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INFORMATION ACKNOWLEDGEM ENT

Lhave received, read and understand the class expectations and lab safety contract for Mys. Zado’s chemistry

( class. (Signatures from both parents/guardians requested, if possible. Thank you.)
Student Name (last, first middle) Printed Block Grade
Student Signature Home Phone Number
Parent/Guardian Signature Daytime Phone Number
Parent/Guardian Signature Daytime Phone Number
Daytime E-mail address (1) E-mail address (2)
. STUDENT INFORMATION

()

Nicknamies: DOB:

Are you in a regularly scheduled after school activity? (sports, drama, band, job, etc.)

Do you have any physical problems that I should be aware of? If yes, please explain.

What was your last math class? Grade earned:

How did you do in biology? Grade earned:

Do you have access to a computer, printer and internet at home?

E-Mail address:

On the back please tell me something about yourself. Please write in proper English. Include something about
yourself, your family, home life, your goals and ambitions. I am interested in learning about your hobbies,
-~ Interests and anything else which would help me to know you better.
(Thank you!
" Mrs. Zado



I'linn Scientific’s Student Satety Contract

PURPOSE

Sarence is a hands-on laboratory class. Yon
will e doing nvny Liboratory activities
which ‘ hazardous
chemicals. Salety ta the science clussioom is
the JFE priovity Tor students, cachers, and
parents. "o ensure a sale science classroon,
list of rules has been developed and pro-
vided 1o you in this student salety contract.
These rules must be Tollowed at all tmes.,
Two copies of the contract are provided. One
copy must be signed by both you and L=
et or guardian before you can participate in
the luboratory. The sceond copy is to he kept
i your science notebook as 4 constant
reminder of the safety rules,

GENERAL RULES

L. Conduct yourself in a responsible man-
ner at all times in the laboratory.

require the use of

2. Follow all written and verbal instruc-
tions carefully. If you do not understand
adirection or part of a procedure, ask the
instructor betore proceeding.

3. Never work alone. No student may work
in the lauboratory without an instructor
present.

4. When first entering a science room, do
not touch any cquipment, chemicals, or
other materials in the laboratory uarea
until you are instructed to do so.

5. Do not cat food, drink beverages, or
chew gum in the laboratory. Do not use
laboratory glassware as containers for
food or beverages.

6. Perform only those experiments autho-
rized by the instructor. Never do any-
thing in the luboratory that is not called
for in the laboratory procedures or by
your instructor. Carefully follow all
instructions, both written and oral.
Unauthorized experiments are prohib-
ited.

7. Be prepared for your work in the labora-
tory. Read all procedures thoroughly
before entering the laboratory.

8. Never fool around in the laboratory.
Horseplay, practical jokes, and pranks
are dangerous and prohibited.

9. Observe good housekeeping practices.
Work areas should be kept clean and tidy
at all times. Bring only your laboratory
instructions, worksheets, and/or reports
to the work area. Other materials (books,
purses, backpacks, etc.) should be stored
in the classroom area.

10. Keep aisles clear. Push your chair under
the desk when not in use.

FLINN SCIENTIFICINE.
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l6.

20.

Know the tocations and operating proce-
dores o all salety cyuipment including
the Tivst aid Kit, cyewash station, silety
shower, five exiinguisher, and lire blag-
het. Know where the Tire alarm and the
exits are located.

- Abways work in a well-ventilated area.

Use the fuine hood when working with
volatile substances or poisonous vapors.
Never place your head into the fume hood.

- Be alert and proceed with caution at all

tmes in the taboratory. Notity the
instructor unmediately of any unsafe
conditions you observe,

- Dispose of all chemical waste properly.

Never mix chemicals in sink drains.
Sinks are to be used only for water and
those  solutions designated by the
instructor. Solid chemicals, metals,
matches, filter paper, and all other insol-
uble materials are to be disposed of in
the proper waste containers, not in the
sink. Check the label of all waste con-
tuiners twice before adding your chemi-
cal waste to the container.

- Labels and equipment instructions must

be read carefully before use. Set up and
use the prescribed apparatus as directed
in the laboratory instructions or by your
instructor.

Keep hands away from face, eyes,
mouth and body while using chemicals
or preserved specimens. Wash your
hands with soap and water after per-
forming all experiments, Clean all work
surtaces and apparatus at the end of the
experiment. Return all equipment clean
and in working order to the proper stor-
age area.

- Experiments must be personally moni-

tored at all times. You will be assigned a
laboratory station at which to work. Do
not wander around the room, distract
other students, or interfere with the labo-
ratory experiments of others.

. Students are never permitted in the

science storage rooms or preparation
areas unless given specific permission
by their instructor,

. Know what to do if there is a fire drill

during a laboratory period; containers
must be closed, gas valves turned off,
fume hoods turned off, and any electri-
cal equipment tumed off,

Handle all living organisms used in a
laboratory activity in a humane manner.
Preserved biological materials are to be
treated with respect and disposed of
properly.

“Your Safer Sources
for Science Supplies”

1-800-452-126% » Fax: (366) 452-1436
flinn@flinnsci.cons » wwn

Batavia, lllinois, U.S.A. o part of this materral may te raproduced of trans-
val system, without cermission in ~riting from Flinn Scientific, inc.

YL When using kaives and other ~harp
Hstruments, always cary with tps and
points pointing down and away. Always
cutaway from your body, Never ry (o
catch nalling sharp instruments. Grasp
sharp instruments only by the handles.

2210 you have a medijeal condition (e,
allergies, pregnancy, cie.), check with
your physician prior to working in lab.,

CLOTHING

23. Any time chemicals, heat, or glassware
are used, students will wear laboratory
gogeles. There will be o exceptions o
this rule!

24. Conract lenses should not be worn in the
luboratory unless you have permission
from your instructor.

25. Dress properly during a luboratory activ-
ity. Long hair, dangling jewelry, and
loose or baggy clothing are a hazard in
the laboratory. Long hair must be tied
back and dangling jewelry and loose or
baggy clothing must be secured. Shoes
must completely cover the foot. No san-
dals allowed.

26. Lab aprons have been provided for your
use and should be wom during labora-
tory activities,

ACCIDENTS AND INJURIES

27. Report any accident (spill, breakage,
Ctc.) or injury (cut, bum, etc.) to the
instructor immediately, no matter how
trivial it may appear.

28. If you or your lab partner are hurt,
immediately yell out “Code one, Code
one” to get the instructor’s attention.

29. If a chemical splashes in your eye(s) or
on your skin, immediately flush with
running water from the eyewash station
or safety shower for at least 20 minutes.
Notify the instructor immediately.

30. When mercury thermometers are bro-
ken, mercury must not be touched.
Notify the instructor immediately.

HANDLING CHEMICALS

31. All chemicals in the laboratory are to be
considered dangerous. Do not touch,
taste, or smell any chemicals unless
specifically instructed to do so. The
proper technique for smelling chemical
fumes will be demonstrated to you.

32. Check the label on chemical bottles
twice before removing any of the con-
tents. Take only as much chemical as
you need.

