solute g
Total mass of solute g
Second freezing point °C
(AT), °C
Molar mass of solute g/mol
Average molar mass of solute g/mol
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QUESTIONS

1. What would be the effect of €ac
molar mass of the solute?

h of the following on the calculated

a) Some cyclohexane evaporated while the freezing point of pure

cyclohexane was being measured.

-------------------
...........
.......
--------
---------
---------------------------------

b) Some cyclohexane evaporated after the solute was added

---------------------------------------------------------------------------------------------

d} The thermometer is not calibrated correctly. It gives a temperature
that is 1.5 °C too low at all temperature.

----------------------------------------------------------
-----------------------------

----------------------------------------------------------------
-------------------
----------
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12 Solubility Product Constant and
Common Ion Effect

e

Objectives

———

You will be able to determine the molar solubility and solubility
product constant for Ca(OH), and to determine the molar solubility for
Ca(OH), in the presence of excess Ca?*.

Introduction

Salts which have a low solubility in water are called slightly soluble
or sparingly soluble salts. In a saturated solution of a slightly soluble salt
there is a dynamic equilibrium between the solid salt and the very low
concentrations of its ions in solution. Limestone rock appears fo be
insoluble in its natural environment, however with time limestone dissolves
due to its low solubility. The major component of limestone is calcium
carbonate, CaCOs. Its equilibrium with its ions, Ca** and CO,%, favors the
solid CaCO;, thus the equilibrium lies far to the left:

CaCOy5 = Ca®(gq) + CO3” (aq)

The mass action expression for this system at equilibrium is represented
as:
Ksp = [Ca?*] [CO5”]

where K, is called the solubility product constant, and the concentrations,
[Ca?] and [CO4”] are those of Ca?* and CO,? at equilibrium. This does not
mean that the molar concentrations of Ca** and CO5* are always equal, if
a solution has higher [Ca®], then its [CO5?] must be necessarily low, it is
their product that is constant at same temperature. K, for CaCO, is
~ 8.7x10° at 25°C,
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# 0?
32—] _ 8.7x1

caC0s the conc
8 > 0.9)1/2 = 9.3x1 0”° mol/L, and the

sP entration of the iong

urated solution of
= [COsZ'] =

o mol/L. |
9.3x1 4 to a saturated solution of

and so, in a sat
Ca?* and COs” is [Ca’’]

molar solubility of CaC0Os is "
. H r anion| IS I . z
When an ion, cation Y ding o LeChateliers principle tq

ilibri i shift accor
CaCO,, its equilibrium will shift ac s
3 for the added common ion to favor the precipitation of some
o r. This effect on the

compensa R

solid CaCOs, thus reducing its solubility 1N

equilibrium is called Common lon Effect. )
determine the molar solubility and the

In this experiment you will

solubility product constant, Ksps
Ca(OH), in a saturated solution contain

OH", in the saturated solution of Ca
hydrochloric acid solution to the end or stoichiome
hiometric point occurs, for this

bromocresol green as an indicator. The stoic
when equal moles of H,O* and OH" are present. in the receiving
_base indicator that is -blue in its basic

of Ca(OH), and the molar solubility of
ing added Ca?*. The hydroxide ion,

(OH), is titrated with a standard
tric point, using a

titration,
flask. Bromocresol green is an acid

form and yellow in its acidic form.
According to the equation:

Ca(OH)ys) = Caz+(aq) + 2 OH (49

tor each mole of Ca(OH), that dissolves, 1 mol Ca®* and 2 mol OH are
produced in solution. Thus by determining the [OH], the [Ca?"], the molar
solubility of Ca(OH),, and the Ks, for Ca(OH), can be calculated.

