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ADVANCED CHEMISTRROUGH INQUIRY

INTRODUCTION

PASCO scientific's Advanced Chemistry through Inquiry investigations move students from the
low-level task of memorization or confirmation of science facts to higher  -level tasks of exploration,
data analysis, concept construction, and applicat ion. To learn science at a deep level, it is essential to
combine the teaching of abstract science concepts with real -world science investigations. Hands -on
technology-based laboratory experiences bridge the gap between the theoretical and the concrete,
driving students toward a greater understanding of natural phenomena. Students also gain

experience with important science practices that include: developing and using models, planning and
carrying out independent investigations, interpreting data, and apply ing mathematics.

Each lab is divided into several models. A model is a set of data or symbolic representations that

students build and use as they work through a set of questions designed to construct an

understanding of chemical concepts. The models are s equential , with each model introducing a new

aspect to the investigation. Guiding questions embedded in the procedure help generate insight into

the chemical process and theory. As students follow the cognitive process to completion, they actively

think ab out and work through chemistry -related problems. The entire approach, including the

guiding questionsandthe model s, is based on the POGILE (Process
Learning) strategy.

What is POGIL?

POGIL uses guided inquiry & a learning cycle of exploration, concept invention , and application that
is the basis for the carefully designed materials that ~ assist students in constructing new knowledge.
It is a student -centered strategy; students work in small groups with individual roles to ensure that

all students are fully engaged in the learning process.

The lab activities focus on core concepts and encou rage a deep understanding of the course material
while developin g higher -order thinking skills. POGIL develops process skills such as critical
thinking, problem solving, and communication through cooperation an d reflection, helping students
to think analyt ically and work effectively as part of a collaborative team.

A POGIL lab consists of any number of students working in small groups on specially designed
guided inquiry materials. These materials supply students with data or information followed by
leading questions and experiments that guide them to their own valid conclusions fi essentially a
recapitulation of the scientific method. The instructor serves as facilitator, observing and periodically
addressing individual and classroom -wide needs.

POGIL is based on research indicating that: a) teaching by telling does not work for most students,
b) students who are part of an interactive community are more likely to be successful, and

c¢) knowledge is personal; students enjoy themselves more and develop greater ow nership over the
material when they are given an opportunity to construct their own understanding.

A discovery-based team environment energizes students and provides instructors with instant and

constant feedback about what their students understand  and misunderstand . Students quickly pick

up the message that | ogical thinking and teamwor k a
answer .6 This emphasizes that | earning is not a sol
interactive process ofrefining oneds understanding and developing o

Teacher Resources and Student Handouts

All teacher and student materials are on the storage device accompanying the printed lab manual.
Teacher Resources are in PDF format, but the Student Handouts are in Microsoft® Word format,
allowing you to customize the labs for your curriculum, students, and equipment.
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ADVANCED CHEMISTRROUGHNQUIRYINTRODUCTION

Teacher Resources. Each Teacher Resource file contain s a lab activity. These files contain  all the
sections of the Student Handouts, such as the activ ity procedure and guiding questions (Building

Model n, where n is the model number; there are at least two models built and analyzed in a lab

activity ), the data that describe the model (Model n), and the analysis questions (Analyzing Model n),
as well as the teacher-specific sections including time requirements, alignment to the

AP® Chemistry learning objectives and science practices, lab preparation, and teacher tips to help
ensure success. Sample data is provided for the investigations and sample answers are provided for
all questions.

Student Handouts.  The handout begin s with a brief question to focus the i nvestigation , followed by a
series of questions that relate to the models . For their investigations, students build two to three
models and analyze each one. Finally, students make connections to theory and apply their

knowledge to design and carry out their own extended investigation.

Lab Activity Components

The sections in each teacher and student activity

TEACHER RESOURCES

STUDENT HANDOUT

Initial Question

Initial Question

Learning Objectives

Time Requirements

Materials and Equipment

Materials and Equipment

Prerequisites

Lab Preparation

Safety

Safety

Getting Your Brain in Gear

Getting Your Brain in Gear

Building Model 1*

Building Model 1*

Model 1*

Model 1*

Analyzing Model 1*

Analyzing Model 1*

Connecting to T heory

Connecting to T heory

Applying Your Knowledge

Applying Your Knowledge

*All labs have at least two Models that go through the "Build, Model, Analyze" cycle.
Overview of Lab Activity Components

INITIAL QUESTION

Each activity starts with a question that drives the overall investigation.

LEARNING OBJECTIVES (TEACHER RESOURCES ONLY)

Each lab activity is aligned to the Learning Objectives and Scientific Practices from the Colleg e
B 0 a r AP&semistry Course and Exam Description , Effective Fall 2013 (revised edition)

TIME REQUIREMENT (TEACHER RESOURCES ONLY)

This section provides two pieces of information: preparation time and the length of the lab activity.
The time estimate inc ludes the time required to complete the models and model analysis, and for
students to plan and carry out their investigations.

MATERIALS AND EQUIPMENT

This section lists all materials and equipment needed to carry out the investigations for each of the
model s and for the studentsd extended investigation.

I PASCO / R2328



INTRODUCTIQNDVANCED BIOLOGRDUGH INQUIRY

additional materials, those are indicated as a footnote in the Teacher Resources version, and
instructions for preparing them are in the Lab Preparation and T eacher Tips sections.

LAB PREPARATION (TEACHER RESOURCES ONLY)

Although pre -made chemicals can be purchased to conduct these activities, this section provides
instructions for making the solutions from concentrated or stock solutions, and for assembling a ny
material that requires special preparation.

SAFETY

This section lists the pertinent safety procedures for the lab.

GETTING YOUR BRAIN IN GEAR

In place of a traditionalPre -Lab activity, the 0Getting Your Brain i1
guestions tha t form the framework of concepts that will be developed in the investigation.

BUILDING MODEL ~ (WHERE N IS THE MODEL NUMBER ; THERE ARE AT LEAST T WO MODELS BUILT AND ANALYZED
IN A LAB ACTIVITY )

This is the procedure, with embedded guiding questions, for  one section of data collection in the lab.
In many cases, student groups carry out similar reactions with different compounds, or for different
lengths of time, and then share their data so they can observe a greater scope of results.

MODEL ~

This section contains the data or symbolic representation obtained while building the model. The
data may be organized in various formats, including graphs and tables. This information is the basis
for the analysis section.

ANALYZING MODEL N~

This section contains guid ed inquiry analysis questions that lead students through exploration and
concept invention based on the model.

CONNECTING TO THEORY

This section is a more refined description of the theory that the students constructed from the
concepts developed through out the learning cycle activities in the investigation.

APPLYING YOUR KNOWLEDGE

Students are given a question or activity for which they must apply the science skills and concepts
developed throughout the investigation in a new or unique context.

The Dat Collection System

In this manual, data collection system refers to the system employed by students to record, visualize,
and analyze sensor data during their experiments. The system consists of all components necessary
to connect a sensor to a device containing the software that detects the sensor measurement and
collects, records, and displays this data.

Some systems, such as the Xplorer GLX ®o0r SPARK Science Learni-alane Syst emE
systems. These contain built -in software applications, and students simply attach a sensor and begin

collecting data. Other systems use a computer or tablet with downloaded software applications. In

these systems, a USB or Bluetooth® interface is used to connect a sensor to the device. Software

options for these include SPARKvueE version 2 and PAS

The activities are designed so that any PASCO data collection system can be used to carr y out
the procedure s.

PASCO / R2328 ]l



ADVANCED CHEMISTRROUGHNQUIRYINTRODUCTION

Getting Started with Your Data Collection System

To help you and your students become familiar with the many features of your data collection
system, start with the tutorials  and instructional videos available in the video library on PASCO®G s
website (www.pasco.com).Each systemds soft wehelesyselmso has a buil't

Free SPARKI abE activities are included in the SPARKvue s
activities can be a good starting place for students to become familiar with connecting a sensor,
viewing data, saving their work, and other tasks related to probeware use.

The technical and teacher support team at PASCO scientific provides timely and comprehensive help
to teachers and students using PASCO products.

1-800-772-8700 / email: support@pasco.com / www.pasco.com/support

Electronic Materials

A USB storage device was included with the purchase of this manual and is attached to its inside
cover. Please view the ocontents.pdfo file for a |list of

UsingODYSSEWMoolecular Labs

The Advanced Chemistry Th rough Inquiry guide comes with ODYSSEY Molecular Labs.
Wavefunctionds ODYSSEY is a unique software program for
Spartan molecular modeling software, Wavefunction created ODYSSEY so students could use

scientifically -based smulations to experiment with core chemistry topics from a molecular

perspective. The additional perspective provided by the ODYSSEY software enhances and

complements the hands -on, experimental PASCO activities in this manual.

College BoardAdvanced Plament (AP*) Program

The College Board developed a framework for the AP Chemistry curriculum centered on 6 Big Ideas.
To develop conceptual understanding of the Big Ideas, students combine specific learning objectives
with reasoning skills and science pract ices.

While this lab manual was not developed by the College Board, the activities are aligned to specific
learning objectives and science practices from the AP Chemistry Curriculum Framework,  fromin
the AP Chemistry Course and Exam Description

NOTE: | n the table showing the Learning Objectives and Science Practices that apply to an activity,
the primary learning objective for that activity is shown in a bold type.

International Baccalaureate Organizatiorn”{IB@pport

The International Baccalaureate = Organization (IBO) uses a specific science curriculum model that
includes both theory and practical investigative work. While this lab guide was not produced by the
IBO, the lab activities can be adapted easily to the IB classroom.

By the end of the IB D iploma Program students are expected to have completed a specified number
of practical investigative hours and are assessed using the specified internal assessment criteria.
Students should be able to design a lab based on an original idea, carry out the p  rocedure, draw
conclusions, and evaluate their results. These scientific processes require an understanding of
laboratory techniques and equipment as well as a high level of thinking , Skills that are developed
and sharpened by completing the investigations in this manual .

' College Board, Advanced PlatdPnegram, and AP, anddPrareegistered tradensokthe College Board, which was not involved
in the production of, and does not endorse, this product.

“The IB Diploma Program is an official program of the International BaccalauredtBQygdarictatiathorizes schools to offer it. The
material available here has been developed independently of the IBO and is not endorsed by it.

v PASCO / R2328
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AP and IBO Correlations

AP and IBO correlations to the activities in this manual

NOTE: The primary learning objective for that activity is shown in a bold type.
AP AP IBO
Activity Lab Activity Learning | Science | Standard
Objective | Practice
Modeling Chemistry 1.1, 1.3,
Students compare various physical and chemical changes 23,25, 14,43,
1 while gaining an understanding of sensors and representing 3.1,3.10, 5.1,5.2, 4.5
reactions at the particulate level. 5.10 6-1é 6.2,
A4
Light , Color, and Concentration 41,42,
2 Students learn how to use visible light to determine the 1.16 4.3,5.1, 1.5,A8
concentration of colored ion species in a solution. 5.3
Gravimetric Analysis 43 52
3 Through gravimetric analysis, students identify an 1.3,1.19 61 1.4
unknow n alkali metal carbonate. '
Stoichiometry of Solutions
y i . ) 1.20, 3.3, 2.2,5,1,
4 Students perform analytical techniques to determine the 3.4 6.4 1.5
concentrations of dissolved ions. ' ’
Polar and Nonpolar Substance s
Students underst and how a compound's structure 1.4 51
5 influences its solubility in water and oil. They apply this 2.8,2.13 61 6.2 43,45
knowledge to extract polar and nonpolar compounds from a B
mixture.
Solubility
. . . 2.15, 2.19,
6 Student s determine the saturation concentration  of a 6.21 4.3 15
compound and the mass of a dissolved solute. '
Empirical Formula
7 Students use stoichiometric calculations to  analyze the 3.6 22,51 1.2
results of a reaction carried out in the laboratory.
Measuring Vitamin C 9 A Redox Titration
Students expand their understanding of titrations, carry out 4.2,4.3,
8 L o 3.9,1.20 9.1,9.2
a redox titration, and then use the redox titration method to 51
answer a question of their own design.
Factors that Affect Reaction Rate
9 Students exp lore several variables that could affect the rate 4.1 42,51 6.1, A8
of a chemical reaction.
Measuring the Speed of a Reaction
. . 4.2,51, 6.1, 16.1,
10 Students determine the order of a reaction and the effect of 4.2 53 16.3
variables on the reaction rate. ' '
Energy in Chemical Reactions
Students demonstrate that the heat g is dependent on
- o . . 5.1,5.2,
11 reaction conditions but the change in enthalpy gH is a 5.7 5.1 53 151
constant quantity. They also discover and employ the '
additive nature of qH.
Chemical Equilibrium
. . 7.1,7.2,
12 Students manipulate variables to explore how to control the 6.9, 6.10 4.2 17.2. A8
direction of a reversible chemical reaction. B
Shape of Titration Curve s
. L 1.20,6.12, 4.1,4.2,
13 Students determine the fundamental shape of a titration 613 6.4 18.1,184
curve and the parameters that can cause it to change. ' '
PASCO / R2328 \'%




ADVANCED CHEMISTRROUGHNQUIRYINTRODUCTION

AP AP IBO

Activity Lab Activity Learning | Science | Standard
Objective | Practice

Weak Acid Titration

14 Studepts titrate mqnoprgtic and polyprotic weak acids and 6.12. 6.13 14,51 18.1, 18.4
determine the relationship between the shapes of the curves
and the Ka.
Introduction to Buffers

15 6.20 14,64 18.2

Students create and analyze a buffer system.

Buffer Properties

16 Students analyze the nature of buffers as they prepare 6.18 4.2,6.4 18.2
buffer solutions of a specified pH and test their efficacy.

Moving Electrons

. . . 9.1, 9.2,
17 By elec_trolyzmg a varu_sty of agueous solutions, '_students 312, 3.13 41 6.1 9.5,19.1,
determine a relationship between current, electric charge, 19.2

and quantity of electrons.

Vi PASCO / R2328



ADVANCED CHEMISTRROUGH INQUIRY

MASTER MATERIALS EQUIPMENT3

Italicized entries indicate items not available from PASCO. The quantity indicated is per student or
group. N ote: The activities also require protective gear for each student (for example, safety goggles,
gloves, apron, or lab coat).

Teachers can conduct some lab activities with sensors and probes other than those listed here. For
assistance with substituting compatible sensors and probes for a lab activity, contact PASCO
Teacher Support (800 -772-8700 inside the United States or http://www.pasco.com/support ).

Lab Title Materials and Equipment Qty

1 |MODELING CHEMISTRY MopDEL 1

Students use temperature, pH, and Data Collection System
conductivity sensors to explore chemical PASCO Temperature Sensor?
and physical changes and analyze them PASCO pH Sensort

for ambigui;y while also gainin g PASCO Conductivity Sensort
understaljdlng of Sensors and . Graduated cylinder, 100 -mL
representing reactions at the particulate Beakers (6), glass, 100-mL

level. Stirring rod
Unknowns 1A 81D: 100 mL
blue food coloring,
yellow food coloring,
0.5 M HClI,
0.5 M NaOH

Distilled water wash bottle 1

R R R R R R R

MODEL 2

Data Collection System

PASCO Absolute Pressure Sensor'?2
Tubing and tubing connector 1.2
Quick release connector 1.2

Sensor extension cable?

Test tube rack

Test tubes, 20mm x 150 mm, glass
Rubber stopper, #2, two-hole
Syringe, 10-mL, to fit stopcock
Stopcock to fit two -hole stopper
Graduat ed cylinder, 10 mL
Unknown 2A: ethanol 2mL
Unknown 2 B: steel wool Ya test tube
Glycerin Several
drops
Tongs 1
Paper towel 1

P R R NRRPRRNRBR

=

MODEL 3

Data Collection System
PASCO Temperature Sensor 1!
PASCO pH Sensor?

PASCO Conductivit y Sensor?!
Graduated cylinder, 100 -mL
Beaker, glass, 100-mL

Stirring rod

Distilled water, 50 mL
Distilled water wash bottle

Each group selects one of the following: 0.
Sucrose (Cle 22011),

VP PR RPRRPRR R R

PASCO / R2328 VII
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Lab Title Materials and Equipment Qty

Sodium chloride (NacCl),

Sodium acetate (NaCH ;COO),

Calcium (Ca) metal turning, about the size of
half a pea

Ammonium nitrate (NH 4NO3) 05¢9




MASTER MATERIALS EQIPMENT LIGADVANCED CHEMISTRROUGH INQUIRY

Lab Title Materials and Equipment Qty
2 |LIGHT, COLOR, AND CONCENTRATION MODEL 1

Students use a colorimeter to learn how to  |Data Collection System 1

use visible light to determine the PASCO Colorimeter 1

concentration of colored io n speciesina  |cyvette 3 1

solution Sensor extension cable3 1
Pipet with pump or bulb, 10 -mL 1
White 3 x 5 index card or piece of paper 1
Colored pencils 1 each
Scissors 1
Distilled water and wash bottle 1
Kimwipes ® or lint free tissues As needed
One of the following: 30 mL

0.10 M Cobalt(ll) nitrate (Co(NO 3),)
0.10 M Nickel(ll) nitrate (Ni(NO  3)2)
0.10 M lIron(lll) nitrate (Fe(NO  3)3)
0.10 M Zinc nitrate (Zn(NO 3))

MODEL 2

Data Collection System

PASCO Colorimeter

Cuvette 3

Sensor extension cable3

Distilled water and wash bottle

Test tubes, large

Test tube rack

Pipet with pump or bulb, 10 -mL

Glass stirring rod

Kimwipes or lint free tissues

One of the following: 30 mL
0.10 M Cobalt(ll) nitrate (Co(NO 3),)
0.10 M Nickel(ll) nitrate (Ni(NO  3)2)
0.10 M Iron(lll) nitrate (Fe(NO  3)3)
0.10 M Copper(ll) sulfate (CuSO ,)

APPLYING YOUR KNOWLEDGE

R PR R ORRRRR

Data Collection System 1
PASCO Colorimeter 1
Sensor extension cable3 1
Cuvette 3 1
Pipet with pump or bulb, 10 -mL 1
Distilled water and wash bottle 1
Kimwipes or lint free tissues As needed
0.10 M Copper(ll) nitrate (Cu(NO 3),) 30 mL
Copper(ll) nitrate (Cu(NO 3),), unknown concentration 6 mL

PASCO / R$828 IX



MASTER MATERIALS EQIPMENT LIGADVANCED CHEMISTRROUGH INQUIRY

Lab Title Materials and Equipment Qty
3 |GRAVIMETRIC ANALYSIS MODEL 1

Students use a balance and the Solubility  |Beakers, glass, 100-mL 4

Rules to identify an unknown alkali metal Beral pipets 4

carbonate. Unknown A (K,COs3) 509
0.10 M Sodium nitrate, (NaN Os) 5 drops
0.10 M Potassium chloride, (KCI) 5 drops
0.10 M Ammonium nitrate, (NH 4NO3) 5 drops
0.10 M Calcium chloride, (CaCl ) 5 drops
Stirring rod 1
Marking p en (to label beakers ) 1
Distilled water 200 mL
MODEL 2 AND APPLYING YOUR KNOWLEDGE
Beaker, glass, 100-mL 1
Filtration funnel 1
Erlenmeyer flask, glass, 250-mL 1
Filter paper, Whatman® Ashless, #42 1
Watch glass, 100-mm 1
Analytical balance, 0.001 g precision 1 per class
Stirring rod 1
Pencil 1
Wash bottle with distilled water 1
Drying oven 1 per class
MODEL 2
Unknown A (K ,COs) 19
0.25 M Calcium chloride (CaCl ) 50 mL
Distilled water 100 mL
APPLYING YOUR KNOWLEDGE
Unknown B (Li ,CO3) 2.00g
0.50 M Potassium nitrate (KNO 3) 20 mL
0.50 M Lithium chloride (LiCl) 20 mL
0.50 M Calcium nitrate (Ca(NOs),) 20 mL
0.50 M Sodium chloride (NaCl) 20 mL
Distilled water As needed

PASCO / R2828




MASTER MATERIALS EQIPMENT LIGADVANCED CHEMISTRROUGH INQUIRY

Lab Title Materials and Equipment Qty

4 |STOICHIOMETRY OF SOLUTIONS MODELS 1, 2, AND APPLYING YOUR KNOWLEDGE
Students use a drop counter, a Data Collection System

conductivity sensor, and temperature PASCO Conductivity Sensor !

sensor to determine the concentration of PASCO High Accuracy Drop Counter

dissolved ions by titration.

A

PASCO Fast-response Temperature Sensor
Drop dispenser#:

Syringe, 60 -mL

Stopcock

Drop tip
Beaker, glass, 150-mL
Beaker, 250-mL
Graduated cylinder , 50-mL
Mohr pipet, 25 -mL
Pipet pump
Magnetic stirrer (stir plate)
Micro stir bar
Multi clamp
Ring stand
Three-finger clamp 1
Phenolphthalein 3 drops
2.0 M Sodium hydroxide (NaOH) 120 mL
Distilled water As needed
Wash bottle 1

Materials for drop counter and pH sensor calibration
(Refer to Appendix A, below)

P PR RRPRPRRERRERRNLR

MODEL 1
1.0 M Hydrochloric acid (HCI) 25 mL
MODEL 2

Hydrochloric Acid (HCI), one of several possible 25 mL
concentrations

APPLYING YOUR KNOWLEDGE

Monoprotic acid of an unknown concentration (HCl is 25 mL
used)

PASCO / R$828 Xi
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Lab Title Materials and Equipment Qty
5 |POLARAND NONPOLAR SUBSTANCES MODEL 1
Student s use a pH sensor to learn how a  |Data Collection System 1
compound's structure influences its PASCO pH Sensort 1
solubility in water and oil. Beaker, 100-mL 5 per class
Stirring rod 1
Beral pipet 1
Mineral ol 30 mL
Distilled water 30 mL
Colored pencils or camera As needed

SET 1 COMPOUNDS

Copper(ll) sulfate (CuSO4-5H,0) 059
Iron(lll) chloride  (FeCls) 059
Cobalt(ll) chloride (CoCly) 059

NOTE: Use a blender or food processor to shorten
preparation time .

Beta-carotene , (CaoHs6, carrot pigment) from raw carrots 10 mL

Capsanthin (C4H =603, paprika pigment) from powdered 10 mL
paprika

Riboflavin  (C17H 20N 406, vitamin B) from tablets 10 mL

Lycopene (C4oH s6, tomato pigment) from canned 10 mL
tomatoes

Betanin (C2sH27N;O13, beet pigment) from canned beets 10 mL

Mineral oil for preparing the solutions 300 mL

Ethanol for preparing the solutions 150 mL

SET 2 COMPOUNDS

Acetylsalicylic acid (CyHsO4) Aspirin tablets 10 mL
Stearic acid (C17H3sCOOH) 05¢g
Oleic acid (C17H33COOH) 10 mL
Acetic acid (CH3;COOH) 10 mL
Citric acid (CsHsO7) 059
MODEL 2

Beaker, 100-mL 2
Mineral olil 20 mL
Lycopene (CoHss, tomato pigment) 10 mL
Betanin (CxH27N20;3), beet pigment) 10 mL

Xl PASCO / R2328
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Lab Title Materials and Equipment Qty
6 |SoLuBILITY MOoDEL 1
Students use a conductivity sensor and Data Collection System 1
the mass of dissolved solute to determine  |PASCO Conductivity Sensor! 1
the saturation concentration of a Beakers, 150-mL 3
compound. Balance 1 per class
Stirring rod 1
Graduated cylinder, 100 -mL 1
Unknown A , solid (glucose,CgH 1206) 109
Unknown B , solid (potassium bitartrate, KHC  4H4Og) 1.0g
Unknown C , solid (sodium sulfate ( Na .SO.4) 109
Distilled water 300 mL
Wash bottle with distille d deionized water 1
MODEL 2
Data Collection System 1
PASCO Conductivity Sensor 1
Magnetic stir bar 1
Stir plate 1
Ring stand 1
Graduated cylinder, 100 -mL 1
Balance (1 per class) 1 per class
Beaker, 150-mL 1
Clamp 1
Potassium bitartrate (KH C4H 4Os), solid 429
Distilled water 100 mL
MoODEL 3
Erlenmeyer flask, 125 -mL 1
Mohr pipet, 25 -mL 1
Pipet bulb 1
Beaker, 150-mL 2
Buret 1
Buret clamp 1
Funnel 1
Quantitative filter paper 1
Magnetic stir ba r 1
Stir plate 1
Phenolphthalein 3 drops
0.10 M Sodium hydroxide (NaOH) 80 mL
Distilled water 20 mL




MASTER MATERIALS EQIPMENT LIGADVANCED CHEMISTRROUGH INQUIRY

Lab Title Materials and Equipment Qty
7 |EMPIRICAL FORMULA MODEL 1
Students use a colorimeter and Hot pl ate per group or an oven for the class 1
stoichiometric calculations to  obtain the Crucible and cover 1
chemical formula of a compound. Crucible tongs 1
Unknown copper hydrate: CuCl 2-2H,0 100615¢9
Balance 162 per
class
MODEL 2
Data Collection System 1
PASCO Colorimeter 1
Sensor extension cable3 1
Cuvette3 1
PASCO Conductivity Sensor 1
Volumetric flask , 100-mL 1
Unknown copper hydrate: CuCl 2:2H,0 1.0015¢9
0.10 M Copper(ll) chloride ( CuCl,-2H,0), 60 mL 60 mL
Distilled water 25 mL
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MASTER MATERIALS EQIPMENT LIGADVANCED CHEMISTRROUGH INQUIRY

Lab Title Materials and Equipment Qty
8 |MEASURING VITAMIN Cfi REDOX TITRATION |MopEL 1
Students use an oxidation reduction Data Collection System 1
potential probe to expand their PASCO Oxidation Reduction Potential (ORP) Probe 1
understanding of titrations, carry out  a  |geaker, 250-mL 5 for the
redox titration, and then use the redox class
titration method to answer a question of Beaker, 150-mL 1
their own design 0.25 % lodine (1) solution, from povidone iodine or from | 50 mL for
solid I ; and Kl the class
0.01 M L-Ascorbic acid (C¢HOg), L-ascorbic acid or 50 mL for
vitamin C tablets the class
3% Hydrogen peroxide (H20,) 50 mL for
the class
0.01 M Potassium permanganate ( KMnO ,) 50 mL for
the class
1.0 M Sodium chloride ( NaCl) 50 mL for
the class
Distilled water 50 mL

MODEL 2 AND APPLYING YOUR KNOWLEDGE
Data C ollection System
PASCO High Accuracy Drop Counter
PASCO Oxidation Reduction Potential (ORP) Probe
Beaker, 150-mL
DROP DISPENSER 4;
Syringe, 60 -mL
Stopcock
Drop tip
Multiclamp
Three-finger clamp
Ring stand
Magnetic stir plate and micro stir bar
Analytical balance 1 per class

Materials for drop counter and pH sensor calibration
(Refer to Appendix A below)

N
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MODEL 2

0.25 % lodine (I ») solution, from povidone iodine or from 70 mL
solid | , and KI

L-Ascorbic acid (C¢HOs), L-ascorbic acid or vitamin C 0.040 06
tablets 0.060 g

Distilled water 75 mL
APPLYING YOUR KNOWLEDGE

0.25 % lodine (I ») solution, from povidone iodine or from As needed
solid I ; and Kl

Foods or juices for vi tamin C analysis As needed
Juicer 1
Knife (for slicing fruit) 1
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MASTER MATERIALS EQIPMENT LIGADVANCED CHEMISTRROUGH INQUIRY

Lab Title Materials and Equipment Qty
9 |FACTORS THAT AFFECT REACTION RATE MODEL 1 AND MODEL 2
Students use a pressure sensor and Data Collection System 1
temperature sensor to explore several PASCO Temperature Sensort 1
variables that affect the rate of a chemical |pasco Absolute Pressure Sensort? 1
reaction. Quick-release connectort.2 1
Tubing, 1 - to 2-cm? 2
Tubing connectors 2 2
Two-hole stopper to fit flask 1
Erlenmeyer flask, 125 -mL 1
Graduat ed cylinder, 50 -mL 1
Syringe, 60-mL 1
Mortar and pestle 1
MoDEL 1
Calcium carbonate (CaCOyg), solid 0.2g
3.0 M Hydrochloric acid ( HCI) 1mL
Distilled water 50 mL
MODEL 2
Equipment and amounts depend on the variable:
Beaker for ice bath As needed
Beaker (4), 50-mL As needed
Graduated cylinder, 10 -mL As needed
Magnetic stir bar As needed
Stir plate As needed
Hot plate As needed
Calcium carbonate (CaCoO 3) As needed
3.0 M Hydrochloric acid ( HCI) As needed
Ice As needed
Distilled water As needed
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MASTER MATERIALS EQIPMENT LIGADVANCED CHEMISTRROUGH INQUIRY

Lab Title Materials and Equipment Qty
10 |MEASURING THE SPEED OF A REACTION MODEL 1

Students use a colorimeter sensor to Data Collection System 1

determine the order of a reaction and the PASCO Colorimeter 1

effect of variables on the reaction rate . Cuvette 3 1
Extension cable 3 1
Test tubes, 20- to 25-mL 2
Volumetric pipets , 10-mL 2
Beaker, 50-mL 1
5.0 x 10% M Crystal violet (CasH3oN3Cl) 10 mL
0.2 M Sodium hydroxide ( NaOH ) 10 mL
Distilled water for calibration 10 mL
Kimwipes or lint free tissues As needed
MODEL 2
Data Collection System 1
PASCO Colorimeter Sensor 1
PASCO Temperature Sensor?! 1
Cuvette 3 1
Extension cable 3 1
Beakers (2), 50-mL 2
Beakers (2), 400-mL 2
Volumetric pipets (2), 10-mL 2
0.2 M Sodium hydroxide ( NaOH ) 40 mL or as

needed
5.0 x 109 M Crystal violet (CzsH 3oN3Cl) 40 mL or as
needed

Hot plate 1
Ice 1
Distilled water for calibration 10 mL
Kimwipes or lint free tissues As needed




MASTER MATERIALS EQIPMENT LIGADVANCED CHEMISTRROUGH INQUIRY

Lab Title Materials and Equipment Qty
11 |ENERGYIN CHEMICAL REACTIONS CALORIMETER FOR  MODEL 1, MODEL 2, MODEL 3, AND

Students use a temperature sensor to APPLYING  YOUR KNOWLEDGE

demonstrate that the heat qis dependent |Data Collection System 1

on reaction conditions but the changein  |PASCO Stainless Steel Temperature Sensor! 1

enthalpy gH is a constant quantity. Polystyrene cup, 8 0z 1
Ring stand 1
Beaker, 250-mL 1
Clamp, utility 1
Graduated cylinder, 50 -mL or 100 -mL 1
10 cm x 10 cm cardboard lid 1
MoDEL 1
Ammonium nitrate (NH 4NO3), solid 2,4,0r6g9
Distilled water 50 or

100 mL

MODEL 2
1.0 M Sodium hydroxide (NaOH) 100 mL
1.0 M Hydrochloric acid (HCI) 100 mL
Distilled water 100 mL
MODEL 3
1.0 M Sodium hydroxide (NaOH) 100 mL
1.0 M Hydrochloric acid (HCI) 100 mL
Sodium hydroxide (NaOH) 49
APPLYING YOUR KNOWLEDGE
2.0 M Hydrochloric acid (HCI) 100 mL
Magnesium ribbon (Mg) About 0.5 g




MASTER MATERIALS EQIPMENT LIGADVANCED CHEMISTRROUGH INQUIRY

Lab Title Materials and Equipment Qty
12 |CHEMICAL EQUILIBRIUM MODEL 1
Students use the results of a colorimeter Data Collection System 1
and a temperature sensor to control the PASCO Colorimeter 1
direction of a reversible chemical reaction. |gxtension cable 3 1
Cuvettes?3 3
Beakers, 50-mL 3
Mohr pipet, 10-mL 1
Pipet bulb 1
0.0080 M Iron( 1) nitrate (Fe(NO 3); ®H,0) 3.0mL
0.0010 M Potassium thiocyanate (KSCN) 3.0mL
Kimwipes or lint free tissues As needed
MODEL 2
Test tube rack 1
Distilled water 2mL
Plastic pipets 3
Test tubes, 19 x 150 mm (medium) 3
Gloves 1 pair
Marking pen( to label beakers ) 1
Cobalt chloride ( CoCl,&H ,0) 15¢g
0.10 M Silver nitrate (AgNO3) 2 mL
6.0 M Hydrochloric acid (HCI) 2mL
Scoop 1
Glass stirring rod 1
MODEL 3
Data Collection System 1
PASCO Fast-response Temperature Sensor 1
Beakers(2), 250-mL 2
Hot plate 1
Cobalt solution from Model 2 1
Water for water baths As needed
Ice As needed
APPLYING YOUR KNOWLEDGE
Data Collection System 1
PASCO Colorimeter 1
Extension cable 3 1
Cuvettes3 As needed
Mohr pipet, 10 -mL 1
Pipet bulb 1
Equipment and amounts depend on the procedure:
Test tube, 19 x 150 mm (medium) As needed
Beakers, 50-mL As needed
Graduated cylinder, 10 -mL As needed
0.0010 M Potassium thiocyanate (KSCN) As needed
0.0080 M Iron(lll) nitrate (Fe(NO  3)3)* As needed
Kimwipes or lint free tissues As needed
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MASTER MATERIALS EQIPMENT LIGADVANCED CHEMISTRROUGH INQUIRY

Lab Title Materials and Equipment Qty
13 |SHAPE OF TITRATION CURVES MODELS 1, 2, AND APPLYING YOUR KNOWLEDGE
Students use a pH Sensor and drop Data Collection System 1
counter to determine the fundamental PASCO pH Sensort 1
shape of a titration curve and the PASCO High Accuracy Drop Counter
parameters that can cause it to change. Drop dispenser 4
Syringe, 60 -mL 1
Stopcock 2
Drop tip 1
Beaker, glass, 150-mL 1
Beaker, 250-mL 1
Mohr pipet, 25-mL 1
Pipet pump 1
Magnetic stirrer (stir plate) 1
Micro stir bar 1
Multi clamp 1
Ring stand 1
Three-finger clamp 1
Distilled water As needed
Wash bottle 1
Materials for drop counter and pH sensor cal ibration
(Refer to Appendix A, below)
MoODEL 1
0.10 M Sodium hydroxide (NaOH ) 260 mL
0.10 M Hydrochloric acid (HCI) 20 mL
Phenolphthalein (CH1404) indicator solution 2 drops
MODEL 2
0.10 M Sodium hydroxide (NaOH) 260 mL
0.10 M Hy drochloric acid (HCI) 20 mL
0.05 M Hydrochloric acid (HCI) 20 mL
0.025 M Hydrochloric acid (HCI) 20 mL
0.10 M Acetic acid ( CH3;COOH) 20 mL
0.10 M Potassium hydrogen tartrate (KC4HsOg), 20 mL
APPLYING YOUR KNOWLEDGE
0.10 M Sodium hydroxid e (NaOH) 260 mL
Unknown acid of unknown concentration (0.2 M HCI) 15 mL
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MASTER MATERIALS EQUIPENT LISTADVANCED CHEMISTRROUGH INQUIRY

Lab Title Materials and Equipment Qty

14 |WEAK AcID TITRATION MODEL 1, MODEL 2, AND APPLYING YOUR KNOWLEDGE
Students use a drop counter and pH Data Collection System 1
sensor to titrate  monoprotic and PASCO pH Sensor! 1

polyprotic weak acids and determine the PASCO High Accuracy Drop Counter
relationship between the shapes of the Drop dispenser

curves and Ka. Syringe, 60 -mL

Stopcock

Drop tip
Beaker, glass, 150-mL
Beaker, 250-mL
Mohr pipet, 25-mL
Pipet pump
Magnetic stirrer (stir plate)
Micro stir bar
Pipet pump
Multi clamp
Ring stand
Three-finger clamp
0.5 M Sodium hydroxide 160 mL
Distilled water As needed
Wash bottle 1

Materials for drop counter and pH sensor calibration
(Refer to Appendix A, below)

R R R RPRRPRRREPRRRERNR

MoODEL 1
1.0 M Acetic acid (CH ;COOH) 20 mL
MODEL 2
0.05 M Maleic Acid ( C3H4O4) 50 mL
APPLYING YOUR KNOWLEDGE
Aspirin 1
Mortar and Pestle 1
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MASTER MATERIALS EQIPMENT LIGADVANCED CHEMISTRROUGH INQUIRY

Lab Title Materials and Equipment Qty
15 |INTRODU CTION TO BUFFERS MoDEL 1
Students use a pH sensor to create and Data Collection System 1
analyze a buffer system. PASCO pH sensort 1
Beaker (glass), 50-mL 1
Graduated cylinder 25 -mL 1
Acetic acid (CH3;COOH) 20 mL
Sodium acetate (NaCH3;COO) Approx. 1 g
Stirring rod 1
Scoopul aE spatul a 1

Materials for drop counter and pH sensor calibration
(Refer to Appendix A, below)

MODEL 2

Data Collection System

PASCO pH sensor?

Beakers, 50-mL

Graduated cylinder, 25 -mL

Graduated cylinder, 10 -mL or volumetric pipet, 5 -mL

Solution 1: Distilled water 20 mL

Solutions 2 84, below, are prepared with 1.0 M Acetic
acid, sodium bisulfate, sodium bicarbonate, and
sodium hydroxide

Solution 2: 0.01 M Acetic acid (CH3;COOH) 20 mL

Solution 3: 0.01 M Acetic acid (CH3;COOH) and 20 mL
0.01 M Sodium acetate (NaCH3;COO)

Solution 4: 0.01 M Sodium bisulfate (NaHSO ;) and 20 mL
0.01 M Sodium sulfate (Na >SOs)

Solution 5: 0.01 M Sodium bicarbonate (NaHCO 3) and 20 mL
0.01 M Sodium carbonate (Na.COg)
0.01 M Sodium hydroxide ( NaOH ) 25 mL
Stirring rod 1
Wash bottle

PR g, e

=

APPLYING YOUR KNOWLEDGE

Data Collection System

PASCO pH sensor

Beakers, 100-mL

Stirring rod

BufferinE tablet, 325 mg
Aspirin tablet, 325 mg

Mortar and pestle

Distilled water 100 mL
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MASTER MATERIALS EQIPMENT LIGADVANCED CHEMISTRROUGH INQUIRY

Lab Title Materials and Equipment Qty
16 |BUFFER PROPERTIES MODEL 1

Students use a pH sensor to analyze the Data Collection System 1

nature of buffers as they prepare buffer PASCO pH Sensort 1

so[utions of a specified pH and test their Analytical b alance 1

efficacy. Volumetric f lask, 100-mL or 250-mL 1
Beakers, glass, 50-mL 2
Sodium acetate (NaCH ;COO) Approx. 1 g
Ammonium chloride (NH 4Cl) Approx. 1 g
0.3 M Acetic acid (CH ;COOH) 100 mL
0.3 M Ammoni a (NH 3), formulated from NH ,OH 100 mL
Distilled water 150 mL
Marking pen ( to label beakers ) 1
MODEL 2
Universal indicator 4 drop
Beral pipets 2
Test tubes, 20 mm x 150 mm, glass, 25-mL 3
0.10 M Hydrochloric acid ( HCI) 20 mL
0.10 M Sodium hydroxide ( NaOH ) 20 mL
Buffer solution from Model 1 10 drops
Distilled and deionized water 50 mL

APPLYING YOUR KNOWLEDGE

Data Collection System 1
PASCO pH sensor? 1
Beakers, 50-ml 2
Volumetric flask, 100 -ml 1
Two of the following, to create 100 mL of buffer: 50 mL of
0.3 M Acetic acid (CH3sCOOH) each used

0.3 M Sodium acetate (NaCH sCOO)

0.3 M Sodium phosphate dibasic ( NazHPO4)
0.3 M Sodium phosphate monobasic ( NaH 2PO4)
0.3 M Ammonia ( NH 3) from NH ,OH

0.3 M Ammonium chloride ( NH 4Cl)

0.3 M Potassium phosphate (KsPOa)

0.3 M Phosphoric acid ( HsPO4)

6 M Sodium hydroxide (NaOH) 5 drops
6 M Hydrochloric acid (HCI) 5 drops
Stirring rod 1




MASTER MATERIALS EQIPMENT LIGADVANCED CHEMISTRROUGH INQUIRY

Lab Title Materials and Equipment Qty
17 |MOVING ELECTRONS ALL MODELS
Students use a voltage dcurrent sensor to  |Data Collection System 1
electrolyze a variety of aqueous solutions |pASCO Voltage 3Current Sensor 1
to determine a relationship between Wire leads (included with Voltage -Current Sensor) 2red, 1
current, electric charge, and quantity black
of electrons. El ectrodes 2
Alligator clips 2red, 2
black
9 V Battery 1
9 V Battery cap with leads 1
Beaker, glass, 400-mL 1
Stirring rod 1
Wash bottle with d istilled water 1
MoODEL 1
Test tubes (2), 10 mm x 75-mm 2
Universal indicator 20 drops
Scoopul aE spatul a 1
Epsom salt (Magnesium sulfate, MgSO ), 486 marble - As specified
size scoops (one scoop is approximately 3 g)
Distilled water 600 mL
MODEL 2
Potassium iodide, Kl, 1 marble -size scoop As specified
(one scoop is approximately 3 g)
Scoopul aE spatul a
Copper(ll) bromide, (CuBr ;), 1 marble -size scoop (one As specified
scoop is approximately 3 g)
Distilled water 600 mL
MoODEL 3
Copper strip 1
Steel wool 1
Metals strip, spoon, or key 1
1.0 M Copper(l I) sulfate (CuSO 4) 100 mL
Analytical balance 1 per class
APPLYING YOUR KNOWLEDGE
Copper strip 1
Steel wool 1
Metal strip, s poon, or key 1
1.0 M Copper(ll) sulfate, (CuSO 4) 100 mL
Analytical balance 1 per class




MASTER MATERIALS EQIPMENT LIGADVANCED CHEMISTRROUGH INQUIRY

Lab Title Materials and Equipment Qty
A |APPENDIX A: SENSOR CALIBRATION CALIBRATINGA DROP COUNTER
Data Collection System 1
PASCO High Accuracy Drop Counter
Drop dispenser:
Syringe, 60-mL 1
Stopcock (2) 2
Drop tip 1
Graduated cylinder, 10 -mL 1
Beaker, for waste 1
Multi clamp 1
Ring stand 1
Three-finger clamp 1
Titrant > 10 mL
CALIBRATINGAP H SENSOR
Data Collection System 1
PASCO pH Sensor 1
Buffers, pH 4 and pH 10 1 of each

lincluded witPASCQ\dvance@hemistrensor
2Included with most PASB&Dlutdressure Sensor
3Included with PASCO Colorimeter

4Included with PASCO Drop Counter
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ACTIVITY BY PASCINSER3$ ADVANCED CHEMISTRROUGH INQUIRY

ACTIVITY BY PASCOISBRS

This list shows the sensors used in each lab activity

Items Available from PASCO Qty Activity Where Used
PASCO Absolute Pressure Sensort! 1 11,9
PASCO Colorimeter 1 1|2,7,10,12
PASCO Conductivity Sensort 1 |1,4,6
PASCO High Accuracy Drop Counter 1 |4,8,13,14
PASCO pH Sensor? 1 |1,5,13,14,15,16
PASCO Oxidation Reduction Potential (ORP) Probe 1 |8
PASCO Fast-response Temperature Sensor 1 (4,12
PASCO Stainless Steel Temperature Sensor 1 1 |11
PASCO Temperature Sensor 2 1 |1, 9,10
PASCO Voltage 6Current Sensor 1 |17

1This sensor is pafthe?ASCQ\dvance@hemistry Sensor.

2In this lab either the-fasponse temperature sensoe ataimless steel temperature sensor can be used.




NORMAL LABORATORKESA PROCEDURE®)VANCED CHEMISTRROUGH INQUIRY

NORMAL LABORATORKFESA PROCEDURES

Disclaimer

Regarding chemical safety, some of the substances and chemicals referred to in this manual are
regulated under various safety laws ( local, state, national, or international). PASCO scientific does
not purport in this manual, or in any other publication, to specify minimum safety or legal standards
associated with the handling of hazardous chemicals, their use, their disposal, or the methods
prescribed by using t hem in laboratories or classrooms.

Teachers and administrators should refer to their sct
They should consult with legal counsel or other professional advisers about the applicable laws,

safety issues, and compliance issues for storing and disposal of chemicals and the methods for use in

school classrooms and laboratories.