33. Never return unused chemicals to their
original containers,

P.0. Box 219, Batavia, IL 60510




Flinn Scientific’s Student Safety Contract
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EONever ase moath suction o il g pipet. connections. Do ot nse danreed clee- , . .
e acubber bully o pipet pamp, frical couipnent, 1\(1R|‘/|‘1W“2N |

B When trnsterring ceapents lrom  one O you do not understind how 1O 1use I, i i
cantaiuer o another, hold the containers piece of cquipment, ask the instctor tor {student’s name) md and agree
away Irom your body. help., to Tollow all of the salety rules set

W Acids must be handled with extreme 1. Do not imimerse hot shissware in cold forth in this contract, | realize that |

care. You will bhe showan the proper witers it may shatter, must obey these riles o Cusure iy
method Tor diluting strong acids. Always ownsatety, and that of my lellow stu-
ddd acid w water, swirl or stir the solu- HEATING SUBSTANCES dents -l‘”d illhll‘UClUl'S.vl will conperate
tion and be caretul of the heat produced, 49, Exercise extreme caution when using a o lhc" lutlest extent with my lr‘xslrucl«?r
particularly with sulfuric acid. s bumer. Take care that hair, clothing sund fellow students W mamtain a sale

7. Lhandle thunmable hazardous liquids over and hands are a safe distance [tom the [.“b chvironment. | “,"” 4‘1}[5” Cl“‘_‘”ly

et . ) . . Co ) lollow the oral and written instructions
a4 pan to contam spills. Never dispense Hame at all times. Do not put iy sub- ided | Lo S
; able Hguids e Neur 2 stanee i he 1me unless specilicall Provide oy lh‘f m.slryu(')r. l IR
Hammuble llquuls-.mywlmu near an open St l.”u Hito : ' P y that any violation of this "
ITame or source of heat. mslruclcd'l() do su: Never reach over an tract that results in unsafe conduct in

38. Never remove chemicals or other materi- exposed flune. Light gas (or alcohol) the laboratory or misbehavior on i
als from the laboratory area, burners only as instructed by the teacher, part, may result in being removed

39. Tuke great care when transporting acids— 50. Never leave a it burner unattended. from the laboratory, detention, receiy-
and other chemicals Trom one part of the Never IC{WC' A}nylhlng ‘lh‘dt ts being ing a luiling grade, and/or dismissal
laboratory to another. 1lold them heated or is visibly reacting ununcndcq.. from the course,
securely and walk carefully, Always tum the burner or hot plate off

when not in use.

HANDLING GLASSWARE 31 You will be instructed in the proper Student Signature

AND EQUIPMENT methed of heating and boiling liquids in

40. Carry glass tubing, especially long lest tubes. Do 'not point the open cnq of Date
pieces, in a vertical position to minimize a test tube being heated at yourself or Dear P Guardian:
the likelihooud of breakage and injury. anyone else, car Farent or Guardian:

41 Never handle broken glass with your 52. Heated metals and glass remain very We feel that you should be informed
bare hands. Use a brush and dustpan to hot for a long time. They should be st regarding the school’s effort to create
clean up broken glass. Pluce broken or aside 10 coo! and picked up with cau- and maintain a suf‘e science class-
waste glasswure in the designated glass tion. Use tongs or heat-protective room/luboratory environment.
disposal container. gloves if necessary. With the cooperation of the instruc-

42. Inserting and removing plass tubing 53 Never look into a contairer that is being tors, parents, and students, a safety
[rom rubber stoppers can be dangerous, heated. nstruction program can eliminate,
Always lubricate glassware (tubing, lhis- 54. Do not place hot apparatus directly on prevent, and correct possible hazards.
tle tubes, thermometers, ctc.) before the laboratory desk. Always use an insu- You should be aware of the safety
attempting to insert it in a4 stopper. lating pud. Allow plenty of time for hot instructions your son/daughter will
Always protect your hands with towels apparatus to cool before touching it. receive before engaging in any labora-
or cotton gloves when inserting glass , ) . . tory work. Please read the list of safety
tubing into, or removing it from, a rub- 55. W'hen bending glass, allow time for the rules above. No student will be S
ber stopper. If a piece of glassware glass to cool before further handling, Hot ted to perform laboratory activities
becomes “frozen” in a stopper, take it to and cold glass have the same visual unless this contract is signed by both
your instructor for removal. ﬁppgf%fﬂf!ce- 2‘3“3 mj‘(“ef‘f . OEJEC‘; 'Sl hot the student and parent/guardian and is

43. Fill wash bottles only with distilled loyit g::g;n[i [grzsp?ﬁg;)t your hand close on file with the teacher,
water and use only as intended, e.g., rins- ’ Your signature on this contract indi-
ing glassware and equipment, or adding QUESTIONS cates that you have read this Student
water to a container. , Safety Contract, are aware of the mea-

i ; d 36. Do you wear contact lenses? sures taken to ensure the safety of

44. When removing an electrical plug from CIYES [CJNO . 4 y
its socket, grasp the plug, not the electri- your son/daugh'[er‘m the science labo-
cal cord. Hands must be completely dry 57. Are you color blind? ratory, and will Instruct your son/
before touching an electrical switch, CJYES [INO dat}gﬂter tOhUPhOld his/her agreement
plug, or outlet. » ltr(: [l;)e loar)volmt:se rules and procedures

45. Examine glassware before each use. 38. Do you have allergies? ory.

Never use chipped or cracked glassware. LJYEs (ONo
Never use dirty glassware. If s0, list specific allergies Parent/Guardian Signature

46. Report damaged electrical equipment
immediately. Look for things such as Date
frayed cords, exposed wires, and loose

“
FLINNSCIENTIFICING. o SalerSourcs, | 2 Box2,Batve, . os1:
A for Science Supplies™ 868)

flinn@flinnsci.com » www.flinnsci.come
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Solubility Rules
m Ammeniem (NH, ) Saes of 1A
Fl ne 7 ks Toup sloments are
Chiorine
Sromine Chiorides (C}) All soluble excopt AgCl, He,iL.. B
3romides (Br') Al soiuble excops AgBr, HygyBr,, 7
HgBry and Po8ry which are
insoluble
lodides (17) All soluble exceps Agl, Hgals, Hyly
and Pbly which are insoluble
florides (7)) Are genenally insoluble
Cllovates (CI0,"), Nikrates All solubie
(NOY"), 1ud Acstates (C:H,0,%)
Seitates (30,5 Are soluble sxcopt Ca30,, 3r30,,
8230, Hg 30, HgS0,, 80,
mnd which we insoluble
Phospintes (PO, Carbenates Are msoluble except when with
(CO5*) 2nd Oxides (0*) immonium or Group | A siements
Hydrexides (OHH) Ars insoluble except when with
immonium, Group | A slements
ind Group 2A siements from

calcium down

Suifides (5*)

Are insoluble sxcept when with
immonium, Group |A and 2A
clemems

Chromstes (CrO,7)

1

Are yenenaily insolubie (
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Name:

Purpose:

A Systems Check

Block: Date:

To evaluate the functioning of the scales, and accuracy of the glassware in the lab.

Procedure #1:

Data Table #1:

Obtain the brass weights from your teacher.

Balance #:

Brass Weight

Reading

Check the mass reading of both the regular balances and the analytical balances using the brass weights.
Record the scale checked and the reading to all available digits.

Determine the difference between expected and actual reading. Graph the difference and determine if a
correction factor is necessary.

Analytical Balance #:

Brass Weight

Reading

How accurate is the balance? Does the balance need a + recording? Is the change consistent over the entire set of

masses?

Procedure #2:

1. Obtain beakers 4 beakers of different sizes, 3 graduated cylinders of different sizes and set up a buret on a ring

stand.

2. Obtain approximately 100 mi of distilled water. (Re-use the water for ali testing.)

3. Place a piece of glass ware on one of the balances that you evaluated in procedure #1. Tare the balance.
**for the buret place a beaker on the balance and under the buret.

4. Pour water in until the glass ware is one quarter full, half full and two thirds full (Or 80.00 grams maximum)
record the reading on the balance and the glassware, remember to record ali possible digits.

5. Repeat process for all glassware.
6. Evaluate the glassware for accuracy.

Glassware:
+

Mass

Volume

Glassware:
+

Mass

Volume

Glassware:

+

Mass

volume




Glassware: Glassware: Glassware:

+ + +

Mass Volume Mass Volume Mass volume
Glassware: Glassware: Glassware:

+ + +

Mass Volume Mass Volume Mass volume

Would you agree with the accuracy rating that was recorded on the glassware?

Procedure #3:

Place approximately 25 ml of distilled water into the buret.

Place a small beaker on the balance under the buret. Tare the balance.
Slowly open the buret stop cock allowing only 5 drops of water to be released.
Record the mass and the change in volume.

Repeat four times.

I A

Average the mass and the volume for 5 drops of water from the buret.

5 drops of water from buret.

Mass Volume

Average mass: Average volume:




Name: Block:  Date:

The “Punch” in a Pop

Purpose: The purpose of this lab is to calculate the percent water in the composition of a
popcorn kernel and the amount of pressure required to cause a popcorn kernel to pop. Analysis
of possible errors will also be performed along with recommendations for improvements will be
considered. Calculations will be made indirectly by measuring the changes in a bag of
microwave popcorn. (Products of the lab maybe eaten in class.)