Since [Ca?]=%:[OH]
Then:
Molar solubility of Ca(OH), = [Ca**] = % [OH]

Ksp = [Ca™] [OHT’ =% [OH] x [OHT?
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Likewise, the s
! f @Me procedure s used to determine the molar
solubility of Ca(OH); with the common ion Ca®

solution of Ca(OH),.

added to a saturated

/

safety Precautions’

s Some reagents used in this experiment are corrosive and harmful to
the skin, avoid any contact with the skin.

L—

Apparatus/Reagents Required

Three 150 or 250 mL Erlenmeyer flasks, 25-mL pipet mL, saturated
solution of Ca(OH),, standard 0.05 M HCI, saturated solution of Ca(OH), in
0.10 M CaCl, solution, bromocresol green indicator.

Procedure

A. Molar solubility and K, for Ca(OH)..

1. Clean and label two 150 or 250 mL Erlenmeyer flasks. Use a 25-mL
pipet to transfer 25.00 mL of saturated solution of Ca(OH), into each
flask. Cover each flask with alumjnum foil or parafilm to avoid contact

with CO, from air.
2. Prepare 50 mL buret for titration. Rinse the clean buret and tip with 5

mL portions of a standard 0.05 M HCI solution. Fill, read and record
the volume of 0.05 M HCI in the buret (initial reading).
3. Record the molar concentration of HCI solution.
4. Add 2 drops of bromocresol green indicator and titrate the saturated
_solution of Ca(OH), with the standard HCI solution. Record the
volume of HCI solution needed to just turn the blue color of the

indicator yellow (final reading).
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5. Repeat the titration using the secon solution, record initial ang g,
al

volumes of the buret.

(OH)zin 0.10 M CaCl: solutjgy,

by titrating 2 saturated solution ;
0
(no need to clean the buret

B. Molar solubility for €2

Repeat steps 1-4 in part A above
tion

Ca(OH), in 0.10 M CaClz solu
again). Record your data on the data sheet.
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12 SOIUb"ity Product Constant and
Common lon Effect

Name: ............................................... Section
Date ..ovvevveeeeeieeeei

Pre-Laboratory Questions

1. Write the mass action expression for these slightly soluble salt equilibria:

a) CUS(S) = Cu2+(aq) + Sz' (aq):

Kep =
b) AI2S3(s) = 2AI3+(aq) + 382' (aq) Ksp =
) BaSOyy S Ba¥ey + SO Ksp =

d) Sr3(PO4)2(s) = 3Sr2+(aq) o 2P043'(3q); Ksp =

2. Calculate the molar solubility and the solubility (in g/L) of PbCls,
(Ksp for PbCl, = 1.6x107°).

-----------------------------------------------------------------------------------------------
---------------------------------------------------------------------------
--------------------------------------------------------------------------------------

3. Calculate the molar solubility of PbCl, in the presence of 0.15 M
NaCl, (K, for PbCl, = 1.6x107).



12 Solubilt

Results Calculations

A. Molar solubility and Ksp for Ca(OH),

Concentration of standard HCI solution used =

Y Product Constant and
Common lon Effect

Average solubility of Ca(OH),

K5 of Ca(OH),
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mol/L
Trial (1) Trial (I1)

initial buret reading mL mL
Final buret reading mL mL
Volume of standard HC| added mL mL
—

Moles of HCI added mol mol
Moles of OH" in saturated Ca(OH), solution mol mol
Volume of saturated Ca(OH); solution

_ mL mL
fitrated

[OH] at equilibrium mol/L mol/L
[Ca*] at equilibrium mol/L moliL
Molar solubility of Ca(OH), mol/L mollL
Average molar solubility of Ca(OH) moll.