As a reference, the Occupational Safety and Health Administration (www.osha.gov) of the
Department of Labor, United States offers the = Schod Chemistry Laboratory Safety Guide for
information about important components of safety in the chemistry laboratory and is a resource to
locate further information.






TEACHER RESOURCES

1.MODELING CHEMISTRY

Initial Question

Exploring chemical and physical changes in a lab oratory experiment is not as easy as one may think.
The general appearance of a substance can tell us something about events on the molecular level, but
this provides limited information. Measuring parameters like conductivity, temperature, pH, or

pressure with digital sensors can provide data that helps us understand more about what is going

on, but even that may not be enough to completely understand that which is too small to see. This is

the challenge of being a chemist.

What tools allow us to examine p hysical and chemical changes?

LearningObjective’

Students compare various physical and chemical changes and analyze them for ambiguity while also
gaining understanding of sensors and representing reactions at the particulate level

LO 2.3/ The studentis able to use aspects of
particulate models (i.e., particle, spacing, motion and
forces of attraction) to reason about observed
differences between solid and liquid phases and among
solid and liquid materials.

LO 2.5/ The student is able to refine multipl e
representations of a sample of mater in the gas phase
to accurately represent the effect of changes in
macroscopic properties on the sample.

LO 3.1/ Students can translate among macroscopic
observations of change, chemical equations and
particle views.

LO 3.10/ The student is able to evaluate the
classification of a process as a physical change,
chemical change, or ambiguous change based on both
macroscopic observations and the distinction between
rearrangement of covalent interactions and
noncovalent interactions.

LO 5.10/ The student can support the claim about
whether a process is a chemical or physical change (or
may be classified as both) based on whether the
process involves changes in intramolecular versus
intermolecular interactions.

TimeRequirement

SP 1.1/ The student can create representations and
models of natural or man -made phenomena and
systems in the domain.

SP 1.3/ The student can refine representations and
models of natural or man -made phenomena and
systems in the domain.

SP 1.4/ The student can use representations and
models to analyze situations or solve problems
qualitatively and quantitatively.

SP 4.3/ The student can collect data to answer a
particular scientific question.

SP 5.1/ The student can analyze data to identify
patterns or relatio nships.

SP 5.3/ The student can evaluate the evidence
provided by data sets in relation to a particular
scientific question.

SP 6.1/ The student can justify claims with evidence .

SP 6.2/ The student can construct explanations of
phenomena based on evidence produced through
scientific practices.

SP 6.4/ The student can make claims and predictions
about natural phenomena based on scientific theories
and models.

SP 7.1/ The student can connect phenomena and
models across spatial and temporal scales.

Preparation time: 20 minutes / Lab activity: 90 minutes

“From AP Chemistry Course and Exam Description, Effective Fall 2013 (revised edition). CopatibgécBaanB Reproduced

with permission. http://apcentral.collegeboard.com.
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1. MODELING CHEMRS/ TEACHER RESOURCES

Materials and Equipment

Model 1

9 Data collection system 1 Beakers (6), glass, 100-mL

9 Temperature sensor 1 1 Stirring rod

1 pH sensor? 1 Unknowns 1A 61D, 100 mL each?
9 Conductivity sensor 1 1 Dist illed water wash bottle

1 Graduated cylinder, 100 -mL

lincluded with the PASGI®anceGhemistrgensor.

2To formulateeunknowns, refer to the Lab Preparation(fedtimwn 1A: Distilled water with blue food coloring; Unknown 1B: Distilled
water wh yellow and red food coloring; Unknown 1C: 0.5 M HCI; Unknown 1D: 0.5 M NaOH)

Model 2

9 Data collection system 1 Stopcock to fit two -hole stopper

1 Absolute pressure sensor 1.3 1 Graduated cylinder, 10 mL

1 Tubing and tubing connector (2)13 1 Unknown 2A, 2 mL?2

1 Quick release connector 13 1 Unknown 2B , fill approximately 1/4  of the test
9 Sensor extension cable3 tube?

1 Test tube rack 1 Glycerin, several drops

1 Test tubes (2), 20mm x 150 mm, glass 1 Tongs

1 Rubber stopper, #2, two-hole 1 Paper towel

1 Syringe, 10 -mL, to fit stopcock

lincluded with the PAS®®@mistrensor.

2To formulateeunknowns, refer to the Lab Preparation(§edtimwn 2A: Ethanol; Unknown 2B: Steel wool)
SIncluded with most PA26&blutéressureensors.

Model 3

1 Data collection system 1 Each group is assigned one of the following: :

9 Temperature sensor 1 Sucrose (Ci2H22011), about 0.5 g

1 pH sensor? Sodium chloride (NaCl), about 0.5 g

1 Conductivity sensor 1 Sodium acetate (NaCH 3COOQ), about 0.5 g

1 Graduated cylinder, 100 -mL Calcium (Ca) metal tur ning, about the size of half
1 Beaker, glass, 100 -mL a pea

91 Stirring rod Ammonium nitrate (NH 4NO3), about 0.5 g

9 Distilled water, 50 mL
1 Distilled water wash bottle
lincluded with the PASGIWanceGhemistrensor.

Prerequisites
Students should be f amiliar with the following concepts:
1 Kinetic molecular theory

1 Brgnsted and Lowry definition of acids and bases

2 PASCO / R2828



1. MODELING CHEMMTREACHERESOURCES

LabPreparation

These are the materials and equipment to set up prior to the lab
Model 1

1. Unknown 1A: Distilled water mixed with a few drops  of blue food coloring. Try to make the
solution match the color of a copper(ll) sulfate solution so it is not obvious that food coloring was
used.

2. Unknown 1B: Distilled water mixed with a few drops of yellow food coloring. Try to make the
solution match the color of an iron(lll) chloride solution by adding a drop of red food coloring so
that it is not obvious that food coloring was used.

3. Unknown 1C: 0.5 M HCI. Obtain a 1000 -mL volumetric flask. Fill the flask half full with distilled
water. Carefully add 41.0 mL of concentrated stock HCI (12 M) to the flask. Continue adding
distilled water to the 1000 -mL mark.

4. Unknown 1D: 0.5 M NaOH. Obtain a 1000 -mL volumetric flask. Fill the flask half full with
distilled water. Add 20.0 g of NaOH pellets to the f  lask. Swirl to dissolve. Continue adding
distilled water to the 1000 -mL mark.

Model 2

5. Unknown 2A: Ethanol. Each student group will need 2.0 mL. No additional preparation is
needed.

6. Unknown 2B: Steel wool. Stretch the steel wool apart to increase the  surface area and break it
into several small samples (enough to fill one quarter of the test tube). Soak the steel wool in a
beaker of vinegar. Keep the samples in vinegar in a large beaker for students to remove with
tongs during the lab.

Model 3

7. In this model, five reactions are to be carried out. Assign one reaction to each student group so
all reactions are performed. St udents share the data for the

All Models

8. Set up various waste containers for the disposal of the un  knowns. Group them by hazard or
disposal method.

Safety

Add these important safety precautions to your normal laboratory procedures:
1 Treat all unknowns as a hazardous, toxic, and harmful material.

1 All unknowns should be disposed of in the proper waste cont ainer.

1 Some of the unknowns in this lab are flammable.  No unknowns should be used around an open
flame.

PASCO / P2828 3
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1. MODELING CHEMMTIREACHER RESOURCES

Getting Your Brain in Gear

1. Inthis lab you use a temperature probe. Consider the following particulate -level representations.
Which beaker contains t he hot water and which contains the cold water? Explain your reasoning.

\J

Beaker A contains hot water and Beaker B contains cold water. Temperature is a function of average pagteletspeed, so the gre
speed, the higher the temperature.

2. Inthis lab you use a pH sensor. Consider the following particulate  -level representations. Label
the beakers as O0OAci do6, O0Based, or oONeutraldé. Explain

0eo 0 b

H30* OH Hx0

y

Beaker A should be | abeled fiBaseo, Beabeit eB dhoculdod bechabel ¢

measurement gf® ions. The more®i ions present in the solution, the more acidic the solution. A solution with the same number of
H:O*ions as OHons is a neutral solution, and one withsf@wendithan Okbns is base.

4 PASCO / R2828



1. MODELING CHEMMTREACHERESOURCES

3. Inthis lab you also use a conductivity sensor. Consider the following particulate -level
representations. Label the beakers as oLow conductd.i
OHigbnductivityé. Explain your reasoning.

+ -
o O 0.9
Cation Anion Unchanged
molecule

Beaker A should belaleed AL ow
conductivityo because conductivity is a

conductivitycondBdeatkievi By shoanhd Beak arb el
measurement of t

4. Finally, in this lab you use a pressure sensor. Conside r the following particulate -level
representations. Label the tubes as OHi gh

ot

pressurebd

O
O\ l
\O
/ /
S
¥
o O

Test Tube A should be | abel ed fAHipgle sippeaase Hgas sampkhénane Test T
sized container, but with fewer molecules (fewer collisions with the sides of the container) has less pressure.
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1. MODELING CHEMMTIREACHER RESOURCES

5. Analyze the following particulate -level representations of different processes.

Intramolecular forces or bonds

----------- Intermolecular forces or bonds

Q/ <+—— Motion (moving particle)
e

Q

\

(e,
O O

KL

-
o | o
0t T o

Seed? L T8
e 7! 0

a. Which representations above show a change in both intramolecular bonds and intermolecular
forces?

iv. htramolecular borfdsown in the diagram on thardeftroken and intermoletuleesreformedshown ithediagram on
therigh}.

b. Which representations above show a change in just intramolec  ular bonds? Justify your
answer.

il and iii. The rearrangement of atoms in a molecule is a clue that intramolecular bonds have changed.

c. Which representations above show a change in just intermolecular forces? Justify your
reasoning.

i. Intermolecularéeqshown in the diagram on thadeftjroken and Idonds are created
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1. MODELING CHEMMTREACHERESOURCES

MODEL 1

Building Model &ls it a Chemical Change?

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

Obtain6clean100-mL beakers and | abel them 0A6, 0BO6, 0CO6, ¢
Pour 100 mL of Unknown 1A into Beaker A.
Pour 100 mL of Unknown 1B into B eaker B.
Pour 100 mL of Unknown 1C into B eaker C.
Pour 100 mL of Unknown 1 D into B eaker D.

Combine 50 mL of Unknown 1A from Beaker A and 50 mL of Unknown 1B from Beaker B into
Beaker AB. Note any visible chan ges that occur.

Combine 50 mL of Unknown 1C from Beaker C and 50 mL of Unknown 1D from Beaker D into
Beaker CD . Note any visible changes that occur.

Observe Beakers AB and CD. Only one represents a chemical change. Speculate as to which
beaker, AB or CD, represents a chemical change. Explain your reasoning.

At this point students may indicate that Beaker AB was a chemical change because the color changed. Theyhatll probably indic
Beaker CD was not a chemical change because nothing waAltitmseyhetis is incorrect, they should be allowed to make that
prediction. Further observation will clarify the changes later in the lab activity.

With your lab group, brainstorm how temperature, pH, and conductivity sensors could be used to
determin e which beaker underwent a chemical change.

Answers will vary. Students should suggest that temperature, pH, and conductivity be recorded for the r&aciant Dyakers (A, B,
and the product beakers (AB and CD) and then compared. A largepbasigecnaenductivity, or pH could indicate a change in
intramolecular bonds, and thus a rearrangement of atoms in the solutions.

Start a new experiment on the data collection system.

Connect the pH sensor to the data collection system .

Calibrate the pH sensor.

Connect the temperature sensor to the data collection system .

Connect the conductivity sensor to the data collection system .

Display a digital readout of temperature, pH, and conductivity on the data collection system.

Empty Beakers AB and CD and rinse them thoroughly with distilled water.

Record observations of color, temperature, pH, and conductivity of the reactant beakers (A dD) by

inserting the sensors into each beaker. Rinse the sensors between measurements  with distilled
water from a wash bottle. Record the data in the Model 1 Data Table.

PASCO / P2828 7



1. MODELING CHEMIBSTREACHER RESOURCES
18. Use the remaining solutions in Beakers A 8D to repeat the reactions carried out above by
combining the solutions in Beakers A and B and making measurements, and thenc ~ ombining the
solutions in Beakers C and D and making measurements. Record  observations of color,
temperature , pH, and conductivity for both product Beakers AB and CD immediately after the
reactants are mixed by inserting the sensors into each beaker. Rinse the sensors between
measurements with distilled water.  Record the data in the Model 1 Data Table .

Model Bls it a Chemical Change?

Table 1: Model 1 Data Table fi Determining a chemical change

Reactant Beake Color pH Temperaturé€ Q) (Igt\)l\r/}ﬁ/luecttll-l\?g%)
Blue 7 25 Low
B Yellow 7 25 Low
AB Green 7 25 Low
C Colorless 3 25 High
D Colorless 13 25 High
CD Colorless 7 30 Med

For conductivity:
Low: Lessthan 100 €S/cm
Med: Between 100 €S/cm and 1000 £€S/cm
High : Greater than 1000 £S/cm

Analying Model B s it a Chemical Change?

19. Which reaction, the one in Beaker AB or the one in Beaker CD, showed a greater change in
temperature, conductivity, and pH?

Beaker CD showed a greater change in all three measurements.

20. When a large change in temperature is observed during a reaction, what might be occurring on
the molecular level in the beaker?

A large temperature change indicates the breaking orritnamio¢eofilar bonds.

21. When a large change in conductivity is observed during a reaction, what might be occurring on
the molecular level in the beaker?

A large conductivity change indicates that ions are either being formed from neutralrspamesooniiriihg to form neutral
species.

22. When a large change in pH is observed during a reaction, what might be occurring on the
molecular level in the beaker?

A large pH change indicates sBhidhs are either being formed or being useehiicalaieaction. If the pH moves towards a more
neutral reading, thgHions are combining with iOhs to make@.

8 PASCO / R2828



1. MODELING CHEMMTREACHERESOURCES

a. Which set of particulate -level repre sentations matches the data for mixing the solution in
Beaker A with the solution in Beaker B to produce the products in Beaker AB? Explain your
reasoning based on the sensor data.

Diagrani represents A + BAB best because there is no change in ofitigasns, so there is no significant change in

conductivity. No change®i 6t OFMconcentratioisshown, so there is no significant change in the pH. No intramolecular bonds
are formed or broken, so #tereld beo significant change in temymer. Thifitsthe unchangedlues of theparameteiis
Beaker AB.

b. Which set of particulate -level representations matches the data for mixing the solution in
Beaker C with the solution in  Beaker D to produce the products in Beaker CD? Explain your
reasoning based on the sensor data.

Diagram i represents C +@D best because there are more ions in the reactant beakers than in the product beaker, which wi

result in a decrease in conductivityz'Herts in the first beaker would producpH feading and the' @is in the

second beaker would produce a high pH reading. The final beakehante@blidts in it, which would result in a more
neutral pH. The formation of intramolecular bonds wheanth©Hions combine wowdtkase energy, which would result in
a temperature increase. This is consistent with the data for Beaker CD.

24. A change in color can be a clue that chemical change is occurring. Was that the case in Model 1?
Justify your answer with data from Model 1.

No. The reaction A + BB changed color, but the sensors did not give any supporting evidence that a chemical change occurred

25. Based on the particulate -level representations and sensor data collected, put a check by all the
traits of a chemical chang e.

a. Substance(s) remain unchanged .

b. Atoms within molecules and compounds rearrange

c. Chemical properties of products are different than reactant properties

d. Chemical properties of products remain the same as reactant properties

e. Bonds are made or broken .

26. With your lab group, create a one -sentence definition of a chemical change.

Answers will vary but should include: Atoms within molecules and compounds rearrange, chemical propeféesndf products are d
from reactant pesfies, and bonds are made or broken.

PASCO / P2828 9



1. MODELING CHEMMTIREACHER RESOURCES

MODEL 2

Building Model @ Chemical versus Physical Change
1. Start a new experiment on the data collection system.

2. Connect the absolute pressure sensor to the data collection system using a sensor extension
cable.

3. Connect the quick -release connector to the stopper using the tubing connector and the 1 - to 2-cm
piece of tubing by following the steps below. Use the picture as a guide.

SENSOR E
B

ADVANCED
CHEMISTRY

[

PHASE/ORP CONDUCTIVITY

Y 5
= 'ﬁ] @ ey Extension cable

Quick-release connector

Tubing connectors

Two-hole stopper

a. Insert the thicker end of one of the tubing connector s into the hole in the stopper. If this is
difficult, add a drop of glycerin.

b. Connect a 1- to 2-cm piece of tubing to the other, thinner end of the tubing connector.

c. Insert the barbed end of the quick -release connector into the open end of the 1 - to 2-cm piece
of tubing. If this is difficu It, add a drop of glycerin.

4. Insert the quick -release connector into the port of the absolute pressure sensor and then turn the
connector clockwise until the fitting cclicks 6onto the sensor (about one -eighth turn).

5. Display a pressu re versus time graph on the data collection system.
6. Obtain two test tubes. Label them 0A6 and 0BO.

7. Connect the syringe to the stopper as shown in the diagram and insert the stopper into
Test Tube A. Start collecting data.

8. Using the syringe, obtain a 2 mL sample of Unknown 2A. Open the stopcock, quickly inject the
sample, and pull the plunger back to the 2 -mL mark.

10  pasco/rss2s
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

1. MODELING CHEMMTREACHERESOURCES

Observe the change in pressure. Record if the pressure increased, decreased, or stayed the same
over a 1-minute time interval in the Model 2 Data Table. Note any visible gas formation.

Remove the stopper and return the test tube to the test tube rack. Stop collecting data on the
data collection system.

In the procedure just performed, you remo ved 2 mL of gas (mostly air) from the test tube after
introducing the liquid. Explain why that step was necessary in order to keep the initial gas
pressure constant.

The introduction of 2 mL of liquid reduces the volume occupied by gas imthmtesasa@setlze pressure. To keep the initial gas
pressure constant, a volume of gas equal to that of the introduced liquid needed t
removed.

Using the particulate -level representations provided in the Getting
Your Brain in Gear questions as a gu ide, draw gas molecules in the U
dFinal 6test tube to represent the pressure change you observed.

0k

Explain how the pressure data collected helped you determine
what happened in Test Tube A. '®)

\

The data indicated that the final pressure was greatéritiaapribesure. As there was A ‘BO
change in volume, the increase suggresust have resulted from an increase in the n o ,//
of gas particles. (Temperature was not measured, so no conclusion based on any m o \
temperature can be made.) O\ED
. . \o '@ =ndl
Take Test Tube B and, with tongs, fill the test tube one quarter ~0
full of Unknown 2B. Dry it with a paper towel and immediately OO
place it inside Test Tube B. Be careful not to compress the 6//0

unknown.

O
Remove the syringe and turn the stopcock to the closed position.
Insert the stopper connected to the pressure sensor into the test o
tube and immediately start collecting data. \/ \/

Initial Final

Observe the change in pressure. Record if the pressure increased,
decreased, or stayed the same over a 10-minute time interval in
Model 2. Note any visible gas formation and color change. % %
Stop collecting data on the data collection system. Remove the Ej Ej
stopper and return the test tube to the test tube rack. o—

P=c.
Using the particulate -level representations provided in the Getting C}
Your Brain in Gear questions as a guide, draw gas molecules in the ’(/3 x
0 Mhal 6test tube to represent the pressure change you observed. o O

AN
O/

Explain how the pressure data collected helped you determine

what happen ed in Test Tube B. 'Bo m ~0
The data indicated that the final pressuless than the initial pressure. As there was //CC))

change in voluntieedecrease in pressumust have resulted fronteedse in the number [O
of gas particleéTemperature was not measured, so no conclusion based on any ct \ o
temperature can bedm

Dispose of the unknowns in the proper waste containers. Clean the
beakers and test tubes with soapy water.

Initial
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1. MODELING CHEMMTIREACHER RESOURCES

Model D Chemical versus Physical Change

Table 2: Model 2 Data Table fi Determining a chemical or physical change

Test Tube Gas Visible? Pressire Change Changes to Overall Appearance
: (Increase/Decrease/Same) Substances
No Increase No color change
B No Decrease Gray metal changes to red

Analying Model 2 Chemical versus Physical Change

21. One of the changes observed in Model 2 was a ch emical change and the other was a physical
change. Use the particulate -level representations below and your data to answer the following
guestions.

-

1
: i
|
|
]
|
1
! ] ]
|
E [6)
| L [0)
1 4 7\
: / O Ethanol molecule
| @) (@]
! " ¥ @ Oxygen molecule
©
| e m @ Iron atom
|
! Ci o Intramolecular bonds
| (@) P/
! X, | 1T | | s Intermolecular forces
(@]
| <«—— Motion (moving particle)
| Ve (
1
|
1
|
|
|
| %
]
| \oe/ \Cg°/

Test Tube A Test Tube B
Physical change Chemical change

a. Label each diagram as representing either Test Tube A or Test Tube B.

b. Use the chemical change definition your group developed for Model 1 to identify which test
tube, A or B, contained the chemical change. Explain why it is a chemical change.

Test Tube B contained the chemical change because new bonds were created and atoms were rearranged.

22. An incre ase or decrease in pressure cannot, by itself, be used to differentiate between a physical
or chemical change, but it does provide insight to what is happening with the substances.

a. Explain how the pressure sensor was important in understanding what is happening inside
the two different test tubes?

The gas particles are too small to see. The change in pressure displayed by the pressure sensor indicatgssthat the number of
molecules are increasing or decreasing.
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1. MODELING CHEMMTREACHERESOURCES

b. What other data helped you determine if a physical or chemical change occurred in the two
test tubes?

The color change of the metal in Test Tube B indicated that a new substance had formed.

23. Consider the following statements and label them as representative of a chemical or physical
change.

Physical a. Forming or breaking intermolecular forces

Chemical b. Forming or breaking intramolecular forces or bonds

24. Revisit the particulate -level representations in question #5 of Getting Your Brain in Gear.

a. Which representations are chemical changes?

i and iii

b. Which representations are physical changes?

i and iv

25. In discussing the results of the reaction in  Test Tube B, a student states dThe stopper must be
leaking, causing a drop in pressure. GExplain why a drop in pressure cannot poss ibly result from
a leak in the stopper in this situation.

The initial pressure in the test tube was equal to the pressure outside the test tube. In order for theyressuhmphehe test
flealdwould need to be from the test tube outtroathiedings. For this to otimeipressure in the test tube would need to be higher
than that outside.

26. List at least two variables inthe  Test Tube B reaction that could be studied to determine how
they might affect the magnitude of the pressure drop  during the reaction.

Variables that could be investigatedisghefithe solid unknavesize of the test tutiegidentity of the gas in the testthde,
length dime the unknown sdishaineth thevinegarthereaction time

PASCO / P2828 13



1. MOELING CHEMISTRVEACHER RESOURCES

MODEL 3

Buildig ModeB 8 Ambiguous changes
1. Carry out the reaction your teacher assigns your group.

2. Which change will your lab group complete?

Answers will vary.

3. Predict what will change in terms of pH, temperature, and conductivity.
Answers will vary. Rédethe Model 3 Data Table for the results of each pair of reactants.

4. Predict whether the change will be a chemical or physical change
Answers will vary. Refer to the answers in the Analyzing Model 3 section.

5. Obtain a clean and dry 100-mL beaker.

6. Start a new experiment on the data collection system.

7. Connect the pH, conductivity, and temperature sensors

8. Set up the screen to display temperature, pH, and conductivity.

9. Pour 50 mL of distilled water into the beaker. Record the initial pH, temperature , and
conductivity in the Model 3 Data Table .

10. Add a small pea sized sample (about 0.5 g) of the other reactant to the beaker. Stir with  the
stirring rod.

11. Use the sensors to measure the final pH, temperature, and conductivity of the contents of the
beaker immediately after the reactants are mixed . Record these in the Model 3 Data Table .

12. When all lab groups are finished with data collection, share data to complete the Model 3 Data
Table.

13. Dispose of the contents of the beakers in th e proper waste containers. Clean the beakers and test
tubes with soapy water. Rinse the sensors with distilled water and properly disconnect them.
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1. MODELING CHEMMTREACHERESOURCES

Model 3 Ambiguous changes

Table 3: Model 3 Data Table fi Determining the type of change

. . Temp Conductivity
Reactants Observations Condition pH Q) (Low/Med/High)
Initial
C12H201 Dissolves ! 2 v
+H,0 Final 7 25 Low
Initial 7 25 Low
NaCl Dissolves : -
+H,0 Final 7 25 High
Initial 7 25 Low
NaCH ,COO Dissolves -
+H,0 Final 8.7 30 High
Initial 7 25 Low
Ca Bubbles _ _
+H,0 Final 9 35 MedHigh
Initial 7 25 Low
NH,NO3 Dissolves -
+H,0 Final 4 20 High

For conductivity:
Low: Less than 100 €S/cm
Med: Between 100 €S/cm and 1000 £S/cm
High : Greater than 1000 £S/cm

PASCO / P2828 15



1. MODELING CHEMMTIREACHER RESOURCES

Analying Model 3 Ambiguous canges

14. For the change that you observed, draw a particulate -level representation of the reaction that
helps explain the data you collected with the sensors. Explain how the particulate -level
representation is consistent with your data.

C1oH22041 + H,O / Physical NaCl + H,O /Ambiguous
\ [\ / \ [\ /
[ el — — '\—’“—’G_)Wm
¢~ Yoo = o= 2@ =
je - |E 09 he | 95 <
O~ Q e 0 O~ =
P 4o P
oooo o’ O EOE®E ®
\OoOoOg J \ ) \ OEOEG / \ = S,
[0 = C2H2201 [0 = C12H2201 ® =Na* ® =Na*
/Q-" H.0 /O\= H20 El=CI F=cI
L=H0 Q=H0
NaCH3;COO + H,0 / Chemical Ca + H,0O / Chemical
\ [\ / \ [ o
ﬁiﬁéy el gen ngoi @bgz
© Og |=|geQ e || & o &
e d P Ao g A of
0o 0o 0o SN
\do 0o to) \Foge # j . W ) \& d)
[JO = NaCH3CO0 Q=H0 /\=Ca A\=Ca?
Q=H:0 = Na* Q=H:0 &f=0H
© = CH,CO0" X = Hyp
&= oH = H0
@'= CH,COOH
NH4NO3; + H,O / Chemical
\ [\ /
C
R g {11 > 2e
>
\ > > O 1>/ \ C ),
> = NH,NO, = H,0*
L=H0 B> =NO3
[C=NH;
=NH,*
Q=H0
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1. MODELING CHEMMTREACHERESOURCES
1  Ci2H2011 + HOT There was no measurable change in conductivity (which was low), pH (which was neutral), or temperature
there arendédt any ions formed. The sugar mol ecul es si mpl

1 NaCl + D7 The solid dissolved and the conductivity increapeesasted by the ions shown in the solution.

f NaCHCOO + ¥Di The increase in pH means water losican iHaking a greater concentratioh ioh®kh the solution. The
increase in conductivity also means there are more ions in solutionthesrepoyaeintation.

f Ca+ bDi The increase in pH means water |ostoarig4ving OHons in solution. The bubbles indicate the production of a
gas, most likely hydrogen, which implies intramolecular changes occurred. Also, the indtgaseanscomdadtns were
present in the solution and the increase in temperature indicates the formation ofzbonds to make H

f NHNQ+ HOT The decrease in pH means water gaineidmmbking $0" ions in solution. Also, the increase in conductivity
means more ions are in solution. The decrease in temperature indicates bonds are broken.

15. Determine if each change is a chemical, physical, or ambiguous change. Support your answer
with evidence from Model 3. Specify whether intramolecular or intermol ecular bonds were
affected. Was your prediction correct?

1 Ci2H20n1 + HOT Physical change. There was no elsiilger change in sensor measurenaetsnolecular bonds are
affected.

1 NacCl + #O7 Ambiguous change. The solid dissolved and theiecnessarnin conductiitt neither the pH nor the
temperature changed, so it is not clear if this is a physical or chenntahoblacgéar bonds are affected.

1 NaCHCOO + i Chemicathange. There wasvisible change, thagincrease inrgerature, increase in condyetigty
increase in ghidicate a chemical chahlrgeamolecular bonds are affected.

1 Ca+ EDi Chemicathange. ¥ible changékubbling) and tinerease in temperatooaductivitgndpHindicate a chemical
change ecurredintramolecular bonds are affected.

1 NHNQ+ HOT Chemicathange. There was visible chandmit the decrease in temperature, increase in conductivity, and
decrease in pH indicate a chemical change oecdtamedlecular bonds are affected.

16. Two students were having a disagreement about whether NaNO ;3 mixed with water results in a
physical or chemical change. Student A claims it is a physical change because no new substance
is formed and upon evaporation of the water, NaNO 3 could be recovered since only
intermolecular forces change during dissolution. Student B claims it is a chemical change
because the ionic bonds in NaNO 3, which are intramolecular, are broken by the water. This
forms new ions, Na “and NO ', that affect conductivity. What w  ould your group tell Students A
and B?

Answers will vary. This change is ambiguous.

Connecting to Theory

When a process is classified as a chemical change, intramolecular interactions change, producing
a new, chemically distinct substance due to the rear rangement of atoms. When a process is
classified as a physical change, intermolecular interactions change. No new substances are
produced. Atoms within the original molecules do not rearrange. Some processes can be labeled
ambiguous changes when both intra molecular and intermolecular interactions change during the
process.
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1. MODELING CHEMMTIREACHER RESOURCES

Applying Your Knowledge

1. Reflecting on the entire lab, is identifying an unknown change as physical or chemical
straightforward? Write a paragraph explaining your thoughts using data co llected from this lab.

Answers will vary. Most students will say it is not straightforward, as parts of the Model 3 activity ilhestitizt seyeral than
be physical when you observe the reaction but show changes in temperaturéhat ecmdddtidigate otherwise.

2. Scientific sensors can be used to understand what is happening on a scale far too small for
humans to directly observe. Reflect on your use of technology during this lab. Write a paragraph
on how technology can be used to visualize processes that cannot be directly observed. Use
external resources to find examples of sensors not used in this lab.

Answers will vary. Students may wriezhowaldggllows them to have some insight into what is occurring at thevei@adular le
that ienables scientists to collect large amounts of data accurately anddtydées@ag, interpret their data more goickiys

lab, technologyoviddinsight into molecular level agtivéytemperature sensor, conductivity, serspH sensor indicated
changes within intramolecular ibed®rmation or reaction ofdodhepresencefacids and basagspectively.

Other measurement sensors include gas monitoring sensors (for example, carbon dioxide aoisdxggectgasetens and
colorimeters, and voltage sensors.

Teacher Tips

Tip 1 0 Other options for Unknown 2A

Instead of ethanol, use a small piece of dry ice (CO ).

Tip 2 0 Lead a class discussion of the Getting Your Brain in Gear answers before startin g the lab

To ensure success in the lab, make sure students understand the particulate  -level diagrams,
especially with pH and hydronium ions, as well as the
ointramol ecul ar . 0

Tip 3 0 Confirm data accuracy of all Models before la b groups answer questions

Answers to the Analyzing Model questions are dependent on accurate data. Confirm the accuracy
of data to ensure that students will construct accurate knowledge. When using acids and bases
especially, any impurity in or on the bea ker could change the pH reading drastically. Make sure
the students thoroughly rinse all beakers and graduated cylinders before adding the unknown
solutions.
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TEACHER RESOURCES

2. LIGHTCOLOR, AND CONCEATI®

Initial Question

I f youdbve ever added aatg, gon cealizedhdt thd marencencemiated theo
drink, the deeper the color of the solution.  Analytical chemists, particularly in the agricultural and
medical fields, routinely use a quantitative approach  called spectroscopyto determin e the
concentrati on of solute in a solution as it relates to the color of the solution.

How can you use electromagnetic waves to determine the concentration of a solution?

LearningObjective’

Students learn how to use visible light to determine the concentration of col ~ ored ion species in a
solution.

LO 1.16 / The student can design and/or interpret the SP 4.1/ The student can justify the sele ction of the
results of an experiment regarding the absorption of kind of data needed to answer a particular scientific
light to determine the concentration of an absorbing guestion.

species in a solution . . .
P SP 4.2/ The student can design a plan for collecting
data to answer a particular scientific question.

SP 4.3/ The student can collect data to answer a
particular scientific ques tion.

SP 5.1/ The student can analyze data to identify
patterns or relationships.

SP 5.3/ The student can evaluate the evidence
provided by data sets in relation to a particular
scientific question.

Time Requirements

Preparation time: 20 minutes / Lab activity: 90 minutes

Materials and Equipment

Model 1

1 Data collection system 1 Distilled water and wash bottle

1 Colorimeter 1 Kimwipes or tissues

1 Cuvette ! 1 One of the following:

1 Sensor extension cable? 0.10 M Cobalt(ll) nitrate (Co(NO 3)2), 30 mL?2
1 Pipet with pump or bulb, 10 -mL 0.10 M Nickel(ll) nitrate (Ni(NO  3)2), 30 mL?2
1 White 3 x 5 index card or piece of paper 0.10 M Iron(lll) nitrate (Fe(NO  3)3), 30 mL?2
1 Colored pencils 0.10 M Zinc nitrate (Zn(NO 3)2), 30 mL 2

1 Scissors

lIncluded with PASCO Colorimeter
2To formulate these solutions, refer to the Lab Preparation section.

“From AP Chemistry Course and Exam Description, Effective Fall 2013 (revised edition). Copyright (c) 201&toel@mlbge Board. R
with permission. http://apcentral.bolbedeom.
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2. LIGHT, COLOR, ADIDNCENTRATIONEACHER RESOURCES

Model 2

9 Data collection system 1 Glass stirring rod

9 Colorimeter 1 Kimwipes or tissues

1 Cuvette 1 1 One of the following:

1 Sensor extension cable! 0.10 M Cobalt(ll) nitrate (Co(NO 3);), 30 mL2
1 Distilled water and wash bottle 0.10 M Nickel(ll) nitrate (Ni(NO  3),), 30 mL?2
1 Test tubes (5), large 0.10 M Iron(lll) nitrate (Fe(NO  3)3), 30 mL 2
1 Test tube rack 0.10 M Copper(ll) sulfate (CuSO 4), 30 mL?2

9 Pipet with pump or bulb, 10 -mL
lIncluded with PASC@o@meter.
2To formulate these solutions, refer to the Lab Preparation section.

Applying Your Knowledge

1 Data collection system 1 Distilled water and wash bottle

9 Colorimeter 1 Kimwipes or tissues

1 Sensor extension cable?! 10.10 M Copper(ll) nitrate (Cu(NO 3)), 30 mL2
1 Cuvette t 1 Copper(ll) nitrate (Cu(NO 3)»), unknown

1 Pipet with pump or bulb, 10 -mL concentration, 6 mL 2

lincluded with PASCO Colorimeter.
2To formulate these solutions, refer to the Lab Preparation section.

Prerequisites

Students should be familiar  with the following concepts:
1 Electromagnetic spectrum

1 Molarity

91 Interaction of light energy with electrons

LabPreparation
These are the materials and equipment to set up prior to the lab

NOTE: For Models 1 and 2, assign a different solution to each group  so all solutions are analyzed.
Students share data for the solutions they havendt analy

Model 1 and Model 2

1. 0.1M Cobalt(ll) nitrate: Prepare 250 mL of a 0.1 M solution of cobalt(ll) nitrate by adding 7.28
g of solid Co(NO 3),-6H,0 to a 250 mL volume tric flask and fill to the mark with distilled water.

2. 0.1M Nickel(ll) nitrate: Prepare 250 mL of a 0.1 M nickel(ll) nitrate by adding 7.27 g of solid
Ni(NO 3),-6H,0 to a 250 mL volumetric flask and fill to the mark with distilled water.

3. 0.1M Iron (II1) nitrate:  Prepare 250 mL of a 0.1 M iron(lll) nitrate by adding 10.10 g of
Fe(NO3)3-9H,0 to a 250 mL volumetric flask and fill to the mark with distilled water.

4. 0.1M Zinc nitrate: Prepare 250 mL of 0.10 M zinc nitrate by adding 7.43 g of solid
Zn(NO 3),-6H,0 to a 250 mL volumetric flask and fill to the mark with distilled water.

NOTE: This solution is only used in Model 1.
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2. LIGHT, COLOR, ADIDNCENTRATIOREACHERESOURCES

Model 2
5. 0.1M Copper (ll) sulf ate: Prepare 250 mL of 0.10 M copper(ll) sulfate by adding 6.24 g of solid
CuS0,-5H,0 to a 250 mL volumetric flask and fill to the mark with distilled water.

NOTE: Give this solution to the groups that analyzed zinc nitrate in Model 1.
Applying Your Knowledge

6. 0.1M Cobalt(ll) nitrate: Prepare 250 mL of 0.10 M copper(ll) nitrate by adding 6.04 g of  solid
Cu(NO3),-3H,0 to a 250 mL volumetric flask and fill to the mark with distilled water.

7. Unknown Cobalt(ll) nitrate: Prepare 250 mL of unknown copper(ll) nitrate by adding
between 3.0 and 5.0 g of solid Cu(NO 3),-3H,0 to a 250 mL volumetric flask and fill to the mark
with distilled water. Make several solutions of different concentrations, calculating the
concentration for each, and keep track of which groups get which unknown.

Safety
Add these important safety precautions to your normal laboratory pro cedures:
1 Wash your hands with soap and water after handling the solutions, glassware , and equipment.

1 Nickel(ll) nitrate, cobalt(ll) nitrate, iron(lll) nitrate, zinc nitrate and copper(ll) sulfate are
hazardous to the environment and should not be disposed of down the drain. Make sure you

follow your teacherods instructions on how to proper
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Getting Your Brain in Gear

1. Which color of light has the higher energy i blue or red?
Blue

2. The atomic theory put forth by Bohr was bas ed on the interaction of light with electrons at
various energy |l evels. According to Bohroés theory, wha
by a photon of light?

If the photon has the correct energy, the electron would move to a higherénergy level o

3. According to Bohrdés theory, what must happen for an ex:¢
state?

The electron must lose energy. This might be done by emitting a photon of light.

4. According to Bohrds theorytrbhbowsi enehgychiahderiemtt hé &l
energy of red light versus absorbing the energy of blue light?

An electron that absorbs the energy from blue light could move to a much higher energy level than a siarliartbkectron that abs
energy from réght.

5.  White light passed through a prism comes out as a rainbow. Describe white light in terms of a
mixture of photons.

White light is a mixture of photons with various energies. There are sdiedmrbffgyegiiotorfbrangéenergy phots,
fgreedenergy photons and so on.
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MODEL 1

Building Model & Transmittance and Absorbance for Solutions

1. Start a new experiment on the data collection system.

2. Connect the colorimeter to the data collection system using the extension cable.

3. Place alcm x 7 cm piece of white paper in the sample cell compartment  of the colorimeter .

4. Press the green button and observe the light as it appears on the paper. You may need to shade
the cell compartment from room light with your hand.

5. What color s of light appear on the paper (list at least three)?
Red, orange (hard to see), green, and blue.

6. Record the color of light emitted by the colorimeter above their corresponding wavelengths in the
Model 1 Data Table.

7. Obtain a sample of a 0.10 M soluti on to test in the colorimeter for Model 1. Your instructor will
assign you either cobalt(ll) nitrate, nickel(ll) nitrate, iron(lll) nitrate or zinc nitrate.

8. Record the color of your solution in the Model 1 Data Table.
9. Fill a cuvette at least % full  with distilled water.
10. Wipe off the sides of the cuvette and only handle it by the top.

11.Cal i brate the colorimeter with the distilled water

Light-tight cover

Calibration button

Extension cable (optional)

12. Why is it important to wipe off the sides of the cuvette before  placing it into the colorimeter?
Any material on the outside of the cuvette will decrease the amount of light that can reach the sample.

13. What is the approximate percent transmittance at each of the four wavelengths?
100%

14. What is the approximate absorbance at each of the four wavelengths?
0

15. The solutions you are about to test in the colorimeter are aqueous solutions. That is, water is the
solvent. Both water and glass can absorb visible light at some wavelengths. With this in mind,
explain w hy the colorimeter is calibrated witha bl ank sol uti on? (Hint: Usi ng
colorimeter is similar to the oOtaredé button on a di

The blank solution makes sure that the readings on the colorimeter are from the solutmiahly testcsobttfrom the distilled
water solvent.
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16. Place ~6 mL of your assigned 0.10 M test solution into the cuvette. Wipe the cuvette and handle

it only

17. Place the cuvette in the colorimeter chamber and close the cover.

from the top.

absorbance data in the Model 1 Data Table for each of the four wavelengths.

18. Share your data with other groups to complete Table 1.

Model I Transmittance and Absorbance for Solutions

Table 1: Model 1 Data Table fi Light transmittance a nd absorbance for solutions of different colors

Record your transmittance and

Red Green Blue Orange
0.1 M Solution 660 nm 565 nm 468 nm 610 nm
%T A %T A %T A %T A
CO(NO3)2
Color: red 90.6 0.043 717 0.145 43.7 0.358 87.0 0.061
Ni(NO 3)2
Color:  green 57.0 0.244 89.7 0048 100.0 | 0.000 77.8 0.109
Fe(N03)3
Color:  orange 94.2 0.026 87.5 0.058 12.8 0.891 94.5 0.025
Zn(N03)2
Color  colorless 100.0 | 0.000 | 100.0 | 0.000 | 100.0 | 0.00 | 1000 | 0.000
AnalymgModel 1
19.Consider the words oOtrans musednormailyd oabsorbdé as

a) If a solution has a high transmittance for a certain color of light, what does that mean in

terms of photons of light interacting with electrons in the solution?
It means the photons of light move through the solution and devitbtthtesigcitrons in the solute.

b) When a solution has a high transmittance for a certain color of light, does it also have a high
absorbance for that color? Use specific evidence from Model 1 to justify your answer.

No. High transmittance values ponasvith low absorbance values. The highest transmittance values for cobalt(ll) nitrate are for
wavelengths 660 and 610. These wavelengths gave the lowest absorbance values for that solution: 0.043 and 0.061.

¢) Explain the relationship you stated

electrons in the solution.
If a photon with a certain wavelength is transmitted through the solution, it is NOT absorbed. Thereforexatigh transmittance

correspond to a low absorption.

20. All of t he solutions used in Model 1 were made by dissolving a salt in distilled water. For each

above in terms of the interaction of photons of light with

solution, list the individual ions present after the salt has completely dissolved.
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2. LIGHT, COLOR, ADIDNCENTRATIOREACHERESOURCES

21. Identify the ions that caus e the solutions to have color.
Cd”*, Nf*, Fé*

22. Use colored pencils to color the beakers below containing the solutions from Model 1.  Assemble
the accessory photogate near the edge of the lab table. Point out related information. Point out
related information.

4 )
LIGHT FROM _ﬁ LIGHT
INSTRUMENT TRANSMITTED
/-c\‘j‘) red m— e - red
CZ) orange - Olange
8 green green Key
blue smnmesmiens) BIUE all transmitted
———————— 3 |ot transmitted
............... some transmitted
none transmitted
,.S red red Example
o OlaANQE€ =l Rescssnnnnnnn, orange If all lights (red, orange, green, and
E blue) came from the instrument fully
E green mmmm=e dreen and were transmitted fully through the
solution, it would be illustrated like this:
blug =—— e o e e blue
red _m red
Orange el [ Orange
Lo — | [ green
blue U blue
2
6 red == e
< | orange == OlANGE
(0]
L. green green
blue blue
- red red
CZ) orange e OlanNge
N green green
blue J e | UE
N _J
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23. In the diagrams above use solid or dotted lines of the appropriate color to represent both the
incoming light and the outgoing light for each of t  he four wavelengths as they traveled through
each solution. The diagrams should be consistent with the data collected in Model 1.

24. State the formula and color of the solution which absorbed the most

a) green light
Co(N®); red solution

b) blue light
Fe(N®)s; orange solution

c) red light
Ni(NQ).; green solution

25. Consider the solutions in Model 1. When light is shone through a solution that matches the color
of the solution, is it mostly transmitted or absorbed?  Justify your answer with data from
Model 1.

Light that matches the color of the solution is mostly transmitted. Iron(lll) nitrate is an orange solutibeh@Yieeonatiziage ligh
solution there was a high transmittance (94.5%).

26. Consider the color wheel below. Red and green are considered complementary colors, as are

violet and yellow. When light is shone through a solution that is a complementary color to that of
the solution, is it mostly transmitted or absorbed? Justify your answer with data from Model 1.