Data Table: (be sure to record all appropriate significant figures!)

Mass of Unpopped Corn and Bag g
Mass of Popped Corn and Bag g
Mass of Empty Bag g
Mass of Unpopped Corn g
Mass of Water Lost g
Length of bag cm
Height of Bag cm
Width of Bag cm
Volume of Bag cm?
Percent Water in Popcorn %
Moles of Water Lost mol
Calculations:

1. Calculate the mass of unpopped corn for your popcorn and record in data table.
2. Calculate the mass of water lost for your popcorn and record in data table.
3. Calculate the percent water in your popcorn sample.
4. If the actual percentage of water in popcorn is 13.7%, what is your percent error?
5. Calculate the pressure (in atm) of the water vapor at the time of “pop,” use the equation:
PV =nRT Remember R=0.0821 L_atm
mol K
Hint: Assume that the popcorn pops at the boiling point of cooking oil (225°C).
6. If the actual pressure of the pop is 9.1 atm, what is your percent error?

Discussions:

1. Why might your percent water have been different than the expected value? If the
percent water is too high how could this effect the popcorn? If the percent water is too
low how could this effect the popcorn? As you discuss these keep in mind how the two
parts of the lab are related (% water and pressure).

2. What could you have done to improve the data collected in this lab? (Please give at least
two specific improvements and detailed responses.)

3. What other aspects about the popcorn could have affected your results. (Please give at
least two specific aspects and be detailed with your responses.)



Evaluation ol someone clse’s experiecment.

Today we will watch a small snip it of a MythBusters episode from Episode 23, November 16, 2004. The
episode is about talking and plant growth. As you watch the experiment record what you feel is the hypothesis,
testing method, control and constants. What do you feel should have been treated as a constant that was not?
Was the control used appropriate, why or why not? Was the testing method appropriate, why or why not? Did
the experiment ultimately support the hypothesis? What, if any, changes would you have made? What
experiment could be done to support the one done by Mythbusters? What experiments could be done as an off-
shoot?

Seven small greenhouses were set up on the M5 Industries roof. Four were set up with stereos playing endlessly
looping recordings (as having the Mythbusters actually talk to the plants could contaminate the samples with
their expelled carbon dioxide): Two of negative speech, two of positive speech (Kari and Scottie each made one
positive and one negative soundtrack), a fifth with classical music and a sixth with intense death metal music. A
seventh greenhouse, used as a control sample, had no stereo. The greenhouses with the recordings of speech
grew better than the control, regardless of whether such talk was kind or angry. The plants in the greenhouse
with the recording of classical music grew better, while the plants in the greenhouse with the recording of
intense death metal grew best of all.



Experiment 3

Water Analysis:

Solids

“Clear” water from streams contains small quantities of dissolved and suspended solids.

e To determine the total, dissolved, and suspended solids in a water sample
» To determine the ions present in the solids of a water sample.

The following techniques are used in the Experimental Procedure:
2 11¢

by | |§ 7

_I'III

::Q

Surface water is used as the primary drinking water source for many large municipali-
ties. The water is piped into a water treatment facility where impurities are removed
and bacteria are killed before the water is placed into the distribution lines. The
contents of the surface water must be known and predictable so that the treatment facility
can properly and adequately remove these impurities. Tests are used to determine the
contents of the surface water. _

Water in the environment has a large number of impurities with an extensive range of
concentrations. Dissolved solids are water-soluble substances, most often salts although
some dissolved solids may come from organic sources. Naturally occurring dissolved salts
generally result from the movement of water over or through mineral deposits, such as
limestone. These dissolved solids, characteristic of the watershed, generally consist of the
sodium, calcium, magnesium, and potassium cations and the chloride, sulfate, bicarbon-
ate, carbonate, bromide, and fluoride anions. Anthropogenic (human-related) dissolved
solids include nitrates from fertilizer runoff and human wastes, phosphates from deter-
gents and fertilizers, and organic compounds from pesticides, sewage runoff, and indus-
trial wastes.

Dissolved salts can be problematic in potable water. Typical dissolved salt concentra-
tions range from 20 to 1000 mg/L, although most waters are less than 500 mg/L. High
concentrations also indicate “hard” water (Experiment 21) which can clog pipes and
industrial cooling systems. Also, high concentrations of dissolved salts can cause diarrhea or
constipation in some people.

Salinity, a measure of the total salt content in a water sample, is expressed as the
grams of dissolved salts per kilogram of water or as parts per thousand (ppt). The
average ocean salinity is 35 ppt whereas fresh water salinity is usually less than 0.5 ppt.
Brackish water, where fresh river water meets salty ocean water, varies from 0.5 ppt to
17 ppt. For water samples with low organic levels, the salinity of a water sample
approximates that of total dissolved solids (TDS) content.

More specifically, the anions that account for the salinity of the water are generally
the carbonates and bicarbonates, CO,>~ and HCO, ", the halides (C1~, Br~, and I7), the

OBJECTIVES
TECHNIQUES
13h [ﬁ, rsb
%’ ¥ :
INTRODUCTION

Watershed: the land area from which
the natural drainage of water occurs

Parts per thousand {ppt]: 1g of
substance per 1000g (1 kg) of
sample

Experiment3 61




lonic equation: ionic equations,
though appearing somewhat
premature in this manual, are written
to better illustrate the ions in solution
that are involved in the chemical
reactions and observations.
Experiment 6 will further illustrate the
use of ionic equations for chemical
reactions.

Suspended solids: solids that exhibit
colloidal properties or solids that
remain in the water because of
turbulence

ppm: I mg substance per kilogram
sample = 1 part per million {ppm)

phosphates, PO,* | and the sullates, SO, . A qualitative testing of a water sample can
determine the presence of these various jons.

To test for the presence of carbonates and bicarbonates in the water, an acid, gen-
erally nitric acid, HNO,, is added 1o the sample resulting in the evolution of carbon
dioxide gas. The jonic equation for the reaction is

CO,* (ag) + 2 H ’(a(/) + NO; (ag) — COL(e) + H,O(/) + NO; (aq) G.D

A qualitative test for the halides is the addition of silver ion, resulting in a silver halide
precipitate:
Ag'(ag) + CI™,Br, I (ag) —

AgCl (s, white) + AgBr (s, light brown) + Agl(s, dark brown) (3.2)

A “dirty” appearance of the precipitate is evidence for a mixture of the halides in the
water. Additionally, if the phosphates are present, a white silver phosphate precipitate
forms:

3 Ag™(ag) + PO (ag) — AgPO,(s) (3.3)

The presence of phosphate ion (or HPO,*") can also be determined independently by
the addition of an ammonium molybdate solution to the sample, resulting in the forma-
tion of a yellow precipitate;

HPO,* (aq) + 12(NH,),Mo00O,(ag) + 23 H*(ag) —
(NH);PO,(MoO,);5(s) + 21 NH,* (ag) + 12 H,0() (3.4)
7

While these tests may have interferences as performed in this experiment, a more
detailed experimental and Systematic procedure is presented in Experiment 37,

The most common cation present in “natural” waters is calcium. Calcium is the
principal ion responsible for water hardness. See Experiment 21. A qualitative test for
its presence is its formation of insoluble calcium oxalate,

action of the moving water, are insoluble in water but are filterable, Total suspended
solids (TSS) is a measure of the turbidity and the clarity of the water.

High concentrations of suspended solids, such as decayed organic matter, sand,
silt, and clay, can settle to cover (and suffocate) the existing ecosystem at the bottom
of a lake, can make disinfectants for water treatment less effective, and can absorb/
adsorb various organic and inorganic pollutants resulting in an increase of their resi-
dence in the water sample.

Total solids (TS) are the sum of the dissolved and suspended solids in the water
sample. In this experiment the total solids and the dissolved solids are determined
directly; the suspended solids are assumed to be the difference, since

total solids (TS) = total dissolved solids (TDS) + total suspended solids (TSS) 3.6)

The U.S. Public Health Service recommends that drinking water not exceed 500 mg
total solids/kg water, or 500 ppm. However, in some localities, the total solids content

U2

EXPERIMENTAL
PROCEDURE

Filtrate: the solution that passes
through the filter into g receiving
flask.
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water sample are determined in this experiment. The water sample is filtered to remove
the suspended solids and the filtrate is evaporated to dryness to determine the dis-
solved solids. The water sample may be from the ocean, a lake, a stream, or from an
underground aquifer.