glL




B. Solubility of Ca(OH)2 in the

Concentration of standard

HC solution used =

2+
presence of Ca

mol/L

m

L L
Initial buret reading m \n&
O AT—
Final buret reading m \"\L
L
Volume of standard HC! added - \"\L
. T
Moles of HCI added ik my
Moles of OH" in saturated Ca(OH)z/Ca"" -
solution o
Volume of saturated Ca(OH),/Ca”" solution L
titrated T
[OH] at equilibrium mol/L molL
[Ca®] at equilibrium mol/L molll
Molar solubility of Ca(OH), in
. mol/L mollL
Ca(OH),/CaCl; solution
Average molar solubility of Ca(OH),in
Ca(OH),/CaCl, solution -
Average solubility of Ca(OH), in 1
Ca(OH),/CaCl; solution 9
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4s A saturated solution of Ca(OH), is prepared by adding enough
ca(OH)zs) to distilled pre-boiled water, the solution is then filtered to
remove any insoluble amount of Ca(OH),.

2) Why pre-boiled water is used to prepare the saturated solution of

Ca(OH)27

p) If somé solid Ca(OH), remained after filtration, how would it affects
the calculated values of molar solubility of Ca(OH), and the K, for

_ Calculate the molar solubility of Ca(OH), in 0.10 M NaOH solution. Use

the value of Ksp obtained in part A.

.............................................................................................
.............................................................................................
.............................................................................................

.
------------------------------------------------------------------------------------
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13 Solubiit

! Rules: i
Within ay es: Solubilities

Family

Objectives

———

You will be able to find the relative solubilties of some compounds of

the alkaline earth metals. You will also compare the solubilities of these
compounds with similar compounds of lead (a metal in Group IVA).

Introduction

————

The periodic table is arranged in such a way that the electron
configuration of the elements displays a periodic variation. The same kind
of outer configuration occurs within a group.For example, the outer
electron configuration of alkaline éarth metals (Group lIA) is always ns?, no
matter what period of the element. The periodicity in the outer electron
configuration is responsible for the periodic law: When the elements are
arranged by atomic number, their physical and chemical properties
vary periodically. The periodic law, however, does not imply that all the
properties of the elements within a group will_be identical. Trends in
properties are usually found instead. In this experiment you will observe
the trends in the solubilities within the alkaline earth metals.

The solubility of a compound in a liquid is usually defined as the
maximum amount of that compound that will disso!ve in 100 mL of liquid,
at a fixed temperature. In this experiment you will be interested in the
qualitative aspect of solubility. You will find that the qualitative terms
soluble and insoluble can be used to describe a comp‘ound’s solubility.
There are two ways to determine the solubility of a compound qualitatively.
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o sample of the the compound and place it in t,
|ubility- Second, you can synthesiy
reaction in the liquid. If the compouny
that it cannot be very soluble in the

oluble. You will employ the secong

First, you can take
desired liquid, and observé the sO
(make) the compound by @ chemical
appears as a precipitate, Wé know
liquid. If it doesn’t appear, it must be S

method in this experiment. .
The alkaline earth metals and lead form nitrates, hydroxides,

chlorides, bromides, and iodides Wwith general formulas of M(NO,),
M(OH),, MCl,, MBr, and Miz, respectively. The following reaction:

M(NOs), + 2NaX — MX * 2NaNO;

Where X =OH’, CI, Br, I
will be used to determine the qualitative solubilities of the hydroxides,

chlorides, bromides, and iodides in water. Each of these is represented by

X in the general reaction above. We know that sodium nitrate (NaNQ;) is

very soluble (recall solubility rule
precipitate appears, it can only be MXz,

compound is not very soluble in water.
The alkaline earth metals and lead also form sulfates, carbonates,

s: all nitrates aré soluble). Thus, if a
and this must mean that this

oxalates, and chromates with general formula of MSO, MCO3; MC0,
and MCrO., respectively. These compounds will be prepared by the

reaction:
M(NOs), + NaY — MY + 2NaNO3

Where Y = SOZ, CO%, G0, CrO
Where, Y represents sulfate, carbonate, oxalate, and chromate. The
solubility’s of the MY compounds will be defennined in exactly the same
way as those of the MX, compounds.
Because you Wwill be examining only the qualitative aspects of the
solubility's of these compounds, you will not observe trends directl
Instead, you will need to infer their presence. The following example

should make this process easier.
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you find if you try to dissol

ve 1.0 x 10 _
water? Note that o mol of each substance in 1-L of

nly the solubility of BaCro,
result, all of the MgCro,, CaCrQ,, and SrCrO
’ 4

and a precipitate of BaCro, would appear. This

has been exceeded. As a
would remain in solution,

it th - _ experiment would force us
to admit the possibility that if g trgng exists, the solubility's may decrease

as the atomic number of the Group 1A metal increases. As Table 13.1
shows, this is correct,