560 nm

Violet

Lightthatisarop | e ment ary col or to the solutionés color is mostly ab
shone on this solution there was a high absaro2fte

27. Can wavelengths of visible light be used to analyze the concentration of colorless solutions?
Justify your answer with evidence from Model 1.

No. The zinc solution was colorless and it did not absorb any of the wavelengths of visible light.

26  pasco/pss28



2. LIGHT, COLOR, ADIDNCENTRATIOREACHERESOURCES

Connecting to Theory

When we look at something white, our eyes are picking up light  of every wavelength that is
reflecting off of that object. Colored objects absorb one or more wavelengths of light , however, so our

eyes only receive part of the visible spectrum. Thus our brain registers the object as having a color. A

red object, for ex ample, might absorb blue, yellow and green wavelengths. Our brain receives the

reflected violet, red and orange wa makingus thinklwe hasend 0 a v €
seen red.

MODEL 2

Building Model @ Varying Concentration

1. Labelfiveclean, dry test tubes
place them into a test tube rack.

2. Pipet 2.0, 4.0, 6.0, 8.0 and 10.0 mL of your assigned
colored 0.10 M solution into test tubes 1 through 5,
respectively. (If you previously used a colorless
solution, ask your ins tructor which colored solution
you should use for Model 2.)

3. Wash the pipet and use it to deliver 8.0, 6.0, 4.0, and
2.0 mL of distilled water into test tubes 1 through 4
so that each test tube has 10.0 mL of solution.

4. Why do the test tubes need to be dry? What error
would be caused by wet test tubes?

Wet test tubes would change the molarity of the standards, making our calibratian graph incorrect

5. Calculate the concentration of the solutions in each test tube, and enter those values in the
Model 2 Data Table .

The undiluted solution was 0.Eh#.concentration/solpred solution X 0.1 M)VFinal
For the first test tube: (0.002 L x 0.1 M)/0.010L =0.02 M

6. Thoroughly mix each solution with a stirring rod.

NOTE: Clean and dry the stirring  rod before stirring a different solution.

7. Configure the data collection system to manually collect the absorbance and transmittance data
of all four wavelengths and the solution concentration in a table. Define the concentration as a
manually entered d ata set with units of molarity.

8. Begin with the solution with the lowest concentration. Rinse the cuvette twice with a small
portion of the solution and then fill the cuvette two  -thirds full.

9. Wipe the cuvette clean and dry and place it into the colo rimeter

10. Record the absorbance and transmittance in the Model 2 Data Table for each of the four
wavelengths of light.

11. Rinse the cuvette and record data for each of the other four solutions of known concentration.
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Model D Varying Concentration

Solution: CusSQ@
Table 2: Model 2 Data Table fi Detecting the concentration of a solution using light
Test Tube # Concentration Red(660 nm Green (565 nm)| Blue 468 nm Orangg610 nnp
(M) %T A %T A %T A %T A

1 0.02M 78.4 0.106 98.3 0.007 1000 0.000 93.3 0.0
2 0.04 M 61.1 0.213 94.6 0.025 1000 0.000 86.4 0.064
3 0.06 M 49.2 0.308 90.7 0.043 1000 0.000 79.5 0.100
4 0.08 M 40.3 0.395 89.8 0.047 1000 0.000 74.7 0.127
5 0.10M 31.9 0.496 87.1 0.0® 1000 0.000 69.9 0.157

Analyzing Model@Varyng Concentration

12. Graph the four sets of absorbance versus concentration data for your solution. Use color pencil
(or colored lines) to indicate the wavelength of light used to collect each set of data.

Absorbance versus Concentration of CuSO,

4 E
Red (660 nm)
= [' 4810x+ 0015
= +
yesat o Orange (610 nm)
o4—+—+—F+——+— | T
g Green (565 nm)
8 03
2 Blue (468 nm)
Q | 2
| y=1.585x +0.000
<< 02 \ /
Ll.--®
01 e y = 0.640x — 0.002 |
0.0
0.00 0.02 0.04 0.06 0.08 0.10 0.12

Concentration (M)

13. Which color of light provides absorbance dat a with the steepest slope? Which color of light gives
data with the shallowest slope?

Answers will vary depending on which solution students iRefstigat®dble 3 for expected results.
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14. Check with lab groups that tested different colored solu  tions. Record their answers to the
guestion above regarding the color of light that provides the steepest slope in Table 3

Table 3: Wavelength displaying the greatest change in absorbance as concentration changes
Group Results for:

Parameter - - -
Cobalt(lInitrate | Nickel(ll) nitrate |  Iron(lll) nitrate | Copper(ll) sulfate
Color of solution Redblue Green Orangelyellow Blue
Color of light with Green Red Blue/green Red
steepest slope
Color of light with Red Green Orange Blue

shallowest slope

15. In general , is the absorbance data with the steepest slope obtained from light that matches the
color of the solution or from the complementary color?

A complementary color of light provides data with the steepest slope.
16. Imagine that your instructor gives you a sa mple of your solution of unknown concentration.

a. Explain how your absorbance data might be used to find the concentration of that solution.
Compare the absorbance of the unknown to the graph of absorbance values from the solutions of Krioetheoncentration
concentration that corresponds with the unknowheds absor
graph.

b. Would it be best to use the wavelength of light that gave the steepest slope or the shallowest
slope in d etermining the concentration of your unknown? Explain your reasoning.

The data with the steepest slope will give the most precise concentration for the unknown. If the datagyesrsimgtoef, then a lar
concentration values will give almost thébsarbarece value.

17. Graph the percent transmittance data that corresponds to the absorbance data with the steepest
slope. Which set of data, % T or A, would be the easiest to model with a mathematical equation?
Justify your answer.

Transmittance versus Concentration of CuSO,

90
80
70
60
50
40
30
20
10

-11.07x |
e

%T

Red (660 nm)

0.00 0.02 0.04 0.06 0.08 0.10 0.12

Concentration (M)

Absorbance dataggia linear line. The percent transmittance data gives a curved line. Absorbance would be much easier to 1
with a mathematical equation.
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18. Consider the data below collected by two different lab groups for copper(ll) nitrate solution at
468 nm on the same colorimeter. (Assume the spectrometer was working properly in both cases.)

Transmittance versus Concentration
of Cu(NO,), for two lab groups

Group A Group B
€ B
c c
o o
© ©
O, ©
~ ~
X X
Concentration (M) ; Concentration (M)

a) Discuss how the quality of the data compares between the two groups.
Group Abs data does not fit the | i neiamorempredselecaassitfitsthght | y. Tt
linear model better.

b) Propose at least two reasons why the data might differ between the two groups.
Group Atudentsnay not hawtirredheir diluted solutiovtsen they prepared them
Group Atudentsnay notdve wiped the cuvettes before placing them in the colorimeter.

Connecting to Theory

Spectroscopy is the study of the interaction of electromagnetic radiation and matter. In spectroscopy

and spectrophotometry, two terms are inescapable: transmittance and ab  sorbance. Transmittance T
is defined as the ratio of the intensity of light after it passes through a medium being studied ( 1) to
the intensity of light before it encounters the medium ( 1,).

T:I_
IO

I
Chemists more commonly refer to the p ercent transmittance % T, which is simply o 3 100. Because
0

the percent transmittance is exponentially related to concentration of solute, the use of absorbance,
which gives a linear relationship, is often preferred.

I
A = 4JogT = Iogl— ; note that A = 82 log (%T)
0

If one knows the percent transmittance, one can calculate absorbance and vice versa.  Most modern

spectrophotometers have both a % T and an absorbance scale. With a digital instrument, it is simply

a matter of changing mod es to display either value.

Beerf6s Law, is one of the most fundamental and widely ap
absorbance of light to the concentration ¢ of the solute, the optical path length b and the molar

absorptivity a of a solution.

An operation statement of Beerds Law can be represented

A =abc

The molar absorptivity is a constant that depends on the nature of the absorbing solution system
and the wavelength of the light passing through it. A plot that shows the dependence of A on
wavelength is called a spectrum.
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Applying Your KnowledgB®etermining the Concentration of an Unknown

Your instructor will provide you with a bottle of 0.10 M copper(ll) nitrate and a sample of an
unknown concentration of copper(ll) nitrate. Propose and

carry out a plan to determine the

concentration of the copper ion in the unknown.  What is the concentration of the unknown?

Plan:

1. Make several dilutions of theQu0@),: 0.02 M, 0.04 M, 0.06 M, 0.08 M, and record their absorbance agd.transmittan
2. Display a graph of the absorbance versus molarity data, since that results in a linear line, and obtairthieslope of the line

absorbance,
3. Record the absorbance and transmittance of the unknown.
4. Use the slope of the line to calculatektieavn concentration.

Using colorimetric data to determine a

sampl efs

concentr

Cone@ntration Red(660 nm Green%65nm) Blue 468nm) Orangeg10nm)
(M) A %T A %6T A %T A %6T
0.02 0.104 78.7 0.016 92.6 0.000 1000 0.034 92.5
0.04 0.192 64.4 0.026 94.2 0.000 1000 0.057 87.7
0.06 0.29 51.2 0.044 90.3 0.000 1000 0.092 810
0.08 0.369 42.7 0.053 88.4 0.000 1000 0.123 75.3
0.0 0.477 33.3 0.065 86.2 0.000 1000 0.149 710

Unknown 0.307 494 0.045 90.2 0.000 1000 0.098 79.8
Absorbance versus Concentration of Cu(NO,),
0.6
\
0.5 Red (660 nm)

y=4.615x+0.010 -

=
»

Orange (610 nm)

Green (565 nm)

Absorbance
o
w

2
()

Blue (468 nm)

o
®

%

o
=)
'
\
\
\
\
\
\
\
‘\
®
d
‘\
®
‘l
®

0.00 0.02 0.04 0.06 0.08 0.10 0.12
Concentration (M)

Using thslope of the line to calculate the unknown concentration:
y=4.61%+0.0095

0.307%=4.61%+0.0095

x=0.0"™

The concentration is Q/0Cu(Ng)..
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Teacher Tips

Tip 17 Pre-lab Demo

This demonstration may be helpful for students before this lab is perfo  rmed: Use a small beaker
containing water and red food coloring to show that the light from a red laser pointer will go right
through the solution, but the light from a green laser pointer will not. This provides an opportunity

to introduce the terms absor ption and transmittance.

Tip 27 Path Length and Cuvettes

lllustrate to students the importance of using a standard sized container for spectrophotometric
experiments. Pour a colored solution into a beaker and a test tube. Observe the colors. Note the
solution in the beaker appears darker even though it is the same concentration. Discuss path length
with students, and note that the use of cuvettes keeps this variable constant during the experiment.
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TEACHER RESOWHSC

3. GRAVIMETRIC ANAISYOF A PRECIPITATE

Initial Questio

Chemists can find the identity of unknown compounds using techniques such as qualitative analysis,
chromatography, spectroscopy, and gravimetric analysis.  Gravimetric analysis , which uses a balance
to determine the mass of a substance, is one of the olde st and most accurate quantitative methods for
determining the amount of an analyte in a sample.

Can you determine the amount and identity of an unknown component of a substance?

LearningObjective’
Through gravimetric analysis, students identify an unkn own alkali metal carbonate.

LO 1.3 The student is able to select and apply SP 4.3 The student can collect data to answer a
mathematical relationships to mass data in order to particular scientific question.
justify a claim regarding the identity and/or estimated

purity of a substance SP 5.3 The student can evaluate the evidence

provided by d ata sets in relation to a particular
LO 1.19 The student can design, and/or interpret data  scientific question.

from, an experiment that uses gravimetric analysis to
determine the concentration of an analyte in a
solution.

SP 6.1 The student can justify claims with evidence .

Time Requirement

Day 1: Preparation time: 20 minutes / Lab activity: 40 minutes
Day 2: Lab activity: 40 minutes

Day 3: Lab activity: 10 minute s

MaterialandEquipment

Model 1

1 Beakers (4), glass, 100-mL 1 0.10 M Ammonium nitrate, (NH 4NO3), 5 drops?
1 Beral pipets (4) 1 0.10 M Calcium chloride, (CaCl »), 5 drops?

1 Unknown A (alkali metal carbonate), 5.0 g* 1 Stirring rod

1 0.10 M Sodium nitrate, (NaNO 3), 5 drops? 1 Marking p en (to label beakers )

1 0.10 M Potassium chloride, (KCI), 5 drops 2 1 Distilled water, 200 mL

1Unknown A is®Q.
2To prepare the solutions, refer to the Lab Preparation section.

“From AP Chemistry Course and Exam Description, Effective Fall 2013 (revised edition). Copyright (c) 201&toel@mlbge Board. R
with permission. http://apcentral.collegeboard.com.
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Model 2 and Applying Your Knowledge

1 Beaker, glass, 100-mL 1 Analytical balance, 0.001 g precision , 1 per class
9 Filtration funnel 1 Stirring rod

1 Erlenmeyer flask, glass, 250-mL 1 Pencil

1 Filter paper, Whatman® Ashless, #42 1 Wash bottle with distilled water

1 Watch glass, 100 -mm 1 Drying oven, 1 per class

Model 2

9 Unknown A (same unknown as Model 1), 1.00g ! 1 Distilled water, 100 mL
9 0.25 M Calcium chloride (CaCl ), 50 mL 2

1 Unknown A is®Q
2To prepare the solution, refer to the Lab Preparation section.

Applying Your Knowledge

1 Unknown B, 2.00 g* 1 0.50 M Calcium nitrate (Ca(NO3)z), 20 mL?2
1 0.50 M Potassium nitrate (KNO  3), 20 mL 2 1 0.50 M Sodium chloride (NaCl), 20 mL 2
1 0.50 M Lithium chloride (LIiCl), 20 mL 2 1 Distilled water, as needed

1 Unknown A isCiQy
2To prepare the solutions, refer to the Lab Preparation section.

Prerequisites

Students should be familiar with the following concepts:

Stoichiometry of chemical reactions

Solubility

Solubility Rules

Reactions of anions and cations and the presence of spectator ions

Using the analytical balance

=A =4 =4 4 4 =

Molarity

LabPreparation

These are the materials and equipment to set up prior to the lab

Model 1 and Model 2

1. Use K,CO3 as Unknown A.

Model 1

2. 0.10 M Sodium nitrate: To prepare 100 mL of 0.10 M sodium nitrate (NaNO  3), fill a 100 -mL
volumetric flask 1/3 full of distilled wate  r. Add 0.850 g of sodium nitrate to the flask and swirl to
dissolve. Fill to the mark with distilled water.

3. 0.10 M Ammonium nitrate: To prepare 100 mL of 0.10 M ammonium nitrate (NH  4NO3), fill a

100-mL volumetric flask 1/3 full of distilled water. Add 0 .801 g of ammonium nitrate to the flask
and swirl to dissolve. Fill to the mark with distilled water.
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4. 0.10 M Calcium chloride: To prepare 100 mL of 0.10 M calcium chloride (CaCl ), fill a 100 -mL
volumetric flask 1/3 full of distilled water. Add 1.110 g of calcium chloride to the flask and swirl
to dissolve. Fill to the mark with distilled water.

5. 0.10 M Potassium chloride: To prepare 100 mL of 0.10 M potassium chloride (KCI), fill a
100-mL volumetric flask 1/3 full of distilled water. Add 0.746 g of po  tassium chloride to the flask
and swirl to dissolve. Fill to the mark with distilled water.

Model 2

6. 0.25 M Calcium chloride: To prepare 1000 mL of 0.25 M calcium chloride (CaCl »), fill a

1000-mL volumetric flask 1/3 full of distilled water. Add 27.746 g of calcium chloride anhydride
to the flask and swirl to dissolve. Fill to the mark with distilled water.

Applying Your Knowledge

7. Use Li,CO; as Unknown B.

8. 0.50 M Potassium nitrate: To prepare 1000 mL of 0.50 M potassium nitrate (KNO  3), filla
1000-mL volumetric flask 1/3 full of distilled water. Add 50.552 g of potassium nitrate to the
flask and swirl to dissolve. Fill to the mark with distilled water.

9. 0.50 M Lithium chloride: To prepare 1000 mL of 0.50 M lithium chloride (LiCl), fill a 1000 -mL
volumetric flask 1/3 full of distilled water. Add 21.197 g of lithium chloride to the flask and swirl
to dissolve. Fill to the mark with distilled water.

10. 0.50 M Calcium nitrate: To prepare 1000 mL of 0.50 M calcium nitrate (Ca(NO 3),), filla
1000-mL volu metric flask 1/3 full of distilled water. Add 82.044 g of calcium nitrate to the flask
and swirl to dissolve. Fill to the mark with distilled water.

11. 0.50 M Sodium chloride: To prepare 1000 mL of 0.50 M sodium chloride (NaCl) filla 1000 -mL
volumetric f lask 1/3 full of distilled water. Add 29.221 g of sodium chloride to the flask and swirl
to dissolve. Fill to the mark with distilled water.

Safety

Add these important safety precautions to your normal laboratory procedures:

il

Wear your goggles.
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Getting YouBrain in Gear

1. In this lab you will be given an unknown alkali metal carbonate. Your lab group will have to
determine the identity of that compound through gravimetric analysis. The unknown could be:
lithium carbonate, sodium carbonate, potassium carbo nate, or cesium carbonate.

a. Does each of these compounds have the same ratio of metal atoms to carbonate ions? Explain
your answer.

Yes, they are alkalinetal carbonates and for every two metal atoms, there is one carbonate ion.

b. What information do you need to find the percent mass of an ion, like carbonate, in a
compound?

The total mass of the compound and the known mass of the ion are needed.

c. Using the periodic table, find the percentage of carbonate by mass in each of the carbonates.

Lithi um carbonate (Li ,CO3): 81.2%
Sodium carbonate (Na ,CO3): 56.6%
Potassium carbonate (K ,CO3): 43.4%
Cesium carbonate (Cs ,CO3): 18.4%

Sample calculation:

60.009 g/mol GO,
73.891 g/molLi €O

100 =81.213% of carbonate in lithiumate

d. Why is the percentage of carbonate different for each of the compounds listed above while the
ratio of carbonate to metal ion is the same?

Each metal has a different mass, affecting the mass percent of metal and carbonate in the compound.

e. When identifying an unknown, why is it helpful to know the chemical percent composit ion?

Each compound has a unique percentage of carbonate; this will help identify it.
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MODEL 1

Building Modéel 8 Precipitating an Unknown

1.

2.

10.

11.

Obtain four 100 -mL beakers and | abel them 0A,6 0B, 6 o6C,6 oD
Add approximately 50 mL of distilled water to eac  h beaker.

Into each of the 100 -mL beakers add a pea sizeamount of Unknown A, which is an alkali metal
carbonate.

Use a stirring rod to mix and dissolve the unknown carbonate.

In the beaker below draw the unknown carbonate solution as a particulat e-level representation.
Use the particulate key as a guide.

NOTE: Use OMO when referring to the unknown al kali
4 <
] > < Unknown alkali cation
> [ cos™
- ]
L\ < > )

The particulakevel picture should be full of ibfisaafi C@" . There should trécethenumbeofalkalatomsascarbonate
moecules

To determine the identity of the unknown, the mass of the unknown and the mass of carbonate

in the unknown needs to be obtained. Brainstorm ways to separate the alkali metal ions from the
carbonate ions.

Considering the solubility of atitalisnthe best way to separate alkali metals from their respective anion is to simply dissolve them
Students may also suggest electrolysis.

Into Beaker A add 5 drops of 0.1 M NaNO .
Into Beaker B add 5 drops of 0.1 M NH 4NOs.
Into Beaker C add 5 drops of 0.1 M CaCl 2.
Into Beaker D add 5 drops of 0.1 M KCI.

In the beakers in Model 1 draw particulate -level pictures of the resulting solution s in
Beakers A-D. Use the particulate key as a guide.
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\ [ A () /

<] v > < ] )<
005 SDe R NERE
q 2> 5 0 > = < U4
] A @ L] < < [>> q DPD >
A_0gf |«O0 ©® Eﬂ’ 4> 4
L U S W |H D
A B € D
(.NaJ’ i ‘ Kt E N
Mc” 5 <]g|rl]<le(irl]i0:\ell?ion E [ ] [ Dissolved, ions separated
QN i [Jcod i [ ] Precipitate, ions attached
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Unknown:2KQ; Beaker A: Nabisblution; Beaker BaN& solution; Beaker C: GaGlution; Beaker D: KCI solution.

The particulatevel pictusdor beakers A, B, anshbulctontain ions of all of the compounds, respBetikelyC should have M
and Clas ions and the rest as a sttieke should beicethenumbeofunknown alkali catiand chlorine ions as solid particles.

Analyzing ModeldPrecipitating an Unknown

12. Draw a patrticulate -level representation of the reaction that occurred in Beak er C. Start with
three molecules of M ,COs, where O0M6 refers to the unknown al kal:i m e
CacCl,. Use the particulate key as a guide. Please observe the Law of Conservation of Mass in
your drawings.

\ [ ( \ (

4

<D<> < : <<>>’

> [+ » m > [«<"p
U5

< < »>
&) B \_HTH

- | U k |
< : < a|r|13?iog;?ion ' [] [ Dissolved, ions separated
W mg?* | [co” [ Precipitate, ions attached

13. Use your drawings of the react ion in Beaker C to describe the pathway the carbonate molecules
followed throughout this reaction.

Carbonate molecules are soluble in the beginning. Dissolved in water, they exist as ions. Aftertlz #uglicarmon&aCl
molecules are foundhe precipitate.
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MODEL 2

Building Model 2 Finding theMass ofCarbonate in abinknown

1.

2.

10.

11.

12.

13.

Place a clean 100-mL beaker on an analytical balance and tare the mass of the beaker.

Add approximately 1.00 g of your unknown carbonate into the beaker. Reco  rd the exact mass (to
three decimal places) in the Model 2 Data Table.

Add 20 mL of distilled water and stir with a stirring rod until dissolved.
Add 30 ml of 0.25 M CacCl : to the solution containing the unknown carbonate and stir to dissolve.

Assemble a filtration setup as in the diagram  to the right using the
Erlenmeyer flask and funnel .

Write your initials on a piece of filter paper with a pencil. Record the
mass (to three decimal places) of the dry filter paper in the Model 2
Data Table. T hen fold the filter paper and place it into the funnel.

Slowly p our the contents of the beaker with your precipitate into the
funnel. Do not overfill the filter paper

Rinse the beaker and stirring rod with deionized water to ensure that
all the pre cipitate is in the funnel.

Continue until all of the filtrate has moved through the filter paper
into the flask.

What type of substance is small enough to pass through the filter
paper?
The solvent, in this case, water and dissolved ionstlvangtasse filter paper.

What type of substance is large enough to get caught in the filter?
Solids get caught in the filter paper.

How would the amount of your yield be affected if some of the carbonate was not precipitated?
The amount of lgievould be lower.

Where would the non -precipitated ions be after the filtration is complete?

The noiprecipitated ions would be in the filtrate in the Erlenmeyer flask.
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14. In the filtration setup below , draw particulate -level pictures of the produ cts being filtered . Use
the particulate key as a guide.

Filter paper

Filter funnel

M Ca?*

.60

<« CI-

<J Unknown alkali cation

[ [ Precipitate, ions attached
N J

The particulakevel picture should be fidl @hd Clions in the flask @ndhe filtrate abdbe filter paper, with solid GaCO
molecules on the filter paper. There shwitthe amont ofinknown alkali metadl chlorine ions than solid particles. The
symbolic representation sholCbéaq) and Ca&(s)

15. How can you determine if any carbonate ions went through the filter?

Add more Ca@ the contents of the Erlenmesferlfléhis causes further precipitation, carbonate ions were in the filtrate.

16. What action should you take if carbonate ions passed through the filter?
Add more Ca@b precipitate any remaining carbonate and then slowly pour it througjh.the filter ag

17. After you make sure all the carbonate has been removed from the filtrate, carefully place the wet
filter paper with the CaCO 3 onto a watch glass and then into a drying oven overnight. This will
remove any remaining water to ensure accurate mass me asurements.

The Next Day
18. Remove the filter paper from the drying oven and measure its mass using an analytical balance.

Record the mass (to three decimal places) in the Model 2 Data Table and determine the mass of
the calcium carbonate precipitate.
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Mdadel 26 Finding thevlass ofCarbonate in akinknown

Table 1: Model 2 Data Table 8 Finding the mass of carbonate in an unknown

Parameter Mass (9)
Alkali metal carbonate (Unknown A) 1.044
Dry filter paper 0.987
Dry filter paper plus CaCO 3 1.740
CaCOs3 0.756

Analyzing Model&Finding theMass ofCarbonate in abinknown

19. Use the periodic table to determine the percentage of carbonate in calcium carbonate.
CaC@has a molar mass of 100.0869 g/molezdArth€@ molar mass of 60.0089 g/mole
Usimg the sample data:
60.0089-9
mole

3100 =59.96% GO
100.0869 Y cago
mole

20. Knowing the percentage of carbonate in CaCO 3 and the mass of calcium carbonate, find the mass
of carbonate in the unknown alkali metal carbonate (Unknown A).

Using the sample data:
0.756 g CaG® 0.5996  0.4533"

21. Find the percentage of carbonate in the alkali metal carbonate using the mass of the carbonate
from Unknown A in Model 2 and the total mass of the alkali metal carbonate.

Using the sample data:

04539CD ;5 445 - 43300 GO
1.044 g unknown

22. The possible unknown comp ounds in this lab include lithium carbonate, sodium carbonate,
potassium carbonate, and cesium carbonate. Using the percentages calculated in the Getting
Your Brain in Gear section of the lab, identify the unknown and explain why you are confident
with the methods of data collection that lead you to this conclusion.

The unknown is potassium carbonate.

The percent composition of carbonate in the unknown, 43.39%, closely matches the percentage of carbonatteadfi potassium cart
the fAGett iGegarYoo ugru eBsrtaiionn .i n
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Connecting to Theory

When water quality is tested, a precipitate is intentionally formed. From the color of the precipitate,
the identity of the dissolved ions can be determined. Chemists consult the Solubility Rules when
they want to for ce ions to precipitate. The Solubility Rules are designed so that the user can cross
reference cations with anions and determine if they will precipitate. Once the precipitate is formed,
it can be dried and measured using gravimetric techniques.

Table 2: Abridged Solubility Rules

lon Solubility Exceptions
NO3' (Nitrate ) Soluble None
ClO4' (Chlorate ) Soluble None
Halogens except F Soluble Ag*, Hg2%*, Pb2*
F' (Fluoride ) Soluble Ca?*, Ba?*, Sr2+, Hg2%*, Pb2*, Ag*
S04 (Sulfate) Soluble Ca2+, Ba2*, Sr2+, Hg2*, Pb2*, Ag*
COgz?' (Carbonate) Insoluble Alkali Metals and NH  4*
PO.3 (Phosphate) Insoluble Alkali Metals and NH  4*
OH' (Hydroxide ) Insoluble Alkali Metals and Ca 2+, Ba2*, Sr2*
Alkali metals Soluble None
NH 4" (Ammonium ) | Soluble None

Applying Your Knowled@ddentifying an Unknown

An unknown alkali metal carbonate was discovered in a pharmacy. The pharmacist would like to
identify it. If the unknown is lithium carbonate, it can be used as a drug to treat bipolar disorders.
All other alkali carbonates: potassium carbonate, cesium carbonate, and sodium carbonate, will not
be useful in treating this type of disorder.

Your lab group can use the following chemicals to identify the unknown:

1 2.0 g of unknown alkali metal carbonate

1 20.0 mL of the following solutions 0.5 M KNO 3, 0.5 M LiCl, 0.5 M Ca(NO 3)2, and 0.5 M NaCl.
All other standard laboratory equipment is available. Consult your instructor with special requests.
You do not need to use all of the materials provided.

1. Design a procedure to find the identity of the unknown.

For the data collected below, after consulting the solubility rules in the Applying Your Knowledge sgctias, chbdrta(NO
precipitate the carbonate as calcium carbonate.

2. Create a dat a table to organize your data.

Applying Your Knowledge Data Table 8 Identifying the unknown

Parameters Mass(g)
Trial 1 Trial 2
Unknown carbonate 0.4963 0.4933
Dry filter paper 0.8959 1.0055
Dry filter paper and CaCO 1.6583 1.7784
CaC@ 0.7624 0.7729
Average mass 0.7677
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3. Before you start the lab, have your instructor approve your lab procedure for safety, but not on
the accuracy of your proposed procedure.

Answers will vary.

4. Show the calculations needed to identify the unknown.
Answerwill vary.
Using the sample data, the percentage of carbonate is:
0.7677 g CaG®  0.5996 0.4603 ¢

_046039C0 , 100 = 92.75% GO
0.4963 g unknown

5. Did the pharmacist have lithium carbonate or a different compound? How did you come to this
conclusion?

The pharmacist has lithiutmocete. The percentage of carbonate in the unknown is 92.75%, which is closest to the percentage of
carbonate in lithium carbonate: 81.2%.

6. Discuss the limitations of the laboratory techniques you used and how you can improve the
accuracy of your result s. You may use diagrams to supplement your explanations.

Answers will vary.
1 CaCQ@can be lost in the transfer from the beaker to the filtration system.
1 CaCQ@needs to be dried thoroughly.

Teacheiips

Tip 17 Separate Stations

For the most efficient use of time and equipment, the class should be divided into small groups and
cycled through the experimental procedure set up as three separate stations throughout the
laboratory. Replicate stations for each part can be created for larger class sizes \

Tip 271 Dry Samples

It is important that the student samples are completely dry before they obtain the final mass. To
determine that the samples are dry, select several student samples and periodically determine
their mass. Once no more mass is lost, the saraptedry. This applies to both Model 2 and the
Applying Your Knowledge sections.
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TEACHER RESOURCES

4.STOICHIOMETRY INSUODNS

Initial Question

When water is tested, chemists can tell you what impurities are present. If something harmful is

found in your drinking water, |  ike lead or cadmium, it is important to know how much is present.
Hazardous particles put into your body faster than they can be removed will build up to toxic levels.
There are several ways to determine the amount of dissolved particles in a solution. In this lab, you
will explore one of them.

How is the amount of a dissolved substance determined?

LearningObjective’

Students perform analytical techniques to determine the concentrations of dissolved ions.

LO 1.20/ The student can design, and/or interpr et SP 2.2/ The student can apply mathematical routines
data from, an experiment that uses titration to to quantities that describe natural phenomena.
determine the concentration of an analyte in a

: SP 5.1/ The student can analyze data to identify
solution . :

patterns or rel ationships.

LO 3.3/ The student is able to use stoichiometric
calculations to predict the results of performing a
reaction in the laboratory and/or to analyze d eviations

from the expected results.

SP 6.4/ The student can make claims and predictions
about natural phenomena based on scientific theories
and models.

LO 3.4/ The student is able to relate quantities
(measured mass of substances, volumes of solutions, or
volumes and pressures of gases) to identify
stoichiometric relationships for a reaction, including
situations inv olving limiting reactants and situations

in which the reaction has not gone to completion.

TimeRequirement

Preparation time: 30 minutes / Lab activity: 60 minutes

“From AP Chemistry Course and Exam Description Faff@iil3 (revised edition). Copyright (c) 2013 The College Board. Reproduced
with permission. http://apcentral.collegeboard.com.
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MaterialandEquipment

Model 1, Model 2, and Applying Your Knowledge

9 Data collection system 1 Pipet pump
1 Conductivity sensor?! 9 Magnetic stirrer  (stir plate)
1 Fast-response temperature sensor 9 Micro stir bar
9 Drop counter 9 Multi -clamp
9 Drop dispenser: 1 Ring stand
Syringe, 60 -mL 9 Three-finger clamp
Stopcock (2) 1 Phenolphthalein, 3 drops
Drop tip 1 2.0 M Sodium hydroxide (NaOH), 120 mL
1 Beaker, 250 -mL 9 Distilled water , 110 mL
1 Beaker, glass, 150-mL 9 Wash bottle
1 Graduated cylinder, 50 -mL 9 Materials for drop counter and pH sensor
9 Mohr pipet, 25 -mL calibration (refer to Appendix A)

lincluded withABCO Advanced Chemistry Sensor

Model 1
1 1.0 M Hydrochloric Acid (HCI), 25.0 mL

Model 2
1 Hydrochloric Acid (HCI), one of several possible concentrations, 25.0 mL

Applying Your Knowledge
1 Monoprotic acid of an unknown conc entration, 25.0 mL 1

1Refer to the Lab Preparation section to prepare various concentrations of HCI.

Prerequisites

Students should be familiar with the following concepts:
1  Thermochemistry

1 Stoichiometric calculations

1 Netionic equations of acid dbase reactions

l

Limiting Reactants
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LabPreparation

These are the materials and equipment to set up prior to the lab
Model 1, Model 2, and Applying Your Knowledge

1. 2.0 M Sodium hydroxide (NaOH) : To prepare 1000 mL of 2.0 M sodium hydroxide (NaOH), fill
a 1000-mL volumetric flask 1/3 full of distilled water. Add 79.994 g of sodium hydroxide to the
flask and swirl it to dissolve the contents.  Stir it well and let it sit to cool.  Fill the flask to the
line with distilled water. Depending on the number of student grou ps in the class, one liter may
be needed for each model.

Model 1

2. 1.0 M Hydrochloric acid: To prepare 1000 mL of 1.0 M hydrochloric acid (HCI), filla 1000 -mL
volumetric flask 1/3 full of distilled water. Add 83.3 mL of concentrated hydrochloric acid (12 M)
to the flask and swirl. Fill to the line with distilled water.

Model 2 and Applying Your Knowledge

NOTE: In Model 2 and Applying Your Knowledge, several concentrations of HCI are to be reacted

with 2.00 M NaOH. Determine which concentrations to use bet ween 0.5 and 2.0 M HCI and assign a
concentration to each student group so all concentrations are tested. For Model 2, students share the
data for the reactions they havendt done.

Any concentration between 0.5 62.0 M HCI, other than 1.0 M HCI for Model 2, w ill work. Below is the
preparation for 1.5 M HCI. Adjust the volume to obtain other concentrations.

3. 1.5 M Hydrochloric acid (HCI) : To prepare 1000 mL of 1.5 M hydrochloric acid (HCI), fill a
1000-mL volumetric flask 1/3 full of distilled water. Add 125 .0 mL of concentrated hydrochloric
acid to the flask and swirl. Fill the flask to the line with distilled water.

NOTE: For Applying Your Knowledge, | abel the soluti
keeping track of the concentration of each one.

Sdety
Add these important safety precautions to your normal laboratory procedures:

1 This lab uses strong acids and bases. In case of contact with your skin, wash off the solution with
a large amount of water .
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Getting Your Brain in Gear

1. Identify each of t he following substances as an acid or a base.

HCI: acid
H2SOq4: acid
KOH: base
NaOH: base
HNO 3: acid

2. Inthe beakers below, draw particle -level representations showing a strong acid and a strong
base dissolved in water.

Acid Base
H* A _ }
" OH o OH
o g OH B
R B L.
Generic acid Generic base
HA—H'+ A BOH— B* + OH"

3. Describe the procedure y ou would use to make 100 mL of 0.85 M HCI from a 2.0 M HCI solution.
Assume you have a 100-mL volumetric flask, distilled water and a 50  -mL graduated cylinder
available.

First, calculate the volume of the 2.0 M HCI solution needed usingi\a ed:&tion
(2.0 M HCYY) = (0.85 M)(0.100 L)
Vi= 0.0425 L = 42.5 mL & 43 mL

Pour about 25 mL of distilled water into the volumetric flask. Use the graduated cylinder to measure 43.ution oA8dD0 M HCI so
the HCI solution to the volumetric flaskxafdl the flask to the mark with distilled water.

4. Listthree pieces of evidence that indicate a chemical reaction has taken place

Evidence of a chemical reaction inalmtelsangechange itemperaturehange in pressuchange in condwitly,and bange in
pH
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MODEL 1

Building Model & Using a Strong Acid and Strong Base

1.

2.

Start a new experiment on the data collection system.

Connect a conductivity sensor, a fast-responsetemperature sensor , and a drop counter to the
data collection system.

Display both temperature and conductivity on the  y- 3-finger clamp
axis of a graph and fluid volume on the x-axis.

Use the multi -clamp to attach the drop counter to _
the ring stand. Use the illustration as a guide. Drop dispenser
Use the three -finger clamp to attach the drop

) : — Syringe, 60-mL
dispenser to the ring stand.

e —=Stopcocks

Rinse the drop dispenser syringe: m

a. Place a 250-mL beaker under the drop dispenser - %
ultl

and open both stopcocks. clamp

b. Rinse the drop dispenser syringe and stopcock
three times with approximately 20 mL of distilled Temperature senso
water . This will remove any residue.

Conductivity sensor

Micro stir bar

c. Rinse the drop dispenser three times with 20 mL
of the 2.0 M NaOH. This removes remaining
water that would dilute the NaOH solution .

d. Discard the rinse solution as directed by your
teacher.

Calibrate the drop counter using the instructions in Appendix A.

NOTE: Do not disconnect the drop counter from the data collection system or it will need to be
calibrated again.

Use the top stopcock to adjust the flow rate to approximately 1 drop per second. Close  the bottom
stopcock and fill the syringe to the top mark with the 2.0 M NaOH solution.

NOTE: The top valve controls the flow rate and the bottom valve turns the flow on and off.
Assemble the rest of the apparatus, using the steps below and the illustration as a guid e.
a. Position the magnetic stir plate on the base of the ring stand.

b. Position the drop counter over the magnetic stir plate.

c. Place the temperature sensor though the small hole in the drop counter.

d. Place the conductivity sensor, with the micro s tir bar attached, through a large hole in the
drop counter.
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10. Using a Mohr pipet, transfer 25.0 mL of 1.0 M HCI solution to a clean, dry 150 -mL beaker.
Record the molarity and volume in the Model 1 Data Table.

11. Add 50.0 mL of distilled water to the b eaker.

12. Calculate the number of moles of acid added to the beaker.
1.0 M HCI x 0.0250 L = 0.025 moles of HCI added

13. Calculate the molarity of the solution after the 50.0 mL of distilled water is added.

0.025 mol HCI ;1000 mL ) oo 11
(25.0mL+50.0mL) 1L

14. Calculate the n umber of moles of acid after the 50.0 ml of distilled water is added.

0.33 Iinol HGI 01.075 L 0,025 mol H

15. Does adding distilled water change the molarity or the number of moles of acid? Explain your
answer.

The molarity changed but the number of moleidhatzhange, as shown by comparing the previous answers.

16. Put 3 drops of phenolphthalein indicator into the beaker with the HCI solution.
NOTE: Phenolphthalein is a dye that changes color in the presence of a base.

17. Place the 150-mL beaker with the hydrochloric acid solution under the drop dispenser. The
sensors should be immersed in the solution.  Turn on the magnetic stirrer at a slow and steady
rate .

18. Start recording data.

19. Open the bottom stopcock on the drop dispenser to begin the fl ow of the 2.0 M NaOH into the
HCI solution.

20. In the Model 1 Data Table, record the volume of titrant used when the phenolphthalein indicator
changes color.

21. Continue until approximately 20 mL of NaOH solution has been added to the beaker.
22. Stop recording data.
23. Save your experiment and dispose of the used solutions according to your teacher's instructions.

24. Sketch or attach a copy of your graph of Temperature and Conductivity vs Volume of HCI in the
space provided in Model 1.
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Model 8 Ushg a Strong Acid and Strong Base

Table 1: Model 1 Data Table fi End point determination

Parameter Value
Concentration of HCI (M) 1.0
Volume of 1.0 M HCI solution (mL) 25.0
Concentration of NaOH used (M) 2.0
Volume of NaOH added to change the color of
- 12.8
the solution (mL)

Temperature and conductivity vs volume of NaOH

A
2755 32798
2120 = 29946 =
o
2685 = 27094 ~ L
- =t \\ Conductivity - /
S 2650 o 24242 E
= -2 \ o
© 2615 S 21390 N = /
5 26. S \ =
g = ~_ =/
T 2580 = 18538 "\
o
£ =
& 2545 ‘S 15686 /ki
S 12an //
25.10 : . . |
g —"| Temperature
275 S 9982
24.40 7130 — >
0 2 4 6 8 10 12 14 16 18

NaOH Volume (mL)

Analymg Model 10 Using a Strong Acid and Strong Base

25,

26.

27.

Write the balanced chemical equation for the reaction in Model 1.
HCI + NaOHOY Nacl + H

The point where the solution changes color is called the end point. What was th e volume of
2.0 M NaOH required to reach the end point of the reaction? Label this point on the graph.

The volume of NaOH added is 12.8 mL.

Complete Table 2 with the volume, molarity, and number of moles of acid and base when the end
point is reached.

Table 2: Amount of reactants

Solution Molarity Volumes End Point Amount
(M) (mL) (mol)
HCI (analyte) 1.0 25.0 0.025
NaOH (titrant) 2.0 12.8 0.026

Example calculations to determine the amount of HCI and NaOH that reacted:
1.0 M HCI x 0.0250 L 2%00moles HCI
2.0 M NaOH x 0.0128 L NaOH = 0.0256 moles NaOH

28. In this procedure the color change end point is also the
equivalence point?

equivalence point. What is equal at the

The point where the number of moles of acid in the beaker equalsftheotesiidase added.
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29. Look at your graph in Model 1. Does the temperature plot indicate a clear change at the
equivalence point? If yes, describe the shape of the curve at the equivalence point.

Yes. The temperature increased until the equivalenod then decreased after the equivalence point.

30. Writethe word dener gy on the appropriate side of the balance

HCI+NaOH Y NaCl+H ,0 + energy

The temperature is increasing as long as a reactiongssactharieaction is exothermic.

31. This reaction is very fast. Assume that the reaction reaches completion after each drop of titrant
is added.

a. Once the reaction is past the equivalence point, will excess reactant continue to have an effect
on the change in temperature? Explain your response.

No, after the equivalence point, the temperature decreased at a steady rate, since there was no reaction occurring.

b. Describe the region of the Model 1 graph where NaOH is the limiting reactant in the reacti on.

NaOH is the limiting reactant prior to the equivalence point, when the temperature is increasing. In tois oédia@ldach additi
reacts with the HCI and causes an increase in temperature.

c. Describe the region of the Model 1 graph where HCl is  the limiting reactant in the reaction.

HCl is the limiting reactant when the temperature is decreasing. After the equivalence point, all of the HCahds been consume
no reaction occurs. The addition of NaOH does not cause any further incadase in temper

32. Look at your graph in Model 1. Explain, based on the equation and the limiting reactant, why
there is a change in the temperature curve around the equivalence point.

When the temperature is increasing, the molecules of HCI and NaOHknareateastimenergy as heat. By the equivalence
point, the limiting reactant has been completely consumed, so the temperature no longer increases and starts to cool to room
temperature.

33. The chemical equation for a reaction can be re -written inionic forms to indicate the actual
substances that are reacting. Write both the complete equation and the net ionic equation for the
reaction in Model 1.

Complete equation: H'+Cl+Nd+OHY HO + Na+ Cl
Net ionic equation:  H + OHY HO

34. Look at your graph in Model 1. Does the conductivity plot indicate a clear change at the
equivalence point? If yes, describe the shape of the curve atthe equivalence point.

Yes. The conductivity decreased until it reached the equivalence point andafienitncreased

35. Explain the change in conductivity before the  equivalence point, based on the species in the
beaker.

Before the equivalence poiﬁticmbl reacted with thedts to produce water, removing the ions and decreasing the conductivity.

36. Explain the change in conductivity after the equivalence point, based on the species in the
beaker.

After the equivalence point has been reached, the adUiumh Offitms increases the conductivity in the solution.
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Draw a particulate level rep resentation of the substances in the beaker before the experiment, at

the equivalence point, and at the end of the experiment.

Beginning Equivalence End
E—— . ] | Acid HCI
Ht vy Nat ¢ MO OH" Na® qy- ¢ | | HOI—>H"+CI
Ht HZO Na*
CF HO  Ngt Na* a H,0 Base NaOH
cr T R g & -> o Nt g NaOH—»Na* + OH"
+ - - 2 3
Hr Na o CF gt OH  Na* | | Water H,0
3 e C Na* Na" H,0—>H* + OH"
cl Cl H,

J

_ J e ) o o W0

Did the color -change end point occur at the same volume of NaOH as the change in the

temperature graph and the conductivity  graph? If not, provide some reasons for the discrepancy.
Students should find that the end point detected by the color change of the phenolphthalein occurred atdghdtegjuivalence point

graph. If it did not, this could be due to adding too niitith Nat®bl or mismeasuring the amount of acid.