Figure 3.1 Wash the spattered material
from the convex side of the watch glass.

Obtain 100 mL of a water sample from your instructor. Preferably the water sam-
ple is high in turbidity. Record the sample number and write a short description of the  Turbid sample: o cloudy suspension
sample on the Report Sheet. With approval, bring your own “environmental” water dve fo stired sediment. '
sample to the laboratory for analysis. Ask your instructor whether evaporating dishes
or 250 mL beakers are to be used for the analysis.
If time allows, the experiment should be repeated twice. A basis for water quality
is not determined from a single analysis—a minimum of three trials is necessary for
reputable analytical data. Ask your instructor for additional information.
' Assume the density of your water sample to be 1.02 g/m L.

1. Filter the Water Sample. Gravity filter about 50 mL of a thoroughly stirred or A, Total Dissolved Solids
shaken water sample into a clean, dry 100-mL beaker. While waiting for the filtra- (TDS) 11b 11¢
tion to be completed, proceed to Part B. :—Q ,

2. Evaporate the Filtrate to Dryness. a. Clean, dry, and measure the mass (*+0.001 g)
of an evaporating dish (or 250-mL beaker).

"N

7

b. Pipet a 25-mL aliquot (portion) of the filtrate into the evaporating dish (250-mL
beaker). Determine the combined mass of the sample and evaporating dish
(beaker).

¢. Use a hot plate or direct flame (Figure T.14a or T.14b) to slowly heat—do not
boil—the mixture to dryness.

—
o
-

|n|mm]un|n|§

d. As the mixture nears dryness, cover the evaporating dish (beaker) with a watch
glass and reduce the intensity of the heat.' If spattering occurs, allow the dish to
cool to room temperature, rinse the adhered solids from the watch glass (see
Figure 3.1) and return the rinse to the dish.

3. A Final Heating to Dryness. Again heat slowly, being careful to avoid further
spattering. After all of the water has evaporated, reduce the heat of the hot plate, or
maintain a ““cool” flame beneath the dish for 3 minutes. Allow the dish to cool to  Cool flame: a Bunsen flame of low

room temperature and determine its final mass. Cool the evaporating dish and sam-  [Mensity—a slow rate of natural gas
. . . . is flowing through the burner barrel.
ple in a desiccator, if available.

‘ 'This reduces the spattering of the remaining solid and its subsequent loss in analysis.
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B. Total Solids (TS) and
Total Suspended Solids
(TSS)

16b € f IOE%D Ekj(é»

C. Analysis of Data

Appendix B

1. Evaporate an Original Water Sample to Dryness. a. Clean, dry, and measure
the mass (0.001 £) of a second evaporating dish (or 250-ml. beaker),

b. Thoroughly stir or agitate 100 mL of the original water sample; pipet® a 25-mL
aliquot of this sample into the evaporating dish (250-mL beaker). Record the
combined mass of the water sample and evaporating dish (beaker).

¢. Evaporate slowly the sample 1o dryness as described in Pan A.2. Record the
mass of the solids remaining in the evaporating dish.

2. Total Suspended Solids. Collect the appropriate dala to determine the total sus-
pended solids in the water sample.

1. Precision of Data? Compare your TDS and TSS data with three other chemists in
your laboratory who have analyzed the same water sample. Record their results on
the Report Sheet. Calculate the average value for the TSS in the water sample,

D. Chemical Tests?
é:!m

& % A

Appendix G

1. Test for Carbonates and Bicarbonates. With your spatula loosen small amounts
of the dried samples from Part A and Part B and transfer each to separately
marked 75-mm test tubes. Add several drops of 6 M/ HNO; (Caution: HNO;, is

your observation?

2
2. Test for Chlorides (Halides). To each of the test tubes add 10 drops of water,
agitate the solution, and add several drops of 0.01 M AgNO, (Caution: AgNO; is

a skin irritant) and observe. What can you conclude from your observation?

3. Test for Phosphates. With your spatula loosen small amounts of the dried sample
from Parts A and B and transfer each to separately marked 75-mm test tubes. To
each test tube add ~10 drops of water and several drops of 6 M HNO; (Caution:
Avoid skin contact. Do not inhale fumes.) followed by 1 mL of 0.5Mm (NH,),Mo0,.
Shake and warm the resulting solutions in a warm water bath (~60°C, Figure
T.13b) and let stand for 10~15 minutes. The yellow color can be slow to form if
PO is present in the sample.

Disposal: Discard the dried salts from Part A and B and the tesf solutions from
Part D in the “Waste Salts” container.

CLEANUP: Rinse the test tubes and evaporating dishes (250-mL beakers) with tap
water and twice with deionized water.

The Next Step
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Devise a plan to determine the changes in TSS and TDS at various points along a water
source (river, stream, lake, drinking water, etc.). Explain why the values change as a
result of location, rainfall, season, time of day, etc. Test to determine the ions that are
primary contributors to the TDS of the sample.

2f the solution appears to be so furbid that it may plug the pipet fip, use a 25.mL graduated cylinder
fo measure the water sample as accurately as possible.

*For each of the tests in Part D there are other ions that may show a positive test. However the ions
being tested are those most common in environmental water samples.

-



Experiment 3 Prelaboratory Assignment

Water Analysis: Solids

Date Lab Sec. Name Desk No.

I. List several anions, by formula, that contribute to the salinity of a water sample.

2. Distinguish between and characterize the “total dissolved solids” and “total suspended solids” in a water sample.

3. Experimental Procedure, Part A.2c. Explain why a “cool flame” is important to use in heatng a solution to dryness.

4. a. What is an aliquot of a sample?

b. What is the filtrate in a gravity filtration procedure?

¢. How full (the maximum level) should a funnel be filled with solution in a filtration procedure?

5. Experimental Procedure, Part D. What observation is “expected” when
a. an acid (nitric acid, HNO,) is added to a solution containing carbonate or bicarbonate ions? See Experiment 2,
Experimental Procedure, Part A.3.
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b. silver ion is added 10 a solution containing chloride (or bromide or iodide) ions? See Appendix G.

i ).
I @/"

B ¢. asolution of 0.5 M (NH,),Mo0, is added to a water sample containing phosphate jon (and heated)? Explain.

6. The following data were collected for determining the concentration of suspended solids in a water sample (density =

1.02 g/mL).

Trial 1 Trial 2 Trial 3 Trial 4 Trial 5 Trial 6
Volume of
sample (ml) 25.0 20.0 50.0 25.0 20.0 25.0
Mass of sample (g)
Mass of dry L
solid (g) 10.767 8.436 21.770 10.826 8.671 10.942

| I Mass of solid/mass
of sample (g/g)

| a. What is the average total suspended solids (TSS) in the water sample? Express this measurement in ppt (parts per
L;wj thousand, g/kg). See Appendix B.
I

i *b. Calculate the standard deviation and the relative standard deviation (% RSD) for the analyses.

7. A 25.0-mL aliquot of a well-shaken sample of river water is pipetted into a 25 414-g evaporating dish. After the mix-
i ture is evaporated to dryness, the dish and dried sample has a mass of 36.147 g. Determine the total solids in the sam-
ple; express total solids in units of g/kg sample (parts per thousand, ppt). Assume the density of the river water to be
i 1.01 g/mL.
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Experiment 3 Report Sheet

Water Analysis: Solids

Date Lab Sec. Name Desk No.
Sample Number: Describe the nature of your water sample, i.e., its color, turbidity, etc.
A. Total Dissolved Solids (TDS) Trial 1

1. Mass of evaporating dish (beaker) (g)

2. Mass of water sample plus evaporating dish (beaker) (g)

3. Mass of water sample (g)

4. Mass of dried sample (g)

5. Mass of dissolved solids in 25-mL aliquot of ﬁltered sample (g)

6. Mass of dissolved solids per total mass of sample (g solids/g sample)

7. Total dissolved solids (TDS) or salinity (g solids/kg sample, ppt)

B. Total Solids (TS) and Total Suspended Solids (TSS)

1. Mass of evaporating dish (beaker) (g)

2. Mass of water sample plus evaporating dish (beaker) (g)

3. Mass of water sample (g)

4. Mass of dried sample (g)

5. Mass of total solids in 25-mL aliquot of unfiltered sample (g)

6. Mass of total solids per total mass of sample (g solids/g sample)

7. Total solids (g solids/kg sample, ppt)

8. Total suspended solids (g solids/kg sample, ppt)

C. Analysis of Data
Chemist No. #1 (you) #2 #3 #4
TDS (g/kg)
TS (g/kg)
TSS (g/kg)

Average value of total suspended solids (TSS) from four chemists (x) = v
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D. Chemical Tests.