Table 13.1. Solubilities of Some Metal Chromates (mol/L H,0)

Compound MgCrO, CaCro, SrCro, BaCro,
Solubilities | . 9.9 1.2 59x10° 1.1 x 107
Observations soluble Soluble soluble pokd
precipitate

Safety Precautions:

n Wash your hands thoroughly after using solutions containing lead,

barium, or oxalate because they are poisonous.

Apparatus/Reagents Required

5 small test tubes, 10 mL graduated cylinder, 0.1 M solutions of:
Mg(NO,),, Ca(NOs),, SH(NOs),, Ba(NOs)z, Pb(NOs),, NaBr, Nal, NazSOs,
Na,CO,, Na,C,0,, 1 M NaOH, 1 M NaCl, unknown salt.
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Procedure
1,

. Obtain directions for di

S
bes. Use a 5-mL or a 10-mL m

Obtain 5 small and clean test tu
¢ distilled water in each of these test typg

t tube with a small piece of tap
L of distilled water to eqgy,

cylinder to place 1 mL 0
Mark the height of the water in each tes
or a marking pencil. Add an additional 1 m
test tube and mark the new height of the water in each. Pour the watg,

into the sink.
scarding the solutions that you will use in thjs

experiment.
Observe the safety precaution during the remainder of this experiment,

Mark the test tube with identification numbers (1 through 5).

Using the lower marks on the test tubes as guides, add 1 ml of 0.1 M
Mg(NOs), to the first test tube, 1 mL of 0.1 M Ca(NO3), to the second,1
mL of 0.1 M Sr(NO,), to the third, 1 ml of 0.1 M Ba(NO3), to the fourth,

and | mL of 0.1 M Pb(NO3), to the fifth.
Using the upper marks as guides, add 1 mL of 1 M NaOH to each test

tube.
Shake each tube gently and wait about 30 seconds. Note the color of all
precipitates. If any of the precipitates is white, it may be difficult to see.
Be observant! Note the relative amount of the precipitates. If the
solubility of a compound is barely exceeded, only a trace amount of a
precipitate will appear. Record your observation.

Caution: do not use your finger as a stopper.
Wash the test tubes carefully and rinse them with distilled water.
Repeat steps 5 through 8 in turn with 1 mL 0.1 M NaCl, 0.1 M NaBr, 0.1
M Nal, 0.1 M Na;SOy4, 0.1 M Na;COg3, and 0.1 M Na,C,04 instead of the

solution of NaOH.

10. Repeat steps 5 through 8 with 1 mL of the unknown solution.

11. Record your observations.
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13 SC_>|U_biIity Rules: Solubilities
within a Family

Name: e e T T T
Lab. Instructor

Pre-Laboratory Questions

1. Give the names and symbols of the alkaline earth metals that you will
encounter in this experiment.

......................................................................................
..........................................................................................
...................................................................................................
...................................................................................................

2. What is the general electron configuration of the alkaline earth Metals
and lead?

3. Compare the formulas of the oxides formed by the alkaline earth

metals with those of lead.

-----------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------

4. Give general formulas for the following compounds with alkaline earth

metals or lead:
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13  Solubility Ryjes: Solubilities

Within a Family

Name: .............................

Lab. Instructor

Results and Calculations

Record the color and amount (large, small, traces, none) of precipitates.