Phenolphthalein, a temperature sensor, and a conductivity sensor were all used to determine

when the reaction was complete. For the following reactions, which would work best? Explain

your reasoning.

a. Areaction in which a precipitate is formed.

The conductivity sensor would work best. The formation of the precipitate causes a decrease in conduetfaitynas the precipite
and conductivity would increase after the equivalence point. Binecaliphtiealused if the acidity of the chemical species

changes.

b. A reaction that is endothermic.

The temperature sensor would work best. The temperature decreases as the reaction proceeds. After the equivalence point
temperature increases tomrtmnperature. Phenolphthalein could be used if the acidity of the chemical species changes.

c. A reaction in which one of the products has a dark color.

Depending on the reaction, either the temperature or conductivity can be used. Phenoipb¢haseid asulierdark color

would mask the color change.

MODEL 2

Building Model @ Varying Concentration

1.

2.

Set up the equipment as you did for Model 1.
Start a new experiment on the data collection system , as you did in Model 1 .
Rinse and fill t he drop dispenser with 2.0 M NaOH.

If the drop counter has been disconnected from the data collection system since it was last
calibrated, calibrate it using the procedure in Appendix A.

Your instructor will give you a sample of HCI to react with th e 2.0 M NaOH. Record its
concentration in Model 2.
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6. Using a Mohr pipet, transfer 25.0 mL of the HCI solution into a clean, dry 150 -mL beaker.
Record the molarity and volume in the Model 2 Data Table.

7. Add 50.0 mL of distilled water to the beaker.

8. Calculate the number of moles of acid added to the beaker.
Assuming a 1.5 M concentration: 1.5 M HCI x 0.0250 L = 0.0375 moles HCI
Answers will vary based on the concentration of acid given to the student group.

9. Calculate the molarity of the solution  after the 50.0 mL of distilled water is added.

. .0.0375 mol HCI 1000
Assuming a 1.5 M concentration: mo 3 m:LO.SO M H(
(25.0 mL + 50.0 mL) 1L

10. Calculate the number of moles of acid after the 50.0 mL of distilled water is added.

. . | HCI .075L
Assuminga 1.5 M concentrmg 010 5L 0.0375 mol F

11. How many moles of NaOH will be required to reach the equivalence point with your sample of
hydrochloric acid?

Assuming a 1.5 M concentration: 0.0375 moles NaOH

12. What volume of 2.0 M NaOH will be required to reach the equivalence point with your sa mple of
hydrochloric acid?

Assuming a 1.5 M concentrdli6B75 mai %ol = 0.018751° 19m

13. Put 3 drops of phenolphthalein indicator into the beaker with HCI solution.

14. On the graph below, sketch the expected Temperature and Concentration vs Volume of NaO H
curves for your sample of hydrochloric acid. Indicate the point on the graph where you expect the
end point to occur.

The equivalence point and end point should occur on the graph at the volume of 2.00 M NaOH calculated alibige. For this example
19mL (refer to the graph in Model 2). The shape of the curves should be similar to the graph for Model 1.

Temperature and conductivity vs volume of NaOH

Temperature (°C)
Conductivity (10x probe) (uS/cm)

NaOH Volume (mL)
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17.

18.

19.

20.

21.

22,

4. STOICHIOMETRSMLUTIONSIEACHERESOURCES

. Place the 150-mL beaker with the hydrochloric acid solution under the drop dispenser. Turn on

the magnetic stirrer at a slow and steady rate.

. Start recording data.

Turn the drop dispenser stopcock carefully, allowing the titrant (2.0 M NaOH) to drip slowly
(1 to 2 drops per second) into the HCI solution.

NOTE: The top valve controls the flow rate and the bottom valve turns th e flow on and off.

In the Model 2 Data Table, record the volume when the phenolphthalein indicator changes color.
Add NaOH until the equivalence point has been reached and exceeded.

Stop recording data.

Save your experiment and dispose of the used solu tions according to your teacher's instructions.

Sketch or attach a copy of your graph of temperature and conductivity vs volume of HCI and
paste it into Model 2.

Model D Varying ©ncentration

Table 3: Model 2 Data Tablefi End point determination

Paraneter Value
Concentration of HCI sample (M) 15
Volume of 1.0 M HCI solution (mL) 25.0
Concentration of NaOH used (M) 2.0
Volume of NaOH added to change the color of
- 19
the solution (mL)

Temperature (°C)

Temperature and conductivity vs volume of NaOH

A
270 44693
268 40630
E 36567
%6 §
a 32504 —
264 = o8 ™ Conductivity+—+ &= /
262 o 24378 N { 'S
g N S /
260 2 20315 : N °
258 5 16252 ‘ \ 5
56 = 12189 ‘
g 2 8126 ==
%2 5 A8 Tongerdiee .
k=] 0 — >
50 S 063 -
(&S]
248 8126 -
246 12189

0 2 4 6 8 10 12 1 16 18 20 2 24
NaOH Volume (mL)
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AnalyzingModel 2 VaryingConcentration

23. How did your pre dicted graph compare to the experimental graph?

Ideally, students should find that the equivalence point and endhmoige(poiot) are close to the calculated values. The slopes
of each plot and the temperature and conductivity at the gginvaleycke different from the predicted graph.

24. Compare your graph to those of other students with different concentrations of HCI. What is the
same for each of the graphs? What is different?

The graphs have the same gataadsbut they have eiéint equivalence points and end points, depending on the concentration of
their acid sample. The temperature and conductivity ranges should also be different for different acid concentrations.

25. What variable affected the volume of 2.0 M NaOH required t o reach the equivalence point?
The molarity of the acid changed the number of moles of HCI that reacted with the NaOH.

26. What other variable could affect the volume of 2.0 M NaOH required to reach the equivalence
point? Explain.
The volume of acid opec#fied molarity added. Both molarity and volume determine the amount of moles that react.

Connecting to Theory

The technique in this lab is called titration . It is a powerful analytical technique that uses a
substance with a known concentration to deter mine the concentration of a solution with an unknown
concentration. Titrations are most often used with indicators or with a pH sensor. As you have
experienced, other types of measurements can be used.

This technique is most often used to answer the quest i o n, OHow much of a dissolved s
sampl e?é
Applying Your Knowled@determining an Unknown Concentration

You will be given an unknown concentration of a strong monoprotic acid. Design an experiment to
determine the concentration of the acid using 2.0 M NaOH. After your teacher has approved it, carry
out your experiment.

Be prepared to make a presentation to the class that includes the following:
1. Your resulting data and graph.
2. Depending on the design of your experiment, provide one or m ore of the following:

a. An explanation of how the indicator end point of the titration compared to the indicator end
point in Models 1 and 2.

b. An explanation of how the temperature curve for your reaction compares to the temperature
curve of HCl and NaO H in Models 1 and 2.

c. An explanation of how the conductivity curve for your reaction compares to the conductivity
curve of HCl and NaOH in Models 1 and 2.

3. The concentration of the unknown acid with calculations that support your answer.

4. The percent error of your unknown concentration and sources of error. Ask your instructor for
the actual concentration of your solution.

% Actual concentration -Your concentration 100
ocrror = X
Actual concentration
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TEACHER RESOURCES

5. POLAR AND NONPR®KAJBSTANCES

Initial Question

Some things dissolve in water, some do not. If you want to dissolve permanent marker ink, for
example, you'll need something oily. Why? What is the difference in the chemical structure of a
waterproof ink and one that washes off the paper at the first hint of moisture?

How does the polarity of a compound affect its solubility in different solvents?

LearningObjective’

Students understand how a compound's structure influences its solubility in water and oil. They
apply this knowledge to extract polar and nonpolar compounds from a mixture.

LO 2.8/ The student can draw and/or interpret SP 1.4/ The student can use representations and
representations of solutions that show the interactions models to analyze situations or solve problems
between the solute and solvent. gualitatively and quantitatively.

LO 2.13/ The student is able to describe the SP 5.1/ The student can analyze data to identify

relationships between the structural  features of polar patterns or relationships.
molecules and the forces of attract ion between the

particles. SP 6.1/ The student c an justify claims with evidence.

SP 6.2/ The student can construct explanations of
phenomena based on evidence produced through
scientific practices.

TimeRequirement

Preparation time: 40 minutes / Lab activity: 60 minutes

MaterialandEquipment

Model 1
1 Data collection system Beta-carotene (CaoHss, carrot pigment), 10 mL *
1 pH sensor Capsanthin (CaoHs603, paprika pigment), 10 mL 1!
1 Beaker (5), 100-mL Riboflavin (C17H 20N 40Qs, vitamin B), 10 mL 1
1 Stirring rod Lycopene (CsoH 6, tomato pigment), 10 mL?
1 Beral pipet Betanin (Cz4H27N2013, beet pigment), 10 mL?
1 Mineral oil, 30 mL 1 Set 2 Compounds
1 Distilled water, 30 mL Acetylsalicylic acid (CgHgOs), 10 mL1
1 Colored pencils or camera Stearic acid (C17H35COOH), 0.5 g
1 Set 1 Compounds Oleic acid (C17H33COOH), 10 mL1?
Copper(ll) sulfate (CuSOa4-5H,0), 0.5¢g Acetic acid (CH3COOH), 10 mL1?
Iron(lll) chloride (FeCls), 0.5¢g Citric acid (CsHgO7), 0.5 gt

Cobalt(ll) chloride (CoCly), 0.5¢g

o formulate these solutions from raw carrots, powdered paprikdleitacamBethtomatoes, canned beets, and aspirin tablets, refer
to the Lab Preparation section.

“From AP Chemistry Course and Exam Description, Effective Fall 2013 (revised edition). Copyright (c) 2013€pnedhokelge Boar
with permission. http://apcentral.collegeboard.com.
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Model 2
1 Beaker (2), 100-mL 1 Lycopene (C4oHss, tomato pigment), 10 mL !
9 Mineral oil , 20 mL 1 Betanin (C24H27N2013), beet pigment), 10 mL !

'To formulate these so Iutions, refer to the Lab Preparation section.

Prerequisites

Students should be familiar with the following concepts:
1 Lewis dot structures

1 Molecular and ionic compounds

1 Polar and nonpolar molecules
il

Intermolecular forces, particularly hydrogen bonding and L~ ondon dispersion forces

LabPreparation

These are the materials and equipment to set up prior to the lab . For long term storage, solutions
should be transferred to glass containers (the oil soluble compounds in particular may stain plastic
bottles).

NOTE: In Model 1, a number of compounds are tested. From each Compound Set, assign one
compound to each student group so all compounds will be tested. Students share the data for the
compounds they havendt studied

Model 17 Set 1 Compounds

NOTE: To shorten prepa ration time, use a blender or food processor.

1. Beta -carotene : Grate or puree two large carrots. Place them in a 600 -mL beaker and add about
150 mL (or 10 mL per group) of mineral oil. C over with a watch glass or plastic wrap and allow it
to sit for a day . Strain with a sieve or coffee filter, or gravity filter with filter paper. Decant the
oil layer, which contains extracted beta -carotene, and which should be orange.

NOTE : Mineral Oil : Students are directed to test their compounds in a mixture of water an d
mineral oil. Inexpensive mineral oil can be purchased at hardware stores in large quantities. You
can also use baby oil if you don't mind the fragrance. If necessary, vegetable oil can be used, but it
has a slight color and odor.

2. Capsanthin : Place 1 tablespoon of ground paprika or chili powder in a 600 -mL beaker. Cover
the powder with 150 mL (or 10 mL per group) of mineral oil. Stir well and allow it to sit for one
hour. Decant the solution, which should be a deep orange, almost red color.

3. Riboflav in: Crush one vitamin B or riboflavin supplement tablet with a mortar and pestle.
Place the powder in a 600 -mL beaker and add 150 mL of water (or 10 mL per group). Stir well,
cover with a watch glass or plastic wrap, and allow it to sit for one hour. Decan  t the solution.

4. Lycopene : Crush one small tomato in a 600 -mL beaker and add about 150 mL (or 10 mL per
group) of ethanol. Cover with a watch glass or plastic wrap and allow it to sit for a day. Strain
with a sieve or coffee filter, or gravity filter wit  h filter paper. The alcohol solution should be a
light orange color.

NOTE: Et hanol versus isopropanol : | sopropanol
drugstores, was also tested for the extraction of lycopene from tomatoes, but the oil and water
mixtures in Model 2 separated very slowly (approximately 1 day compared to about 5 minutes for
ethanol). If you substitute isopropanol for ethanol, realize that students may need to let their
extractions sit overnight to obtain clear results.
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5. POLAR AND NONPREABSTANCEFEACHERESOURCES

5. Betanin : Decant the liquid from one 8 o0z can of beets. Dilute it with distilled water until you
have 150 mL (or 10 mL per group).

Model 17 Set 2 Compounds

6. Acetylsalicylic acid  : Crush two standard (300 mg) or 6 low dose (81 mg) aspirin tablets in a
mortar and p estle. Place the powder in a 600 mL beaker and cover with 150 mL (or 10 mL per
group) of ethanol. Stir well, cover with a watch glass or plastic wrap and allow it to sit for one
hour. Decant the solution.

7. Oleic acid : Use olive oil, 10 mL per group.

8. Acetic acid : Use vinegar, 10 mL per group.

9. Citric acid : Purchase as solid citric acid from a chemical supply company or grocery store
Model 2

10. Lycopene and betanin  : Prepare as for Model 1. Each group needs 10 mL of each compound.
Safety

Add these imp ortant safety precautions to your normal laboratory procedures:

1 Many of the solutions used in this lab are alcohol based and are therefore flammable. They should
not be used near an open flame or ignition source.

1 Even though many of the compoundsinthisl ab are oOkitchend items, treat
activity as hazardous.
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Getting Your Brain in Gear

1. What is the difference between a compound and a mixture? Give two examples of each.
Compounds have set ratios of atoms and those atoms are da@aidetidnjianic bonds. Exampless G680

Mixtures can have any ratio between their components. They may have intermolecular attractions, but noboodsovalent or ioni
Examples: Lemonade, soil, soda.

2. Some molecules are too large to represent as Lewis dot structures. However, there is a simple

0coded chemists often use to draw t hem. Bel ow is the L
ways. Determine the rule to turn a Lewis structure int.
\ l R
H c—0 [
o.
\_/ : \
7\ ' | .”
H_C C_O | i 'O'.
\_/ N,
—_ — T I
V2 N | > CH,
H H H I Hel

Each poirdr vertex represents a carbon atom. Generally, hydrogen atoms bonded to carbon atoms are not drawn.

3. How many carbon atoms are in the following molecule?

40

4. Circle all of the atoms or groups of atoms in the aspirin molecule that could form hydroge n bonds

with water.
/ CH,

5. While some acids may dissolve in water, others do not. How would measuring the pH before and
after the acid is added to water help determine if the acid dissolves in water?

If the pH decreases, then that acid dissolves ithegtet.réfmains (more or less) the same, that acid does not dissolve in water.
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MODEL 1

Building Model @ Dissolving Compounds

1. Your teacher will assign you one compound from the Set 1 Compounds in the Materials and
Equipment list. The compound may alrea dy be dissolved in a solvent or may be provided as a
solid powder. Obtain about 10 mL of your assigned compound if it is a solution or a small scoop
(approximately 0.5 g) if it is a solid.

2. In a 100-mL beaker, mix 10 mL of distilled water and 10 mL of mi neral oil.

3. The density of water is about 1.00 g/mL and the density of mineral oil is about 0.85 g/mL. In the
mixture you just made, which layer is on top and which is on bottom?

The denser water layer is on the bottom, the less dense oihkayep.is on t
4. Add your assigned compound to the oil dwater mixture. Stir with a stir rod for about 10 seconds.

5. Allow the mixture to sit for about 5 minutes. Determine which solvent your compound dissolves
in best. In the Set 1 Compounds Results section bel ow, use colored pencils or a photograph to
record your observations. Label the layers.

6. Dispose of all mixtures in the proper waste containers and wash the beakers thoroughly with
soap.

7. Your teacher will now assign you a compound from the Set 2 Compounds in the Materials and
Equipment list. Obtain 10 mL of the assigned solution or a small scoop (approximately 0.50 g), if
it is a solid .

8. Consider this new substance. Can you use the same method (dissolving the compound in a
beaker with water and mine ral oil) to test if it will dissolve in oil or water? Why or why not? If
not, suggest a method or test that could be performed to determine in which solvent the
compound dissolves.

No, the same method can not be used because these compounds Naecamotarse naked eye observations. A pH sensor
would be the best choice to detect whether or not the compound dissolves in the water because all of the substances are acids

9. Ina1l00-mL beaker, m ix 10 mL of distilled water and 10 mL of mineral oil. Allow this mixture to
sit for 10 minutes while you perform the next step. This is the control.

10. In a second 100-mL beaker, mix 10 mL of distilled water, 10 mL of mineral oil and either 10 mL
or a small scoop of your assigned compound. Mix with a stirrin g rod or by swirling the beaker.
Allow this to sit for 10 minutes.

11. Connect a pH sensor to the data collection system.

12. For each of the oil dwater mixtures, including the control, use a beral pipet to transfer some of
the water layer to a clean beake r. Transfer enough to submerge the pH meter into the sample.
Measure the pH of the water layer and record the results in the Model 1 Data Table.

NOTE: Mixing water with oil may make the water slightly more acidic. It is therefore important
to measure the pH of the oil dwater control to determine the extent of this effect. If the acid
dissolves in the water layer , expecta significant change (2 or more pH units) from the control.

13.Determine if the compound dissol ved imtesapptoyriatée n wat er
column of the Model 1 Data Table.

14. Rinse your pH probe well, first with soapy water and then with distilled water.

PASCO / P2828 61



5. POLAR AND NONPRBABSTANCESEACHER RESOURCES

15. Rinse all of your glassware well, first with soapy water and then with distilled water.

16. Share your data with the class to complete the Model 1 Data Table .

Model 1 Dissolving Compounds

Set 1 Compounds Results

Assigned compound: b-Carotene

OBSERVATIONS

The examples show a polar and nonpolar compound:

Nonpolar Polar

@ oil/ Clear

@ 0il / Yellow @ Water / Clear

@ Water / Clear

Beta-Carotene Riboflavin
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Set 2 Compounds Results

Assigned compound: Acetylsalicylic acid

Table 1: Model 1 Data Table fi Properties of various compounds

Compound ‘ pH of Water Layel Dissolved in Wate| Dissdved in Oil
Set 1 Compounds
Copper(ll) sulfate, CuSOg4 X
Cobalt(ll) chloride, CoCl X
Iron(lll) chloride, FeCls; X
Beta-carotene, CsoHse X
Capsanthin, CsoHs603 X
Riboflavin, C 17H20N 406 X
Lycopene, CaoHse X
Betanin, C 24H27N2013 X
Set 2 Compounds
Acetylsalicylic acid , CgHgO4 4.42 X
Stearic acid , C17H3sCOOH 7.55 X
Oleic acid, C17H33COOH 5.76 X
Acetic acid, CH3COOH 3.10 X
Citric acid, C ¢HgO7 2.00 X
pH of water in control mixture 6.70

Analying Model 1 Dissolving Compounds

17. Did most of the colored compounds dissolve in both water and oil, or did most compounds
dissolve in one or the other?

Most compounds dissolved in either oil or water, not both.

18. Which compounds used in this experiment have ionic bonds ? Did these dis solve in water or in
oil?

CuSQ, CoCl, Fe@have ionic bonds. Thikgissolved in water.

19. Do all of the molecular compounds dissolve in oil? Support your answer with data from the
Model 1 Data Table.

No, some dissolve in oil and some dissolee fimcaritene, capsanthin, and lycopene dissolved in oil; riboflavin and betanin
dissolved in water.
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20. One way to think about which molecular compounds will dissolve in water and which will
dissolve in oil is to determine which molecules are able to f orm hydrogen bonds with the water
molecules.

a. What atoms must be present for a molecule to form a hydrogen bond with water?
Nitrogen, oxygen, or fluorine, or a hydrogen that is covalently bonded to a nitrogen, oxygen, or fluorine atom.

Refer to these sk eleton structures of four of the Set 1 Compounds:

Riboflavin Betanin

\\\\\\\\\

Beta-carotene

b. Can riboflavin form a hydrogen bond with water? If so, circle the places on the molecule that
could form a hydrogen bond with water.

Yesriboflavin cdormhydrogen bosdith wateEach of thexygenandnitrogemtoms in riboflayas well as any hydrogen
atom covalently bonded to a nitrogen or oxygeandtanm, a hydrogen bond with water.

c. Can beta-carotene form a hydrogen bond with water? If so, circle the places on the molecule
that coul d form a hydrogen bond with water.

No, there are no oxygen or nitrogen atoms on the molecule that could form a hydrogen bond.

d. Are all of the molecules that dissolved in water able to form hydrogen bonds with water?
Yes.
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21. Below is the molecular struct ure of capsanthin. Does having three or fewer oxygen atoms in a
molecule containing 40 carbon atoms provide enough hydrogen bonding to water to make that
molecule soluble i n water? Justify your answer using your data

&

No,it is not enough hydrogen bgrslitce thespsanthin dissolved in oil.

22. A second way to think about which compounds will dissolve in water and which will dissolve in
oil is to consider which ones are polar and which are nonpolar. Mineral oil is a mixture of
molecules that are carb on chains of various lengths (ranging from 18 to 40 carbons). An example
of one molecule is shown here:

VAV Ve Ve VA VNV N

C,H CH,

a. Is this compound polar or nonpolar? Briefly explain your answer.

It is mnpolar because of the long chaarbefandhydrogen aton@arborard hydrogehave very similar electronegativity and
do not form polar bands

b. Is water polar or nonpolar? Briefly explain how you know. Include a drawing.

Water is polar. The bent shape of the water molecule and higher electronegativity oftooygén dnavsiele of the
molecule, making the oxygen side partially negative and the hydrogen side partially positive.

/N
H H
c. Textbooks often use the phrase o0like dissolves | i

this is that polar compounds dissolve in polar compounds while nonpolar compounds dissolve
in nonpolar compounds. Does your data support this statement? Give examples to support
your answer.

Yes most of t he dat atBetabamterse ista hoagolar@ddmpdure tbétetiss sampolareis | i k e

Aspirin is a polar compound that dissolves in water, which is also polar.
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23. a. Hexane is shown below. Is hexane a polar or nonpolar compound?

H H H H H H
H C/ C/ C/
G C/ S C/ k- C/ Sy
/N /N /\
H H H H H H
Hexane is nonpolar.

b. Will beta -carotene dissolve in this solvent (hexane)? Briefl y explain your answer.
Yes, betaarotene will dissolve in hexane. Both are nonpolar.

24. Determine if the following compounds will dissolve in oil or water. If the molecule is water
soluble, circle the sites where hydrogen bonding with water can occur.

a. Cyanidin (a compound that gives many fruits their red color)

Cyanidin will dissolve in water.

b. Alpha -tocopherol (a form of vitamin E)

H,C CH, CH, CH,

HO"

H,C CH,

Alphaocopherol will dissolve in oil.
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25. Suppose lycopene and betanin were both added to an oil dwater mixture. Pr edict where each
solute would dissolve best and draw a picture of your prediction.

\ /

Lycopene

0il

The lycopene, being nonpolar, would dissolve in the oil and the betanin, polar, would dissolve in the water.

26. Barium sulfate, BaSO ., is insoluble in water. Does this characteristic follow the dike dissolve s
like 6guideline? Explain your reasoning.

Barium sulfate is an ionic compsitdpuld be considered péiarording to thike dissolves ldkale, it should be soluble in
water, a polar compo@idce isinot soluble in water, however, barium sulfate does not follow the general rule.

MODEL 2

Building Model @ Extraction

1. Obtain 10 mL each of the lycopene and betanin solutions (the structures of these molecules are
depicted in the Analyzing Model 1 sect ion). Record the color of each solution.

2. Mix the two solutions together in a 100 -mL beaker, and then add 20 mL of mineral oil. Stir f or
10 seconds then let the mixture sit for two to five minutes. Record your observations.

3. Decant the top layer into a separate beaker. Record your observations in Model 2 & Extraction by
either drawing a pictur e (use colored pencils to record the color) or taking a photo.
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Model2 8 Extraction

Observations

Mixture Separation

\ / (

\_ J

Lycopene Betanin

Lycopene and Betanin

AnalyzinglodeR d Extraction

4. Explain how you were able to separate the lycopene and betanin in Model 2.

Lycopene is a honpolar compound, so it dissolved in the oil, separating it from the betanin, which is anssolieedimpaeind so di
water.

Connecting to Theory

There are many times in chemical research , manufacturing and industry when mixtures of
compounds must be separated. Several techniques are used to achieve separation. Many of these
techniques make use of the different solubility of the substances in the mixture. The process you
performed in this lab is known as extraction fi for example, one compound moves into the nonpolar
solvent layer, the other stays in the polar solvent layer.

Consider the decaffeination of coffee (extraction of caffeine from coffee beans), which is also
accomplished by an extr action method. Coffee beans are soaked in a solvent that dissolves caffeine
but not the other compounds in coffee, such as those that give the coffee its flavor . Over the years,
various solvents have been used, including dichloromethane and supercritical ~ CO,. This process is
not 100% efficient ; some of the caffeine is not dissolved in the solvent. This is why the coffee is
labeled as ddecaffeinated 6and not ccaffeine free. 6

Chromatography is another commonly -used process that separates the components of a mixture. In
this process, a liquid or gas moves over a solid medium (such as paper or silica). Some of the
components dissolve better in the mobile phase than others, and so travel farther along the solid
medium. Others stick better to the solid. In the en  d, the components are separated.

Applying Your Knowledge

1. Lycopene, beta-carotene and capsanthin are all converted by your body into vitamin A. Your
body is better able to absorb these compounds if the foods they come from (such as tomatoes,
carrots, an d peppers) are cooked, particularly if they are cooked in a little oil. Why might this be
the case?

These compounds dissolve in the oil and will do so better at higher temperatures. This makes them avaidgsie for the body to d
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2. Soapisgenerallyformed from mol ecules that have | ong nonpol a
soluble in water. Such compounds are called surfactants , and an example of one (sodium
stearate) is pictured below.

.6.

*)I\ O.Na"

a. Circle the nonpolar region of this molecule
b. Put a box around the polar region of this molecule.

c. What about the structure of the polar region of this molecule will give extremely polar
properties?

Thepolar region of the molecubais, not just polar.

d. Using what you have learned in this lab, why do yo u think surfactant molecules are more
effective at dissolving oily compounds from dishes than pure water alone?

The nonpolar region can dissolve the oily compounds on dishes while the polar end can still dissolve in water.

3. Consider what you know about 6 per manent 6 ink and ink that can be
are the compounds used in those inks different?

The water soluble ink molecules likely contain many oxygen atoms, making them polar and allowing them tavittrm hydrogen boi
water and be washaway. The permanent ink is probably made mostly of carbon and hydrogen atoms, so it is nonpolar.

Teacher Tips

Tip 17 Preparing the lab

This lab requires a substantial amount of preparation. To make the preparation go smoothly, begin a
day or two prio r to carrying out the lab. This reduces some of the agitation and filtering. There is no
strict rule on how long solutions must sit before straining or separating the layers. You could

prepare them a week in advance , or right before the lab, if necessary.

Tip 27 Rinsing pH meters and cleaning up

Students are directed to measure the pH of their water samples after pipetting the water layer from
the beaker with the oil and water. This prevents the pH sensor from being submerged in oil.
However, it will inev itably come in contact with some oil, so students are directed to wash them with
both soapy water and distilled water. Make sure to supply them with a dilute, mild detergent.

Provide students with a mild detergent solution for rinsing their beakers and lab counters.
Detergents like Dawn ® work better than most lab soaps.
Tip 31 Paper chromatography

You may wish to have your students execute a paper or thin  -layer chromatography experiment as a
follow -up to this experiment. The same solvent d&solute interaction s come into play with the added
complication of the solute dsolid phase interaction. However, students will be better prepared for that
discussion, having completed this lab activity.

Tip 41 Separatory funnels

If separatory funnels are available, you may w ish to use them in Model 2.
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6. OLUBILITY

Initial Question

Most ionic compounds are considered to be soluble or slightly soluble in water. Even compounds
considered insoluble will dissolve to some small extent. This small extent can become very important
when the dissolved substance is poisonous like lead, thallium, or cadmium. Over time, tiny amounts
of these heavy metals can build up in your body and cause severe health problems. By knowing the
amount of a dissolved ion in a solution, we can determine an vy potential health risks.

How can you determine the amount of dissolved ions in a solution?

LearningObjective’
Students determine the saturation concentration of a compound and the mass of dissolved solute.

LO 2.15 / The student is able to explain obser vations SP 4.3/ The student can collect data to answer a
regarding the solubility of ionic solids and molecules particular scientific question

in water and other solvents on the basis of particle

views that include intermolecular attractions and

entropic effects.

LO 2.19 / The student can create visual
representations of ionic substa nces that connect the
microscopic structure to macroscopic properties,
and/or use representations to connect the microscopic
structure to macroscopic properties (e.g., boiling point,
solubility, hardness, brittleness, low volatility, lack of
malleability, ductility, or conductivity).

LO 6.21 / The student can predict the solubility of a
salt, or rank the solubility of salts, given the relevant
Ksp values.

TimeRequirement

Preparation time: 20 minutes / Lab activity: 60 minutes

MaterialandEquipment

Model 1

1 Data collection system 1 Unknown A , solid, 1.0 g2

1 Conductivity sensor 1 1 Unknown B , solid, 1.0 g3

1 Beakers (3), 150-mL 1 Unknown C , solid, 1.0 g#

1 Balance (1 per class) 1 Distilled water , 300 mL

1 Stirring rod 1 Wash bottle with distilled deionized water

1 Graduated cylinder, 100 -mL

lincluded with PASCO Advanced Chemistry Sensor.

2Unknown A is solid glucoste; $Os).

3Unknown B is solid potassium bitartrajeld®H@lso kown as potassium hydrogen tartrate (KHT), or cream of tartar.
4Unknown C is solid sodium siNfa&G).

“From AP Chemistry Course and Exam Description, Effective Fall 2013 (revised edition). Copyright (c) 201&toel@mlbge Board. R
with permission. http://apcentral.collegeboard.com.
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Model 2

9 Data collection system

9 Conductivity sensor 1

9 Magnetic stir bar

1 Stir plate

1 Ring stand

1 Graduated cylinder, 100 -mL

lincluded with PASCO Advanced Chemistry Sensor.

Model 3
1 Erlenmeyer flask, 125 -mL

1 Mohr pipet, 25 -mL
1 Pipet bulb

1 Beaker (2), 150-mL
9 Buret

1 Buret clamp

9 Funnel

Prerequisites

1 Balance (1 per class)

9 Beaker, 150-mL

1 Clamp

1 Potassium bitartrate (KHCsH40s), solid,
42¢g

1 Distilled water , 100 mL

1 Quantitative filter paper

1 Magnetic stir bar

1 Stir pla te

1 Phenolphthalein, 3 drops

1 0.10 M Sodium hydroxide (NaOH), 80 mL
1 Distilled water, 20 mL

Students should be familiar with the following concepts:

1 Molarity

1 lonic and covalent bonding
1 Conductiv ity

1 Solution equilibria

1 Titration
LabPreparation

These are the materials and equipment to set up prior to the lab

Applying Your Knowledge
0.10 M Sodium hydroxide:

Prepare 1000 mL of 0.10 M sodium hydroxide (NaOH) by placing 3.999
of solid NaOH in a 10 00-mL volumetric flask 1/3 full of distilled water.

has completely dissolved, fill the flask to the line with distilled  water.

Safety

Add these important safety precautions to your normal laboratory procedures:

1 In addition to goggles and an apron, wear gloves.
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Getting Your Brain in Gear

1. Why would the conductivity of a solution change when solute is added?
There are more dissolved ions in the solution.

2. Based on conductivity, how can you distinguish between soluble ionica nd molecular solutes
when they are dissolved in water?

Molecular solutes will dissolve but do not change the conductivity
lonic sotes will dissolve and change the conductivity.

3. Consider the three beakers below. Label the solutions either saturated or unsaturated. Explain
your reasoning.

5.0 M NaCl 6.2 M NaCl 6.2 M NaCl
\ / / /
> ] > ] ] > > o ] > ] Na*(aq)
0 > [] > > > CI" (aq)
O > D[] > > 0 o [ T> NaCl (s)
> O O O
> 5 ) 80 ) \ &
Unsaturated Saturated Saturated

The beaker on the right is saturated because there is solid solute at the bottom. Since the concentratiofediesaleteisn the mi
equal to that of the beaker on the right, it is also saturatedctretsatyeat more dissolved solid. The beaker on the left is
unsaturated because the concentration of solute in that beaker is less than in the middle beaker.

4. Bitartrate is a polyatomic ion with the formula HC4H4O6'. In a saturated solution of potassiu  m
bitartrate, the following equilibrium reaction occurs:

KHC 4H406(s)  K*(aq) + HC4H4Os' (aq)

Describe the chemical processes during the forward and reverse reactions.

During the forward reaction, the compounesiismin Kand H@HOs . During the reverse reaction; tredkH@4Qs form
the solid compound
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MODE 1

Building Model & Saturated or Unsaturated?

1.

2.

3.

Obtain three 150 -mL beakers and | abel them 0A,06 0B, 0
Pour 100 mL of distilled water into each of the beakers.

Connect the conductivity sensor to the data collection system.

Insert the ¢ onductivity sensor into the water in Beaker A.

NOTE: Make sure the small hole on the side of the conductivity probe is submerged. Gently tap

the conductivity probe to remove any trapped bubbles.
Start data collection. Record the conductivity in the Mo  del 1 Data Table.
Measure and add 1.0 g of unknown solid A to the beaker.

Stir the solution with a glass stirring rod and then record the conductivity and appearance on
the Model 1 Data Table.
Make a particulate drawing for the unknown  in solution in Model 1.

Rinse the conductivity probe with distilled deionized water
with unknowns B and C in their respective beakers.

and then repeat the previous steps

Model 10 Saturated or Unsaturated?

Unknown A Unknown B Unknown C
\ / / /
>
- >0 L0 0 | [ (e
> > ] > lonized [_] >
> [ > O
\_ /L Y,

Table 1: Model 1 Data Table fi Identifying a saturated so lution

ConductivitygS/cm)
Unknown Appearance
Water Water Plus Unknown
Unknown A clear ~50 ~50
Unknown B cloudy ~50 ~3300
Unknown C clear ~60 ~11000
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Analyzing ModeldSaturated or Unsaturated?

10. Which of the solutions would you describe as unsa turated? Explain your reasoning.
The solutions with unknowns AdbdtiCof these solutions are clear.

11. Which of the solutions would you describe as saturated? Explain your reasoning.
The solution with unkno@vithB solution is cloudy.

12. Which of the unknowns would you describe as ionic? As covalent? Explain your reasoning for
each.

Unknown B and unknown C are ionic, because when dissolved in water, the conductivity of their solutiomsmdugteéier than the ¢
of water. Unknown A is covaleatibe when dissolved in water, its conductivity is the same as the conductivity of water.

13. How could you experimentally verify your answers above?
Add more soluteth solution s&turated, no more will dissolve. If unsaturated, more will dissolve.

The solutions containimignowB and nknowi€ will increase in conductivity when they are added to the sdhdisolutiole
isunsaturated. The conductivity will remains steady as solute is added once the solutions are saturated.

For the soion with unknown A, the conductivity should not increase as more solute is added.

14. If you are going to use conductivity to help determine the saturation of a solution, what can you
say about the substance you use for this study?

The substance must beait compound.

MODEL 2

Building Model @ Reaching Saturation
1. Connect the conductivity sensor to the data collection system.
2. Pour 100.0 mL of distilled water into a 150 -mL beaker.

3. Add a stir bar to the beaker and place the beaker on a magnetic  stirrer, placed on the base of the
ring stand.

4. Use the ring stand and clamp to hold the conductivity sensor immersed in the water in the
beaker and then turn on the magnetic stirrer.

NOTE: Make sure the small hole on the side of the conductivity senso ris submerged. Gently tap
the conductivity probe to remove any trapped bubbles.

5. Start data collection . Record the conductivity and the appearance of the solution in the Model 1
Data Table .

6. While constantly stirring, add 0.2 g of potassium bitartrat e to the beaker.
7. After 4 minutes , record the conductivity and appearance in the Model 2 Data Table.

8. With constant stirring, add an additional 0.2 g of potassium bitartrate to the beaker. After
4 minutes, record the conductivity and appearance of the  solution.

9. Continue this process of adding 0.2 g of potassium bitartrate to the beaker and stirring for
4 minutes until 1.2 g have been added.
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10. Make particulate level drawings of the solutions before potassium bitartrate is added, after 0.6 g
are added, and after 1.2 g are added.

Before potassium 0.6 g potassium 1.2 g potassium
bitartrate is added bitartrate added bitartrate added
> L]
L] > DD T Non-ionized [ >
(> > > > lonized [ ] [>
> > []
0" O O
> (] =
\ J U J >
11. Sketch a graph of conductivity on the y-axis and total mass of potassium bitartrate added on the
X-axis.
12. Do not discard the contents in your beaker. Save the solution for Model 3.
Model D Reaching Saturation
Table 2: Model 2 Data Table 9 Detecting the saturation point
Trial TotalPotassium Conductivity Appearance Saturated or
BitartrateAdded Unsaturated?
(9)
1 0.0 125 Clear Unsaturated
2 02 1087 Clear Unsaturated
3 04 1700 Clear Unsaturated
4 06 2700 Sliglly cloudy Unsaturated
5 0.8 3300 Cloudy Saturated
6 10 3400 Cloudy Saturated
7 1.2 3400 Cloudy Saturated

Conductivity vs mass of KHC4H,0¢ (g)

E

§ A

2 4000

@ G

S 3000 L

=

é

= 2000

=

=

Z 1000

=
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o
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Mass of KHC4H40¢ (g)
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Analying Model & Reaching Saturation

13. In the Model 2 Data Table, describe the solution after each trial as either saturated or
unsatura ted.

Because the solution is slightly cloudy, students may describe Trial 4 as saturated, but because thecoeeslngtivtiti is still in
unsaturated.

14. What is the approximate mass of KHC 4H ;O required to saturate 100 mL of water? Explain your
reasoning using at least two instances of data -based evidence.

Approximately 0.8 grams ofiH#&in 100 mL of water will saturate the solution. The water began turning cloudy after 0.6 g of
KHGH:Oshad been added but the conductivity continueals, indicating more of the substance was dissolving in the water. The
conductivity stopped increasing after approximately 0.8 g had been added.

MODEL 3

Building Mode3 6 Quantifying Solubility

1. Use the following steps to remove any solids from the s olution you saved
from Model 2.

NOTE: Do not add any water to the filtrate.

a. Assemble a filtration setup as in the diagram  shown at the right ,
using a 125-mL Erlenmeyer flask, filter paper, and a funnel.

b. Fold the filter paper and place it into the fu nnel.

c. Slowly p our the contents of the beaker into the funnel. Do not  over fill
the filter paper .

d. Continue until all of the filtrate has moved through the filter paper
into the flask.

2. s the filtered solution saturated or unsaturated?
As longsino water was added, the solution is still saturated.

3. Insert the magnetic stir bar into a clean, dry, 150 -mL beaker. 7
Then, using a Mohr pipet, deliver 25 mL of the filtered
potassium bitartrate solution from the Erlenmeyer flask into

the beaker. Save the rest of the solution for a second trial.

4. Add approximately three drops of phenolphthalein indicator to :
the potassium bitartrate solution in the beaker. & jET)
p r 5%
5. Use aring stand to set up a buret, as shown.
Stopcock

Magnetic stir ba
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6. Rinse the buret:

a. Open the stopcock and then place a waste beaker under the buret.

b. Rinse the buret three times with small amounts of distilled water . This will remove any
residue.

c. Rinse the buret three times with small amounts of 0.10 M NaOH. This will push out any
water or other impuri ties.

7. Close the stopcock. Replace the waste beaker with the 150 -mL beaker that contains the 25 mL of
potassium bitartrate and phenol phthalein. Dispose
instructions.

8. Fill the buret with 0.10 M NaOH. Record th e initial volume in the Model 3 Data Table.

9. Turn on the magnetic stirrer. Then open the stopcock to achieve a steady drip of approximately
one drop per second. Add the 0.10 M NaOH until you get a permanent, faint pink color in the
solution, and then clo se the stopcock.

10. Record the final volume of sodium hydroxide in the Model 3 Data Table.

11. Repeat the previous steps for a second trial using another 25 -mL sample of the KHC 4H4O0e
solution. Calculate the volume of titrant added for each trial and det ermine the average volume .

Model 3 Quantifying Solubility

Table 3: Model 3 Data Table fi Using titration to determine solubility

Parameters Trial 1 Trial 2 Average
Volume of KHC4H406 solution (mL) 25.00 25.00
Concentration of NaOH used (M) 0.10 0.10
In itial titrant volume (mL) 0.00 10.5
Final titrant volume (mL) 10.5 21.0
Volume of titrant added to reach the endpoint (mL) 10.5 10.5 10.5

Analying Model 3 Quantifying Solubility

12. Bitartrate is a weak acid and sodium hydroxide reacts with itacc  ording to the following net ionic
reaction:

OH3(aq) + HC4H4O6 (ag) H20(l) + CaH10e23(aq)

a. Calculate the average number of moles of OH' used in the titration s.
0.0105 L x 0.10 M'G+0.00105 mol OH

b. Calculate the average number of moles of HC4H4Os' in the 25.0 -mL sample of the solution.
Because there is a 1:1 stoichiometric ratio, there are 0.00118&rGk:s of

c. Calculate the average molarity of the HC4H4Os' in the solution.
0.00105 mBIGH:Os' /0.025 L sample = 0.042 M
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d. Calculate the av erage mass of the KHC 4H4Os dissolved in 100 mL of water.
0.042 mol/1 L solution = 0.042 mol/1000 mL, so there are 0.0042 mol/100 mL solution
0.0042 mol x 188.18 g/mol = 0. ALK

13. Compare this mass of K HC4H 4Os to the approximated mass in Model 2.

Students should find that they are similar in value. In Model 2 it was estimated that fH8grarh@GhHE water will
saturate the solution. The calculation based on the measured mass shows that 0.79 g will dissolve.

Connecting to Theory

The ability of a compound to dissolve in a solvent is its solubility. The solubility of an ionic compound
refers to the maximum amount of solute that can dissolve in a given amount of solvent at standard
temperature and pressure. The solution of an ionic co mpound containing the maximum amount of
solute is known as a saturated solution and is in a state of equilibrium between dissolved and
undissolved solute.

The solubility product constant , K, is a temperature -dependent constant that refers to this state.  If
a salt, M xA,, dissociates into cations [M ™1 and anions [A *] the expression for the solubility product
will be

Kep = IM™]A 2 PY

where 0[] ]6 indicates the molar concentration of

For example, t he equation below describes the equilibrium of a saturated solution of calcium
carbonate in water:

CaCO;(s) Ca*(aq) + CO5” (aq)

Calcium carbonate dissolves in the solution in the forward reaction and at the same time calcium
carbonate precipitates from the solution in the reverse reaction. When both reactions occur at the
same rate, a state of equilibrium is established .

The Ksp expression for calcium carbonate would be:

K, =[Ca®J[CO, 7

Applying Your Knowled@determining Solubility Equilibrium

1. Write the Ksp expression for potassium bitartrate using the following equilibrium reaction:

KHC 4H40s (s) K*(aq) + HC4H4O¢' (aq)
Kep= [K] [HCIHiC®']
2. Based on the formula of potassium bitartrate and the average molarity at saturation of

bitartrate from Model 3, what are the molarities of potassium ions and the bitartrate ions in a
saturated solution?

The molarity determined at saturation is 0.042 M.
KHGH:Os(s) K*(ag) + HELO: (aq)
[K] = HGHOs ] = 0.042 M

a. Calculate the value of Ksp for potassium bitartrate.
Ksp= [K] HGH:Os' ] = 0.042= 1.8 x 16
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3. Copper(ll) tartrate, CuC 4H4Os, dissolves in water according to the following equation
CuCsH406(s) Cu?*(aq) + CaH40¢? (aq)

The Ksp of copper(ll) tartrate is 4.0 x 10 94,

a. What is the Ksp expression of copper(ll) tartrate?
Ksp = [COY] [GHIOs™']

b. What is the molarity of a saturated  solution of copper(ll) tartrate?
Ksp = [CG'] [GHiOs™ ] = 4.0 x 30
Therefore, since u [GHO' ], the molarity #4.0° 10° , or 2.0 10 .

c. If 0.200 grams of copper(ll) tartrate are added to 100 g of water, is the solution saturated?