. CO, HCO,™ (TDS)

Test Observation Conclusion

CO,*" HCO," (TS)
, -
ClI",Br™, 1" (TDS)
-

Cl",Br, 1" (TS)
PO,*" (TDS)
PO (TS)

Ca’* (TDS)
Ca’* (TS)

Write a summary of your assessment of the quality of your water sample.

Laboratory Questions

Circle the questions that have been assigned.

L.

Part A.2. The evaporating dish was not properly cleaned of a volatile material before its mass was determined. When
the sample is heated to dryness the volatile material is removed. How does this error in technique affect the reported
TDS for the water sample? Explain.

. Part A.2. Some spattering of the sample onto the watchglass does occur near dryness. In a hurry to complete the

analysis, the chemist chooses not to return the spattered solids to the original sample and skips the first part of Part A.3.
Will the reported TDS for the water sample be too high or too low? Explain.

. Part A.3. The sample in the evaporating dish is not heated to total dryness. How will this error in technique affect the

reported value for TDS? Explain. TSS? Explain.

sample? Explain.

Part B.1. The sample in the evaporating dish (beaker) is not heated to total dryness. How will this error in technique
affect the reported value for total solids? Explain. TSS? Explain.

Parts A and B. Suppose the water sample has a relatively high percent of volatile solid material. How would this have
affected the reported mass of

a. dissolved solids? Explain.

b. total solids? Explain.

¢. suspended solids? Explain.

Part D.2. When several drops of 0.010 M AgNO; are added to a test sample, a white precipitate forms. What can you
conclude from this observation? Explain.

. Part D.3.a. When 1 mL of 0.5 & (NH4),Mo00, is added to the water sample, a yellow solution is observed but no pre-

cipitate. What can you conclude from this observation? Explain.
b. How does this observation help in interpreting any observations from Part D.2?

68  Water Analysis: Solids
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Experiment 5

sulfate (bottom).

Percent Water in a
Hydrated Salt

Heat readily removes the hydrated water molecules (fop of sample in test
tube] from copper(ll) sulfate pentahydrate forming anhydrous copper(l)

* To determine the percent by mass of water in a hydrated salt
¢ To learn to handle laboratory apparatus without touching it

OBJECTIVES

The following techniques are used in the Experimental Procedure

TECHNIQUES

Many salts occurring in nature, purchased from the grocery shelf or from chemical
suppliers are hydrated; that is, a number of water molecules are chemically bound to
the ions of the salt in its crystalline structure. These water molecules are referred to as
waters of crystallization. The number of moles of water per mole of salt is usually a
constant. For example, iron(III) chioride is purchased as FeCly*6H,0, not as FeCl,, and
copper(Il) sulfate as CuSO,*5H,0, not as CuSQ,. For some salts, the water molecules
are so weakly bound to the ions that heat removes them to form the anhydrous salt.
Hydrated salts that spontaneously (without heat) lose water molecules to the atmos-
phere are efflorescent, whereas salts that readily absorb water are deliquescent.

For Epsom salt (magnesium sulfate heptahydrate, Figure 5.1), the anhydrous salt,
MgSO,, forms with gentle heating.

A(>200°C)
MgSO,+7H,0(s) ——— MgSO,(s) + 7 H,0(g) (5.1)

In other salts such as FeCl;*6H,0, the water molecules are so strongly bound to the salt
that anhydrous FeCl, cannot form regardless of the intensity of the heat.

In Epsom salt 7 moles of water, or 126.1 g of H,0, are bound to each mole of
magnesium sulfate, or 120.4 g of MgSO,. The percent by mass of water in the salt is

126.1 g H,0O
(126.1 g + 1204 g) salt

X 100 = 51.16% H,0 (5.2)

A gravimetric analysis is an analytical method that relies almost exclusively on mass
measurements for the analysis. Generally the substance being analyzed must have a mass
large enough to be measured easily with the balances that are available in the laboratory.

This experiment uses the gravimetric analysis method to determine the percent by
mass of water in a hydrated salt. The mass of a hydrated salt is measured, the sample is
heated to drive off the hydrated water molecules (the waters of crystallization), and then
the mass of remaining sample is measured again. Cycles of heating and measuring of the
sample’s mass are continued until reproducibility of the mass measurements is attained.

INTRODUCTION

Hydrate: water molecules are
cg;mica//y bound to the ions of the
salt as part of the structure of the
compound

Anhydrous: without water

Figure 5.1 Epsom salt,
MgSO4 0 7HQO
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EXPERIMENTAL
PROCEDURE

hﬂﬂn I‘ﬁ?

Procedure Overview: The mass of a hydrated salt is measured before and afier it js
heated to a high temperature. This mass difference and the mass of the anhydrous salt
are the data needed to calculate the pereent water in the original hydrated salt.

You are to complete ar least two trials in this experiment. Obtain a hydrated salt from
your instructor. Record the unknown number of your hydrated salt on the Report Sheet. A
150-mm test tube may be substituted for the crucible and lid. Ask your instructor.

A. Sample Preparation

[/
b5

Figure 5.2
Handle the
crucible with
tongs after
heating.

Fired: heated to a very
high temperature to
volatilize impurities

I. Prepare a Clcan Crucible. Obtain a clean crucible and lid. Check the crucible for

stress fractures or fissures, which are common in often-used crucibles. If none are
found, support the crucible and lid on a clay triangle and heat with an intense
flame for 5 minutes (see Technique 15C, Figure T.15¢). Allow them to cool
slowly. (Caution: Do not set them on the lab bench for fear of contamination.)"?
Caation: hor and cool crucibles look the same—do not touch! Determine the
mass (£0.001 g) of the fired, cool crucible and lid and record. Handle the crucible
and lid with the crucible tongs for the remainder of the experiment (Figure 5.2);
do not use your fingers—oil from the fingers can contaminate the surface of the
crucible and lid. Be sure the crucible tongs are clean and dry.
2. Determine the Mass of Sample. Add no more than 3 g of your hydrated salt to
the crucible. Measure and record the combined mass (+0.001 g) of the crucible,
lid, and hydrated salt. Calculate the mass of the hydrated salt,
Adjust the Crucible Lid. Return the crucible (use crucible tongs only) with the
sample to the clay triangle; set the lid just off the lip of the crucible to allow the
evolved water molecules to escape on heating (Figure T.15e).

=

B. Thermal 15¢
Decomposition
of the Sample

ke

L. Heat the Sample. Initially heat the sample slowly and then gradually intensify the
heat. Do not allow the crucible to become red hot. This may cause the anhydrous salt
to decompose as well. Maintain the high temperature on the sample for 10 minutes.

Cover the crucible with the lid; allow them to cool to room temperature (see
footnote 1). Determine the combined mass of the crucible, lid, and anhydrous salt
on the same balance that was used for earlier measurements.

2. Have You Removed All of the Water? Reheat the sample for 2 minutes (Figure
T.15e), but do not intensify the flame—avoid the decomposition of the salt. Cool
to room temperature and again measure the combined mass. If this second mass
measurement of the anhydrous salt disagrees by greater than +0.010 g from that
in Part B.1, repeat Part B.2.

3. Repeat with a New Sample. Repeat the experiment two more times with original
hydrated salt samples.

Disposal: Dispose of all waste anhydrous salt in the “Waste Solids” container.

CLEANUP: Rinse the crucible with 23 .mﬂliliters of 1 M HCI and discard in the
“Waste Acids” container. Then rinse several times with tap water and finally deionized
water. Each water rinse can be discarded in the sink.