—

Mg(NOs),

Ca(NO,),

SI’(NO;;)z

J—
NaOH

Ba(NO3)2

Pb(NO3),

NaCl

NaBr

Nal

Nast4

N32C03

N32C2O4

Unknown

147




Questions

s of the compounds of the alkaline

1. What trends in the solubility’
earth metals can be concluded?

.................................
. .
-------
.......
.......
--------------------------------
------------------------
...........
.........
------
.......
---------
-----------------------
-------------
-------------
------------------
-------
---------
------------------------

2. (a) Compare the solubility’s of the lead compounds with those of

the alkaline earth metals. How aré the solubilities similar, and

how do they differ?

--------------------------------
----------------------------------------------------------------------
-----------------------------
-------------------------------------------------------------------------
-------------------
------------------------------------------------------------------------------------

s
---------------------------------------------------------------------------------------------------

(b) As you have seen, lead can form the same kinds of compounds as
the alkaline earth metals. Nevertheless, the solubility’s may differ

markedly. Give a convincing reason.
i

------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------
----------

-----------------------------------------------------------------------------
-------------------------
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appendices

APPe"diX A: Significant Figures in Calculations

1. Numbers
There are two kinds of numbers:
a) Exact Numbers: Defined and Countable numbers

Examples: There are exactly 12 eggs-in a dozen. Most
people have exactly 10 fingers and 10 toes.

b) Measured Quantities:

Example: If | quickly measure the width of a piece of notebook
paper, | might get 2.2 cm (2 significant figures). If | am more precise,
| might get 2.16 cm (3 significant figures). An even more precise

measurement would be 2.156 cm (4 significant figures).

2. Number of Significant Figtjres

The number of significant figures in a measurement, such as 2.531,
is equal to the number of digits that are certain (2, 5, and 3) plus one
uncertain digit (1). As we improve the sensitivity of the equipment used to

make a measurement, the number of significant figures increases.

Rules for Counting Significant Figures:

i) All nonzero digits are significant: 1.234 g has 4 significant figures;

1.2 g has 2 significant figures.
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e are

ii) Zeroes between nonzero digits |
si
significant figures; 3.07 mL has 3 sig

ii)

significant: 1002 kg has4

nificant figures.

Leading zeros to the left of the first nonzero digit are not Sig”iﬁcant;

such zeroes merely indicate the position of the decimal pojnt. For

example, the number 0.001 oC has only 1 significant figure ang

0.012 g has 2 significant figures.

iv) Trailing zeroes to the extreme right of a number in the presence of ,

decimal point are significant. For example: 0.0230 mL hag 5

significant figures, 0.20 g has 2 significant figures.

When a number ends in zeroes that are not to the right of 4
decimal point, the zeroes are not necessarily significant. For
example: 190 could be considered with 2 or 3 significant figures

and 50,600 calories could be considered 3, 4, or 5 significant
figures.

If you are not sure whether a digit is significant, assume that it isn't

For example, if the directions for an experiment read: "Add the sample to
400 mL of water," assume the volume of water is known to one significant

figure.

3. Significant Figures in Calculations

a) Addition and Subtraction

In addition and subtraction, round the final result to the least

number of decimal places, regardiess of the number of significant figures

in any measurement. For example:
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100. (O decimals) + 23643 (

3 decimals) = :
snould be rounded to 124 als) = 123.643. This sum

0decimals).
93.162 (3 decimals) = 10.1

1 decimal) = 13.052. This sum sho
.052. |
rounded 0 13.0 (1 decima)) e

p) Mulitiplication and Divisjon

In multiplication and division the fing result should be rounded to the

least number of significant figures of any measurement.
For example:

3.0 (2 significant figures) x 12.60 (4 significant figures) = 37.8000.

The result should be rounded off to 2 significant figures, i.e. 38. In a similar
way.
8.33X9.1167
4.500

=16 .87602467

The result should be rounded off to 16.9 (3 significant figures).