0.200 1 mol =0.45 310 M CyC,H
0.100L 211.63 g copper(ll) tartrate

This concentration of copper(ll) tartrate is less than the concentration required to reach $atdramthi®i8 arl0
unsaturated solution.

Teacher Tips

Tip 17 Source of potassium bitartrate

You can use cream of tarta r, another name for potassium bitartrate, which can be purchased at a
grocery store.
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/7. EMPIRICAL FORMULA

InitialQuestion

A major emphasis of laboratory work for a chemist is determining the composition of a compound.
There are many tools , such as chromatographic separation and spectroscopy , that aid the chemist in
determining chemical composition. By keeping track of mass and breaking a compound into its
component pieces, the pieces can be measured and the composition determined.

How do you discover th e formula for an unknown substance ?

Learning Objectivés

The student is able to use stoichiometric calculations to  analyze the results of a reaction carried out
in the laboratory.

LO 3.6/ The student is able to use data from SP 2.2/ The student can apply mathematical routines
synthesis or decomposition o f a compound to confirm to quantities that describe natural phenomena.
the conservation of matter and the law of definite

SP 5.1/ The student can analyze data to identify

roportions. . .
prop patterns or relati onships.

Time Requirement

Preparation time: 20 minutes / Lab activity: 90 minutes

Materials and Equipment

Model 1
1 Hot plate, 1 per group, or an oven for the class 1 Copper hydrate unknown, 1.001.5 gl
1 Crucible and cover 1 Balance (162 per class)

1 Crucible ton gs

Model 2

1 Data collection system 9 Volumetric flask , 100-mL

1 Colorimeter sensor 1 Copper hydrate unknown, 1.0 81.5 g2

1 Sensor extension cable? 1 0.10 M Copper chloride ( CuCl,-2H20), 60 mL 3
1 Cuvette ! 1 Distilled water, 25 mL

1 Graduated cylinder, 25 -mL

lIncludeavith PASCO Colorimeter

1Use copper chloride dihydratex(@$C) as the copper hydrate unknown for both Model 1 and Model 2. Refer to the Lab Preparation
section.

2To prepare 0.10 M Gukefer to the Lab Preparation section

*From AP Chemistry Course and Exam Description, Effective Fall 2013 (revised edition). Copyright (c) 2013 The College Board.
Reproduced with permission. http://apcentral.collegeboard.com.
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Prerequisites

Students shoul d be familiar with the following concepts:
1 Percent by mass

1 Heating with a crucible and cover

1 Law of Definite Proportions

Lab Preparation
These are the materials and equipment to set up prior to the lab:

Model 1 and Model 2

NOTE: A ssign student groups a specific mass of hydrate that they will use in both Model 1 and

Model 2 to ensure a good distribution of data. In this lab , it is not ideal for all groups to  work with the
same mass. Students should see that even though different amounts of samples were used, the
resulting ratio of components was the same.

1. Unknown Copper(ll) chloride: Provide an unlabeled container for the students' copper
hydrate unknown, CuCl ,-2H,0.

Model 2

2. 0.1M Co pper (ll) chloride : Prepare 1L of 0.10 M copper(ll) chloride dihydrate (CuCl,-2H,0),
by fill ing a 1000 mL volumetric flask 1/3  full of distilled water. Add 1  7.048 g of copper(ll)
chloride dihydrate to the flask and swirl to dissolve it. Fill the flask to the mark with distilled
water. Students will dilute this solutiontopr epar e standard solutions

Safety
Add these important safety precautions to your normal laboratory procedures:

1 Do not look into a hot crucible . Hot material may be ejected.

1 Do not touch chemicals with your hands
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Getting Your Brain Gear

1. Inthislab , you will be heating a hydrate to remove the water. Label the  appropriate molecules
in the before-heatingand after -heat i ng di agr a mgdrate @ |Adhwdrows salthé 6a n d
dWater .0

& O

H0  CuCly

Hydrate 8 8

Anhydrous salt

Before heating After heating

2. Write a mathematical equation that woul d show the relationship between the mass of the
hydrate, the mass of water lost , and the mass of the anhydrous salt.

Mass of hydrateMass of water losiMass of anhydrous salt

3. There are two possible ionic compounds that can be formed by copper and ¢ hlorine. Write their
chemical formulas.

CuChndCud

4. Recall that copper ions have a blue to green color in solution. Propose a lab technique that could
be used to determine the concentration of copper ion in a solution prepared with your hydrate
sample.

Spectroscopy could be used to find the concentration of copper ion in a solution of the hydrate sample.
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MODEL 1

Building Model & Percenage ofWater
1. Clean and dry a small ceramic crucible and cover.
2. Measure the mass of the crucible and cover. Record this in the Model 1 Data Table.

3. Measure between 1.0 and 1.5 grams of the unknown in the crucible (the cover should be on the
balance, as well). Record the total mass of the sample, crucible , and cover in the Model 1 Data
Table.

4. Inthislab procedure, you obtain the mass of the unknown in the crucible. Explain why this
method is preferred over finding the mass of the unknown in a weighing container and then
pouring the sample into the crucible.

Thisprocedure limits the amount of sotldriagtthe transfer from the balance to the crucible and cover

5. Set up a hot plate to heat the uncovered crucible . Use a medium setting.

NOTE: H eating the hydrate too hot (>300 C) will result in the production of poisonous chlorine
gas.

6. As water is released from the sample , the color will change from blue to brown. Use crucible
tongs to gently shake the crucible occasionally to expose the blue hydrate in the middle.
Continue heating until the blue color is gone ; this will take ten to fifteen minutes . Work on the
problem below while you wait.

7. In Model 2 you will use a spectrophotometric technigue to determine the percentage of copper ion
in your sample. To do this, you will need standard solutions of 0.10 M, 0.08 M, 0.06 M and
0.04 M copper ion. Y ou will be given a stock solution of 0.10 M copper ion. Perform the
calculations and write a procedure for how you will make at least 20.0 mL of each of the
standard solutions.

0.10 M Use the stock

0.08 M 0.10 Mxj = 0.08 M (20.@)m x=16.0 mL
Add 4.0 mL of distilled water to 16.0 mL of 0.10 M stock

0.06 M 0.10 M) =0.06 M (20.0 mL) x=12.0mL
Add 8.0 mL of distilled water to 12.0 mL of 0.10 M stock

0.04 M 0.10 M{j=0.04 M (20.0 mL) x=8.0mL
Add 12.0 mL of distilled water to 8.0 mL of 0.10 M stock

8. Once all the crystals are brown, remove the crucible from the hot plate with crucible tongs. Let
the sample cool with the cover in place. After cooling for five minutes , find and record the total
mass of the sample, crucible , and cover.

NOTE: You cannot measure the mass of a hot object on the balance.

9. Whyisit necessary to heat the sample with the cover removed?
The water needs to be able to escape as steam from the crucible.
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7. EMPIRICAL FORMUTRACHERESOURCES

. Why is it necessary to let the substance dry with the cover on?

Leaving the cover on when the substanpesgigass rehydration from the air.

To ensure that all the water has been removed, reheat the crucible with the unknown  for five
minutes (uncover ed). Let the sample cool on the desk (covered) and then obtain the mass as you
did previously . Continue to heat in five -minute intervals until all of the water has been removed
from the hydrate sample.

How will you know if you have heated the hydrate s  ufficiently to remove all of the water?

The mass of the hydrate will no longer change when heated.

Transfer the brown anhydrous sample from your crucible to the solid waste jar in the hood. Rinse
and dry the crucible.

Model 10 Percersige ofWater

Table 1: Model 1 Data Table fi Determine the percentage of water in the hydrate

Parameters Mass (g)
Crucible and cover 23.31
Hydrate sample, crucible and cover 24.73
After 1st heating 24.44
After 2nd heating 24.42
After 3rd heating (if necessary)

AnalymgModel 18 Percenage ofWater

14.

15.

16.

Calculate the mass of water lost from the hydrate.
24.73y7 24.49= 0.31 gvater lost from the hydrate

Calculate the percent age of water in the original sample.
Mass of sample = 24g7323.31g=1.42 g
(0.31 g1.42 yx 106:21.8 %

Complete Table 2 using data from your classmates to compare different sized samples of hydrate.
Compute the average percentage of water in the sample.

Table 2: Compare class results for the percentage of water in the hydrate

Mass of Hydrate Sampl{  Mass of Water Lost | Percenage ofWateiin
(9) (9) Hydrate (%)
1.42 031 21.8
1.02 0.20 19.6
0.97 0.20 20.6
Average percentage of water in the hydrate: 20.66%
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17. Consider the class data above.

a. How does the mass of water lost relate to the mass of the hydrate sample?
As the mass of the hydrate incrélasasass of water lost also increases.

b. How does the percent age of water lost relate to the mass of the hydrate sample?
The perceage ofvater lost is slamifor all samples.

18. Explain how the class data above supports the Law of Definite Proportions.

A hydrate is a compowsidt has specific chemical formula. Every sditigalecompouhds the same ratio of water molecules to
salt.

MODEL 2

Buildng Model & Moles ofCopper

1. Adda1.0to 1.5 gram sample of hydrate to a 100.0 mL volumetric flask and fill it to the mark
with distilled water.

Mass of copper hydrate sample: 121g

2. For obtaining a graph exhibiting Beer's Law, p  repare the four c opper ion standards (0.10 M,
0.08 M, 0.06 M, 0.04 M) as you described in the Building Model 1 section

3. What color is the copper ion when dissolved in water?
Blie-green

4. Which wavelength of light do you anticipate will give the highest absorbance readi ng on the
colorimeter?

A wavelength of 660 nm will give the highest absorbance reading.

5. What color of light does that wavelength correspond to?
Red

6. You will be using the linear regression of the line to determine the number of moles of copper ion
present in your sample. Would it be better to fit the absorbance or transmittance data? Explain
your reasoning.

It would be better to fit the absortiatabecaus¢hatdata should create a straight line.

7. Calibrate the colorimeter.

8. Record the absorbance in the Model 2 Data Table for each standard solution, sketch or attach a
copy of your graph of concentration versus absorbance, and use the linear regression of the line

to acquire and record the equation for the line

9. Record the absorbance in the M odel 2 Data Table for your unknown hydrate solution.
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Model D Moles ofCopper

Table 3: Model 2 Data Table fi Using a standard curve to determine the concentration of the unknown

Coppeiron Concentration Absorbance Graph
0.10 M 0.491 Concentration vs Absorbance
A
0.08 M 0.371 =00
S o
2 0.08 "
0.06 M 0.256 £ 006 /_./
§ 0.04 o >
0.04 M 0.181 010 020 030 040 050
Absorbance
Unknown 0.359 y=01894+ Q0085

Analying Model 2 Moles ofCopper

10. Use the equation obtained from the absorbance data from the copper ion standards to find the
concentration of copper ion in the solution made with your hy  drate sample.

From the graph=01894+ Q0085
y=0.1894(0.359) + 0.0080%6495 M copper ion

11. Determine the number of moles of copper in the unknown .
The sample was prepared in a 100.0 mL flask.

0.0764946 mol copper  0.100Q)l1),76.195 mol cop
L 1 '

12. Calculate the num ber of moles of water in the unknown using the percent age of water
determined in Model 1.

The average percentage of water in the unROBBI4s0 the number of moles of water is:
1.2118 g hydrate sarfiple 0.2666  0.2%D

0.2504 gH O 1mole ) 390 o1 moles H
1 18.01532 g,H O

13. Calculate the ratio of the number of moles of water to that of copper in your hydrate. Reduce the
ratio to whole numbers.

1396 16 mo,bHQ 1.817molHO  2,m
0.0076495 mol copper mol copper mol
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14. Complete Table 4 using data from your classmates to compare the results when using different
sized samples of hydrate.

Table 4: Compare class results for the ratio of the number of moles of water to those of copper

Mass of Hydrate Moles of Water Moles of Copper lon| MolesH,O: MolesCu
Sample (g) (mol) (mol)
1.2118 0.0138969 0.00%49 21
1.4671 0.0168247 0.0@848 2:1
1.2212 0.0140047 0.007536 2:1
1.0048 0.0115231 0.006418 2:1
1.1012 0.0126286 0.006892 2:1

15. Consider the class data above. How does the ratio of moles of water to moles of copper relate to
the mass of the hydrate sample?

The ratialways rousdo a 2:1 ratioegardless of the mass of the hydrate sample

16. Explain how the class data above supports the Law of Definite Proportions.
There is a constanfutafinitdproportion of water to coppgr ion

17. Determine the mass of chlo rine present in your hydrate sample. (Hint: The hydrate contains only
copper atoms, chlorine atoms and water molecules.)

By calculating the mass of copper and then subtracting that mass and the mass of water (calculated eathers&nomplehe mass of
the mass of the chlorine can be determined:

0.0076494 mol copper  63.546 g cog(g)(i

r86089 g copper
1 1 mol copper

1.2118 g hydrate sample 0.250358 g-H 86080.4 copper= 0.475353 g ct

18. Calculate the ratio of the number of moles of copper to the number of moles of chlorine in your
hydrate. Reduce the ratio to whole numbers.

0.475353 g chloripe 1 mol of chIoLi{]%‘lOSO 218 mol chlol
1 35.453 g chlorine

1.34088 16 mol chlorine  1.7528 mol ch|gimeol chlorine
0.0076494 mol copper mol copper mol coj

19. The formula for your hydrate has the form Cu XCIkaH ,0. Determine X, y and z in the formula
from your answers above and identify your hydrate sample.

Based on the previous calculatierisy = 2, and = 2 so the formula of the hydi@tedsa2H0.
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Connecting to Theory

John Dalton was an Englishman, a teacher, and an exceptional theoretical chemist. He developed

and wrote many postulates of the modern atomic theory at the turn of the 19th century ( circa 1803).
He was influenced by the expe riments of two Frenchmen, Antoine Lavoisier and Joseph Louis

Proust.

A fundamental component of the modern atomic theory is that the mole ratios of elements in a
compound will be small whole numbers ( the L aw of Definite Proportions ). The whole -number mole
ratio is commonly referred to as the empirical formula of a compound.

One of the challenges in finding the proper chemical formula for a compound is the possibility of
more than one plausible mole ratio for the elements in that compound. Dalton called th is the Law of
Multiple Proportions . For example, when testing a compound that contained iron and sulfur, the
plausible chemical formula could be FeS or Fe ,S;. However, once the mass of iron and the mass of
sulfur present in a given mass of the compound are determined , the true chemical formula of the
compound can be established.

Applying Your Knowledge
1. The student has a combination of iron and oxygen.

a) What are the possible formulas for the compound?
FeOandFe0Os

b) The student obtained the following information regarding the compound. Based on this
information, which compound is it?

ltem

Total mass of sample 1.50¢9
Grams of iron 1.05¢
Grams of oxygen 0.45¢

To determine which compound the information applies to, determine the nofréstoélmmiest and then determine the
ratio of the number of moles of oxygen to the number of moles of iron:

1.05gFg __1molFe ;418500 mol Fe
1 55.845 g Fe

0459Q __1molO 4 155196 mol O
1 15999490

0.028126 mol O  1.4959 mol O 1.5 mol % .
= 0 . S0 the formula is Fg
0.018802 mol Fe mol Fe mol Fe '

Converting theiceto whole numbers: 2 (EeC= ), Fe O
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Teacher Tips

Tip 17 Heating the hydrate

Do not heat the copper(ll) chloride dihydrate with a burner. The compound will  decompose at
temperaturesabove 300 C and form poi sonous chlorine gas. I
yellow gas, immediately remove the sample from the heat. If fume hoods are available |, heat the
samples under the hood for maximum safety.

As an alternative , an oven can be used and set to a temperature between 150 C and 200 C.
However, this is a much slower process, taking 15 to 30 minutes to completely dry a sample.

90  Pasco/pss2s

f



TEACHER RESOURCES

8. MEASURINGTAMIN&EAREDOXITRATION

Initial Question

Vitamin C, also ca lled L-ascorbic acid, is found in many foods. Most people expect orange juice to be
the best source of vitamin C but other berries have a higher vitamin C content and juice drinks like

Hi -C® have a great deal of added vitamin C. In these cases, it is diffi  cult to perform a traditional
aciddbase titration because there may be more than one acid present. How can we accurately
measure the v itamin C content present in food s?

What foods have the highest levels of vitamin C?

Learning Objectivés

Students expand t heir understanding of titrations, carry out a redox titration, and then use the
redox titration method to answer a question of their own design.

LO 1.20 / The student can design, and/or interpret SP 4.2 / The student can design a plan for collecting
data from, an experiment that uses titration to data to answer a particular  scientific ques tion .
determine th e concentration of an analyte in a

solution. SP 4.3 / The student can collect data to answer a

particular scientific question
LO 3.9 / The student is able to design and/or interpret
the results of an experiment involving a redox

titration.

SP 5.1 / The student can analyze data to identify
patterns or relationships

Time Requirement

Preparation time: 45 minutes / Lab activity: 90 minutes

Materials and Equment

Model 1
1 Data collection system 1 3% Hydrogen peroxide ( H203), 50 mL for entire
1 Oxidation reduction potential (ORP) probe? Class*
1 Beaker (5 for the entire class), 250-mL 1 0.01 M Potassium permanganate ( KMnO 4), 50 mL
9 Beaker, 150-mL for the entire class*
1 0.25 % lodine (I2) solution, 50 mL for entire class? 1 1.0 M Sodium chloride ( NaCl), 50 mL for the entire
1 0.01 M L-Ascorbic acid (CsHgOg), 50 mL for the class*
entire class 2 9 Distilled water, 50 mL

1Use with PASCO Advanced Chemistry Sensor

2To pepare thimdine solution from povidone iodine or fromarmblid,Ireféo the Lab Preparation section
3To prepare thitamin C standarsing_-ascorbic acid or vitamin C tabletgpriferLab Preparation section
4To prepare theO,, KMn@ and NacCl solutions, riafghe Lab Preparation section

“From AP Chemistry Course and Exam Description, EffecB\eeivakdidition). Copyright (c) 2013 The College Board. Reproduced
with permission. http://apcentral.collegeboard.com.
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Model 2 and Applying Your Knowledge

9 Data collection system 9 Multiclamp
1 Oxidation reduction potential (ORP) probe 1 9 Three-finger clamp
9 Drop counter 1 Ring stand
1 Drop dispenser: 9 Beaker, 150-mL
Syrin ge, 60-mL 9 Magnetic stir plate and micro stir bar
Stopcock (2) 1 Analytical balance
Drop tip 9 Materials for drop counter and pH sensor calibration
(refer to Appendix A)

1Use with PASCO Advanced Chemistry Sensor.

Model 2
0.25 % lodine (I 2) solution, 70 mL? 1 Distilled water, 75 mL

L-Ascorbic acid (CeHgOs), 0.04080.060 g2

1To prepare thedine solution from povidone iodine or frerarsblid,Ireféo the Lab Preparation section
2To prepare thitamin C standarsing_-ascorbic acid or vitamtallets; reféo the Lab Preparation section

Applying Your Knowledge
1 0.25 % lodine (I 2) solution, as needed® 9 Juicer
11 Foods or juices for vitamin C analysis 2 1 Knife (for slicing fruit)

1To prepare thedine solution from povidone iodine or frerarsblid,Ireféo the Lab Preparation section
2Refer to the Lab Preparation section for suggested foods and juices.

Prerequisites

Students should be familiar with the following concepts:
1 Aciddbase titrations conducted with a pH probe

1 Oxidation dreduction ( redox) reactions

1 Reaction stoichiometry
l

Molarity
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Lab Preparation

These are the materials and equipment to set up prior to the lab:
All Models and Applying Your Knowledge

1. 0.25% lodine solution : Make the 0.25% iodine solution from either povidone iodine from a drug
store or from solid | , and KI. Both methods are listed below.

a. 0.25% lodine solution from | , and Kl : Prepare 1000 mL of 0.25% | , by placing 2.5 g of 1,(s)
and 5 g of KI(s) in about 100 mL of distilled water in a 1000 -mL volumetric flask. Sti r it well
and let it sit. When the solid has completely dissolved, fill the flask to the line with
distilled water.

b. 0.25% lodine solution from povidone iodine : Povidone iodine is a mixture of elemental
iodine and a polymer that makes it soluble in water  and the actual concentration of | , may
vary.

Prepare 1000 mL of 0.25% | , by placing 25.0 mL of approximately 10% p ovidone iodine in a
1000-mL volumetric flask. Stir it well and fill the flask to the line with distilled  water.

Model 1

Create stations by p lacing about 50 mL of each of the suggested solutions ( iodine, vitamin C,
hydrogen peroxide , potassium permanganate , sodium chloride , and distilled water) in a 250-mL
beaker. The concentration of these solutions is not of great importance, so you can use 3 % H,0O, from
the drug store and any concentration of KMnO 4 that may be available from previous experiments.

NOTE: If you place the solutions in a smaller beaker , you increase the risk that a student will knock
over the beaker while trying to perform the mea surement.

2. 0.01 M Vitamin C : Prepare 100 mL of 0.01 M L-Ascorbic acid by placing 0. 1761 g of solid
L-ascorbic acid in about 25 mL of distilled water in a 100 -mL volumetric flask. Stir it well and let
it sit. When the solid has completely dissolved, fill ~ the flask to the line with distilled  water.

3. 0.01 M KMnO4 : Prepare 100 mL of 0.01 M KMnO 4 by placing 0.1 580 g of solid KMnO 4 in about
25 mL of distilled water in a 100 -mL volumetric flask. When the solid has completely dissolved,
fill the flask to the line with distilled water.

4. 1.0 M NaCl : Prepare 100 mL of 1.0 M NacCl by placing 5.8448 g of NaClin  about 25 mL
of distilled water in a 100 -mL volumetric flask. Stirit well  and when the solid has completely
dissolved, fill the flask to the line with dist illed water.

Model 2

5. 0.040 6 0.060 g Vitamin C : Provide students with either L -ascorbic acid or vitamin C
supplement tablets.

If you provide the vitamin supplement tablet, be certain to work out beforehand the mass of
tablet that must be used to obtai n between 0.040 and 0.060 g of vitamin C. A 500 mg Vitamin C
tablet contains 78.18% vitamin C.  Vitamin supplement tablets contain binders and other inert
ingredients which will not interfere with the titration , but do add mass. Students can multiply
0.7818 times the amount they massed to determine the amount of vitamin C in their sample.

The above step is not necessary if you provide solid L -ascorbic acid for students to use.
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Applying Your Knowledge

6. Vegetable and fruit preparation : Your students will need a variety of fruits, vegetables , and
juices to conduct the experiment in Model 3. Suggestions are:
1 Fresh oranges and lemons

Orange juice, fresh and frozen

Lemon juice

Green peppers

Red peppers

Broccoli

= =4 -4 4 4 -4

Knife for slicing citrus fruit

Safety
Add thes e important safety precautions to your normal laboratory procedures:

1 KMnO 4is a strong oxidizer and should be treated as particularly hazardous . If the solution
comes in contact with your skin, rinse immediately with a large amount of running water
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Gettirg Your Brain in Gear

1. Without consulting your textbook or the  Internet , give your best definition of the word
ditration . 0

A titration ispocedure usédl determine the number of grams or moles of a comfamatgdithy reacting it with another
compound (ttigrand of known concentration and a known stoichiometric relationship to the analyte.

Students are not expected to come up with thiSardames.generally identify a titration by the equipment (buret) or compounds
(acidsbasesard indicators) tletegenerally associateith titrations.
2. The equation for the reaction between elemental iodine and vitamin C, C ¢HgOg, is

|2(aq) + CgHgOg Y 2HI+C 6H60s

a. What are the oxidation states of iodine on both sides of the equation?
Inh,t he oxidation state is 0, in HI the oxidation state i

b. Is |, oxidized or reduced in this reaction?
The oxidation state is decreased, theriefordded

c. Write the half -reaction for | , in this oxidation dreduction (or redox) reaction.
28+ 1Y 2f

d. Given your answer to part b, is vitamin C oxidized or reduced during this reaction?  Briefly
explain your answer.

Vitamin @ oxidized because redagtions have one species that is reduced and another that is oxidized.
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MODEL 1

Building Model & Measuring the Oxidation Reduction Potential of a Solution

1. Connect the oxidation reduction potential probe (ORP) to your data collection system.

2. The ORP probe measures ISE voltage. Monitor live ISE voltage data without recording.

3. Use the ORP probe to measure the oxidation reduction potential following solutions  : KMnO 4,

H,0,, vitamin C, NaCl and distilled H ,0. Rinse the probe with distilled water betw een each
measurement. Record the potential in the Model 1 Data Table .

Model 10 Measuring the Oxidation Reduction Potential of a Solution

Table 1: Model 1 Data Table fi Oxidation reduction potential  of various solutions

_ OxidatioﬂRgduction Oxidizer
Selien gg‘gns; (Strong/Not Strong)
12 (aq) 382 S
Vitamin C(aq) 152 ns
H20; (aq) 345 s
KMnO 4 500 S
NaCl(aq) 170 ns
Distilled H>O 172 ns

Analyzing ModeldMeasuring the Oxidation Reduction Potential of a Solution

4. What solutions in the Mod el 1 Data Table would you group together as having high oxidation
reduction potentials and which would you group together as having low potentials ?

KMn@ HOz, and $ solutions haveghoxidation reduction potentitdsin C, Na@hd HO havdowpdentials

5. Potassium permanganate, KMnO 4 and hydrogen peroxide, H ,0O,, are both strong oxidizers. This
means that they often cause other compounds to be oxidized while they are reduced . Strong
oxidizers are highly reactive with other compounds , must not be ingested, and must be stored
carefully. Vitamin C and water are not strong oxidizers.

a. You should see a pattern between the oxidation reduction potential and oxidation strength of
the solutions mentioned. Using this pattern, indicate in the Model 1 D ata Table whether each
solution is a strong oxidizer 0 soénot a strong oxidizer 0 n's 0 .

NOTE: Strong oxidizers are greater than 250 mV.

b. Based on this information, what is the ORP probe actually measuring?
The ORP probe is meastiieaxidizingbiliy of theolution.

6. Is aqueous sodium chloride a strong oxidizer? Does this make sense with what you know about
NacCl?

No, it is not a strong oxidimgther the sodium nor the chloride has changed oxidation nwebet itAdadoahd ingest it
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7. Model 2 involves adding iodine, | 5, solution to the vitamin C solution until all of the vitamin C is
consumed. On the blank graph below, sketch your prediction  for the shape of the graph of
ISE voltage versus the volume of iodine added to the vitamin C solution .

A The orrecshapas a titration curdée &pected answe
however, is a straight line betwedtathen C reading
and theyIreading.

S
E
Q
(@]
3
S
L
2]
Volume of I, (mL)
MODEL 2

Building Model @ Reating Vitamin C witlodline

3-Finger clamp

1. Obtain about 60 mL of iodine soluti on in a beaker.

2. Obtain a drop dispenser and a drop counter. Set
up the drop counter as shown in the diagram .

]

L Drop dispenser

3. Connect the drop counter to the data collection
system. —— 60 mL syringe

4. Display ISE voltage on the y-axis of a graph and
fluid v olume on the x-axis.

— Stopcock

5. Rinse the drop dispenser three times with 2 to 3

. . . . — Stopcock

mL of distilled water and  then rinse it three times '

with 2 to 3 mL of I , solution. Drop tip

. . . . Multi =2 t
6. Fill the drop dispenser with the | 5, solution. C|al:m') : ropecons

7. Set the flow rate of the drop dispenser and
calibrate the drop count er as described in
Appendix A .

- ORP probe

NOTE: Do not disconnect the drop counter from the L cro
data collection system or it will need to be stir bar
calibrated again.

Stir plate
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8. Obtain between 0.040 and 0.060 g of L -ascorbic acid, vitamin C, and dissolve it in about 75 mL of
distille d water in a 150 -mL beaker. Record the exact mass of L -ascorbic acid in the Model 2 Data

Table below.

NOTE: If you are using vitamin C tablets rather than L  -ascorbic acid, make sure to convert the
mass of the tablet measured to the mass of vitamin C, as vi tamin C tablets contain binders and
other inert ingredients which will not interfere with the titration but do add mass.

9. Obtain a stir plate and stir bar.  Add the stir bar to the beaker containing the  vitamin C solution .
Turn on the magnetic stirrer at  a slow and steady rate .

10. Start recording data. Turn the drop dispenser stopcock carefully, allowing the [, solution to drip
slowly at a rate of 1to 2 drops per second into the vitamin C solution.

NOTE: The top valve controls the flow rate and the bott om valve turns the flow on and off.

11. Sketch or attach a copy of the graph of ISE voltage versus volume of KMnO 4 in the Model 2 data
section.

Model B Reating Vitamin C witlodiine

Mass of vitamin C : 0.02g
Determining the concentration of vitamin C
0.40
Z 030
g
2020
L
5 010 /
0.00 -

0 5 10 1 20 25 30 3 40 45

Volume of I, (mL)

Analying Model 2 Reating Vitamin C ih lodine

12. a. Does your observed graph match your predicted graph? Explain any differences.
This depends on students' predictions, but it is not exfesitpcettiation will matchahservedraph

b. What type of graph does your data resemble ?

The graph resembles ari bagk titration curve.
13. As you have probably guessed by now, the experiment you just conducted was a titration.

a. Does this experiment fall under the definition of  ditration 6you gave in the dGetting Your
Brain in Gearéquestion?

Expected answer:. No
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b. Revise your definition of titration based on your experience in lab. Avoid using any reference
to color changes or the equipment you use.

A titration ispgocedure uséal determine the number of grams (or moles)méund (tHanalyt§ by reacting it with another
compound (tliggrand of known concentration and a known stoichiometric relationship to the analyte.

14. At w hat volume of | , is all of the vitamin C consumed? How does the graph indicate this?

Volums will vanAll of theitamin @sconsumed at the point when the graph sudderffpjuimpsample data shown athave
volumés 29.3 mL.

15. Using the measured mass of vitamin C, calculate the following:

a. The number of moles of iodine necessar y to react completely with the vitamin C.

Since one mole of iodine reacts with one mole of vitamin C, for the sample data:

0.052 g vitamiriG 1 mol V|ta.m|n_C3 1 r\gql | =
176.12 g vitamin C 1 mol vitamin C

29410 s
b. The molarity of the iodine solution.
3
29° 10 mol_ 5101
0.0293 L

16. Collect the molarity of I , from other groups.

Table 2: Compare class results of the molarity of the iodine solution

Group I, Concentration (M)
1 0.a101
2 0.0116
3 0.0130
4 0.0120
5 0.0120
6
7
8
9

10
11

a. Calculate the standard deviation.
For the sample data:

a0

n

Standard deviatio

X =Mean =0.0117 M
n=the number of valaeS
Standard deviation = 0.0009
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b. Remove molarities that are outside of the standard deviation  and then calculate the average
concentration. You will use this value for the calculations for the Applying Your Knowledge
experiment . This process of determining the concentration of a solution to be used in a later
experiment is called standardization .

Average molarity of the | ; standard solution : 0.0119M

Calculatin of the data range within the standard deviation:

0.0117 M + 0.0009 M = 0.0126 M

0.0117 M0.0009 M = 0.0108 M

For the sample data, the valid molarities are between 0.0108 M and 0.0126 M inclusive.
Calculation for the average concentration:

(0.0116 M6:0120 M + 0.0120 M)/3 = 0.0356/3 = 0.0119 M

Connecting to Theory

Vitamin C functions as an anti -oxidant in humans. This means that it causes reduction to occur in
other substances. However it only displays weak anti  -oxidant abilities, and like weak acids and
bases, the oxidation reduction potential of vitamin C is reversible. The an  ti-oxidant reversibility is a
function of pH.

OH OH OH
0 0 0
HO 0 pH=41 HO 0 pHy=118 HO 0
HO©  TOH -0°  OH 00 -0
AscH, AscH- AscZ

The illustration is a simplified version of the pathway the ascorbate ion undergoes. Eight forms of

the ion have been categorize d. But as you can see, there are two major changes, one at pH of 4.1 and
one at pH 11.8. The middle figure is dominant at pH 7.4. The ability of vitamin C to cause reduction
makes it an ideal candidate for ORP titration.

Applying Your Knowled@determimg the Concentration of Vitamin C in Juice

1. Design an experiment that uses the standardized iodine solution from Model 2. C  reate a
hypothesis you will test related to the vitamin C content of available materials .

Example hypotheses:
Boiling orange juateanges itdtamin C content
Fresh orange juice has higtanin C content than frozen orange juice.

2. Once you know what materials are available , answer the following questions before beginning
the experiment.

a. What hypothesis would you liketot est?
Most hypotheses will fall into one of the following categories:
1 Fresh juice has a higlitamin C concentration than cginoeenor juicécom concentrate
1 Juice of ontgpe ofruit has a highétamin C concentration than another
1 Freezing,gatingor boiling a fruit will changéatsin C concentration
1 Citrus fruits have a higitamin C concentration than vegetables

The hypothesis for the sample data is, iOrange juice
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b. What d ata will you need to collect?
The data to collect includes the mass or volume of the vitamin C source and tieeesdamyet@icbnsume the vitamin C.
(Students wilften forget the first of these!)

¢. What conditions will need to be held constant between your two titrations?

For the sample datevolume of juice used anaddneentration gfrlereheld constainswers will vary based on the chosen

hypothesis

3. Outline the procedure of your experiment.
Answers will vary, but all shalldiéntitrating solutions with the standarstihetibh.

4. Carry out the experiment to test your hypothesis. Record your data. Modify the data table as

needed.
Molarity of I,: 0.0119M
Table 3: Data Table
Volume of | Volume ofd Concentration of Average
Vitamin C Source Juice (mL) Vitamin C Concentration
(mL) (M) (M)
, Run 1 10.10 2.76 3.25 x 10
SunnyD Orange Juice 3.22x 19
Run 2 10.01 2.70 3.20 x 19
Ocean Spray Cranberry Run 1 10.09 1.19 1.40 x 1@ 1.44 x 1@
Pomegranate Juice Run 2 10.20 1.27 1.48 x 10 '
Crystal Geyser Juice Squg_Run 1 10.20 0.10 12x18 138 x 18
Wild Berry Run 2 12.40 0.17 1.6 x 1@ '

5. Provide calculations for your experiment that either prove or disprove your hypothesis
Example calculatiordigtermining the vitamin C content of Sunny D Orange Juice, Run 1:
ViMi =VaoMe
10.10 mL xmol/L = 2.76 mL x 0.0119 mol/L
x=3.25 x FdM

My hypothesis was proved correct. SunnyD orange juice had the highest concentration of vit&@ivirOC edr8 2i2ray10
Cranberry Pomegranate juice has the second highest &t M.4h&ystal Geyser Juice Squeeze Wild Berry has the least
amount oftamin C at38 x104M.

6. Compare your experiment to others in class. How could your experiment have b een
improved?

The extraction of fruit juices could be more thorough.

More trials of juice.

7. Vitamin Cis an acid. Why was it necessary in this lab to use the ORP probe rather than the pH
sensor?

In Model 3 vemalyzedrange juice/hictcontaina mxtureof acids, including vitamin Grder to determine the concentration of
thevitamin @ the juicé, was necessary to therompound, Iwhichieacs only with thétamin CSince this is a redox reaction,
theORP probeas used
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Teacher Tips

Tipli | o ddnsiderations

The price of povidone iodine can vary significantly from one store to another, so you may want to
research different sources prior to purchasing it

If purchasing solid | 2, realize that it can be used as an illicit drug prec  ursor, so may take a little
longer than expected to obtain. T ake extra care to keep it locked in your storeroom.

Tip 271 Calibrating the drop counter

Students need to calibrate the drop counter before carrying out the titration If the drop counter has
been disconnected from the data collection system between titrations, students will need to calibrate
it again before carrying out the titration. The calibration procedure is in Appendix A.

Tip 37 Purchasing fruits and vegetables

Be sure to provide red and gr een peppers and encourage some students to use the m. No food has a
higher concentration of vitamin C than red peppers.

Bottled juices are often a blend of more than one juice and may contain added vitamin C. Students
should be aware of all ingredients when incorporating such juices into their experiment.

Tip 47 Model 3 experiment design

To maximize class time in lab , you may wish to have students complete the design questions as
homework the night before this portion of the lab.

Students will run into the  problem of how much juice or fruit to use. In order to get detectable
amounts and quality data, students need to choose amounts that will have at least 25 mg of
vitamin C. You can direct them to do an Internet search to find the expected quantity for the  food,
but 20 mL of juice, half an orange, or 1 lemon in a 50 mL beaker is a good starting point.

Make sure students have included the mass of their food as one of the data they must collect.
Students will often begin an experiment to determine the camount of vitamin C , ot realizing that
in order to make a good comparison , they really want the vitamin C concentration. They cannot
calculate this if they do not know the original mass of the fruit or vegetable. Alternatively, students
can eliminate this prob lem if they use equal amounts (mass or volume) of the foods they are
comparing.

Tip57T |l odine in aqueous solutions

The iodine solution prepared in this lab , using either | »(s) and Kl or povidone iodine, does not
actually contain | ,(aq). Both solutions actually contain | 3 (aqg). This is why Kl is necessary for the
solution made from solid i odine. The 1" ion will convert | 2to I3'. However, as is generally done , the
speciesis written as d,(aq)6to minimize confusion for the students.

Tip61 The historical di scovery of Vitamin C

Vitamin C was first isolated from red peppers (of the sort us  ed to make paprika powder) by a
Hungarian chemist, Albert Szent -Gyorgyi, who received the 1937 Nobel Prize in Medicine and
Physiology for his work. For a more extensive discussion , you can see the Nobel Prize website or read
Chapter 2 in Napoleon's Buttons : How 17 Molecules Changed History by Penny LeCouteur and Jay
Burreson.
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9.FACTORS THAT AFFRERACTIORATE

Initial Question

In some cases we want reactions to proceed quickly, for example |, for air bag deployment or certain
processes used in manufacturi ng. In other cases, we want reactions to pr oceed slowly, such as the
corrosion of car parts or aging. Scientists have discovered many factors , or variables , that can be
manipulated to change the rate of a reaction. In this investigation, you explore one fa ctor that may
alter the rate of a reaction and share what you've found with your classmates.

How can we speed up or slow down a chemical reaction?

Learning Objectivés

In this lab , students explore , through student -designed procedures, several variables that could
affect the rate of a chemical reaction. The system of study is calcium carbonate and hydrochloric
acid. The production of carbon dioxide will be monitored using a pressure sensor.

LO 4.1/ The student is able to design and/or interpret SP 4.2 / The student can design a plan for collecting
the resul ts of an experiment regarding the factors (i.e. data to answer a particular  scientific question .
temperature, concentration, surface area) that may

influence the rate of a reaction. SP 5.1/ The student can analyze data to identify

patterns or relationships

Time Requirement

Preparation time: 20 minutes / Lab activity: 90 minutes

Materials and Equipment

Model 1 and Model 2

1 Data collection system 1 Two-hole stopper to fit flask
1 Temperature sensor 1 Erlen meyer flask, 125 -mL
9 Pressure sensor 1 Graduated cylinder, 50 -mL
1 Quick-release connector?! 1 Syringe , 60-mL

1 Tubing, 1 - to 2-cm? 1 Mortar and pestle

1 Tubing connectors 1
lincluded witPASC@\dvanced Chemistry Sensor

Model 1
i Calcium carbonate (CaCOs3), solid, 0.2 g 1 Distilled water, 50 mL

1 3.0 M Hydrochloric acid ( HCI), 1 mL

“From AP Chemistry Course and Exam Description, Effective Fall 2013 (revised edition). Copyright (c) 201%ftoel@mllege Board. R
with permission. http://apcentral.collegeboard.com.
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Model 2

9 Equipment and amounts depend on the variable: Hot plate
Beaker for ice bath Calcium carbonate (CaCoO 3)
Beaker (4), 50 -mL 3.0 M Hydrochloric acid ( HCI)
Graduated cylinder, 10 -mL Ice
Magnetic stir bar Distilled water
Stir plate

Prerequisites

Students should be familiar with the following concepts:
1 Ideal Gas Law equations

1 Kinetic Molecular Theory

9 Collision Theory
l

Independent, dependent , and controlled variables

Lab Preparation

These are the materials and equipment to set up prior to the lab:

Model 1 and Model 2

3.0 M Hydrochloric acid: To prepare 500 mL of 3.0 M hydrochloric acid (HCI), filla 500 -mL
volumetric flask 1/3 full of distilled water. Add 125.0 mL of concentrated hydroch loric acid (12 M) to
the flask and swirl. Fill  the flask to the line with distilled water.

Model 2

I n this model, the following variables should be assigne
include all of them, guide them so they are all present. | f students come up with additional variables,

add them to this list, as appropriate. Then assign one variable to each student group so all variables

are covered. Students share the data for the reactions t

1 Mass of calcium carbonate

1 Surface area of calcium carbonate (extent to which it is crushed)
1 Volume of hydrochloric acid added

1 Speed/amount of stirring

1 Temperature of the calcium carbonate solution

1 Volume of water added to the flask

1 Concentration of HCI

NOTE: Successful trials seem to be in the range of 0.1080.60 g of calcium carbonate and 0.5 82.0 mL of
3.0 M hydrochloric acid.
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Safety

Add these important safety precautions to your normal laboratory procedures:
1 Treat all unknowns as a hazardous, toxic, and harmful material.

1 Allunknowns will need to be disposed of in the proper waste container.

1 Hydrochloric acid is highly corrosive; it will damage human tissue and clothing. If you get
hydrochloric acid on your skin, flush  the area with large amounts of water.
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9. FACTORS THAT AEFIREACTION RATEEACHER RESOURCES

Getting Your Brain in Gear

1. In this lab , you will be mixing calcium carbonate solid with a solution of hydrochloric acid. Write
a balanced equation for the reaction that will occur. Include phase notation.

CaC@(s) + 2HQIq)Y HO(l) + Celg) + Caghq)

2. Draw a particle -level repr esentation di agram of the balanced equation.

H+ CI7
CI” @ Ht

3. Gas pressure is defined as a collision of gas particles. Do the reactants or  the products have more
gas pressure?
Theproductbave greater gas pressure.

4. What particles are colliding to make the reactio n progress?
CaCQ(s) + 2HCiq)

5.  Which of the following would have more collisions? Justify your answer.

The solution in flask B will have more cdlisiemshe number of particles increaskss the surface asedlaskB wilhave
more ollisions.
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MODEL 1

Building Model @ The Change in Pressure during a Reaction

1.

Prepare the reaction apparatus by completing the following steps .

a. Connect the pressure sensor to the two-hole
stopper: place the barbed connector of the
pressure sensor tightly into the rubber
stopper and connect it to the pressure port of
the sensor with a piece of tubing.

b. Connect the syringe to the stopcock
connected to the other hole of the two-hole
stopper. Close the stopcock.

Syringe

c. Place the two-hole stopper tightly into the
125-mL Erlenmeyer flask.

d. Check for leaks in the system by opening the A@

stopcock, pulling up on the syringe , and sopensk MADO:IANCED“

holding for 10 seconds. Then release the 3 eeon &

plunger of the syringe. It should return to its Tubing Df m::([[@ Eﬂ: i

original position if there are no leaks. - Quick-release

connector
Tubing connectors &%

Connect the pressure sensor and temperature
sensor to the data collection system and start a W] O
new experiment. Display the pressure on the Two-hole stopper 30O
y-axis of a graph and time on the x-axis @O
Break off a small piece of white chalk ( which is i
primarily calcium carbona te) and use the mortar faakene
and pestle to crush it into a fine powder. E
Measure approximately 0.2 g of the chalk
powder. Record the mass in the Model 1 Data Extension cable

Table. Transfer the calcium carbonate sample to
the 125-mL Erlenmeyer flask quantitatively.

Add 50 mL of distilled water to the Erlenmeyer
flask , reinsert the stopper into the flask, and check again for leaks

Close the stopcock and remove the syringe. Remove the plunger and place 1.0 mL of

3.0 M hydrochloric acid (HCI) into the syringe, keeping the sy ringe horizontal so the solution
doesndt .Replack the ptungéer and return the syringe to the reaction apparatus by
twisting it gently back onto the  stopcock.

NOTE: Because of the short tubing, the syringe sits vertically above the flask.

Begin data collection. Record the pressure in the Erlenmeyer flask for 10 seconds.