The Next Step

80

(1) Most any substance has water as a part of its composition, either adsorbed or bonded
to the substance. Develop a procedure for a determining the percent water in a soil sam-
ple ... remember that dissolved gases may also be present. (2) How rapidly do potato
chips or crackers absorb water from the atmosphere? Develop a data plot of percent
water vs. time for “soggy crackers.” (3) A coal analysis involves the determination of the
(a) percent moisture, (b) percent volatile combustible matter, VCM, (c) percent ash, and
(d) percent fixed carbon, FC, where %FC = 100% — (%H,0 + %VCM + Yoash). Develop
a procedure for the analysis for a coal sample . . . the analysis indicates the quality of the coal
for combustion, coking, etc.

'Place the crucible and lid in a desiccator (if available) for cooling.
%f the crucible remains dirty after heating, move the apparatus to the fume hood, add 1-2 ml of 6 M
HNO;, and gently evaporate fo dryness. (Caution: Avoid skin contact, flush immediately with water.)

Percent Water in a Hydrated Salt

4

i
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Experiment 5 Prelaboratory Assignment

Percent Water in a
Hydrated Salt

Date Lab Sec. Name Desk No.

. Calcium chloride, a deliquescent salt, is used as a desiccant in laboratory desiccators. Explain.

2. Experimental Procedure, Part A.1. What is the purpose of firing the crucible?

3. A 1.994-g sample of gypsum, a hydrated salt of calcium sulfate, CaS0,, is heated at a temperature greater than 170°C
in a crucible until a constant mass is reached. The mass of the anhydrous CaSO, salt is 1.577 g.

Calculate the percent by mass of water in the hydrated
calcium sulfate salt.

4. The gravimetric analysis of this experiment is meant to be quantitative; therefore, all precautions should be made to
minimize errors in the analysis.
a. The crucible and 1id are handled exclusively with crucible tongs in the experiment. How does this technique main-
tain the integrity of the analysis? 15¢

b. Mass measurements of the crucible, lid, and sample are performed only at room temperature. Why is this technique
necessary for a gravimetric analysis?

c. Why is the position of the crucible lid critical to the dehydration of the salt during the heating process? Explain.

Experiment5 81
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5. The Tollowing data were collected from the gravimetric analysis of a hydrated salt;

Mass of crucible and lid (g) 19.437
Mass of crucible, lid, and hydrated salt (g) 21.626
21.441

Mass of crucible, lid, and anhydrous salt (g)

Determine the percent water in the hydrated salt.

6. a. What is the percent by mass of water in copper(Il) sulfate pentahydrate, CuSO45H,07? See opening photo.

b. What mass due to waters of crystallization is present in a 3.38-g sample of CuSO,*5H,0?
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Date Lab Sec. Name

Experiment 5 Report Sheet

Percent Water in a
Hydrated Salt

Desk No.

Unknown No.

1. Mass of crucible and lid (g)

Trial 1 Trial 2 Trial 3

2. Mass of crucible, lid, and hydrated salt (g)

3. Mass of crucible, lid, and anhydrous sait

1st mass measurement (g)

2nd mass measurement (g)

3rd mass measurement (g)

4. Final mass of crucible, lid, and anhydrous salt (g)

Calculations

1. Mass of hydrated salt (g)

2. Mass of anhydrous salt (g)

3. Mass of water lost (g)

4. Percent by mass of volatile water in hydrated salt (%)

5. Average percent H,O in hydrated salt (%H,0)

6. Standard deviation of %H,0

7. Relative standard deviation of %H,0 in hydrated salt (%RSD)

*Show calculations on next page.
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*Calculations for Trial 1. Show your work.

*Calculation of Standard Deviation and %RSD. Appendix B.

Laboratory Questions
Circle the questions that have been assigned.

1. Part A.1. During the cooling of the fired crucible, water vapor condensed on the crucible wall before its mass measure-
ment. The condensation did not occur following thermal decomposition of the hydrated salt in Part B. Will the
reported percent water in the hydrated salt be reported too high or too low? Explain.

2. Part A.1. The fired crucible is handled with (oily) fingers before its mass measurement. Subsequently in Part B.1, the
oil from the fingers is burned off. How does this technique error affect the reported percent water in the hydrated salt?
Explain.

3. Part A.1. The crucible is handled with (oily) fingers after its mass measurement but before the ~3 g sample of the
hydrated salt is measured (Part A2). Subsequently in Part B.1, the oil from the fingers is burned off. How does this
technique error affect the reported percent water in the hydrated salt? Explain.

4. Part A.1. Suppose the original sample is unknowingly contaminated with a second anhydrous salt. Will the reported
percent water in the hydrated salt be too high, too low, or unaffected by its presence? Explain.

*5. After heating the crucible in Part A.1, the crucible is set on the lab bench where it is contaminated with the cleaning oil
used to clean the lab bench but before its mass is measured. The analysis continues through Part B.1 where the mass of
the anhydrous salt is determined. While heating, the cleaning oil is burned off the bottom of the crucible. Describe the
error that has occurred; that is, is the mass of the anhydrous salt remaining in the crucible reported as being too high or
too low? Explain. :

6. Part B.1. The hydrated salt is overheated and the anhydrous salt thermally decomposes, one product being a gas. Will
the reported percent water in the hydrated salt be reported too high, too low, or be unaffected? Explain.

7. Part B.2. Because of a lack of time, Bill decided to skip this step in the Experimental Procedure. Will his haste in
reporting the “percent H,O in the hydrated salt” likely be too high, too low, or unaffected? Explain.

i

it
b
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Name:

Calcium Analysis by EDTA Titration

PRESTUDY
1. A 0.4505 g sample of CaCO3 was dissolved in HCI and the resulting solution was diluted to
250.0 mL in a volumetric flask. A 25.00 mL aliquot of the solution required 24.25 mL of an
EDTA solution for titration to the Eriochrome Black T end point.

a. How many moles of CaCO; were used?

=n

. What is the concentration (molarity) of Ca*" in the 250.0 mL of CaCl, solution?

. How many moles of Ca®" are contained in a 25.00 mL sample?

[¢]

[oN

. How many moles of EDTA are contained in the 24.25 mL used for the titration?

[¢]

. What is the concentration (molarity) of the EDTA solution?

2. If 100.00 mL of a water sample required 23.24 mL of EDTA of the concentration found in
part e of problem 1, what is the hardness of the water in terms of ppm CaCO; (ppm = mg/L)?



Experiment 8

Limiting Reactant

Calcium oxalate crystals contribute to the formation of kidney stones.

« To determine the limiting reactant in a mixture of two soluble salts
+ To determine the percent composition of each substance in a salt mixture

OBJECTIVES

The following techniques are used in the Experimental Procedure

1d .Ille%

11¢

177

TECHNIQUES

Percent composition: the mass ratio of
a component of a mixture or
compound fo the total mass of the
sample times 100

Two factors affect the yield of products in a chemical reaction: (1) the amounts of
starting materials (reactants) and (2) the percent yield of the reaction. Many experi-
mental conditions, for example, temperature and pressure, can be adjusted to increase
the yield of a desired product in a chemical reaction, but because chemicals react
according to fixed mole ratios (stoichiometrically), only a limited amount of product
can form from measured amounts of starting materials. The reactant determining the
amount of product generated in a chemical reaction is called the limiting reactant in
the chemical system.

To better understand the concept of the limiting reactant, let us look at the reac-
tion under investigation in this experiment, the reaction of calcium chloride dihy-
drate, CaCl,-2H,0, and potassium oxalate monohydrate, K,C,0,-H,0, in an aqueous
solution.

CaCl,-2H,0(ag) + K,C,0,°H,0(ag) —
CaC,0,°H,0(s) + 2KCl(ag) + 2H,0() (8.1)

Calcium oxalate monohydrate, CaC,04,H,0, is an insoluble compound, but is
found naturally in a number of diverse locations. It is found in plants, such as rhubarb
leaves, agave, and (in small amounts) spinach, and is the cause of most kidney stones.
In small doses, it causes a severe reaction to the lining of the digestive tract. However,
the handling of calcium oxalate in the laboratory is safe, so long as it isn't transferred
to the mouth.