¢) Rounding Off

When the answer to a calculation contains too many digits, it must
be rounded off.

There are 10 digits that can occur in the last decimal place in a
calculation. One way of rounding off involves underestimating the answer
for five of these digits (0, 1, 2, 3, and 4) and overestimating the answer for
the other five (5, 6, 7, 8, and 9). This approach to rounding off is
summarized as follows. If the digit is smaller than 5, drop this digit and
leave the remaining number unchanged. Thus, 1.684 becomes 1.68. If the
digit is 5 or larger, drop this digit and add 1 to the preceding digit. Thus,
1.247 becomes 1.25
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4. Scientific Notation

Chemists often work with numbers that are extremely |argq .
extremely small. For example Avogadro's number could be written as:

{ mole = 602,200,000,000,000,000,000,000 atoms

But it is more convenient to record the number in scientific Notatiop,
Which has the form: N X 10%, where N = a number greater than 1 byt less
than 10 and x = exponent of 10. So the number should be recordegq in

scientific notation as:  6.022 X 10%

Examples:

If the number (150000000000000) is a measured quantity with 3 significant
figures, it will be reported in the scientific notation as: 1.50 X 10™

15.0 X 10™ .(Wrong; the first part is greater than 10)

0.150 X 10'°..(Wrong; the first part is less than 1)

The number (0.0000050) is reported in scientific notation as: 5.0 X 10°
0.50 X 10°° .(Wrong; the first part is less than 1)

50 X 107 (Wrong; the first part is greater than 10)
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Appendix B: Conversion Factors

e
Length Conversion Factors
1 km = 1000 m

{m=100cm

1°A=1X 10"m

1 yard = 91.44 cm

1 foot = 30.48 cm

1inch = 2.54 cm

Volume Conversion Factors

{m?=1000L
1L =1dm?’=1000 mL

Mass Conversion Factors

1 metric ton = 1000 kg
1kg=1000g

1kg =2.2046 Ib

1 ouhce =28.35¢g

1 pound =453.6 ¢

Energy Conversion Factors

1 calorie = 4.184 joules

1J =1 kg.m?/s?

1 eV/molecule = 96.485 kJ/mole
1 kJ/mol = 83.54 cm”

Temperature Conversion Factors

0°C=273.16 K=32F

100°C=373.16 K=212F

Pressure Conversion Factors

1 atm = 76 cm Hg = 760 mm Hg = 760 torr

1 atm = 101.325 kPa
1 atm = 14.69 Ib/in® (psi)

Useful Constants
R =8.314 J/mol.K
=0.08206 L.atm/mol.K
N (Avogadros’ Number) = 6.022 x 107
¢ (Speed of light) = 2.9979 x 10° m/s
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Appendix C: Data for Concentrated Acids Ang

Bases
Reagent Ho  HNO; HSOs CHiCOOH Ny,
—
Formula Weight 3646 6301 9808 6005 1703
Density of
Concentrated Reagent 1.19 142  1.84 1.05 0.90
Mass Percent % 372 704 96.0 99.8 290

Molarity 121 159 180 17.4 14.8

———
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pppendix D Density of Water at Various
Temperatures
emperature Density Temperature Density
(°C) (g/mL) (°C) (g/mL)
e
0 0.99987 22 0.99780
2 0.99997 24 0.99732
4 1.0000 26 0.99681
6 0.99997 28 0.99626
8 0.99988 30 0.99567
10 0.99973 32 0.99505
12 0.99952 34 0.99440
14 0.99927 36 0.99371
16 0.99897 38 0.99299
18 0.99862 40 0.99224
20 0.99823
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Appendix E: Solubility products, Ksp, For lonic
Substances at 25°C

Ag,CO4 8.1 X 10" FeS B.W

\AQTCrO«; 9.0 X 10" Hg2Cl2 1.1 X 10"
Ag.S 16X 10 HgS 16X 10%
Ag,SO, 1.2X10° Mg(OH). 8.9X 102