At the ten second mark open the stopcock. If the contents of the syringe do not completely empty
into the reaction flask , apply gentle pressure to the plunger . Once this tra nsfer has occurred,

quickly close the stopcock once again.

Gently swirl the flask  while collecting data for at least 5 minutes.
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9. Record the room temperature inthe Model 1 D ata Table after converting it to Kelvin.

10. Which of the following gases are in the flask in quantities greater than or equal to at least ~1%
before the HCl is introduced?

Nitrogen Oxygen Argon Chlorine
Carbon dioxide Water vapor Hydrogen Carbon monoxide

Air (nitrogen, oxygargoi and water vapor.

11. Which of the gases are in the flask after the reaction has occurred?

Air (nitrogen, oxygen, argon), waterarapoarbon dioxide.

12. Explain why the pressure is increasing in the flask during the reaction. Support your answer
with concepts from the kinetic molecular theory.

Carbon dioxide gas is being produced in the reaction. Since there are more molecules of gas ithére sdtheaamieme
collisions with the sides of the contaitiee @anessure probe, so the pressure increases.

13. Use the time versus pressure graph to determine the pressure in the flask at 10 seconds and  at
3 minutes. Record these values in the Model 1 Data Table.

Model 10 The Change in Pressure during a Reaction

Table 1: Model 1 Data Table i Reaction measurements and results

Parameter Value
Volume of reaction vessel (mL) 125mL
Mass of chalk (CaCO 3) (9) 0.2178 g
Volume of 3.0 M HCI (mL) 1.0mL
Pressure of gas at 10 sec (kPa) 103 kPa
Pressure of gas at 3 minutes (kPa) 125 kPa
Room temperature 2985K

Analying Model 10 The Change in Page during a Reaction

14. Calculate the partial pressure of carbon dioxide in the flask at 3 minutes. Assume there was no
carbon dioxide in the flask before the reaction.

Subtracting the initial pressure from the final A &@#&103 kP& 22 kB

15. Calculate the number of moles of carbon dioxide in the flask at 3 minutes using the Ideal Gas
Law.

NOTE: S ome of the flask volume was occupied by liquid and solid. Assume the volume of the gas
is the same as the Erlenmeyer flask 125 mL, or 0.125 L.

PV = nRT
2kPa® 01251=n 3 852l s 29
mol K

n = 11310 mol GO

16. Calculate the rate of reaction with respect to the production of carbon dioxide for the trial in
Model 1.

3 3
1.13 10 moI= 65 3106_m
170 s s
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17. Compare your rate to that of other groups. Is there appreciable difference in the rates ? What
should be done if a lab group has data that is very different from the rest of the class?

Answers will vary. If the data of one group is significantly different from the réstgfdbp shkemddtrun the experiment again.

MODEL 2

Buildirg Model 3 Factors That Affect Rate

1. List at least five variables that could be tested with the same reaction system as Model 1 to
determine if they affect the rate of the reaction. Be prepared to share your list with the class.

Mass of calcium carbenat

Surface area of calcium carbonate (extent to which it is crushed)
Volume of hydrochloric acid added

Speedandamount of stirring

Temperature of the calcium carbonate solution

Volume of water added to the flask

Concentration of HCI

2. Your instructor wil | assign a variable for you to test using the reaction system in Model 1.
Develop a procedure for a controlled experiment to test that variable. You will need at least four
trials. Record your procedure below and design the Model 2 D ata Table.

List the va riable(s) in each category for the lab procedure you develop

Independent:  Mass of CaGO

Dependent: Pressure
Controlled: Volume of 3.0 M HCI
Procedure:

1. Use the same setup and procedure as in Model 1.
2. Keep the volume of the 3.0 M HCI addedt@irk@mL.
3. Vary the mass of Ca®@approximately 0.2 g starting with 0.2 g and ending with 0.6 g.

3. Calculate the rate of reaction for each trial. Use the calculations you performed in Model 1 as an
example.

Using the sample data:
Partial pressurEPsmin T Pros = 107.9 kPal01.2 kPa = 6.7 kPa

Determine the number of moles,@fe@€rated per second:

(oBY _STIPA OISL gy
RT  g31M9K 5985k
L kPa
3 4
34 100 mOl_ 5 53405 molis
170 s

4. Inthe Model 2 data section, sketch or attach  a copy of your graph that shows the relationship
between the rate of r eaction and your independent variable. Be prepared to share your findings
with the class.
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Model D Factors That Affect Rate

Sample data for an increasing mass of CaCO 3

Mass of Volume of Pressure Pressure Partial Amountof CQ Rate oCQ
CaCQ(g) 3.0M HCI after after Pressure (mol) Productior(mol/s)
(mL) 10Seonds | 3.0Mirutes (kPa)
(kPa) (kPa)
0.1101 1.0 101.2 107.9 6.7 34 x 18 20 x 10°
0.2063 1.0 101.1 110.1 9.0 4.5x 16% 26 x 10
0.4282 1.0 101.2 112.7 11.5 58 x 16 34 x 10°
0.62® 1.0 101.1 112.8 11.7 59 x 16/ 35 x 10

A Rate CO, produced vs mass of CaCO4

0.0000040 - i ~
0.0000035 L °
0.0000030 ]

0.0000025 :

0.0000020
0.0000015
0.0000010
0.0000005 | |
00000000 | | >

00 01 02 03 04 05 06 07

Mass of CaC0Os(g)

Rate CO, produced (mol/s)

AnalyzingModel & Factors That Affect Rate

5. As your classmates summarize their findings, fill in the following relationships. The first blank
is for the independent variable. The second blank shoul d be dncreased, decreased, or ¢stayed

the same. 0

Observations:

A: As the mass of Cag€O increased, the rate of reaction increased

B: As the surface area of CaCO increased, the rate of reaction increased

C: As the volume of HCI added increased, the rate of reaction increased

D: As the speed or amount of stirring increased, the rate of reaction stayed the same
E: As increase temperature of the €s@@ion increased, the rate of reaction increased

F: As the volume of water addeuetfiask increased, the rate of reaction stayed the same
G: As diluting the concentration of HCI increased, the rate of reaction decreased
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Connecting to Theory

A reaction mechanism is a series of chemical reactions that illustrate the actual pathway reactants
undergo to become products. This usually involves several steps. When the steps are combined,
reactants that appear on opposite sides of the arrows cancel, resulting in the net ionic equation. For
example,

1. CaCOs(s) +H" + CI' ca’* + HCOs' +CI'
2. HCO3 +H" +CI' CO4(g) + H20 + CI'
Net ionic equation : CaCOs(s) + 2H" CO4(g) + H20+ Ca**

One of the steps usually takes significantly more time to complete than the others. The slower step is
known as the rate determining step. It is so slo w compared to the others that we consider it to take
all of the reaction time and the other steps to take no time at all.

The order of the reaction is determined by the slow step. If step 1 in this example is the rate

determining step, then the reaction i s first order with respect to both CaCO ; and HCI, represented as
H* + Cl', because one CaCQ; molecule is reacting with one HCI molecule. However if step 2 is the

rate determining step, the reaction is zero order with respectto CaCO 3 because it does not appear in
that step and first order with respect to HCI because one HCI molecule is present.

This reaction is convenient for laboratory use but difficult to use when writing a rate law because

CaCOs is a solid. The rate law is in the form: Rate = k[a]m[b],wherké ©s the rate conste
Ob6 are the reaodi aqpd@dsodreei telse ames pe ct Thelwacketsrafertoi on o r d
the concentration of the reactant.

Since CaCOs is a solid, it cannot have a concentration. The value for CaCO 3 does not appear in the
rate law. It becomes incorporated into the rate constant.

Applying Your Knowled@eéAnalyzing Model 2

The reactants in a reaction mechanism must collide before they can become products.  Chemists use
the Collision Theory to explain obs ervations related to reaction rate and to predict how  certain
variables might alter the rate of a reaction. The Collision Theory states

1 For areaction to occur , reactant particles must collide.

I For areaction to occur , the particles in the collision must  have sufficient energy to overcome the
activation energy for the reaction.

1 For areaction to occur , the particles in the collision must be oriented correctly.

1. If a collision between reactant particles is required for a reaction, what should happen to th e rate
of reaction if the number of collisions per second is increased?

The rate should increase.

2. Which of the variables tested in this lab would affect the number of collisions per second between
reactant particles?

The temperature, concentration,dhel@ass of Cai>e surface area of Ca@@ad the volumettoé same concentratiod©f
addedffect the number of collisions per second between reactant particles

3. Refer to Model 2. Do the observations made in the lab support or refute your an  swer to the
previous question ? List specific examples and discuss any discrepancies.

Yes, the sample data above shows that as the amouginaf€2s€0 the reaction rate also increased. The class results for the list
of variables should also sup@ariswer.
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4. |If the particles in a reaction have sufficient energy for a collision to be successful, what should
happen to the rate of reaction if the average kinetic energy of the system is increased?

The rate of reaction increases with increasezhkirggtic

5. Which of the variables tested in this lab would affect the average kinetic energy of the system?
Changes to the temperature would affect the average kinetic energy of the system.

6. Do the observations made in Model 2 support or refute your an  swer to the previous question?
List specific examples and discuss any discrepancies.

From the class summary, students should find that as the temperature increases, the reaction rate increases.

7. Were there any variables tested in Model 2 that affectedt he rate and were not discussed in
previous questions? If yes, propose how the variable tested relates to the collision theory and
therefore affects the rate of reaction.

This depends on the variables the class chooses. Look for things your dagptteay have

Teacher Tips

Tip 17 Student-designed Procedure

The students should be required to write a logical procedure and get it approved by an instructor
before proceeding with the lab. This ensures safety and gives the instructor a chance to guide
students if their procedure is not going to control enough variables. All of the variables above, except
the one they have been assigned to test, should be controlled in their procedure.

Tip 2 - Time Savers for Model 2

Testing the effect of temperature ont he reaction is labor intensive because it requires use of hot
plates and ice baths. To make the assignment equitable, assign more than one group to that variable
and allow the groups to split up the work so that each group does one or two different tempera tures.

You may want to give students some guidelines for the amounts of calcium carbonate and
hydrochloric acid to use in the flask. If you have limited time, students will get frustrated when their
efforts are wasted if the reaction produced too much gas and popped the stopper off before useful
data was collected. On the other hand, that can be a very practical lesson for students if your time is
more flexible. Successful trials seem to be in the range of 0.10 80.60 g of calcium carbonate and 0.5 o
2.0 mL of 3.0 M hydrochloric acid.
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10.MEASURING TBEEED OF REACTION

Initial Question

You have seen instructions on bottles of medicine instructing you, for example, to take awo capsules
every four hours . Bow do scientists come up with how often to take a medication? The answer is
that they have done experiments that quantify how quickly the medicine is metabolized by the body.

In other words, they develop equations that predict how long it will be before the concentration drops

too low to have an effect o n your symptoms. Such problems require scientists to make quantitative
predictions, that is, to find an equation for the reaction.

How do you determine the speed of a reaction?

Learning Objectivées

Students determine the order of a reaction and the effect of variables on the reaction rate

LO 4.2/ The student is able to analyze concentration SP 4.2/ The student can design a plan for collecting
versus time data to determine the rate law for a data to answer a p articular scientific question

zeroth -, first -, or second-order reaction. . .
SP 5.1/ The student can analyze data to identify
patterns or relationships

SP 5.3/ The student can evaluate the evidence
provided by data sets in relation to a particular
scientific question .

Time Requirement

Preparation time: 20 minutes / Lab activity: 90 minutes

Materials and Equipment

Model 1

1 Data collection system 1 Beaker, 50-mL

9 Colorimeter 1 5.0 x 1033 M Crystal violet (CzsH3zoN3Cl), 10 mL2
1 Cuvette ! 1 0.2 M Sodium hydroxide ( NaOH), 10 mL?2

1 Test tubes (2), 20- to 25-mL 1 Distilled water for calibration , about 10 mL

1 Volumetric pipets (2), 10-mL 1 Kimwipes®

Model 2

1 Data collection system 1 0.2 M Sodium hydroxide ( NaOH ), 40 mL 23

9 Colorimeter 1 5.0 x 1033 M Crystal violet (CzsH3oN3Cl), 40 mL 23
1 Cuvette 1 1 Hot plate

i Temperature s ensor 9 Ice

1 Beakers (2), 50-mL3 1 Distilled water for calibration, about 10 mL

1 Beakers (2), 400-mL3 1 Kimwipes®

1 Volumetric pipets (2), 10-mL3

YIncluded with PASCO Colorimeter

To formulate these solutions, refer to the Lab Preparation section.

3The quaity or volume needed depends on the experiments students create.

“From AP Chemistry Course and Exam Description, Effective Fall 2013 (revised edition). Copyright (c) 201&toel@mlbge Board. R
with permission. http://apcentral.collegeboard.com.
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Prerequisites

Students should be familiar with the following concepts:
1 Molarity

T Beerds Law

1 Factors that affect the rate of a reaction

l

Integrated rate laws

Lab Preparation

These are the materi als and equipment to set up prior to the lab:
Model 1 and Model 2

1. 2.5x 108 M Crystal violet stock solution : Because the students' solution is so dilute , itis
necessary to make a stock solution first and then dilute that solution to the final concentr  ation.
Wear gloves to avoid staining your hands.

Dissolve 0.1 g of solid crystal violet in about 200 mL  of distilled water in a 1-L volumetric flask
and then fill it to the line with distilled water.

Alternatively, starting from a 1% solution of crystal violet, place 50 mL of 1% solution in a
1-L volumetric flask and fill it to the line with distilled water.

a. 5.0x109% M Crystal violet : Measure 2.0 mL of the 2.5 x 1033 M stock solution into a
1-L volumetric flask and fill to the line with distilled wa ter.

2. 0.2 M NaOH : Prepare 500 mL of 0.2 M NaOH by placing 4.0 g of solid NaOH in about 100 mL of
distilled water in a 500-mL volumetric flask . Stir it well and let it sit (dissolving NaOH evolves a
significant amount of heat). When the solid has complet ely dissolved, fill it to the line with
distilled water.

Model 2

NOTE: You may wish to speed up Model 2 by assigning different temperatures to different groups.
This is particularly effective if you wish to then lead a discussion about the Arrhenius relati onship as
you could collect the results of six or more different temperatures.

Choose temperatures below 55 °C, which is the upper limit of good (or acceptable) data quality (as can
be seen in the Model 2 Data). At higher temperatures , the reaction goes soquickly that it is difficult to
get the solutions mixed and in the colorimeter fast enough to catch the reaction in progress.

Safety
Add these important safety precautions to your normal laboratory procedures:

1 Sodium hydroxide is caustic and should be han dled with special care. In case of contact with your
skin, wash off the sodium hydroxide with a large amount of water.

1 Crystal violet will stain skin and clothing, so be cautious in handling.
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Getting Your Brain in Gear

1. Fillinthe y-axis label that will resultin a linear relationship  for each order of reaction.

Zero order reactions First order reactions Second order reactions
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2. The compound crystal violet has a purple color in an aqueous solution. When it reacts with
sodium hydroxide , crystal violet fades to colorless.
CasHaoNsCl(ag) +OH'(ag) Y (CzsH3oNsCIOH ' (aq)
(Purple) (Colorless)

a. What sensor could we use to measure the concentration of the crystal violet over time?
A olorimetezan measure the change in color, which can be related to the change in concentration.

b. The reaction requires much more sodium hydroxide than crystal violet to react in a
reasonable amount of time. The sodium hydroxide solution to be used is about 50,000 times
more concentrated than the crystal violet solution.  Even if all of the crystal violet is
consumed, will the sodium hyd roxide concentration change much?

Because there is so much more sodium hydroxide than crystal violet, the sodium hydroxide concentratien will change very |

c. Ifthe sodium hydroxide concentration does not change much, what will the reaction order
with respect to sodium hydroxide be?

ZeroA zereorder reaction is one in which theiratependenf the concentration of reactants.
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3. The crystal violet compound is, as the name suggests, a dark blue -purple color in solution. Its
absorbance at 565 nm is shown below as a function of concentration.

Optical absorption of crystal violet at 565 nm
(pathlength = 1.65 cm)
A

08
07 /
g 06 =
=
05
’§ 04 //
fg . /
S 03 y = 141,000x + 0.0211
02 = R?= 0.9984
o=
041 -
0.0 =
0 ® ® ® ® © ®©
° o = o ° °
x x x x x x
o o o o o o
S S S S S S
b N (3] < w0 ©O

Concentration (M)

a. Why was 565 nm ( green) light chosen to measure the absorbance?

Purple solutions will strongly atpssstlight Refer students to the Light, Color, and Concentration lab for more information about
this relationship.

b. Just using the graph, if you measure the absorbance of a solution to be 0.3, what is the
concentration of crystal violet?

2.Mx10%M

c. Use the line of best fit to write an equation relating concentration and absorbance.

NOTE: The equation of the line of best fitis shown in the graph .
Absorbance 141000 x Gncentration0.0211

d. Solve this equation for the concentration.

(Absorbance 0.02
141,000

Concentration

e. If the absorbance was found to be 0.95, what is the concentration of crystal  violet?
(0.95 0.0211)_
141,000

Concentration 6.6 90
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MODEL 1

Building Model & Collecting KeticsData

1.

2.

6.

Connect the colorimeter to the data collection system.
Rinse a cuvette with distilled water and wipe any marks or fingerprints off the outside.

To calibrat e the colorimeter, fill a cuvette 3/4 full ~ with distilled water and place this in the
colorimeter. Push the green oval button on the colorimeter.  The button will light up green for
several seconds. When the light goes off, make sure that all of the transmi ttance values have
changed to 100% and the absorbance values have changed to 0.00. Repeat the process if needed.

NOTE : This step tells the colorimeter to record this solution as having zero  absorbance. You do
not need to repeat this step unless the data collection interface turns off before you collect your
data.

Obtain two 10 mL volumetric pipets.  Pipet 10.00 mL of the crystal violet solution into a test tube
and 10.00 mL of 0.20 M NaOH solution into a second test tube.

Read this entire step complet ely before you carry it out .

a. Pour the crystal violet and sodium hydroxide solutions into a 50 -mL beaker and swirl for
5 seconds or until the solution appears homogeneous.

b. Fill the cuvette about 3/4 full with this solution and cap it. Place it in th e colorimeter and
start data collection. Collect the data for 3 minutes.

Sketch the absorbance versus time data on the Model 1 Graph.

NOTE: You will be using the equipment and the reaction data to make additional calculations, so
don6t put it away yet.

Model 1 Collecting kneticsData

Model 1 Graph for the crystal violet and sodium hydroxide reaction

A

Absorbance

v

Time (s)
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Table 1: Model 1 Data Table fi Determining the order of reaction

Time(s) Absorbance ConcentratioiiiM) In(Concentration 1/Concentration
Green (565 nm) @ (o)) (©)

0 3.000 2.1 x1¢95 110.7 47 %10
10 2.709 1.9 x195 110.8 52x10
20 2.709 1.9 x195 110.8 52x1@
30 2.407 1.7 x1%5 110.9 59 x16
40 2.163 1.5 x15 1111 6.5x10@
50 1.929 1.3 x185 1112 7.3%x10
60 1.707 1.2 x195 711.3 83 x160
70 1.503 1.1 x15 1114 9.4 x16
80 1.327 9.4 x1¢96 1116 11 x18
90 1.176 8.3x16p6 1117 12 x18
100 1.049 7.4 x1996 7111.8 13x10
110 0.930 6.4 x 196 112.0 1,6x10
120 0.847 6.0 x1¢96 112.0 17 %18
130 0.765 5.4 x196 112.1 18x10
140 0.696 4.9 x196 112.2 20x10@
150 0.637 4.5 x196 112.3 22x10@
160 0.588 4.2 x1%6 1124 2.4 %10
170 0.546 3.9 x1¢p6 1125 2.6 x10
180 0.5D 3.9 x1¢p6 1125 2.6 x10

Analyzing ModeldCollecting KeticsData

7. Using the Calculated Data menu on your data collection system , calculate the concentration of
crystal violet from the green absorbance. Remember, you must input this as an equation,
dconcentration =
NOTE: | f you are not sure which equation to use, look back at your answer to the Getting Your
Brain in Gear questions that relates the concentration of crystal violet to absorbance
For the sample data,

(Absorbance 0.02

141,000

The absorbancetat10sis 2.709, so
(2.709 0.021
141,000

Concentration

Concentration

Concentration = £.905 M
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Sketch or attach a copy of your graph of concentration (call this  a) versus time and record or
attach the values in the Model 1 Data Table. C an you, by visual inspection alone, determine the
order of the reaction? Why or why not?

No.Thechange of the crystal violet concentration resultingdamtiadhés not linear (it is not zero order).

Concentration vs Time

A

= 25 x 105
= “\l
- 2.0 x 1058
E 15 x10-° y=-1x107x + 2x10% [
*Ecj) 1.0 x 10 \I R= 095 T
g 05x10° °
S s o

0.0 i

0 20 40 60 80 100 120 140 160 180
Time (s)

Using the Calculated Data menu, calculate the natural log (In) of the concentration (call this b)
and the inverse of the concentration (1/ Concentration). Call this c. Record or attach the values
for b and cin the Model 1 Data Table.

Refer to the Model 1 Data Table for sample data.

Graph the In( concentration) versus time. Does this appear to be a straight line?

NOTE: Add a line of best fit and use the R2 value (coefficient of determination) to determine which
curve is the most linear, indicated by the value closest to one.

In(Concentration) vs Time

Time (s)
0 20 40 60 80 100 120 140 160 180

\/

-10.5

"
110 \\
- y=-0.0106x — 10.722

-11.5 \»\‘\‘ R2=0.9921

-12.0

In(Concentration)

~—

-12.5

-13.0

This line should appear the straightest.
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11. Graph the inverse of the concentration versus time.  Does this appear to be a straight line?

A 1/(Concentration) vs Time

300,000 i i i
= e y=1348.1x + 17321
E 200,000 R?=0.9634
3 I _/‘
: 150,000 P
r:\)/ 100,000 ././“/v
— 50,000 g

0 >

0 20 40 60 80 100 120 140 160 180
Time (s)

This may appear to be the straighted¢fieeding on how fatlentsnanaged to get their solutions in their cuvettes

12. Based on the line of best fit, what is the value of the rate constant k for this reaction?
Based on ¢equation shown on the grdgghvalue &fequal to the slope of the line of pie$0fi®106 L.

13. Based on your answer to the previous question, write the integrated rate law for the
crystal violet (CV) + sodium hydroxide reaction.

In[CV] %kt + IN[C\]]
In[CV] #0.0106% t + IN[C\]]

It is not uncommon for some studdetsnmine the reaction 2abordedepending on hquicklghey managed to get the
solutions in the cuvettes

14. Based on your equation and the value of k, at what t ime after the reaction started would the
concentration drop from the initial concentration of 5.0 x 10' ®M t0 5.0 x 10' 'M?

Answers will vary depending on students'k/&aetbe sample data,
In(5.0<107) =i (0.A06s'1)() + In(5.8 10°6)

t= (If5.0x107) 1 In(5.0< 109))/ (1 0.QLO6 &)

t=217seconds (almakminutes)

15. How does temperature affect the rate of a reaction? Does the temperature of the experiment
appear in the integrated rate law?

Increasing the temperature increaseadii@rate Temperature does not appear in the integrated rate law.

MODEL 2

Building Model @ Testing thé=ffect ofTemperature on thieate Constant

In this model, create an experiment in which you determine if the rate law and rate constant are
affected by the temperature.

A few things to think about: What are appropriate (and safe) temperatures to use? Will using
temperatures 10 °C apart be sufficient to tell if there is an effect? ~ Will your data be more definitive if
you choose a larger temperature ra nge or a shorter range? How will you raise or lower the
temperature of your solution from room temperature?  How will you know the temperature of your
solutions?

Conduct measurements using at least two different temperatures.

Collect and analyze the data o n the data collection system. When you finish, draw sketches of your
most linear graphs that show how the rate law and rate constant are affected by temperature.
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Model D Testing thdffect ofTemperature on thHeate Constant

Model 2 Graphs of reactions carried out at different temperatures

In(Concentration) vs Time
A Temperature = 4.0 °C

In(Concentration) vs Time
Temperature = 55.0 °C

;
|
: A
i —— 140 e
—is] - L ! )
s R e (" y = -0.026x - 14.241
2135 =0. i T 144 R2=0.9888
Z -13.6 Loog N
® | = -146
5 SPI7 L BT AN
= = = N
E 138 N\ . fms
£ -13.9 N | £ -15.0
S -14.0 \ | Zeial N
=] \ | = \
= 141 . 5154
142 S : -15.6
143 > | -15.8 B
0 50 100 150 200 250 ! 0 10 20 30 40 50 60
Time (s) : Time (s)
I

Analyzing Model 2

1. Which temperature caused the fastest reaction?
The highest temperature resulted in the fastest reaction.

2. Which temperature produced the greatest slope?
The reaction at the highest tempeiaduteeigreatest slope.

3. What is the rate law constant for each temperature?
For 4.0 °G=10.0037 and for 55.0RE]0.026

4. s the rate constant affected by temperature?

Based on our results, temperature does affect the rate constant.
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Connectingd Theory

Svante Arrhenius suggested that chemical reactions need a certain amount of energy to get started.
This energy is required to break bonds and align particles so that they are in the proper orientation
for new bonds to form in the products. This en ergy is called the activation energy and is symbolized

as Ea.

He realized that to calculate the Activation Energy, the reaction would have to be performed at two
different temperatures, T. It would also require two rate constants, ki and k2 that correspond s to the
temperatures. His equation is listed below.

o

|nék2 6 4, 612 1
O e ——
ck 2GR Tg T,

. Calculate the activation energy from your

The R in the equation is the gas constant, 8.31
K mol

data in Model 2.
From the sample data,

o

a
0026

(¢ *®
-0.003 .31 J (8277K 328

E, = 28864.6 J= 28.9 kJ/mol

Applying Your Knowledge

Consider the redox reaction between potassium permanganate and sodium oxalate. ~ The net ionic
reaction is

2MnO ' (aq) + 5C,0, (aq) + 16H*(aq) Y 2Mn?*(aq) + 8H,0(I) + 10CO »(g)

This reaction is used to titrate for oxalate, but  for that purpose it is conducted at 60 °C, where it
reacts very quickly . At room temperature the reaction is slow and the kinetics can be measured.
However, the potassium permanganate is too dark at the relevant concentrations to measure the
reaction progressi on with colorimetry. Suggest what sensor (or sensors) you might use instead to
measure this reaction. What might the data you collect from that sensor look like?

Theoxygen reduction poter@RI sensoor the gas pressure sensor are the best caralttiategh possibly the pH or conductivity
sensorsould be usefihe ORBensodata would look like:

A

ORP (mV)

Time (s)

The gas pressure data wouldsiovlarNormally the concentration of a readiaimg monitoredhich j©f courseeonsumedotice
here thahe gas is being generated, so the graph will appears backward from what we normally see.

122 pasco/rss2s



10. MEASURG THE SPEED OFEAARTIONTEACHERESOURCES

Teacher Tips

Tip 17 Alternative data collection

If you wish for students to get a feel for doing the data analysis by hand, you can have them collect
measurements every 10 seconds for 180 seconds, then read the data off the table and calculate the
concentration, the natural log of concentration , and the inverse of concentration by hand, though this
can be very time consuming for the student.

Tip 271 First versus second order

Depending on how quickly the students have gotten their solution into the cuvette, some students
may observe the reaction to be second order.

Tip 31 Solution storage

The crystal violet stock solution store s well, so you should only need to ma ke the stock every two or
three years.
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TEACHER RESOURCES

11.ENERGY IN CHEMICEARTIONS

Initial Question

The First Law of Thermodynamics states that energy is neither lost nor gained in a chemical
process. Thi s i s paraphrased as 0ener geleasesnergyamknewnae d. 6 Re .
exothermic reactions. Reactions that absorb energy are endothermic reactions.

The amount of heat energy involved in a process is referred to as enthalpy . Although the amount of
enthalpy cannot be measured directly, scientists can determine how much it changes. In this lab, you
will use the First Law of Thermodynamics to determine the change of energy in various reactions

and combine the results to determine the enthalpy change of a related reaction.

How do you find the change of enthalpy in chemical reactions?

Learning Objectivés

Students demonstrate that the heat g is dependent on reaction conditions but the change in enthalpy
gH is a constant quantity. They will also discover and employ the additive nature of oH.

LO 5.7/ The student is able to design and/or interpret SP 5.1/ The student can analyze data to identify
the results of an experiment in which calorimetry is patterns or relationships .

used to determine the change in enthalpy of a

chemical pro cess (heating/cooling, phase transition, or

chemical reaction) at constant pressure.

Time Requirement

Preparation time: 15 minutes / Lab activity: 80 minutes

Materials and Equimgnt

Calorimeter for Model 1, Model 2, Model 3, and Applying Your Knowledge

1 Data collection system 1 Beaker, 250 -mL

1 Stainless steel temperature sensor 1 1 Clamp, utility

1 Polystyrene cup, 8 oz 1 Graduated cylinder, 50 -mL or 100 -mL
1 Ring stand 110 cm x 10 cm cardboard lid

lincluded with PASCO Advanced Chemistry Sensor.

Model 1
1 Ammonium nitrate (NH 4NO3), solid?® 1 Distilled water 1

1The mass (either 2.00, 4.00, or 6.00 g) and volume (50.0 mL or 100.0 mL) needed depend on the reactiontassgoeg.to the studen

Model 2
1 1.0 M Sodium hydroxide (NaOH), 100 mL? 1 Distilled water, 100.0 mL

1 1.0 M Hydrochloric acid (HCI), 100 mL1?
1To prepare the solutions using NaCQB BRI refeto the Lab Preparation section

“From AP @mistry Course and Exam Description, Effective Fall 2013 (revised edition). Copyright (c) 2013 The College Board. Repr
with permission. http://apcentral.collegeboard.com.
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Model 3
1 1.0 M Sodium hydroxide (NaOH), 100 mL 12 1 Sodium hydroxide (NaOH), 4.0g
1 1.0 M Hydrochloric acid (HCI), 100 mL12

1To prepare the solutions using NaQ2MHAE| refer to the Lab Preparation section
2The solution and volume needed depend on the reaction assigned to the student or group.

Applying Your Knowledge
1 2.0 M Hydrochloric acid (HCI), 100 mL1? 1 Magnesium ribbon (Mg), about 0.5 g
1To prepare the solutions using NaQB WRC) refer to the Lab Preparation section

Prerequisites

Students should be familiar with the following concepts:
1 Stoichiometric calculations

9 First Law of Thermodynamics

1 Balancing chemical equations

1 Endothermic and exothermic reactions

1 Enthalpy

Lab Preparation

These are the materials and equipment to set up prior to the lab:

NOTE: In each model, several reactions are to be carried out. Assign one reaction to each student
group so all reactions are carried out in each model. Students share the data to the reactions they
havendt done.

Model 1 and Model 2

1. 1.0 M Sodium hydroxide : Prepare 1000 mL of 1.0 M sodium hydroxide ( NaOH) by placing
39.99 g of solid NaOH in a 1000-mL volumetric flask 1/3 full of distilled water. Stir it well and let
it sit to cool. When the solid has completely dissolved, fill  the flask to the line with
distilled water.

2. 1.0 M Hydrochloric acid : To prepare 1000 mL of 1.0 M hydrochloric acid (HCI), filla
1000-mL volumetric flask 1/3 full of distilled water. Add 83.33 mL of 12 M HCI to the flask and
swirl to dissolve. Fill the flask to the line with distilled water

Applying Your Knowledge

3. 2.0 M Hydrochloric acid : To prepare 1000 mL of 2.00 M hydrochloric acid , fill a
1000-mL volumetric flask 1/3 full of distilled water. Add 166.66 mL of 12 M HCI to the flask and
swirl to dissolve. Fill the flask to the line with distilled water

Safety
Add these important safety precautions to your normal laboratory procedures:

1 Do not touch the solid NaOH and handle its resulting solution with care . NaOH is caustic and
will cause skin burns and burn holes in cloth  ing.

1  When NaOH or HCI solutions come in contact wit h your skin or eyes, rinse immediately with a
large amount of running water.
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Getting Your Brain in Gear

1. A coffee cup calorimeter will be used to measure the heat of reaction (enthalpy of reaction) of
several different reactions. The coffee cup minimizes , but does not eliminate, heat transfer with
the surroundings. If the temperature of the room  was 22.00 °C on the day of the experiment ,

what transfer of heat will take place between the solution and room , based on the temperature of
the solution?

If thetemperaturafthesolution is lower than the temperature of the room, the solution will gain heat from the room. If it is higher tt
the temperature of the room, the solution will lose heat to the room.

2. Samples of solid ammonium nitrate and sodium hydr oxide are depicted below.

a. Draw the changes that take place when the following compounds dissolve in water.

After

8730
ho
o e

b) Describe the changes to the intramolecular forces holding the components together  when each
salt is dissolved in water.

Before

0| OO
0w | (1-O-11-6

]
1
1
]
I
I
]
1
1
]
1
1
/\ Na* NH,NO, !
]
I
I
]
I
I
I
I
I
I
I

‘e | O--0-A
I Nyese:
L O-A-O-A

The forces holdihg particles together are overcome by tliedokrieforcedthe salts dissolve.

3. The reaction below is exothermic . What must be true about the total energy in the bonds of the
reactants as compared to the total energy of the bonds in water? The formula for the heat of
reaction is qH ,, = EgH products 0 EqH reactants .

2H, (g) + 02 (9) Y 2H,0 ()) gqH = 5285.8 kJ
The bonds of the product are much lower in energy than the bonds of the reactants.

4. In science, there is no such thing as negative energy but when we calculate the heat  energy
absorbed or released by a chemical reaction using the equation g = mcqdl, the temperature
change is calculated as Trina O Tiniia . When a chemical reaction causes a solution to cool, the
change in temperature is negative ( Trna < Tiniia ) @and the resulting value of ¢ is negative. g is
assigned an artificial negative sign to force a relationship with oH . What is the relationship
between the algebraic sign of g and the algebraic sign of gH?

ghas the opposite Hal gebraic sign than that of o
Whergis n e g Hdig positiee,anddbe reaction is endothermic.
Whergi s p oHid negativecand thep reaction is exothermic.
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MODEL 1

Building Model @ Dissolution of NHNG;

1. Start a new experiment on the data collection
system.

2. Connect a temperat ure sensor to the data collection
system. e

Temperature sensor

i Card
3. Create a graph display of temperature (°C) versus = t@

time (s).
1 .

4. Place the polystyrene cup in the 250 -mL beaker. Polystyrene cup

5. Mount the temperature sensor on the ring stand and
set it into the cup soitis about half an in ch from the
bottom. 250-mL beaker

6. How will placing the cup in a beaker help improve \ ‘
the accuracy of temperature measurements?
The air trapped between the wall of the cup and the beaker serv
insulation tessernhe heat loss.

\ J

7. Check with your teacher to d etermine which reactiony ou will carry out .

Table 1: Reactant volumes for Model 1 reactions

Reaction| Mass of NEINQ | Volume of Wate

(9) (mL)
A 2.00 50.0
B 2.00 100.0
C 4.00 50.0
D 4.00 100.0
E 6.00 50.0
F 6.00 100.0

8. Rinse the graduated cyli nder with deionized water.

9. Measure the amount of water specified in Table 1 for your reaction. Record the volume in the
Model 1 Data Table and then pour the water into the calorimeter.

10. Measure the solid reactant and record the mass to at least the nearest 0.01 g in the Model 1
Data Table .

11. Start recording data.

12. When the temperature readings stabilize, carefully transfer the solid reactant into the
calorimeter. Swirl the calorimeter gently to stir.

13. When the temperature readings stabiliz e again, stop recording data.

14. Dispose of the solution properly, wash the cup and graduated cylinder, and rinse them with
deionized water.
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15. Repeat the procedure to verify your result.

11. ENERGY IN CHEMIREACTIOMSEACHERESOURCES

16. Determine the temperature change for each data run and recad it in the Model 1 Data Table .

17. Save your experiment and clean up according to your teacher's instructions
with your classmates and enter it into

Model 1 Dissolution of NANG

the Model 1 Data T able.

. Then exchange data

Table 2: Model 1 Data Table i Determining the heat of reaction for the dissolution of NH ~ 4NO3
Mass of Volume of AT GHgatq NUTLSED € Average
Reaction NHNG Water aliedier [ At AHxn
© (mL) (C) Lost, NHNQ (kd/mol) (kJ/mol)
(kJ) (mol)
A Run 1 2.020 49.9 i3.0 70.65 0.02526 26 -
Run 2 2.0011 49.1 i2.7 70.58 0.025000 23
5 Run 1 2.0129 100.1 i1.2 70.51 0.02548 20 -
Run 2 2.0206 99.8 il5 70.63 0.025244 25
c Run 1 4.0812 50.1 i5.3 i1.20 0.05088 24 04
Run 2 4.0502 49.9 i5.3 i1.20 0.050600 24
5 Run1 3.9985 99.9 i2.8 1.2 0.04994 24 -
Run 2 3.9841 99.1 i2.9 71.25 0.049774 25
c Run 1 6.0777 49.8 i7.6 1B 0.0759® 23 -
Run 2 6.0102 50.0 i7.4 i1.73 0.075086 23
- Run1 5.9977 100.0 i4.4 71.95 0.07498 26 o6
Run 2 6.0569 98.5 i4.3 i1.88 0.075670 25

AnalymgModel 1 Dissolution of NHNG;

18. Describe what happened to the temperature of the solution as

ammonium nitrate and used the same quantity of water

The temperaturecameoldeasthemass of ammonium niirateeased

19. For each reaction, use the specific heat capacity of water

follows:

you increased the mass of
(Reactions A, C,and E, or B, D, and F ).

to determine the heat of reaction, as

a. Calculate the heat gained by or lost to the solution using the equation q = mcgdl where m is
the mass of water plus the mass of the solute and for simplicity assume the mass of 1.00 mL
of water is 1.00 g, c is the specific heat capacity of water, 4.184 J/g °C, and

CpTwater é:-I—fﬂ?r‘al
Example calculation for Reaction A, Run 1:
q=maepT

q = (2.0200 g+ 49.9 gp 4';§g°4c’: (> =3p

; 1kJ
1000 J

TP ¢ Record your answer , in kilojoules, in the Model 1 Data Table .
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b. Using the mass of ammonium nitrate, calculate  the number of moles of ammonium nitrate
present in each reaction .

Example calculation for Reaction A, Run 1:

20200 gNHNQ __ 1 MOLNRNO, 536 161 i
1 80.043 g NH NO

Answers will vary based on student Rsfdts¢o the Model 1 Data Tedslemplelata

c. Using the number of moles of ammonium nitrate and the heat released or absorbed, calculate
the heat of reaction [qH = d(g/mole of product)] for the dissolution of one mole of ammonium
nitrate .

a -065kl & k.

= Py 26_
o 20.025236 moE ~ n

Answers will vary based on student Rsfdt<theModel 1 Data Tafdlesample data

20. Will energy appear as areactant or a productinth e f ol | owi ng equation? Wri
on the appropriate side. Explain your reasoning.

NH 4NO3(s) + water Y NH 4*(aqg) + NOs' (aq)
The reaction is endothermic, so energy appears as a reactant: 4si@(gy+wét NH'(aq) + NO(aq)

21. Considering the ratios of solute to solvent in Model 1, do large ratios of solute  -to-solvent or small
ratios of solute -to-solvent cause the greatest temperature changes? Use experimental results to
support your answer.

The greatest temperature change occarkavgéhamount of solute and a small amount of solvent. Reaction E required the greatest

amount of solute (6 gm) and the least amount of solvent (50 mL) and showed the greatest tempéia&fi€) change (avg:

22. Compare the heat g and heat of reaction gH. What are the main differences between the two
guantities ?

Theheatabsorbed or liberatedheysysteis measured by the changenmperature of water. fidegt of reactiosfers téhetotal
of theheatabsorbed or liberaite@ reactiomith regect to the quantityezctants theaused the exchange.

23. Identify and explain any trends in the heat of reaction for Model 1.

The heat of reactiondastant for a specific reactidis the same for each trial becasghaetamount of hebsorbed or
liberated on a per mole basis.

24. Consider an additional reaction for Model 1 using 10 g of ammonium nitrate in  50.0 mL of water .

a. How would this mass and volume affect the change in temperature compared to the other
trials?

The decreasatemperatungould be greatban in the other trials.

b. Speculate on the quantity of heat ¢ that would have been gained or lost by the solution in this
reaction .

Answers will vary the greater decrease in temperature would result in a geessgén deeitgeat of the solution

c. What effect would this have had on your calculation of the heat of reaction for Model 1?

The heat of reaction would remain the same.
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11. ENERGY IN CHEMIREACTIOMSEACHERESOURCES

Building Mode2 6 Limiting Reactants

1.

2.

10.

11.

12.

Set up the calorimeter as you did for Model 1.
Check with your teacher to determine which reactiony  ou will carry out .

What is the relationship between the amount of HCI and the amount of NaOH for the five
reactions in Table 3 ?

Table 3: Model 2 reactions using different ratios of react _ant volumes

Reactant 1 Reactant 2
Ratio 1.0 MHCI (ag) | 1.0 M NaOH (aq)

(mb) (mb)
1 10.0 50.0
2 20.0 40.0
3 30.0 30.0
4 40.0 20.0
5 50.0 10.0

As the HCl increagbe amount of NaOH decremséshere is always a total of 60 mL

For your assign ed reaction, m easure the specified volume of Reactant 1. Record the value in the
Model 2 Data Table and pour Reactant 1 into the calorimeter.

Rinse the graduated cylinder. Measure Reactant 2 and record the volume in the Model 2 Data
Table.

Start rec ording data.

When the temperature readings stabilize, pour Reactant 2  into the calorimeter . Swirl the
calorimeter gently to stir.

When the temperature readings stabilize again, stop recording data.

Dispose of the solution properly, wash the cup and graduated cylinder, and rinse them with
deionized water.

Conduct the experiment again to obtain a second run.

Determine the initial and maximum temperature for each data run. Record the values in
Model 2 Data Table.

Save your experiment and clean up according to your teacher's instructions. Then exchange data
with your classmates and enter itinto  the Model 2 Data T able so you have the results for each
reaction ratio.
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Model @ Limiting Reactants

Table 4a: Model 2 Data Table & Limiting Re actants : Measurements

. Volume Temperature
Reaction (mL) (EC)

Ratio Run 1.0M HCI (ag)| 1.0M NaOH (aq Initial Final
Run 1 9.1 49.1 26.8 28.7
! Run 2 9.5 49.2 26.5 28.4
Run 1 19.9 40.5 25.3 30.1
2 Run 2 20.7 40.0 26.3 30.3
Run 1 311 29.7 24.8 300
3 Run 2 30.9 29.1 23.8 29.2
Run 1 40.0 19.9 24.2 28.4
4 Run 2 39.9 20.1 24.4 28.5
Run 1 50.1 9.8 24.5 26.3
> Run 2 49.1 9.9 24.2 26.2

Table 4b: Model 2 Data Table & Limiting Reactants : Calculation of the heat of reaction

Reaction Temperature Number of Moles Heat of Average
Chan g eT ¢ L ReactioroppH L .Of
Ratio | Run (°C) (kJ) HCI NaOH (kd/mol) Reaction
goH (kJ/mol)
Run 1 1.9 0.46 0.0091 0.049 151 B
! Run 2 1.9 0.47 0.0095 0.049 149 0.
Run 1 4.8 1.2 0.020 0.041 161 .
2 Run 2 4.0 10 0.021 0.040 149 155
Run 1 52 1.3 0.031 0.031 143 .
3 Run 2 54 1.4 0.031 0.029 144 43
Run 1 4.2 1.1 0.040 0.020 i53 i
4 Run 2 4.1 1.0 0.040 0.020 151 52
Run 1 1.8 0.45 0.051 0.0098 146 .
> Run 2 2.0 0.49 0.049 0.0099 150. 47
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Analyzing Modeb2.imiting Reactants

13. a. What is the equation for this reaction?
NaOH(aq) + HCI(&HgNaCl(aq) +B(l)

b. Calculate the heat g absorbed or released by the solution . Record your results in the Model 2
Data Table.