For the reaction system in this experiment, both the calcium chloride and potas-
sium oxalate are soluble salts but the calcium oxalate is insoluble. The ionic equation
for the reaction is

Ca’"(ag) + 2C1 (aq) + 2K*(aq) + C,0,* (aq) + 3H,0() —
CaC,0,-H,0(s) + 2C1~(ag) + 2K*(ag) + 2H,0() (8.2)

INTRODUCTION
Percent yield:
lyiel
( qcfuclx yield ) « 100
theoretical yield

Stoichiometrically: by a study of a
chemical reaction using a balanced
equation

lonic equation: A chemical equation
that presents ionic compounds in the
form in which they exist in aqueous
solution. See Experiment 6.
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Spectator ions: cations or anions that
(f; not participate in any observable
or detectable chemical reaction

Net ionic equation: an equation that
includes only those ions that
participate in the observed chemical
reaction

Presenting only the ions that show evidence of a chemical reaction (i.e., the forma-
tion of a precipitate) and by removing the spectator ions (i.e., no change of ionic form
during the reaction), we have the net ionic equation for the observed reaction.

Ca’"(aq) + C,0,2 (aq) + H,0(l) — CaC,0,-H,0(s) (8.3)

Calcium oxalate monohydrate is thermally stable below ~90°C, but forms the
anhydrous salt at temperatures above 110°C.

Therefore, one mole of Ca?* (from one mole of CaCl,-2H,0, molar mass =
147.02 g/mol) reacts with one mole of C,0,*" (from one mole of K,C,0,H,0, molar
mass = 184.24 g/mol) to produce one mole of CaC,0,-H,0 (molar mass = 146.12
g/mol). If the calcium oxalate is heated (o temperatures greater than 110°C for drying,
then anhydrous CaC,0, (molar mass = 128.10 g/mol) is the product.

In Part A of this experiment the solid salts CaCl,2H,0 and K,C,0,:H,0 form a
heterogeneous mixture of unknown composition. The mass of the solid mixture is
measured and then added to water—insoluble CaC,0,-H,0O forms. The CaC,0,-H,0
precipitate is collected, via gravity filtration and dried, and its mass is measured.

The percent composition of the salt mixture is determined by first testing for the
limiting reactant. In Part B, the limiting reactant for the formation of solid calcium
oxalate monohydrate is determined from two precipitation tests of the solution: (1)
the solution is tested for an excess of calcium ion with an oxalate reagent—observed
formation of a precipitate indicates the presence of an excess of calcium ion (and a
limited amount of oxalate jon) in the salt mixture; (2) the solution is also tested for
an excess of oxalate ion with a calcium reagent—observed formation of a precipitate
indicates the presence of an excess of oxalate ion (and a limited amount of calcium
ion) in the salt mixture.

Calculations
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The calculations for the analysis of the salt mixture require some attention. “How do I
proceed to determine the percent composition of a salt mixture of CaCl,2H,0 and
K,C,04H,0 by only measuring the mass of the CaC,0,H,0 precipitate?”

Example: A 0.538-g sample of the salt mixture is added to water and after drying
(to less than 90°C) 0.194 g of CaC,0,H,0 is measured. Tests reveal that
K;C,04H,0 is the limiting reactant. What is the percent composition of the salt
mixture? How many grams of the excess CaCly2H,0 were in the salt mixture?
Solution:  Since K,C,0,-H,0 is the limiting reactant, then, according to Equation
(8.1), the moles of K,C,0,H,O in the salt mixture equals the moles of
CaC,0,H,0 formed. Therefore, the calculated mass of K,C,0,-H,0 in the origi-
nal salt mixture is
grams K;C,0,-H,0 = 0.194 g CaC,0,-H,0 X - 42‘1’12?5;8;‘0??32 s

1 mol K,C,0,-H,0 % 184.24 K,C,0,4°H,0

1 mol CaC,0,°H,O " 1 mol K,C,0,-H,0

= 0.245 g K,C,04°H,0 in the salt mixture.

The percent by mass of K,C,0,-H,0 in the original salt mixture is

0.245 g K,C,0,°H,0
0.538 g sample

% K2C204’H20 = X 100 = 455% K2C204'H20

The mass of the CaCl,2H,0 in the salt mixture is the difference between the mass
of the sample and the mass of K,C,04H,0 or (0.538 g ~ 0.245 g =)0.293 g. The
percent by mass of CaCl,-2H,0 in the original salt mixture is

0538 g ~ 0245 ¢

% CaCly2H,0 = =923 g sample

X 100 = 54.5% CaCl,-2H,0

.

b




According to Equation 8.1, the moles of CaCly»2H,0 that react equals the
moles of K,C,0,-H,0 (the limiting reactant) that react equals the moles of
CaC,0,-H,0 that precipitate. Therefore the mass of CaCl,2H,0 (the excess re-
actant) that reacts is

mol CaC,0,-H,0
ass CaCl,-2H,0 = (.194 g CaC,04¢ X ~ =
mass CaCl,-2H,0 94 p CaC,0,-H,0 14612 g CaC,0, - I,0

v I mol CaCl,-2H,0 _ 147.02 g CaCl,-2H,0
1 mol CaC,0,-H,0 1 mol CaCl,-2H,0
= 0.195 g CaCl,*2H,0 reacted

The mass of excess CaCl,2H,0 is 0.293 g — 0.195 g = 0.098 g xs CaCl,2H,0

b

Procedure Overview: In Part A a measured mass of a solid CaCl,*2H,0/K,C,0,H,0
salt mixture of unknown composition is added to water. The precipitate that forms is
digested, filtered, and dried, and its mass measured. Observations from tests on the
supernatant solution in Part B determine which salt in the mixture is the limiting reac-
tant. An analysis of the data provides the determination of the percent composition of
the salt mixture.

Two trials are recommended for this experiment. To-hasten the analyses, measure
the mass of duplicate unknown solid sait mixtures in clean 150- or 250-mL beakers
and simultaneously follow the procedure for each. Label the beakers accordingly for
Trial 1 and Trial 2 to avoid the intermixing of samples and solutions.

Obtain about 2-3 g of an unknown CaCl,*2H,0/K,C,0,H,0 salt mixture.

EXPERIMENTAL
PROCEDURE

Supernatant: the clear solution that
exists after the precipifate has seftled

1. Prepare the Salt Mixture. a. Mass of salt mixture. Measure the mass (+0.001 g)
of Beaker #1 and record on the Report Sheet for Trial 1. Transfer ~1 g of the
salt mixture to the beaker, measure and record the combined mass. Repeat for
Trial 2.

b. Adjust pH of deionized water. Fill a 400 mL beaker with deionized water. Test
with pH paper . .. if the water is acidic, adjust it to basic with drops of 6 M
NH,. If already basic to pH paper, then no addition of NH; is necessary.'

c. Mix deionized water and salt. Add ~150 mL of the deionized water from Part
A.1b to the salt mixture in Beaker #1. Stir the mixture with a stirring rod for
2-3 minutes and then allow the precipitate to settle. Leave the stirring rod in
the beaker.

2. Digest the Precipitate. a. Hear. Cover the beaker with a watch glass and
warm the solution on a hot plate (Figure 8.1) to a temperature not to exceed
75°C for 15 minutes. Periodically, stir the solution and in the meantime, pro-
ceed to Part A.3.

b. Cool. After 15 minutes, remove the heat and allow the precipitate to settle; the
solution does not need to cool to room temperature.

c. Wash water. While the precipitate is settling, heat (70-80°C) about 30 mL of
deionized water for use as wash water in Part A.5.

'Calcium oxalate does nof precipitate in an acidic solution because of the formation of H,C;0,47, an
ion that does not precipitate with Ca?*.

A. Precipitation of
CaC,0,H,0 from
the Salt Mixture
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Rubber policeman: a spatula-like
rubber tip attached to a stirring rod

11d

Figure 8.1 Warming and digesting the
precipitate.

Set Up a Gravity (or Vacuum?) Filtering Apparatus. Place your initials (in pen-
cil) and Trial #1 on a piece of Whatman No. 42 or Fisherbrand Q2 filter paper,’
fold, and tear off its corner. Measure and record its mass (£0.001 g). Seal the filter

ratus before continuing. Return to Part A.2b.