795r 50X 10 MgCOs 1.0X10™ |
AgCl 16X 107 MnS 23X10% |
Agl 15X 107 NiS 3X10%
Al(OH); 2.0 X 107 Pb(OH), 12X10™ |
Ba(OH), 5.0 X 10° PbBr, 4.6 X10°
BaCO; 1.5 X 10° PbCl; 1.6 X10°
Ca(OH)é 1.3 X 10° PbCO; 15X10™
CaC,04 2.3X10° PbCrO, 20X 107
CaCOs 8.7 X 10° Pbl, 4.6X10°
CaSO, 6.1X10° PbS 7X10%
Cus 85X 10 Zn(OH), 45X107 |
Fe(OH), 18X 107 ZnCOs o d R |
Fe(OH)s 4.0 X10™ - 25 X 107




Appendix F:

Properties of Substances

Properties of substances

The following table does not list all notable properties
mentioned, additional information about the substance t

information can be obtained from handbook of toxic s
posters of hazardous substances distributed in your la

of the Substanceg

ubstances and from

b. Corrosiveness and
toxicity risks are indicated as L (low), M(moderate), or H (high).

167

Name Flammability | Corrosivity Toxicity if | Notes |
combustibility | to skin ingested

Acetaldehyde Yes M M 1,4
Acetic acid Yes E H 14
Acetic anhydride Yes H H '
Acetone Yes M H

Ammonia No M H 1,4
Ammonium Chloride No L H
‘Ammonium Nitrate' No M H 3

Barium chloride No M H

Barium nitrate No M H 3

Bromine No H H 1

Calcium carbonate No | L 2
Calcium hydroxide No M M

Chlorine Yes* H H 1,4
Chromium(lll) chloride No H H 1
Copper(ll) sulfate No M M
Cyclohexane Yes L H

Diethyl ether Yes M H

Ethanol Yes L H 5
Formaldehyde Yes M H 1.4
Hydrochloric acid No H H 1:'34
 Hydrogen peroxide (3%) No H M

lodine No M M

Iron(lll) chloride No M M 3
Iron(lll) nitrate No M M_ [ =




& wm Toxicity if NN
Name W to skin mge?\tﬂed &
. o0 >

Isopropyl alcohol | Yes — M T
Va%neps)i/um | Yes H H I
Mercury(ll) chloride No H H I
| Methanol | Yes M H
| Nickel(l) sulfate No H H

Phosphoric acid No H H 3
Potassium dichromate No M H

Potassium ferrocyanide No H H

Potassium hydroxide No ¥ M

Potassium iodide No — M H :
Potassium nitrate No M

Silver nitrate No M H

Sodium Yes H A 6
Sodium chloride No L 5 N
Sodium Hydroxide No H

Sodium hypochlorite No H L 14|
Sodium iodide No M M ~
Sodium nitrate No H H 3
Sodium sulfate No L L

Sodium sulfite No M M 34 |
Sodium thiosulfate - -~ No _ M M

Sulfuricacid - .. = | ...No H H 3,6
Zinc sulfate - “No. ~ L .M ]

*Will burn if deliberately ignited, but is not a ﬂrgih;zard under noimal laboratory

conditions. :
Notes: =

1.

hood.
This substance vigorously evolves carbon dioxide if acidified.

TN

This substance is a respiratory irritant. Confine useé of the substance to the fume

This substance is a strong oxidant/ reductant. Although the substance itself may
not be flammable, contact with an easily oxidized/reduced material may cause a
fire or explosion. Avoid especially contact with any organic substance.

This substance possesses or may give rise to a stench. Confine use of this
substance to the fume hood.

Ethyl alcohol for use in the laboratory has been denaturated. It is not fit to
drink and cannot be made fit to drink.

This substance reacts vigorously with water and may explode.
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