Example calculation for RafRud 1:

Tinal T Tinitiat = 0Pl

28.7°Ci 26.8°C =1.9°C

Determine the heat released or atilsorb

Assuming 1.0 mL of solution =rh.6g, g +89.1g =58.2

q=mepT
q=582¢g?3 4.184‘]— 31—k‘] 31°9 C =0.46 kJ
g°C 1000J
c. Circle the limiting reagent (the one with the least number of moles) in Table 3, copied below,
for each reaction.
Reactant 1 Reactant 2
Ratio 1.0 M HCI (aq) 1.0 M NaOH (aq)
(mL) (mL)

1 (10.0) 50.0

2 (20.0) 40.0

3 30.0 30.0

4 40.0 (20.0)

5 50.0 (10.0)

d. What will happen to the reaction when you run out of limiting reactant?
The reaction will stop.

e. Which should you use, the number of moles of the limiting reactant or the number of moles of
the excess reagent, when calculating the molar heat of reaction (kJ per mole of product)?
Explain your answer.

The number of moles of limiting reagent shoulddealmddte the molar heat of reddtadris the number of moles of
product that will form in this reaction.

14. Calculate the heat of reaction gH as you did in Model 1, using the following steps . Record all
results in the Model 2 Data Table.

a. Calcul ate the number of moles of HCl and NaOH used in each reaction.  How many moles of
product are formed?

Example calculationRatio,JRun 1

9AmLHG 1L, 10mof o0
1 1000 mL L

49.1 mL NaOH 1L, 1.0 m%I
1 1000 mL L ’

0491 mol Na(
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b. Calculate the heat of reaction qH.
Example calculation for RaRuid 1

Q

_ a q 0
=
o gmole of producg

8 046k) & __. K

= 0001 mo®

15. Describe the changes in the heat q with respect to the ratios of reactants present.
Asthe ratiof reactan&pproached the quantity of hestreased

16. Compare your results with the results of other students  with respect to the trends and values of
the heat g and the molar heat of reaction , gH.

This is being done to ensure consistencystudatas should find thatethdts arelose.

17. Which ratio had the least amount of leftover reactants ? Explain, citing data from the
experiment .

Ratio 3 had equal quantities of each reacdthetefore left no excess reactdnsisTevident becattsis reactiqoroduced the
most heat

18. How did the amount used of each reactant affect the heat of reaction gH? Why do you think this
is?
Theamounof reactantsseddoes not affettte heatfaeaction because the heat of reacideuiated per mole of product; a small

amount of reactant may generate a small amount of heat but when that value of heat is adjusted per mols af product, it become
constant

MODEL 3

Building Mode3 8 Additive Nature of Reactions

1. Set up the calorimeter as you did for the previous models

2. Check with your teacher to determine which reactiony ou will carry out .

Table 5: Reactions and reactants for Model 3
Rxn # Reactions Reactant 1 Reactant 2

1 NaOH(s) Y NaOH(aq) 100.0 mL water 4.00 g NaOH
2 NaOH(aq) + HCl(aq) Y NaCl(aq) + H 20(l) 100.0 mL 1.0 M HCl(aq) 100.0 mL 1.0 M NaOH(aq)
3 NaOH(s) + HCl(ag) Y NaCl(aqg) + H 20(I) 100.0 mL 1.0 M HCl(aq) 4.00 g NaOH

3. Rinse a graduated cylinder with deionized wate r and obtain Reactant 1 based on your assigned
reaction.

4. Why is it important to rinse the graduated cylinder with deionized water between each use?
Rinsing withinimize the impurities introduced to the system.

5. Carefully transfer the contents of the graduated cylinder into the calorimeter.

6. Obtain Reactant 2.

NOTE: Since solid sodium hydroxide readily picks up moisture from the air, obtain its mass and
proceed to the next step without delay.
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7. Start recording data.
8. When the temperature readings stabilize, add Reactant 2 to the calorimeter.

9. Swirl gently to stir. When the temperature readings stabilize again, stop recording data.

10. Why is it important to  wait for the readings to stabilize before adding Reactant 2 ?

This will indicate theeseline or starting temperature for the measurement, making the determination of the change in temperature
easier.

11. Dispose of the solutions accor di ng t o your twashaheeup énd gradnated r uct i on ¢
cylinder, and rinse them with deioniz  ed water.

12. Conduct the experiment again to obtain a second run.

13. Determine the initial and maximum temperature for each data run. Record the values in the
appropriate Model 3 Data Table.

14. Clean up according to your teacher's instructions . Then exchange data with your classmates and
enter it into the Model 3 Data T able so you have the results for each reaction.

Model3 8 Additive Nature of Reactions
Table 6a: Model 3 Data Table fi Reaction 1

Reaction 1
Parameters NaOH(s) Na(aq) + OHaq)
Run 1 Run 2

Initial temperature (°C) 24.8 23.8
Final temperature (°C) 34.2 29.3
Mass of solid NaOH (g) 3.990 4.0014
Volume of water (mL) 99.1 99.9
Mass of solution (g) 103.1 103.9
Change of temperature (°C) 9.4 55
Heat q (kJ) 4.1 2.4
Number of moles of NaOH (mol) 09978 0.1001
Molar heat of reaction gH (kJ/mol) 742 124
Average molar heat of reaction qH .
(kJ/mol) 33
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Table 6b: Model 3 Data Table fi Reaction 2

Reaction 2
Parameters NaOH(aq) + HCI (agNaCl(aq) +20()

Run 1 Run 2
Initial temperature (°C) 26.8 24.4
Final temperature (°C) 32.9 31.9
Volume of 1.0 M NaOH (mL) 90.1 990.8
Volume of 1.0 M HCI (mL) 99.5 99.9
Mass of solution (g) 198.6 199.7
Change of temperature (°C) 6.1 7.5
Heat q (kJ) 51 6.3
Number of moles of NaOH (mol) 00991 0.0998
Number of moles of HCI (mol) 0.0995 0.0999
Molar heat of reaction qgH (kJ/mol) 751 -63
Average molar heat of reaction qH i57
(kJ/mol)

Table 6¢: Model 3 Data Table fi Reaction 3
Reaction 3
Parameters NaOH(s) + HCl(aq) NaCfaq) + &O(l)

Run 1 Run 2
Initial temperature (°C) 25.7 25.2
Final temperature (°C) 47.5 40.3
Mass of solid NaOH (g) 4.021 3.8807
Volume of 1.0 M HCI (mL) 98.2 99.7
Mass of solution ( ) 102.2 103.6
Change of temperature (°C) 21.8 151
Heat g (kJ) 9.3 9.4
Number of moles of NaOH (mol) 01006 0.0970
Number of moles of HCI (mol) 0.0982 0.0997
Molar heat of reaction qgH (kJ/mol) 194 7197

Average molar heat of reaction qH
(kd/mol)

196
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Analyzingviodel3 6 Additive Nature of Reactions

15. Calculate the change of temperature due to the reaction you carried out . Record your results in
the corresponding Model 3 Data Table.

Example calculationReactioh, Run 1
or = 34.2- AC 24. 8

16. Calculate the heat q as you did in Model 1 and Model 2. Record your results in the corresponding
Model 3 data table.

Example calculation for Reaction 1, Run 1:

q=mepT

kJ
= (103.1 (@] 4.}8]4— 3__ 9.4 C
q=( 9#3(90610003)36 )

q=103.1¢93 0'0041#]6 3 84 C= 4.05452 k9
9

17. Calculate the number of moles of the reactants in each reaction. Record the results in the
corresponding Model 3 Data Table. What is the limiting reagent for each reaction?

NOTE: For Reaction 2, remember that the units o f molarity are moles/liter and the answer
should be in moles.
FOR REACTION 1, RUN 1

1 mol NaOH _

3.991 g NaOH— - ="' =
39.9971 g NaOH

0.09978 mol M

NaOH is the limiting reagent.

FOR REACTION 2, RUN 1:

0.0991 L x 1 mol/L NaOH = 0.0991 mol NaOH
0.0995 L x 1 mol/L HCI = 0.0995 mol HCI

Ideally the same number of malegddf and HCI react, but in this example there is slightly less NaOH, so NaOH is the limiting
reagent. The number of moles of product will be 0.0991 mol.
FOR REACTION 3, RUN 1:
0.0982 L x 1 mol/L HCI = 0.0982 mol HCI
1 mol NaOH

4.0221 g NaG =
39.9971 g NaOH

0.1006 mol M

Ideally theame number of moles of NaOH and HCI react, but in this example there is slightly less HCI, so HCI istibe limiting rea
number of moles of product will be 0.0982 mol.

18. Compare your results to the results of other students. Note similarities and differences with
respect to the heat g and the molar heat of reaction qH.

This is being done to ensure consistencysitudatas should find that the resutlesee

19. Determine the number of moles of product that will be created. Then ¢ alculate the molar change
of heat gH for each reaction (kJ per mole of product) and indicate if the reaction was
endothermic or exothermic. Record your results in Model 2 data table.

Example calculationReactioh, Run 1
& q 6 _& 41kl & kJ

oH = gdmoles of produ& —ge 0.9978 |910I il

The temperature of the solution increased; the reaction was exothermic.
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20. Write the net ionic equation for each of the three reactions.

Net ionic e quation for Reaction 1: NaOH(sy Na (aq) + OHaq)
Net ionic e quation for Reaction 2: OH (aq) + H@q)yY HO ()
Net ionic equation for Reaction 3: NaOH (s) +Haq)Y Na (agy+HO (I)
21. Demonstrate the relationship between the three ionic equations by combining them so the

addition of the first two reactions equal s the third. In the space below, algebraically add the ions
from two of the reactions to equal the third reaction.

Reaction 1: NaOH(sY Na&(aq) + 91}(5q)
+ Reaction 2: Yaqg) + Hagq) Y HO()
Reaction 3: NaOH(s + H'(aq) Y Na+(aq) +(l)

22. By citing the heat s of reaction you obtained , mathematically verify that you added the  correct
two reactions together.

For the sample data:
Reaction 1:  gHxn =133kJ
+ Reaction 2:  gHxn2 =7157kJ
Reaction 3:  qHxnz =190kJ

This value is close to the measured v&@edinol.

23. The previous two questions outline fundamental pointsof He s s 06 $ the additiv e nature of
heats of reactions. Describe Hesso0s Law.

Thenet ionic equatidios two reactions caralidedcancelling ions that appear in equal amounts on both sidesytd thet
an equation for thérdreactioriThe heats of reaction for each equation can also be added.

24. How would the numerical value for qHrxn change if the calorimeter was made of a conducting
material and absorbs a significant amount of energy?

In the equatianz=maypT, gl would be smaller than expected because both the solution and theadtbharegertemperature
butonly theadutiorwould baccounted fafHis calculated bytaining/mole andinceqwould bé&essthan expectegiHxn would
be too small

25. How would the numerical value of gHrxn change if your lab partner put too much of the limiting
reagent in the calori meter?

In the equatians= mapT, gl would bgreatethan expected becaabthe additiomralactangHis calculated bgtermining
g/moleof product. Singés greatethanit should begHwould be too big
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Connecting to Theory

Thermochemistry stud ies are based on measuring the heat released or absorbed in a chemical

process. The First Law of Thermodynamics states that energy is conserved in a process; therefore,

any energy released or absorbed as heat can be measured by its direct effect on the env ironment.
When a reaction is carried out in an aqueous solution , the energy given off or taken in by the process
is transferred to or from the water although a small percentage may be lost to the calorimeter.

For example, if a reaction releases h eat, an exothermic reaction, then the temperature of the water
will increase. On the other hand, an endothermic reaction will absorb heat from the water, thus
causing a decrease in the temperature of the water. This allows for a simple calculation of the heat of
the reaction by first measuring the temperature change for the water, and then using the following
equation to calculate the heat q absorbed or released by the dilute solution:

q = mcor

where m is the mass of the solution (assume the mass of 1.00 mL of solution is 1.00 g), cis the
specific heat capacity of water : 4.184 J/g °C, and ol = Trina & Tiniiar Of the solution. When the
solutions used are dilute, they are assumed to have th e same thermal properties as water.

In th e Model 3 experiment, a polystyrene -cup calorimeter was used to measure the heat released by

three different reactions. One of the reactions can be expressed as the combination of the other two

reactions. Therefore, the heat of reaction of the one reaction should be equal to the sum of the heats

of reaction oft he ot her two. This concept i s ,ootheetlditvieos r efer
heats of reaction.

Applying Your KnowledgA p pl yi ng Hessds Law
The following reaction cannot be performed directly:
Mg + %02 MgO

To calculate the energy of formation for magnesium o0 Xx
that can be used is:

Mg + 2HCI MgClz+Hz  qH,= ?
MgCl, +H.0  MgO+2HCI ¢, = 133 kd/mol

H2+10,  H20 oqH3 = 8286 kJ/mol

Mg + %0,  MgO oqHs= ?

Design an experiment using approximately 0.5 g of magnesium ribbon and 2.0 M HCI to determine

ogH ;. Be sure to record the actual amounts you used in the data table. Show your process of

determining the | imiting reactant. Then use Hessds | a
mole of MgO. Make sure the magnesium dissolves fully.
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Table 7: Determination of gH1

Reactiorl
Parameters Mg + 2HCIMgC} + H
Run 1 Run2

Intial temperature (°C) 235 26.0
Maximum temperature (°C) 66.9 62.5
Mass of solislg 0.4654 0.4195
Volume ¢&f.0 VHCI(mL) 50.0 49.1
Mass of solution (g) 50.465 49.520
Change of temperature (°C) 43.4 36.5
Heatq (kJ) 9.16 7.56
Number of moles of i) 0.10 0.0982
Number of moles of Mg (mol) 1.92 x 16 1.72x 16
Molar heat of reactigth (kJ/mol) 1477 1420
Avg molar heat of reactagr: (kJ/mol) 1448

The molar heat of reaction for the formation of MgO is 1603 kJ/mol (gH.).

For Run 1 sample data:

Applyg = megdT:

oiT = (66.9°C1 23.5°C) = 43.4C; the reaction is exothermic

kJ
4= (50.465g ) (4.132(1—C it ) @4 0= 9

Determine the number of moles of Mg and the number of moles of HCI used, making sure Mg was the limiting reagent:
The number of moles of HCI used:

2.00 mol/L HCI x 0.05 L = 0.10 moles HCI

The number of moles of Mg used:

1 mol

= 1915 40 mo
24.305 g

0.4654 g Mg

Mg is the limiting reagent, since the stoichiometric number of moles of HCI needed33riot K199 £53«8BD »®¥21 Bufficient HCI
is being used to ensure Mg is the limiting reagent.

The heat of reaction for Reaction 1, Run 1:

a 0 _& 9.16k) & ke
¥ = ?ﬁ# moleg of produgt :@.923 17 9 4:77_|
To obtaigtHs.

OH 1,avg = 8448 kJ/mol
0H2,avg = 133 kJ/mol
+  gHzag = 8286 kJ/mol
qHa4 = 8601 kJ/mol
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Compare your results to known values and calculate the percent error. The following website may be
helpful: http://bilbo.chm.uri.edu/CHM112/tables/thermtable.htm

For the sample data:

Theoretical Value  Experimental VaaluEO‘

Percent Error -
Theoretical Value |

(- 601.7 kJ/mol) ¢ 601 kdfmgl)
-601.7

Percent Errar 100= 0.1

Teacher Tips

Tip 17 Calorimeter Options

Instead of using, a polystyre ne cup with a cardboard top, th e PASCO TD-8825A Calorimeter can be
used.

Tip2 17 NaOH solutions

NaOH solutions do not have good shelf lives. Make them the day before the lab.

Tip 37 Thermal Equilibrium

Store the chemicals so they will be at thermal equilibrium. Results will be affected if one of the
reactants is at a different temperature.
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TEACHER RESOURCES

12. CHEMICAL EQURLIUBM

Initial Question

In 1901, Henry Louis Le Chételier combined explosive hydrogen gas with nitrogen gas in an attempt

to form ammonia. His efforts met with disastrous result  sfi he almost killed his assistant. Although

he abandoned the synthesis of ammonia, he had a fine career that led him to discover the principle of

chemical equilibrium, now known as Le Chételier6s Pr i nciple. This principle |
engineers to cr eate processes that make the maximum amount of products.

How can a chemical reaction be manipulated to maximize yield (without blowing up your assistant)?

LearningObjective’

Students will manipulate variables to explore how to control the direction of a reversible chemical
reaction.

LO 6.9/ The studentis abletouse Le Chéat el i er € SP 4.2/ The student can design a plan for collecting
principle to design a set of conditions that will data to answer a particular quest ion

optimize a desired outcome, such as product yield.

LO 6.10/ The student is able to connect Le Chatelier &
principle to th e comparison of Q to K by explaining the
effects of the stress on Q and K.

TimeRequirement

Preparation time: 30 minut es/ Lab activity: 90 minutes

MaterialandEquipment

Model 1

1 Data collection system 1 Mohr pipet, 10-mL

1 Colorimeter 1 Pipet bulb

1 Extension cable t 1 0.0080 M Iron( Ill ) nitrate (Fe(NO 3)3), 3.0 mL?2

1 Cuvettes? (3) 1 0.0010 M Potassium thiocyanate (KSCN), 3.0 mL
1 Beakers (3), 50-mL 1 Kimwipes®

lincluded witlABCO Colorimeter.
2To prepare the 0.0080ror()) nitrateisingFe(NG)s ®HO) refer to the Lab Preparation section.

Model 2

9 Test tube rack 1 Cobalt chloride ( CoCly), 1.5 gt

1 Distilled water, 2 mL 1 0.10 M Silver nitrate  (AgNO3), 2 mL
1 Plastic pipets (3) 1 6.0 M Hydrochloric acid (HCI), 2 mL
1 Test tubes (3), 19 x 150 mm (medium) 1 Scoop

1 Gloves 1 Glass stirring rod

1 Marking pen
1Provide students with cobalt chloride hexaGpdaieO).

“From AP Chemistry Course and Exam Description, Effective Fall 260itidri)e@spgreght (c) 2013 The College Board. Reproduced
with permission. http://apcentral.collegeboard.com.
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Model 3

9 Data collection system 1 Cobalt solution from Model 2
9 Fast-response temperature sensor 1 Water for water baths

1 Beakers(2), 250-mL 1 Ice

9 Hot p late

Applying Your Knowledge

9 Data collection system 1 Equipment and amounts depend on the procedure:
1 Colorimeter Test tube, 19 x 150 mm (medium)
1 Extension cable * Beakers, 50-mL
9 Cuvettes!? Graduated cylinder, 10 -mL
1 Mohr pipet, 10 -mL 0.0010 M Potassium thiocyanate (KSCN)
1 Pipet bulb 0.0080 M Iron(lll) nitrate (Fe(NO  3)3)?
1 Kimwipes®

lincluded with PASCO Colorimeter
2To prepare the 0.0080ror(l) nitrateising Fe(N@):@H.0) refer to the Lab Preparation section.

Prerequisites

Students should be familiar with the following concepts:

1 Equilibrium

¢  Equilibrium calculations, K

1T The basics of Le ChoOtelierds Principle
9 Conditional Reaction Quotient, Q
l

Procedures of the Light , Color, and Concentration lab activity

LabPreparation

These are the materials and equipment to set up prior to the lab
Model 1 and Applying Your Knowledge

1. 0.0080 M Iron( 1l ) nitrate : To prepare 1000 mL of 0.0080 M iron( 1l ) nitrate nonahydrate
(Fe(NO3)3-9H20), fill a 1000 -mL volumetric flask 1/3 full of distilled water. Add 3.232 g of
iron( 1l )nitrate nonahydrate to the flask and swirl to dissolve. Fill  the flask to the mark with
distilled water.

2. 0.0030 M Potassium thiocyanate stock solution : To prepare 1000 mL of
0.0030 M potassium thiocyanate (KSCN), fill a 1000 -mL volumetric flask 1/3 full of distilled
water. Add 0.292 g of potassium thiocyanate to the flask and swirl to dissolve. Fill  the flask to
the mark with distilled water.

a. 0.0010 M Po tassium thiocyanate: As this solution is too dilute to create directly , prepare
1000 mL of 0.00 10 M pot assium thiocyanate (KSCN), by fill ing a 1000-mL volumetric flask
1/3 full of distilled water. Add 333.3 mL of the 0.0030 M potassium thiocyanate stock solution
to the flask and swirl to dissolve. Fill  the flask to the mark with distilled water.
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Model 2

3.

6.0 M Hydrochloric acid : This dilution is exothermic; add the acid in small increments,

allowing the solution to cool between increments.  To prepare 1000 mL of 6.0 M hydrochloric acid
(HCI), fill 2 1000 -mL volumetric flask 1/3 full of distilled water. Add 500.00 mL of concentrated
hydrochloric acid to the flask and swirl to dissolve. Fill  the flask to the mark with distilled water.

4. 0.10 M Silver nitrat e: To prepare 500 mL of 0.10 M silver nitrate (AgNO ) fill a 2000 -mL
volumetric flask 1/3 full of distilled water. Add 16.987 g of silver nitrate to the flask and swirl to
dissolve. Fill the flask to the mark with distilled water.

Safety

Add these importan t safety precautions to your normal laboratory procedures:

1 Hydrochloric acid is corrosive. | fyou come in contact with it, flush the area with plenty of water.

It can cause severe tissue burns.

1 Cobalt solutions are moderately toxic and are body tissue irri  tants. | f you come in contact with it,
flush the area with plenty of water.

1  Silver nitrate will stain skin and clothing. Wear gloves when you work with it. If you do come in

contact with it, flush the area with plenty of water.
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Getting Your Brain in Gear
1. Consider the following equilibrium system:
A(aq) B(aq)
a. Write the equilibrium expression for this system.
e

Kc:g

b. If the value of Kcis 2, what is the ratio of the [A] to the [B]?
The ratio of the [A]:[B] is 1:2.

¢. Which picture(s) represent the system at equilibrium?

1 7 3
° ° . ® o o
o o
o e o o @
@ %]
o
) O e O .

Boxed and Ill represent the correct ratio for equilibrium.

d. Is there a single set of data for [A] and [B] that satisfies the equilibrium state?
Na

2. Consider the following system:
Co(H,0)s’"(ag) +4Cl'(aq)  6H,0(l) + CoCls® (aq)
Pink Blue
a. Write the equilibrium expression for this system.
_ peatg
co(H9,” goi'y

b. The reaction quotient Q expresses the relative ratio of products to reactants at a given
instant. Write the reaction quotient expression for this system.

__ ot g
A + 4
Lo(H9,” gci g

3. How is an equilibrium constant different from a reaction quotient?

Although the calculations look the same, the equilibrium constant represents the ratio of concentratiomsitsf @roducts to react
equilibrium, whereas a reaction quotient isf @gatierdrations that may or may not be at equilibrium.

4. When does the value of Q = K¢?

They are equal when the system is at equilibrium.
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5. Explain the following statement: At constant temperature, there is only one equilibrium constant
for a system but many different equilibrium states or positions. Provide three examples of
product and reactant concentrations that will give K¢ = 20.

The products and reactants rearrange until their quotient becomes equal to the equianpiesowdtarant they should
all show a ratiokaf= 20/1, for exampdes 100/5 ark: = 10/0.5.

6. Label the following reactions as either endothermic or exothermic:

heat+ A B endothermic

A B+ heat exothermic
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MODEL 1

Building Model  K: as a Constant

When iron(lll) nitrate  (Fe(NO3)3) and potassium thiocyanate (KSCN) solutions react, the following
equilibrium is created:

Fe*'(ag) + SCN'(agq) FeSCN**(aq)
1. Start a new experiment on the data collection system.
2. Connect the colorimeter to the data colle ction system using the extension cable.
3. Fill a cuvette at least % full with distilled water.
4. Wipe off the sides of the cuvette with a lint free tissue and only handle it by the top.

5. Calibrate the colorimeter with the distilled water . The water sample is called a blank .

Light-tight cover

6. Place 3.0 mL of 0.0080 M iron(lll) nitrate and 3 mL of 0.00100 M potassium thiocyanate into
separate 50-mL beakers . Record the molarity, volume, and color of the solutions in the Model 1
Data Table ii Before reacting.

7. Pour the solutions into a third 50 -mL beaker and swirl gently to mix thoroughly. Then pour the

solution into a cuvette. Record the color of the equilibrium mixture in the Model 1 Data Table i
After reacting.

8. Select o6Blue (468 nm) Absorbdé for the colorimeter.
9. Place the cuvette into the colorimeter, close the top, and start data collection.
10. Once the reading stops fluctuating, record the absorbance in the Model 1 Data Table.

11. Clean up all solutions and equipment according to  your instructor's instruct ions.
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Table 1: Model 1 Data Table fi Before reacting

12. CHEMICAL EQURIIBM TEACHERESOURCES

Parameter Iron(l1l) nitrate Potassium thiocyanate
Concentration 0.0080 M 0.0010 M
Volume 3.0mL 3.0mL
Color Yellow Clear

Table 2: Model 1 Data Table A After reacting

Parameter Equilibrium Mixture
Color Red
Absorbance 1.217

Analyzing ModeldK. as a Constant

12. Consider the equilibrium system in Model 1. When the two solutions were mixed in the beaker,
which of the following calculations represent the initial concentration of Fe** ions in the mixture?
Circle your answer.

3.00mL 2 0.0080 M
6.0 mL (total volume of solution)

G:0040 M Fe **

3.00mLx0.0080M =2.40 310 °MFe?® OR

Students should circle the calculation on the right. This question addresses the misconception of dimenghenal analysis, where
meaning of the unitnofaritys often unclear.

13. What is the initial concentration of SCN' ions in the mixture?

3
3.00mL® 0.0010 M - 0,0005 M SCI
6.0 mL (total volume of solution)

14. Complete the following ICE table and equilibrium expression for this  equilibrium system using

the volumes and concentrations of the reactants in Model 1.

Table 3: ICE table for calculating equilibrium concentrations

Condition Fe* + SCN FeSCR
I (Initial concentration) 0.0@I0M 0.0@5M 0.000av
C (Change) TX X + X
E (Equilibrium concentration) 0.0&01 x 0.0@571 x +X
K = [FeSCR' ]
[FE* 1 [SCN ]
X
Ke

" (0.0046 x )(0.0005x

15. If Kcis not known, describe how you could use a spectrophotometer or a colorimeter to find ~ x or

[FeSCN*']¢q in the lab .
NOTE: This procedure is in the Light, Color, and Concentration lab.

Use Beer's Latv=ab¢ x= c H{Absorbance from catetedh), wher@b=molar absorptivitpath lengtl.ou can alsse a
linear graph Afversu to find the concentration.
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16. Determine the equilibrium constant. Assume ( path length x molar absorptivity ) for this system

is 5900 M a1,
A=1.217
Absorb_ancg [FeSCf\T 1=
5900 M
el =21 a0* M
5900 M
K = X 2.13 10*

(0.0040 x ) (0.0005x )(0.0040 2.2 1b ) (0.0005 2.1%1
K.=191.1

17. How does the value of your equilibrium constant compare to the values of the other groups in
your class?

Table 4: Compare class results
Group Equilibrium Constant

1 191.1

Ol | N~ |jw|N

=
o

The aswer will vary, depending on the class data.

18. Is your data similar to that of your classmates? What should you do if your sample deviates by a
significant amount?

NOTE: Often the equilibrium constant is considered constant when it varies within a powe r of ten.
Ideally, data is similar. If not, the trial should be performed again with more scrutiny.
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MODEL 2

Building Model 2 Adding Stress to an Equilibrium System
1. Obtain a test tube, test tube rack and marking pen .
2. Label the testace¢iurbtleetestkiberamla d pl

3. Add approximately 0.5 g of cobalt chloride hexahydrate into the test tube . Then add 10 drops of
distilled water using a pipet and mix the solution with a glass stirring rod. This solution will
remain untouched during the la b and represents the original condition of the  cobalt system:

Co(H20)6**(aq) + 4Cl' (aq)  6H-0(l) + CoCl,* (aq)
Pink Blue

4, Repeat the previous step for tvid medReoardgautinitblubes an
observations for all of the so lutions in the Model 2 Data Table.

NOTE: Hold the test tubes over a white background to make your observations easier.

5. HCI will be added to test tubes A and B. Will this addition increase or decrease the concentration
of chloride ions in the equilibrium  system? Explain.

There w_i_II first be an increase because of __the added chloride ion. As equilibthercisneamingtbn of chloride ion will decrease
as CoGf' is formed. The concentration ofCafllitherefore increase.

6. While wearing glo ves, carefully add 6 .0 M HCI , drop-wise, to test tube A until a noticeable
change has occurred. Then add the 6.0 M HCI, drop -wise, to test tube B. Record your
observations in the Model 2 D ata Table.

7. AgNOs will be added to test tube B and a precipitate s hould form. What reaction will occur to
produce this precipitate? Write the net ionic reaction.

The silvewill react withe chloride ions to produce solid silver chloride.
Ad(aqy+ Cl(aq) AgQls)

8. Should the formation of a precipitate increase or decrease the concentration of chloride ions in
the equilibrium system? Explain.

It should decrease the concentration of chloride ions. Chloride ions were removed to form the aitdearehiariliaget in
solution.

9. While wearing gloves, add 0.1 M AgNO ; drop-wise to test tube B until a color change is produced.
You should notice a precipitate on the bottom of the test tube. = Record your observations in the
Model 2 D ata Table.

NOTE: Don 0t di scard the solutions. You wi |l use the s
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Model D Adding Stress to an Equilibrium System

Table 5: Model 2 Data Table fi Results of adding stress
Color of the Solution

Test Tube| |njtial Observations | After Addition BHCI | After Addition of
AgNQ
K Pink
A Pink Blue
B Pink Blue Pink

Analyzing Model@Adding Stress to aaquilibriunmSystem

10. In all test tubes, what color is the solution prior to the addition of the HCI or AgNO 3?
The solution is pink.

11. Considering the appearance of the solution prior to the addition of HCI or AQNO 3, are there more
products or reactants present at equilibrium? Explain your reasoning.

There are more reactarite. sblution Bnk the color of one ofriectants

12. After adding HCI, what observation indicate d that the reaction shifted to re -establish
equilibrium?
The olor changke

13. From the appearance of the solution in test tubes A and B after the addition of HCI, are there

more products or reactants present at this  re-established equilibrium position? Explain your
reasoning.

There are moreogucts because the solution is blue, the color of one of the products

14. Upon the addition of HCI, is the value of the reaction quotient Q greater than, less than or equal
to value of Kc? Write the reaction quotient and use it to explain your answer.

__ o’ g
A + 4
Lo(H9,” gci g

Since [@lincreased, the valu®efkc.

15. Based on the observations in Model 2, does the reaction shift to the left, increasing the
concentration o f the reactants or to the right, increasing the concentration of products upon the
addition of HCI?

The solution turned blue, so it shiftsighithe r

16. Have the concentrations of Co(H 20)62+ and CoCl,” increased or decreased after hydrochloric acid
is added?

As hydrochloric acid is added, the concent@atiof ofcreaseand the concentratioﬁ:o@dO)s2+ decrease

17. The addition of silver nitrate to the equilibrium system created a change to the system by )
removing Cl ' ions thr ough a precipita tion reaction. How does the new concentration of Cl ' in test
tube B compare to the Cl' concentration in test tube A?

The concentration of ClI3 in test tube B, after Ag * is added, is < the concentration of

L < > =
Cl' in test tube A. ,y >, or
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20.

21.

12. CHEMICAL EQURIIBM TEACHERESOURCES

. Upon the add ition of AgNO 3, is the value of the reaction quotient greater than, less than or equal

to value of Kc? Write the reaction quotient and use it to explain your answer.
& -2
__ oot g
N 2 4
& H9,” gei'g

Since [@] decreased, the valu® oi..

Based on the observations in Model 2, does the reaction shift to the left (more reactants) or right
(more products) upon the addition of AQNO  3?

The solution turned pink, indicating it shifted to the left.

Did the concentrations of Co(H ,0)s** and CoCl,” increase or decrease after silver nitrate was
added?

After silver nitrate was added, the concent@atf afecreasitand the concentratioBofHO)>" increase

Model 2 dealt with the following equilibrium system:
Co(H20)6**(aq) + 4Cl' (aq)  6H.0(l) + CoCl.” (aq)
Pink Blue

a. Complete the table to indicate how experimental stresses due to changing the amounts of
substances in the solution shifted the equilibrium.

Table 6: Stress results due to changing reactant amounts

Stress Resulting Directon of Shift QvsKc (<, >, =)
Color
Removal of CI' Pink Left (toward reactants) Q _< K¢
Addition of CI ' Blue Right (toward products) Q > K

b. Predict how the following stresses in the amounts of substances would shift the equilibrium
in the sol ution.

Table 7: Stress result predictions

StressesThatCouldCause| Resulting Direction of Shift QvskKe (<, >, 5)
This Shift Color

Removal of Co(H 20)62+ Pink Left (toward reactants) Q _< K¢

Addition of Co(H 20)62+ Blue Right (toward products) Q _> K¢

Removal of CoCl,?' Blue Right (toward products) Q _> K

Addition of CoCl,* Pink Left (toward reactants) Q _< Ko
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22. The solutions in test tube K, test tube A (after the addition of HCI) and test tube B (after the
addition of AgNOg) are all at equilibrium. Which of the following must be true about the
solutions in the three test tubes? Circle the correct answer.

i. They have the same amounts of reactants and products, same value of K, same color of
equilibrium mixture.

ii. They have different amounts of reactants and products, different values of K, different color
of equilibrium mixture.

iii. They have the same amounts of reactants and products, same value of K, different color of
equilibrium mixture.

iv. They have different amounts of reactants and products, same value of Kc, different color of
equilibrium mixture.

The answer is iv: Different amounts of reactants and products, d&diffedertaolor of equilibrium mixture.
MODEL 3

Building Model 8 Endothermic oExothermic
1. Connect a temperate sensor to your data collection system.

2. Set up a warm water bath using a hot plate and a 250 -mL beaker, and a cold water bath using
ice water and a 250 -mL beaker.

3. What lab observation will confirm that the reaction studie d in Model 2 is endothermic? Why?

The reaction is endotheifnica hot water bath, the system turnis lalnendothermic reaction, heat acts like a reactant and an

increase in temperature will cause the reaction to shift rightecstexhsce

4. What lab observation will confirm that the reaction is exothermic? Why?

The reaction is exotherfipiita hot water bath, the system turrig pinlexothermic reaction, heat acts like a product and an
increase in temperature will cause the teagtiifirieft to reduce the stress

5. Place test tube A into the hot water bath for three minutes and then into the cold water bath for
three minutes. Record your observation for each situation in the Model 3 Data Table.

6. Clean up all solutions and equip ment according to your instructor's instructions.

Model 3 Endothermic or Exothermic

Table 8: Model 3 Data Table A Results of hot and cold stress

Condition Resulting Color
After 3 minutes in hot water Blue
After 3 minutes in ice water Pink
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Analyzing Mael 36 Endothermic or Exothermic

7. Is the cobalt equilibrium system endothermic or exothermic? Why? Provide evidence from your
lab that supports your claim.

The reaction is endothebmiausehesolutionurned blue in a hot water. Baghheat causéke reaction to shift towards the
products.

8. Add energy to the appropriate side of the equation below.

Heat + Co(H,0)s**(aq) + 4Cl'(aq)  6H,0(l) + CoCl,” (aq)

Heat should be written on the reactants side for an endothermic reaction.

Connecting to Theory

Within five years of Henry Louis Le Chatelier abandoning his search for the synthesis of ammonia,
Fritz Haber was able to create ammon ia from hydrogen and nitrogen gas. The Haber process is used
in industry to manufacture ammonia, a key component in fertilizer. Ammonia -based fertilizer is
responsible for sustaining one -third of the earth's population , so this is a very important process.
Ammonia is produced through the following catalyzed reaction:

N2(g) + 3H2 (9) 2 2NH 3 (g) + heat

Under normal conditions, the yield of ammonia is only 10  820%. This is not enough to keep up with
global demand of ammonia.

LeChat el i erds principle is often used to manipulate th
yield. If a s ystem in dynamic equilibrium is subjected to a stress such as changes in concentration,

temperature, volume, and partial pressures, the concentration of products and reactants change to

reestablish the equilibrium constant, K¢ . Quantitatively, the directi on the reaction shifts to

re-establish equilibrium can be determined by comparing the value of Q to the value of Ke.

Applying Your Knowled@determining a Constant Equilibrium Constant

1. With your group, design an experiment using the iron(lll) thiocya nate equilibrium system to
show that K¢ remains constan t when temperature is constant, within experimental error, despite
different stresses added to the system. Record your procedure below.
While designing your lab , keep the following items in mind:
1 Change only one variable when creating a stress to the system.
1 Calibrate the colorimeter prior to use.

1 Excess SCN' produces colored side products; keep SCN' as the limiting reactant at 0.0010 M.

1 Keep all iron solutions at low concentrations (0.0080 M or lower)  so as to not overload the
colorimeter.

1 You may dilute solutions more using distilled water.
1 Minimize fingerprints.
9 If using a colorimeter, use blue, 468 nm, to measure absorbance.

9 If using a colorimeter, assume ( path length x molar absorptivity ) for this system is 5900 M3z,
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1 Create any data tables needed to organize data .

T Obtain your

Procedure:

nstructorods ini

Calibrate the colorimeber wavelength specified afiwe, 468 nm)

Use thdollowingeaction

Usea 0.0010 MSCN solution.

Fe'(agq)y+ SN (aq) FeSCKf(aq)

Make dilutions of the 0.0080 M iron nitrate.

The concentration of Feill behanged as the concentration ofiSIENd constarfthe F&" concentrations abe004M,

0.00254, 0.002M, 0.000M, and 0.000&
After mixing 3 mL of each solution in a Hee&regolution into a cuveRecord the absorbance.

Red

Repeat with the next two solutions until @iinéentrations have been tested.

Use similar calculations as in Model 1.

Inst ructor Initials:

ti

als before

Data Table(s):
Sample Data
Trial | Concentration Eé Concentration SEN| Absorbance| Concentration of | K.
FeSCN

1 0.0040 0.0005 1.217 2.1x 10 1911
2 0.0025 0.0005 0.810 1.4 x 10 160.2
3 0.0020 0.0005 0.547 9.3 x 10 119.3
4 0.0010 0.0005 0.358 6.1 x 10 148.0
5 0.0005 0.0005 0.182 3.1 x 10 140.9
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Calculations:

Sample calculations for Trial 1:

A= abc
A
— = [FeSCR
5900 M ! ]
1217 2.1310* N
5900 M

Fe'(aqy+ SCNag) FeSCRf(aq)

« = grescif g
e Ee—
FEgEN 8

Using the ICE table in Model 1:

X B 2.13 10
(0.0046 x ) (0.0005x )(0.0046 2.B 1D ) (0.0005 2.31*1

Kc:

2. DoesKcremain c onstant after stresses are added to the equilibrium? Why? Provide evidence
from your lab that supports your claim.
Kcranges from 119.3 to 19fterequilibrium is considered constant when it varies within a power of ten. In this case they are all v
in a power of ten.
Equilibrium constants are only changed when the reaction temperature changes. Aatetigtitng teyste@hwill reestablish
the equilibrium (and constant) when concentration and presstineshasgstem will reestabkesjuilibrium bgarraniagthe
products and reactants until their quotient becomes equal to the equilibrium constant
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TEACHER RESOWHSC

13.SHAPE OF TITRATIQNRVES

Initial Question

A titration curve has a distinctive shape that often catches students by surprise. The s hape of this
curve changes predictably when weak acids are substituted for strong acids. Other parameters can
also cause it to change. Once you have an understanding of the fundamental shape, a great deal of
information can be derived from a titration curv  e.

What factors influence the shape of a titration curve?

Learning Objectivés

Students will manipulate the  shape of titration curve s.

LO 1.20 / The student can design, and/or interpret SP 4.1 / The student can justify the selection of the
data from an experiment tha t uses titration to kind of data needed to answer a particular scientific
determine the concentr ation of an analyte in a question.

solution.

SP 4.2 / The student can design a plan for collecting
LO 6.12 / The student can reason about the distinction data to answer a particular scientific question.
between strong and weak acid solut ions with similar
values of pH, the concentrations needed to achieve the
same pH, and the amount of base needed to reach the
equivalence point in a titration

SP 6.4 / The student can make claims and predictions
about natural phenomena based on scientific theories
and models.

LO 6.13 / The student can interpret titration data for
monoprotic or polyprotic acids involving titration of a
weak or strong acid by a strong base (or a weak or
strong base by a stro ng acid) to determine the
concentration of the titrant and the p  Ka for a weak
acid, or the p Ky for a weak base

Time Requirement

Preparation time: 30 minutes / Lab activity: 90 minutes

MaterialandEquipment

Models 1, 2, and Applying Your Knowledge

1 Data collection system 9 Magnetic stirrer  (stir plate)
1 pH sensor? 9 Micro stir bar
1 Drop counter 9 Multi clamp
1 Drop dispenser2: 1 Ring stand
Syringe, 60 -mL, Stopcock (2), Drop tip 1 Three-finger clamp
1 Beaker, glass, 150-mL 9 Distilled water
9 Beaker, 250-mL 9 Wash bottle
1 Mohr pipet, 25-mL 9 Materials for drop counter and pH sensor
1 Pipet pump calibration (refer to Appendix A)

linclded withRSCO Advanced Chemistry Sensor
2Included with PASCO Drop Counter.

“From AP Chemistry Course and Exam Description, Effective Fall 2013 (revised edition). Copyright (c) 201&toel@mlbge Board. R
with perission. http://apcentral.collegeboard.com.
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Model 1

1 0.10 M Sodium hydroxide (NaOH), 2 60 mL1? 9 Phenolphthal ein indicator solution , 2 drops
1 0.10 M Hydrochloric acid (HCI), 20 mL 1

1To formulate the chemical solugdeisto the Lab Preparation section.

Model 2

1 0.10 M Sodium hydroxide (NaOH), 2 60 mL 12 9 0.10 M Acetic acid ( CH3COOH), 20 mL 1.2

1 0.10 M Hydrochl oric acid (HCI), 20 mL 12 1 0.10 M Potassium hydrogen tartrate  (KC 4HsOg),
9 0.05 M Hydrochloric acid (HCI), 20 mL 12 20 mL 12

1 0.025 M Hydrochloric acid (HCI), 20 mL 12

1To formulate the chemical solugdesto the Lab Preparation section.
2Not all dations are needed by each group. Solutions used depend on the variable to be studied

Applying Your Knowledge
1 0.10 M Sodium hydroxide (NaOH), 2 60 mL? 9 Unknown acid of unknown concentration , 15 mL1?
1To formulate thaeknowacid, 0.2 M H@fer to the ba&Preparation section.

Prerequisites

Students should be familiar with the following concepts:

Ka expressions

Calculations involving pH, [H "], molarity calculations
Neutralization reactions

Acids and bases, including strength and ionization.

Basic understan ding of the pH scale.

=A =4 =4 4 4 =

Basic skills in performing a titration. Students should have performed either an indicator
aciddbase titration or a redox titration before attempting this lab.

]

Acid dbase titrations conducted with a pH probe

Reaction stoichiometry

Lab Preparation

These are the materials and equipment to set up prior to the lab:

Model 1, Model 2, and Applying Your Knowledge

1. 0.10 M Sodium hydroxide : To prepare 1000 mL of 0.10 M sodium hydroxide (NaOH), fill a
1000-mL volumetric flask 1/3 full of dist illed water. Add 3.999 g of sodium hydroxide to the flask
and swirl to dissolve. Fill to the line with distilled water.

Model 1 and Model 2

2. 0.10 M Hydrochloric acid  : To prepare 1000 mL of 0.1 0 M hydrochloric acid (HCI), fill a

1000-mL volumetric flask 1 /3 full of distilled water. Add 8.27 mL of concentrated hydrochloric
acid to the flask and swirl. Fill  the flask to the line with distilled water.
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Model 2

3. Inthis model, several titrations are to be carried out so that a graph is created for each of the
four variables that affect the titration curve: a) number of moles; b) volume; c) concentration;
d) Ka. Assign a variable to each student group so titrations for all variables are carried out.
Students should share the datdonef or the titrations t

Because concentration, volume, and number of moles are interrelated, refer to the answer at the
end of Analyzing Model 1 for clarification of these variables for use in the titrations.

4. 0.05M Hydrochloric acid : To prepare 250 mL of 0.0 5 M hydroch loric acid, fill a
250-mL volumetric flask 1/3 full of distilled water. Add 125.0 mL of 0.10 M hydrochloric acid to
the flask and swirl. Fill  the flask to the line with distilled water.

5. 0.025 M Hydrochloric acid  : To prepare 250 mL of 0.025 M hydrochlori ¢ acid, fill a
250-mL volumetric flask 1/3 full of distilled water. Add 62.5 mL of 0.1 0 M hydrochloric acid to
the flask and swirl. Fill ~ the flask to the line with distilled water.