Withdraw and Save Supernatant. Once the precipitate has settled and the
supernatant has cleared in Part A.2b, use a dropping pipet to withdraw enough
Supernatant to half-fill two 75-mm test tubes, labeled “1” and “2.” Save for
Part B. ‘

Filter the CaC,0,H,0 Precipitate. While the remaining solution of the salt
mixture from Part A4 is still warm, quantitatively transfer the precipitate to
the filter (Figure 8.2). Transfer any precipitate on the wall of the beaker to the
tilter with the aid of a rubber policeman; wash any remaining precipitate
onto the filter with three or four 5-mL volumes of warm water (from Part
A.2¢).

Dry and Measure the Amount of CaC,0,H,0 Precipitate. Remove the fi]-
ter paper and precipitate from the filter funnel. Air-dry the precipitate on the
filter paper until the next laboratory period or dry in a <110°C constant
temperature drying oven for at least | hour or overnight. Determine the com-
bined mass (+0.001 g) of the precipitate and filter paper. Record. Repeat for
Trial 2.

Formula of the Precipitate. If the precipitate is air-dried, the precipitate is
CaC,0,-H,0:; if oven-dried at =110°C, the precipitate is the anhydrous CaC,0,.
Enter the mass of the dried precipitate as either item A.6 (air-dried) or A.7 (oven-
dried) on the Report Sheet.

2A vacuum filtering apparatus (Technique T1E) can dlso be, used; the filtering procedure will be
more rapid, but more precipitate may pass through the filter paper.

*Whatman No. 42 and Fisherbrand Q2 filter papers are both fine-porosity filfer papers; a fine-
porosity filter paper is used to reduce the amount of precipitate passing through the filter.
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Figure 8.2 Gravity filtration is used to
filter finely divided precipitates.

the original salt mixture. Some cloudiness may appear in both tests, but one will show of the Limiting

From the following two tests (Figure 8.3) you can determine the limiting reactant in B. Determination 1le
a definite formation of precipitate. Reactant

1. Clarify the Supernatant. Centrifuge the two collected supernatant samples from
Part A4.

2. Test for Excess C,0,". Add 2 drops of the test reagent 0.5 M CaCl, to the super-
natant liquid in test tube 1. If a precipitate forms, the C,0,%" is in excess and Ca®*
is the limiting reactant in the original salt mixture.

3. Test for Excess Ca*. Add 2 drops of the test reagent 0.5 M K,C,0, to the supe1- ne
natant liquid in test tube 2. If a precipitate forms, the Ca2" is in excess and C,0.%”
is the limiting reactant in the original salt mixture.

An obvious formation of precipitate should appear in only one of the tests.
Repeat for Trial 2.

Sk, - g SO S et it AR 3 A

Figure 8.3 Testing for the excess (and the limiting) reactant.
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Disposal: Dispose of the calcium oxalate, including the filter paper, in the
“Waste Solids” container. Dispose of the waste solutions in the “Waste Lig-
vids” container.

CLEANUP: Rinse each beaker with small portions of warm water and discard in the
“Waste Liquids™ container. Rinse twice with tap water and twice with deionized water
and discard in the sink.

The Next Step
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All reactions other than decomposition reactions have limiting reactants! From the
combustion of fossil fuels to the many integrated chemical processes of biochemical
reactions in living organisms, there is one reactant that limits the process. For exam-
ples, what is the limiting reactant in the combustion of gasoline in the cylinder of an
engine; what is the limiting reactant in the eutrophication of a body of water; what is
the limiting reactant in making bread rise; what is the limiting reactant in the precipita-
tion of a salt, . . . ? Research the limiting reactant concept in upcoming experiments.

6.




Experiment 8 Prelaboratory Assignment

Limiting Reactant

Date Lab Sec. Name Desk No.

. The limiting reactant is determined in this experiment.
a. What are the reactants (and their molar masses) in the experiment?

b. What is the product (and its molar mass) that is used for determining the limiting reactant?

c. How is the limiting reactant determined in the experiment?

2. Experimental Procedure, Part A.2. What is the procedure and purpose of “digesting the precipitate?”

3. Two special steps in the Experimental Procedure are incorporated to reduce the loss of the calcium oxalate precipitate.
Identify the steps in the procedure and the reason for each step.

4. A 0.972-g sample of a CaCl,2H,0/K,C,0,-H,0 solid salt mixture is dissolved in ~150 mL of deionized water, previ-
ously adjusted to a pH that is basic. The precipitate, after having been filtered and air-dried, has a mass of 0.375 g.
The limiting reactant in the salt mixture was later determined to be CaCl,"2H,0.

a. What is the percent by mass of CaCl,"2H,0 in the salt mixture?
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b. How many grams of the excess reactant, K,C,0,-H,0, reacted in the mixture?

¢. How many grams of the K,C,0,4H,0 in the salt mixture remain unreacted?

5. A 1.009-g mixture of the solid salts Na,SO, (molar mass = 142.04 g/mol) and
Pb(NO,), (molar mass = 331.20 g/mol) forms an aqueous solution with the
precipitation of PbSO, (molar mass = 303.26 g/mol). The precipitate was filtered
and dried, and its mass was determined to be 0.471 g. The limiting reactant was
determined to be Na,S0,.

a. Write the molecular form of the equation for the reaction.

b. Write the net ionic equation for the reaction,

¢. How many moles and grams of Na,SO, are in the reaction mixture?

d. How many moles and grams of Pb(NO,), reacted in the reaction mixture?

e. What is the percent by mass of each salt in the mixture?
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Experiment 8 Report Sheet

] Limiting Reactant

Date Lab Sec. Name Desk No.

A. Precipitation of CaC,0,H,0 from the Salt Mixture

Unknown number Trial 1 Trial 2

1. Mass of beaker (&)

2. Mass of beaker and salt mixture (2

3. Mass of salt mixture (2)

4. Mass of filter paper (g)

5. Mass of filter paper and CaC,0,H,0 (g)

6. Mass of air-dried CaC,0,H,0 (g)
or
7. Mass of oven-dried CaC,0, (g)

B. Determination of Limiting Reactant

1. Limiting reactant in salt mixture (write complete formula)

' 2. Excess reactant in salt mixture (write complete formula)

Data Analysis

1. Moles of CaC,0,-H,O (or CaC,0,) precipitated (mol)

2. Moles of limiting reactant in salt mixture (mol)
* formula of limiting hydrate

3. Mass of limiting reactant in salt mixture 09}
¢ formula of limiting hydrate

4. Mass of excess reactant in salt mixture 09}
* formula of excess hydrate

5. Percent limiting reactant in salt mixture (%)
* formula of limiting hydrate

6. Percent excess reactant in salt mixture (%)
* formula of excess hydrate

7. Mass of excess reactant that reacted (g)
» formula of excess reactant

8. Mass of excess reactant, unreacted (2
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Show all calculations for Trial I.

Laboratory Questions

Circle the questions that have been assigned.

L.

Part A.2. If the step for digesting the precipitate were omitted, what would be the probable consequence of reporting
the “percent limiting reactant” in the salt mixture? Explain.

Part A.3. A couple of drops of water were accidentally placed on the properly folded filter paper before its mass was
measured. However, in Part A6, the CaC,0,-H,0 precipitate and the filter baper were dry. How does this sloppy tech-
nique affect the reported mass of the limiting reactant in the original salt mixture? Explain.

Part A5, Because of the porosity of the filter paper some of the CaC,0,-H,0 precipitate passes through the filter paper.
Will the reported percent of the limiting reactant in the original salt mixture be reported too high or too low? Explain.

Part A.5. Excessive quantities of wash water are added to the CaC,0,H,0 precipitate. How does this affect the mass
of CaC,0,-H,0 precipitate reported in Part A.6?

Part A.6. The CaC,0,H,0 precipitate is not completely air-dried when its mass is determined. Wiil the reported mass
of the limiting reactant in the original salt mixture be reported too high or too low? Explain.

Part A6, 7. The drying oven, although thought (and assumed) to be set at 125°C, had an inside temperature of 84°C,
How will this error affect the reported percent by mass of the limiting reactant in the salt mixture . . . too high, too low,
or unaffected? Explain.
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