6. 0.10 M Acetic acid : To prepare 250 mL of 0.1 0 M acetic acid (CH3;COOH), fill a
250-mL volumetric flask 1/3 full of distilled water. Add 1.44 mL of glacial acetic acid to the flask
and swirl. Fill  the flask to the line with distilled water.

7. 0.10 M Potassium hydrogen tartrate : To prepare 250 mL of 0.1 0 M potassium hydrogen
tar trate (KC 4H50g), fill a 250 -mL volumetric flask 1/3 full of distilled water. Add 4.704 g of
potassium hydrogen tartrate to the flask and swirl. Fill the flask to the line with distilled water.

Applying Your Knowledge

8. 0.20 M Hydrochloric acid : To prepare 1 L of 0.20 M hydrochloric acid, filla 1-L volumetric
flask 1/3 full of distilled water. Add  16.54 mL of concentrated hydrochloric acid to the flask and
swirl. Fill the flask to the line with distilled water. L a b e | this as o0Unknown Aci d
Concentr at i on. 6

Safety
Add these important safety precautions to your normal laboratory procedures:

9 This lab uses strong acids and bases. In case of contact with your skin, wash off the solution with
a large amount of water .
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Getting Your Brain in Gear

1. Write a balanced chemical equation and net ionic equation for the reaction of a strong acid, HCI,
with a strong base, NaOH.

HCl(aq) + NaOH(¥q)}:0 + NaCl(aq)
H(aq) + OHaq) H.O

2. Write a balanced chemical equation and net ionic equation for the reaction of a weak acid,
CH3COOH with a strong base, NaOH.

CHCOOHaq) + NaOH(agH,O +CHCOMa(aq)
CHCOOHaq) + OHaq) HO +CHCOO(aq)

3. Calculate the volume of 0.25 M NaOH needed to completely react with 30.0 mL of 0.15 M HCI.
Since there is a e®ne ratio in the equation for NaOH and HCI, the same number of moles is needed for each solution:
(0.25 M NaOKW)E (0.15 MC)(30.0mL)
x=18.0 mL
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MODEL 1

Building Model @ Titration of a Strong Acid with a Strong Base

1.

2

Start a new experiment on the data collection system.

Use the multi -clamp to attach the drop counter to
the ring stand. Use the illustration as a guide.

3-Finger clamp

Use the three -finger clamp to attach the drop
dispenser to the ring stand.

)

Drop dispenser

Rinse the drop dispenser syringe:

a. Place a 250-mL beaker under the drop
dispenser and open both stopcocks. —60 mL syringe

b. Rinse the drop dispenser syringe and stopcock
three times with approximately 20 mL of
distilled water . This will remove any residue. — Stopcock

— Stopcock

20 mL of the 0.10 M NaOH. This removes Drop tip
remaining water that would dilute the NaOH _
Multi =2 Drop counter

solution . clamp

c. Rinse the drop dispenser three times with %

d. Discard the rinse solution as directed by your
teacher.

E pH sensor

See Appendix A to set up and calibrate the drop

counter and pH sensor. icro
P L~ stir bar

NOTE: Do not disconnect the drop counter from the
data collection system or it will need to be

i . Stir plate
calibrated again.

Assemble the rest of the apparatus using the
following steps and the illustration as a guide.

a. Position the magnetic stirrer on the base oft he
ring stand.

b. Position the drop counter over the magnetic stirrer.
c. Place the pH sensor through a large slot in the drop counter.
Display the pH on the y-axis of a graph and fluid volume on the x-axis.

Use the graduated pipet to transfer 20.00 mL of 0.10 M HCI and 30.0 mL of distilled water to a
150-mL beaker and set the beaker on the magnetic stirrer.
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the 0.10 M HCI analyte and measuring the

pH as they mix. Predict what a graph of pH versus Volume of NaOH added will look like and

In this procedure you will be adding 0.10 M NaOH to
sketch it below. Explain your reasoning.
A Prediction
14 ‘
12
10
8
=
[=%
6
4
2
0 » =
0 10 20 30 40

NaOH Volume (mL)

10. Add two drops of phenolphthalein indicator solution to the

11. Turn on the magnetic stir

12. Start recording data.

Answers will vary. Some students may sketch a line:
relationship.

Twenty mL dfe same concentration of HCl as NaOH
used, so the pH should change significantly the clos
volume of NaOH added comes to 20 mL.

solution in the beaker.

rer at a slow and steady rate.

13. Turn the drop dispenser stopcock carefully, allowing the titrant to drip slowly (1 to 2 drops per

second) into the solution.

NOTE: The top valve controls the flow rate and the bottom valve turns

the flow on and off.

14. Record in the Model 1 Data Table the approximate pH where the phenolphthalein turns from

clear to pink and the volume of titrant used
titration until the pH curve flattens

15. Stop recording data.

. Do not stop the titration at this point. Continue the
, somewhere between pH 10 and pH 14.

16. Save your experiment and dispose of the contents of the beaker according to your teacher's

instructions.

17. Sketch or attach a copy of your graph of pH v ersus volume of NaOH added to Model 1. In the
Model 1 Data Table, record the concentration of the base, the acid, and the volume of acid used .

Model 16 Titration of a Strong Acid with a Strong Base

Table 1: Model 1 Data Table fi Titration measurements

Titration Information

Parameter

Value

Concentration of NaOH (M)

0.0M

Concentration of HCI (M)

0.0M

Volume of HCI sample (mL)

20.0mL

Volume of titrant (NaOH) added when indictor
changed color (mL)

200 mL

pH of indicator color change

78
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A pH vs Volume of NaOH

Equivalence point

o
Y

0 5 10 15 20 25 30
NaOH Volume (mL)

Analying Model 10 Titration of a Strong Acidtiva Strong Base

18. Compare your predicted titration graph with the one obtained in the lab. Reflect on any
differences or similarities in the two graphs.

Students often predict a |inear rel atsi onship. The fASO

19. Assuming the reaction between HCIl and NaOH goes to completion , because they are a strong
acid and base, calculate the volume of 0.10 M NaOH needed to completely neutralize the acid in
the beaker.

Since there is a eo®ne ratio in the equatisNaOH and HCI, the same number of moles is needed for each solution:
(010MNaOHKK) = (QLOMHC)(200 mL)
x=200 mNaOH

20. The point in the reaction at which the  number of moles of base added equals the number of moles
of acid originally presenti n the sample is called the equivalence point. What volume of
0.10 M NaOH needs to be added to your acid to reach the equivalence point?

20 mL of 0.1 M NaOH is needed to reach the equivalence point.

21. Describe and | abel the equivalence point on the graph in Model 1.
Theequivalence point isuvbgicasectiorf the curveetween pH 5 and 8.

22. For a strong acid dstrong base titration , the pH at the equivalence point should be 7.

a. Consider the products of the neutralization reaction and explain why an equivalence point pH
of 7 makes sense.

The pH of the equivalence point should be 7 because & strong aeise neutralization results in all neutral products (water
and a neutral salt).

b. If the equivalence point pH of your graph is not closet o0 7, propose some sources of error that
may have skewed your data.

Inaccurate measurements of the acid are the most common cause of errors that skew data. Other errors include poor rinsin

glassware, poor rinsing of drop dispenser, and fleataratéso fast for the sensor.

23. The endpoint of a titration occurs when the indicator solution changes colors. Compare the pH
when the indicator changed color during your titration and the pH of the equivalence point on
your graph. Describe any similari ties.

The pH values are similar.
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24. The graph below was produced from the titration of a 20.0 mL sample of  HCI of unknown
concentration with 0.05 M NaOH. Calculate the concentration of HCI in the sample using data
from the graph.

A pH vs 0.05 M NaOH

10 I

T 8
o
6 /
4
2
0

—

\/

0 10 20 30 40 50 60 70
NaOH Volume (mL)

The equivalence poittere the pH is 7 occurs at 40.0 mL.
M = VM

20.

M

OmL ¥, =40.0mLx0.05M
= 0.10 M HCI

25. There are several notable features of the shape of a titration curve besides the pH and volume
coordinates of the equivalence point. These include the initial pH, the slope of the first s ection,
and the slope at the end. Brainstorm some variables in a titration that might change one or more
of these features in a titration curve. Share these ideas with your class.

Variables that change the shape of a titration curve, where the acalyaadsthe titrant is a basstrmgth aheacid acid
concentration, volumaaidsampleandnumber oholes adnalyte

Becauseancentration, volymednumber aholes are interrelatiédan be confusing to determine what to chedeyaanapply
the variables. The following definitions were used to obtain the graphs shown in Model 2:

il

f
1
f

Acid strength varies: Use the same volume and concentration of the three diff&ef€@ctantiOKEH60s.
Concentration varies: Use tine s@lume of different concentrations of HCI.

Volumearies: Use the same volume and concentration of HCI, then add varying amounts of water.
Number of molearies: Use different volumes of the same acid concentration.
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MODEL 2

Building Model 2 Changinghe Shape of a Titration Curve

Your instructor will assign you a variable from the class list generated in Model 1. Develop a
procedure using the titration technique from Model 1 that will allow you to compare at least three
titration curves produced whil e adjusting your assigned variable. Your titration curve in Model 1 can
be one of the three curves you compare. Be prepared to present your findings to the class and explain
how your variable affects the shape of a titration curve.

©® 1. Before doing the nex t titration, use the Prediction  Tool on the data collection system to draw
what you think the graph will look like when you vary you r assigned variable . Sketch or attach a
copy of your graph.

A PrediF:tion

Ly Answers will vadepending on the variable the stuc

12 | hasbeen assigneixample graphs for each variable
in Model 2 below.

10

pH

0 10 20 30 40
NaOH Volume (mL)

2. Carry out your procedure and complete the Model 2 Data Table.

Model 20 Changing the Shape of a TigatCurve

Variable to be studied : Concentration

Table 2: Model 2 Data Tabl efi Effect of changing the variable on the titration curve

Trial 1 Trial 2 Trial 3
(from Model 1)
Concentration of NaOH used (M) 0.10 0.05
Formula of acid used HCI HCI

Titration Measurements

Concentration of analyte (M) 0.10 0.10
Volume of analytel ) 20.00 10.00
Volume of titrant (mL) 10.0 10.0
Number of moles of analyte (mol) 2.0 x 19 1.0x 168
Initial pH 2.80 281
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3. Graphi Sketch your graph here showing all three titration curves and record the value of the
variable you changed .

pH vs volume of NaOH pH vs volume of NaOH pH vs volume of NaOH

A A
14 14 14
12 12 12
10 10 10
= 8 = 8 = 8
6 6 6
4 4 4
2 2 2
0 - 0 > 0 e

0 10 20 30 40 50
NaOH Volume (mL)

0 10 20 30 40 50
NaOH Volume (mL)

0 10 20 30 40 50
NaOH Volume (mL)

Changed variable value: Changed variable value: Changed variable value:

4. Class Dataf Sketch the results of other groups who investigated the other titration variables
showing the three curves on a single graph . Label the four graphs as Graphs A 8D and indicate
the variable for each.

2] (b

Variable: Number of moles Variable: Volume

\J
\J

NaOH Volume (mL) NaOH Volume (mL)

i
1
|
l
A LA

|
1
;

= e ! = -4

=3 1 a
1
}
1

" ;
NaOH Volume (mL) i NaOH Volume (mL) o
I
________________________ o - =
|
() ! (d
Variable: Concentration : Variable: Strength of acid
A '

}
I
1

E | E
I
1
1
|
]
1
}
1
|
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Analyzingviodel 2 Changing th&hapeof aTitration Curve

5.

There are four points on a titration curve that define the curve : the starting pH, the slope of the
curve between the start and the equivalence point, the volume of titrant needed to reach the
equivalence point, and the pH at the equiva lence point.

a.

Which graph from the class data shows the effect of varying the number of moles of acid in
the analyte (concentration is constant, analyte volume changes) on the titration curve?

From the sample graphaply A

What feature(s) of the ti tration curve is (are) most affected by the number of moles of acid?
The volume of titrant needed to reach the equivalence point.

Which graph from the class data shows the effect on the titration curve of differing volumes of
sample (the number of moles of acid is constant, the concentration changes)?

From the sample gra@rsph B

What feature(s) of the titration curve is  (are) most affected by the volume of the sample (using
the same volume of analyte and varying the total volume by adding wate  r)?

The starting psiaffected.

Which graph from the class data shows the effect on the titration curve of differing
concentrations of acid (volume is constant, the number of moles of acid changes).

From the sample gra@msph C

. What feature(s ) of the titration curve is (are) most affected by the concentration of the sample?

The initial pH ame tvolume of titrant needed to reach the equivalence point

Which graph from the class data shows the effect on the titration curve of differing ac id
strength (acid concentration is constant, volume is constant) ?

From the sample gra@msph D

What feature(s) of the titration curve is  (are) most affected by the strength of the acid sample
(analyte) ?

The starting pH, the slope of the curverbétevetart and the equivalence point, and the pH at the equieleratle point
affected by the strength of the acid
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9. Refer to the following titration curves:

@ (b

A A
= o o
[« N =
NaOH Volume (mL) - NaOH Volume (mL) o
a. Which of the titration curves shows two titrations done with the same titrant and s ample

concentrations, but with acids of two different strengths?
The graph on the rgidws acids of different strength.

b. Inthe graph that you chose above, which titration curve is from the weaker acid sample?
The acid that starts at a higher fpeiweaker acid.

Connecting to Theory

Titration is one of the most important analytical techniques in chemistry. It is one of the ways a
scientist can determine how much of a substance is present in a sample. In  this lab series , several
types of titration s are encountered.

A
Titrati b f d . 2755 32798
itration can be performed using
.. . . 27.20 = 29946 [ — +

precipitation, the formation of complex 2 i ® _

B N o j=24
molecules, and redox reactions. In an — P NN Conductivity i /
earlier lab you explored a thermometric 952615 S i . | _ A E / .
titration which has ag,gdissgtifnctive o0VO T
shaped curve. Most titrations, including E s 2 1o NS

. . . [l 5
redox and acid dbase titrations, have an 10 S 20m
0So s ha pe. . § - Temperature
All titrations use a substance with a #%0. N =
. . 0 2 4 6 8 10 12 4 16 18

known concentration to determine the Fluid volume (mL)

concentration of an unknown. In the next
section, you are asked to use 0.10 M NaOH as the titrant to determine the concentration of an
unknown acid.
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Applying Your Knowled@determining the Concentration of arknowrAcid

You will be given 15 mL of an unknown monoprotic acid. Use  0.10 M NaOH and the titration
equipment to determine the concentration of the unknown acid. Identify the eq uivalence point by
making a graph of pH vs volume of base.

1. Create a data table. Record your titration measurements.  Sketch or attach a copy of your graph
of pH v ersus volume of NaOH.

Applying Your Knowledge Data Table i Using titration to determine conce ntration
Titration Information

Parameter Value
Concentration of NaOH(tfivgint) 0.0 M
Volume a@fcidsample (mi@nalyte) 150mL
Volume ditrant a¢quivalence pofnilL) 252mL

A

Equivalence point

o
Y

0 25.2
NaOH Volume (mL)

2. Which area of the graph is most critical in determining the concentration of the unknown acid?
Why?

The quivalence poiatmost critidaécausat that poiall of the acid molecules are neutralthethdme and stoichiometry can be
used.

3. Find the concentration of the unknown monoprotic acid.
(0.10 M NaB)252 ml=Mx(150 mi.
M=0.TM

4. Gather results from your peers. Compare your results and determine if your results are outside
of a standard deviation.

a(x- ¥

n

Standard deviatio

X is themean n isthe number of values

5. What action should you take if your data is outside of the standard deviation?

Do the procedure again and pay more attention to details. For example, measure and record voltineemagoetaiaiyrreet
at a slow and steady,ratehlbw the titrant to drip slowly (1 to 2 drops per second) into.the solution
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6. What is the average molarity of the unknown acid?
Answers will vary, but they should be close to 0.20 M.

TeachefTips

Tip 17 Brainstorming variables

At the end of Model 1, st udents are asked to brainstorm variables in a titration that might change
one or more of the features of a titration curve. You may need to g uide the students to ensure that
they have covered all of the variables in a titration with an acid analyte:  strength of the acid, acid
concentration, volume of acid sample, and number of moles of analyte .

Tip 21 Variables

This lab will stretch students' comfort level with designing an experiment and defining variables.

One of the variables, concentration, is the combination of two other variables : the volume and the
number of moles of analyte . This provides a great opportunity to address the types of variables in an
experiment.

There are four variables in a titration with an acid analyte:  strength of the acid, acid concentration,
volume of acid sample, and nhumber of moles of analyte . Ideally , only one would change and the other
three would be maintained as constant for each group of titrations . However, concentration, volume
and number of moles are interrelated, so two variables may need to be changed to control the third.
Refer to the answer at the end of Analyzing Model 1 for details on handling the variables.
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14 WEAK ACID TITRATION

Initial Question

Weak acids have a slightly different chemistry

than strong acids . If the pH of a strong acid solution

and a weak acid solution of equal concentration were analyzed, the weaker acid would have a higher

pH. This is due to the partial ionization of the weak acid.

However, i f the weak acid is neutralized by

a strong base, the weak acid is forced to ionize completely.

What information can you derive from a pH titration curve of a weak acid?

Learning Objectivés

Students titrate  monoprotic and polyprotic weak acids and determine the relationship between the

shapes of the curv es and Ka.

LO 6.12/ The student can reason about the distinction
between strong and weak acid solutions with similar
values of pH, including the percent ionization of the
acids, the concentrations needed to achieve the same
pH, and the amount of base nee ded to reach the
equivalence point in a titration.

LO 6.13/ The student can interpret titration data for
monoprotic or polyprotic acids involving titration of a
weak or strong acid by a strong base (or a weak or
strong base by a strong acid) to determine the
concentration of the titrant and the p  Ka for a weak
acid, or the p Kp for a weak base.

Time Requirement

SP 1.4/ The student can use representations and
models to analyze situations or solve problems
gualitatively and quantitatively.

SP 5.1/ The student can analyze dat a to identify
patterns or relationships.

Preparation time: 20 minutes / Lab activity: 90 minutes

Materials and Equipment

Modell, Model 2, and Applying Your Knowledge
1 Data collection system
1 pH sensor?
1 Drop counter
1 Drop dispenser2:
Syringe, 60 -mL / Stopcock (2) / Drop tip
1 Beaker, glass, 150-mL
1 Beaker, 250-mL
1 Mohr pipet, 25-mL
1 Magnetic stirrer  (stir plate)

lincluded with PASCO Advanced Chemistry Sensor.
2Included with PASCO Drop Counter.

1 Micro stir bar

1 Pipet pump

1 Multi clamp

1 Ring stand

1 Three-finger clamp

1 0.50 M Sodium hydroxide (NaOH), 1 60 mL3

1 Distilled water, 2 60 mL

1 Wash bottle

1 Materials for drop counter and pH senso r
calibration (refer to Appendix A)

3To formulate tB50 M sodium hydroxiglier to the Lab Preparation section

“From AP Chemistry Course and Exam Description, Effective Fall 2013 (revised edition). Copyright (c) 201&toel@mlbge Board. R

with permission. http://apcentral.collegeboard.com.
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Model 1
1.0 M Acetic acid (CH3COOH), 20 mL 1
1To formulate thed M acetic acider to the Lab Preparation section.

Model 2
1 0.05 M Maleic Acid ( C3H404), 50mL1
1To formulate theD5 M maleic aaiefer to the Lab Preparation section.

Applying Your Knowledge
91 Aspirin tablet 1 Mortar and Pestle

Prerequisites

Students should be familiar  with the following concepts:

I Acids and bases, including strength, ionization , and conjugates.
1 Basic understanding of the pH scale.

1 Basic skills in performing a titration. Students should have performed either an indicator acid 0
base titration or a redox tit ration before attempting this lab.

1 Kaand pKa equations

Lab Preparation

These are the materials and equipment to set up prior to the lab:
All Models

1. 0.50 M Sodium hydroxide : To prepare 1 L of 0.50 M sodium hydroxide (NaOH), fill a
1-L volumetric flask 1/3 full of distilled water. Add 20.000 g of sodium hydroxide to the flask and
swirl to dissolve. Fill the flask to the line with distilled water.

Model 1

2. 1.0 M Aceticacid :Toprepare 1 L of 1.0 M acetic acid (CH3;COOH), place about 250 mL of
distilled water into a 1 -L volumetric flask. Add 57.47 mL of glacial acetic acid and then fill the
flask to the line with distilled water.

Model 2

3. 0.05 M Maleic Acid : To prepare 1 L of 0.05 M malei c acid (C3H40,), place about 250 mL of
distilled water into a1 -L volumetric flask. Add 5.203 g of maleic acid and then fill the flask to
the line with distilled water.

Safety

Add these important safety precautions to your normal laboratory procedures:

1 Sodium hydroxide is caustic and should be handled with special care.  In case of contact with your
skin, wash off the sodium hydroxide with a large amount of water.

174 pasco/rsses



14. WEAK ACID TITRA TEACHERESOURCES

Getting Your Brain in Gear

1. Compare the ionization of a strong acid to that of a weak acid.
Strong acids ionize 1008éak acids do not ionize completely.

2. Acetic acid is a weak monoprotic acid. Circle the ionizable hydrogen on the formula below.

P e
H—g—c—o{H)
H

3. Analyze the following particulate -level representations of two acidic solutions. Label one beaker
as the strong acid and the other as a weak acid. Explain your  reasoning.

\ /1 /

> > O i > - []=Acid ion
- . i > [> = Hydrogen ion, H*
> | > [>=Acid
> 0 ! ]
! (>
L Y,
Strong Acid | Weak Acid

The rong acilasionize 100%The wak acids not ionizkcompletely.

4. Write the Ka expression for the equation : HA+H,0 Hz;O" +A'

« - 0 08
A g
5. Willthe Kaof aweak acid be greater or lessthat the Ka of a strong acid? Why?

TheKa will be lesdecausea weak acidbes not dissoei@ompletely, makingrthmerator, and therefréess than th& ofa
strong acidf the same concentration

PASCO / P2828 175



14. WEAK ACID TITRAY TEACHER RESOURCES

MODEL 1

BuildingModel 18 pHTitrationof a Weak Acid

1.

10.

Start a new experiment on the data collection

system.

If 0.50 M sodium hydroxide solution is the titrant 3-Finger clamp

and the weak acid, HA, is the analyte, which

solution should go in to the buret ( or syringe) and

which should go in to the beaker? €:’ )

The sodium hydroxide should go into therbyrieige) and the acid — Drop dispenser

should gotiothe beaker.

. —60 mL syringe
Use the multi -clamp to attach the drop counter to i

the ring stand. Use t he illustration as a guide.

Use the three -finger clamp to attach the drop — Stopcock
dispenser to the ring stand.
— Stopcock
Rinse the drop dispenser syringe: % = Drop tip
a. Place a 250-mL beaker under the drop dispenser cl}gl:rlﬂ) =S Drop counter

and open both stopcocks.

b. Rinse the drop dispenser syringe a nd stopcock
three times with approximately 20 mL of - pH sensor
distilled water . This will remove any residue. =

ICro
c. Rinse the drop dispenser three times  with L stir bar
20 mL of the 0.5 M NaOH. This removes
remaining water that would dilute the NaOH Stir plate
solution.

d. Discard the rinse solution as directed by your
teacher.

See Appendix A to set up and calibrate the drop
counter and pH sensor and then set up the remaining equipment as illustrated.

NOTE: Do not disconnect the drop counter from the data collection system or it will need  to be
calibrated again.

Display the pH on the y-axis of a graph and fluid volume on the x-axis.

Use the graduated pipet to transfer 10.00 mL of 1.00 M acetic acid solution to a 150 -mL beaker
and set the beaker on the magnetic stirrer  as in the pic ture . Rinse the pipet with distilled water.

Add distilled water to the acid in the 150-mL beaker until the glass tip of the pH electrode is
submerged.

In order for the tip of the pH electrode to be covered, distilled water must be added to the
solution in the beaker.

a. Does adding water to the an alyte change the molarity of the sample?
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11.

12.

13.

14.

15.

16.

17.

Yes, the molarity will decrease.

b. Does adding water to the an alyte change the number of moles of acid in the sample?
No, the sammumber afoles of solutinthe beaker.

c. Will adding water to the an alyte affect the volume of titrant needed to reach  the equivalence
point for the titration? Explain  your answer.

Additional water will change the molarity but not the number of moles of gbehunmiiraiioles of base balanced
with th@umber aholes of agido the volume of titrant needed is not .affected

Turn on the magnetic stirrer at a slow and steady rate.
Start recording data.

Turn the drop dispenser stopcock carefully, allow ing the titrant to drip slowly atarate of 1to
2 drops per second into the solution.

NOTE: The top valve controls the flow rate and the bottom valve turns the flow on and off.
Continue the titration until the pH curve flattens , at around pH 1 2614.
Stop recording data.

Save your experiment and dispose of the contents of the beaker according to your teacher's
instructions.

Sketch or attach a copy of your graph of pH v ersus volume of NaOH added to Model 1. In the
Model 1 Data Table, record the concentration of the base and the weak acid, and the volume of
the weak acid used .

Model 10 pH Titration of a Weak Acid

Table 1: Model 1 Data Table fi Determining the equivalence point

Titration Information
Parameter Value
Concentration of NaOH used ( M) 0.50
Concentration of CH3COOH used (M) 1.00
Volume of weak acid sample (mL) 10.00
Model 1 Graph
A pH vs Volume of NaOH
14 f
12 e

Y

0 5 10 15 20 25 30 35
Volume of NaOH (mL)
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AnalymgModel 16 pH Titration of a Weak Acid

18. Write the net ionic equation for the neutralization being performed in the titration.
CHCOOH ©H H0 + CHCOO

19. Answer the questions below to understand what information can be gained from a pH titration
curve as the sodium hydroxide is added.

a.

Explain why the pH of the solution starts below 7.
In the beginninbe beaker contained ority @ed water

What is happening to the pH of the weak acid solution as  sodium hydroxide is added to the
beaker? Explain what process is changing the pH.

The pH increasslowlythen rises quickly, and then increases again slowly and levels off.

As thénydroxide ion is added to the acetic acid, it combines with hydrogen ions to form water. Water does ndtl alter the pH so the p
rises slowly toward neutral as the hydrogen ion concentration decreases. Once all of the hydrogen ionsavem the acetic acid h
combined with the hydroxide ion, additional base causes the pH to rise rapidly past neutral until it reasdhes the pH of the ba

The equivalence point represents the point in the titration where a  stoichiometrically
equivalent amount of base has been added to the acid. Using your graph, a t what volume of
titrant does this occur?

For the sample data, the equivalence point @comsagiproximately the midpoint of the sharp increase.

Describe the change in pH at or around the equivalence point
The pHncreaserapidiat the equivalence point.

Is the solution acidic, basic , or neutral at the equivalence point?
The solution iagic

Using the net ionic equation for the reaction, identify the species present in the beaker at the
equivalen ce point. Which species in the solution is responsible for the pH? Write a chemical
reaction for that species reacting with water to support your answer.

The species present a® #hdCHCOO
CHCOO isresponsible for the pH.
The CECOO reacts with wex CHCOO + HO CHCOOH + OH

20. The half -equivalence point is the volume of titrant halfway between the start of the titration and
the equivalence point. Answer the questions below to determine the half -equivalence point on
your titration curve and  the information it provides.

a.

Determine the volume of titrant at the half  -equivalence point.
For the sample data, since the equivalence point is at 27-sdyittedenaié point i$&GmL

According to the titration curve, what is the pH att  he half -equivalence point ?
pH = 4.45

Calculate the concentration of hydronium ion, [H 307, at the half -equivalence point.
pH =ilog[HO’]

4.45=1log[HO"]

[H01=10%*°=35410°M
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d. Calculate the number of moles of weak acid HA present befor e the titration and the number of
moles that remain at the half -equivalence point.

Initial number of moles of HA: 10.0 mL of 1.0 M solution = 0.010 L x 1 mol/L = 0.010 mol
Number of moleH#at thehalfequvalence@oint = (Initial number of moleg) é2 HA.005 moles

e. Based on the balanced equation CH3;COOH + OH' z H,0 + CH,COO', calculate the number
of moles of conjugate base A' that have formed at the half -equivalence point.

Number of moles ofkdde Numbeof moles @& = 0.005 moles

f. How do the number of moles of HA and the number of moles of A' compare at the
half -equivalence point? Since the HA and A ' are in the same solution, how do the
concentrations of HA and A ' compare at half equivalence point?

Thenumber of moles is the same, so the concentration of each is the sasogigbthadeafibin

g. Write the acid ionization expression for a weak acid, HA.
HA HO +A

_ 10 B&
gA g
h. Based on the relationship between the [HA] and [A '] values, how can the acid ionization
constant be simplified at the half -equivalence point?
el-gd g EHOE—A 5 &du
gA g #hg

i. How do the p Ka of the acid and the pH of the half -equivalence point compare?
pKa = pH
They have the same value.

j- Explain why the half -equivalence point is the most useful point on the titration curve for
determining the Ka of an unknown acid.

It is convenient to cancel out values that aneatizahe equal in Kagexpressiorso that thi& can be obtained by knowing
the pH at that point

21. Label the pH titration graph below with the letters corresponding to the following items :

A pH vs Volume of NaOH

: T

P

L

0 5 10 15 20 25 30 35
Volume of NaOH (mL)

Y

a. The pointin the titration  where the pH is determined by the concentration and strength of
the weak acid sample.
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b. The point in the titration where the pH is determined by excess titrant.

c. The point in the titration where the pH is determined by the concentration and strength of
the conjugate base of the w eak acid.

d. The pointin the titration where the pH is equal to the p Ka.
22. Label the particulate view pictures below with the letters corresponding to the following items:
a. Before the titration c. Atthe equivalenc e point

b. Halfway to the equivalence point d. After the equivalence point

o H'ion

@ Anion of weak acid

8 Weak acid

OAO Water molecule

A Hydroxide ion
\

23. An alternate way of doing the titration in Model 1 would be to use an acid dbase indicator to
determine the equivalence point. Ideally, the end point of the titration , the point at which an
added indicator chan ges color, should occur at or near the equivalence point of the titration i the
point where the acid has completely reacted with the base.

a. Using the pH titration curve that you created in
indicator below begin to change colors?

Model 1, at what volume would each

Table 2: Using indicators to detect the equivalence point

Indicator Color Change PH Wohcecruérlshange VOIumeBZ\g/]ri]r?sn SR
Methyl red Red to Yellow 42t06.3 12.0mlt
Bromothymol blue Yellow to Blue 6.0t0 7.6 260mLt
Phenolphthalein Clear to Pink 8.0t0 9.6 26.5 mL

IThese vales apply to the sample data.

b. Which indicator in the table above would have best identified the equivalence point of the

titration in  Model 1?

Phenolphthalein
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MODEL 2

Building Mode2 6 pH Titration of a WeRkblyproticAcid

NOTE: If the drop counter has been disconnected from the data collection system, it will need to be
calibrated (see Appendix A).

1.

Set up the titration as you did in Model 1.  Use the graduated pipet to transfer  50.00 mL of
0.05 M maleic acid solution to a 150 -mL beaker and set the beaker on the magnetic stirrer.

Add distilled water to the acid in the 150-mL beaker until the glass tip of the pH electrode is
submerged.

Turn on the magnetic stirrer at a slow and steady rate.
Start recording data.

Turn the drop dispenser stopcock carefully, allowing the titrant to drip slowly atarate of 1to
2 drops per second into the solution.

Continue the titration until the pH curve flattens , at around pH 1 2814.
Stop recording data.

Save your experiment and dispose of the contents of the beaker according to your teacher's
instructions.

Sketch or attach a copy of your Model 2 graph of pH versus volume of NaOH added. In the
Model 2 Data Table, record the concentration of the base and the weak acid, and th e volume of
the weak acid used.

Model D pH Titration of a Weak Polyprotic Acid

Model 2 Graph

12
10

A pH vs Volume of NaOH

0 e
0 2 4 6 8 10 12 14
Volume of NaOH (mL)

Table 3: Model 2 Data Table fi Determining the equivalence point

Titration Information
Parameter Value
Concentration of NaOH used (M) 0.50
Concentration of CsH404 used (M) 0.05
Volume of weak acid sample (mL) 50.0
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Analyzing Model@pH Titration of a Weak Polyprétd

10.

11.

12.

13.

14.

15.

16.

17.

18.

Below is the structural formula for ~ maleic acid. Circle the hydrogen atoms that can ionize.

sa. B 2
{H>0-C-C=C-C-0%H

What fea tures are different on the Model 2 graph as compared to the graph in Model 1?
There are two sharp jumps in the pH, therefore there are two equivalence points.

How is the structure of maleic acid related to the titration curve?

There are two ionizalyigrbgens and two equivalence points in the titration curve.

Write the equation for the reaction of each hydrogen atom of maleic acid that ionizes with sodium
hydroxide.

HCHO: + Ol HGHOL + HO
HGHO4 + Ol  CHOZ + HO

What volume of NaOH is required to reach each of the equivalence points?

In the sample data, 5 mL of NaOH is required to reach the first equivalence point and 10 mL of NaOH issesmqudred to reach the
equivalence point.

Calculate the volume of titrant added to reach the half  -equivalence point of each equivalence
points.

For equivalence point 1: (0 + 5 mL)/2 = 2.5 mL
For equivalence point 2: (5 mL + 10 mL)/2 =7.5 mL

Use the graph to determine the pH and p Ka at the half -equivalence points.
At 2.5 mL, the pH = 2.21 soikthe .21
At 7.5 mL, the pH = 5.96 sokhe 5.96

Record the literature values of the p Ka for maleic acid.
pKaz = 1.90
pKaz = 6.07

What is the percentage of error between the literature values and the values you determined
from the titration?

Percent error |20 221s 100= 16.
1.90

percent error [207 2% s 100= 16
6.07
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Connecting to Theory

K is the symbol for the equilibrium constant for the ionization of an acid. The following equation
describes the ionizat ion of an acid:

HA+H,0 H 0" +A
When equilibrium exists, the acid dissociation constant can be written as:
_HOMA P
: [HA]

The value of K, is an indication of the extent to which an acid dissociates. Strong acids dissociate
nearly completely. Weak acids reach equi librium, where the fraction that has dissociated remains
constant at a given temperature. The numerical value of the equilibrium constant  is unique to the
acid and can be used to identify an unknown acid.

The half equivalence point is a very useful pointi n determining the Ka of an acid. At this point, the
[HA] = [A '] so K, = [H30+]. Taking the negative log of both sides, the p Ka equals the pH.

Multiprotic acids are acids that have more than one acidic proton. Among organic molecules, those
considered to be multiprotic have more than one carboxylic group (COOH).

_HPHA T
. [HA]
_HPTA ?°
a2 [HA ]
If the Ka values for a multiprotic acid are distinct enough, then two equivalence points appear in a

titration curve. But if the  Ka values are to o close, the multiprotic acid will not show titration curves
with multiple equivalence points.

For example, fumaric acid has two acidic hydrogen atoms with the following Ka values:

Ky = 933 310°%, pK, 3.03

K, = 3.63 310°°, pK,, #.44

where 016 and 0206 r e hdeacidicthyrogemiens.f i r st and seco

When fumaric acid is titrated, both acidic protons detach at nearly the same time and the two
equivalence points are not easily detected. Usually the equivalence points show up as a single
equivalence point somewhere between the tw 0 values.

Applying Your Knowled@determine the Amount afedylsalicylic acith Aspirin

You will be given one solid aspirin tablet. Use titration to see if you can identify the acid in aspirin
as acetylsalicylic acid based on the Ka value(s) and to det ermine if the amount of acetylsalicylic acid
in the tablet matches the amount on the manufacturer

NOTE: Acetylsalicylic acid is a weak acid and doesn't dissolve well . Therefore, for the titration, use a
piece of the aspirin of approximately 0 .1 g.

Before you perform the experiment , research and determine the following:

1 How much acetylsalicylic acid is reported to be in one aspirin tablet , according to the bottle?
325 mg (Answers may vary, depending on the particular bottle of aspirin.)
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1 Whatis the percentage of acetylsalicylic acid in your aspirin?

325 mg acetylsalicylic gci%o — 86.89¢
374 mg aspirin '

Answers will vary, but they should be close to 90%.

1 Being a weak acid , acetylsalicylic acid can be difficult to dissolve. Use approximately 0.1 g of
aspirin for the titration.  From the mass you measured, calculate the amount of acetylsalicylic
acid in your sample.

0.1200 g aspifin  0.8689 0.1043 g &cyiylsai

1 List observations that indicate the aspirin has fully dissolved
Lack of cloudingaghe solution
No solid at the bottom of the flask.
No solid moving in the solution as it is stirred.

1 Whatis the molecular formula and molar mass of acetylsalicylic acid?
Molecular formulatHy
Molecular mad80.157 g/mole

1 Is acetylsalicylic acid monoprotic or polyprotic?
Monoprotic

1 What are the equat ion(s) for the reaction(s) between acetylsalicylic acid and sodium hydroxide?
GHOs+ Na OH  off®h & GO

1 Based on the literature value(s) of Ka for acetylsalicylic acid, how many equivalence points will
you expect to see, and what are the value(s) ?
Acetylsalicylic atids one equivalence pkint: 3.27 x 20

After you have performed the experiment and collected your data, determine the percentage of error

for Ka. Also determine the percentage difference in the reported  mass of acetylsalicylic acid in one

tablet and the experimental value based on your titration. Finally, identify at least three sources of
error for your data.

Based on sample data, the equivalence point occurs at 1.47 méqéiveiertealfpoint of 0.735 mL, the pH = 3.7Ks03W®p
and théa = 2.00 x 26 The percentage of error is

[Theoretical Value  Experimenta| VaaIuE
Theoretical Value

Percent errcr

|3.273 @ - 2.002 fp
3273 1d¢

Percent error 3 100= 38.8

Knowing the volume of NaOH needed to reach the equivalence point, the number of grams of acetylsalicyledacid can be determin

1.47mL NaOH  0.50 mol NaOH L %.SSXM mol NaOH, so there are 7335 [lLAcetyisalicylic &

1 L 1000 mL
7.3 10" mol acetylsalicylic acid 180_.15.7 9 0,132 g acetylsalicyiéid
1 1 mol acetylsalicylic acid

The percentage difference in the mass specified on the bottle versus the expirimental val
0.104 g specified 0.132 g experimental
| 20 “g p13100:26.99
0.104 g specified
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Sources of error are:
The aspirin tablet may not have had 32acetglsélicylic acid.
Incomplete dissolution of the aspirin.
Incomplete transfer of aspirin from the weighing boat to the solution.
Miscalibration oheit the pH sensor or drop counter.
Nonuniform drop size.

Teacher Tips

Tip 17 Sodium hydroxide solutions
It is best to use freshly made sodium hydroxide solutions for this procedure , as sodium hydroxide in
solution can precipitate out over time.
Tip 271 Calibrating the drop counter

If the drop counter has been disconnected from the data collection system between titrations,
students will need to calibrate it before carrying out the titration. The calibration procedure is in
Appendix A.
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15. INTRODUCTIONBWW-FERS

Initial Question

As you have seen in titration experiments, adding one drop of an acidic or basic solution to another
solution can result in large changes in pH.  However, many biological reactions only work within a
narrow range of pH (between abo ut 6 and 8). How does the body, a plant, or the soil keep the pH
from changing drastically every time it comes in contact with an acid or base? In this lab, you will
investigate solutions that help answer this question.

What is a buffer and what are the components of a buffer solution?

Learning Objectivés

Students create and analyze a buffer system.

LO 6.20/ The student can identify a solution as being SP 1.4/ Students can use representations and models
a buffer solution and explain the buffer mechanism in to analyze situations or solve problems qualitatively
terms of the reactions that would occur on additi  on of and quantitatively.

acid or base.

SP 6.4/ The student can make claims and predictions
about natural phenomena based on scientific theories
and models.

Time Requirement

Preparation time: 60 minutes / Lab activity: 90 minutes

Materials and Equipment

Model 1

9 Data collection system 9 Sodium acetate (NaCH3sCOO) approx. 1 g
1 pH sensor? 9 Stirring rod

1 Beaker (glass), 50 -mL fScoopul aE spatul a

1 Graduated cylinder 25 -mL 1 Materials for pH sensor calibration (refer to
1 Acetic acid (CH3COOH), 20 mL 2 Appendix A)

lincluded with PASCO Advanced Chemistry Sensor.
2Use fulbtrength white vinegar.

*From AP Chemistry Course and Exam Description, Effective Fall 2013 (revised edition). Copyright (c) 201&toel@mibge Board. R
with permission. http://apcentral.collegeboard.com.
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Model 2
1 Data collection system
1 pH sensor?
1 Beakers (5), 50-mL
1 Graduated cylinder, 25 -mL
1 Graduated cylinder, 10 -mL or
volumetric pipet, 5 -mL
1 Solution 1: Distilled water, 20 mL
1 Solution 2: 0.01 M Acetic acid (CH3COOH), 20 mL 2

lincluded witPASCO Advanced Chemistry Sensor.

15. INTRODUCTIOD BUFFERSIEACHERESOURCES

1 Solution 3: 0.01 M Acetic acid (CH3COOH) and
0.01 M Sodium acetate ( NaCH3COOQ), 20 mL 2

1 Solution 4: 0.01 M Sodium bisulfate (NaHSO 3) and
0.01 M Sodium sulfate (Na 2S03), 20 mL2

1 Solution 5: 0.01 M Sodium bi carbonate (NaHCO 3)
and 0.01 M Sodium carbonate (Na >COgs), 20 mL?2

1 0.01 M Sodium hydroxide ( NaOH ), 25 mL?2

9 Stirring rod

1 Wash bottle

2To formulate these solutions using 1.0 M Acetic acid, sodium bisulfate, sodium bicarbonate, and sodium hydroxide,

refer to the Lab Preparation section.

Applying Your Knowledge
1 Data collection system

1 pH sensor
1 Beakers (2), 100-mL
1 Stirring rod

Prerequisites

fBufferinE tablet,
9 Aspirin tablet, 325 mg

9 Mortar and pestle

9 Distilled water , 100 mL

325 mg

Students should be familiar with the following concepts:

1 Aciddbase reactions

1 Equilibrium

1 Le Chételier's Principle
1

Ka and pKa equations

Lab Preparation

These are the materials and equipment to set up prior to the lab:

Model 1

1. Acetic acid:
O0Acet incMoAdceild 1. 6

Model 2

2. 1.0 M Sodium hydroxide

placing 39.99 g of solid NaOH in a 1000 -mL volumetric flask 1/3 full of distilled water.
well and let it sit to cool. When the solid has completely dissolved, fill

distilled water.

a. 0.01 M Sodium hydroxide (

Supply students with full strength white vinegar (~20 mL per group). Label it

(NaOH) : Prepare 1000 mL of 1.00 M sodium hydroxide (NaOH) by

Stir it
the fl ask to the line with

NaOH ): Prepare 1000 mL of 0.01 M NaOH by placing 10.0 mL

of the 1.0 M NaOH in a1 -L volumetric flask and fill the flask to the line with distilled water.
This is used for preparing the buff ers and for student use.
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3. The following prepare 1 liter of each buffer solution, enough for 25 student groups or individuals.

NOTE: All solutions below, except for Solution 2, 0.01 M CH3;COOH, are formed by mixing
0.02 moles of acid + 0.01 moles NaOH. Th is results in a 0.01 M solution of acid and a
0.01 M solution of conjugate base. Solution 1 is distilled water.

a. 0.01 M Acetic acid ( CH3COOH ): Place about 100 mL of distilled waterina 1 -L volumetric
flask. Add 10.0 mL of 1.0 M acetic acid . Fill the fla sk to the line with additional distilled
water. La b el this o0Solution 2.6

b. 0.01 M Acetic acid ( CH3COOH ) and 0.01 M Sodium acetate (Na CH 3;COO): Place about
100 mL of distilled water ina 1 -L volumetric flask. Add 20.0 mL of 1.0 M acetic acid and then
add 10 mL of 1.0 M s odium hydroxide (NaOH). Fill the flask to the mark with additional
distiled water. Label this o0Solution 3.6

¢. 0.01 M Sodium bisulfate (NaHSO 3) and 0.01 M Sodium sulfate (Na »S03): Place about
100 mL of distilled waterina 1 -L volumetric fla sk. Add 2.075 g of sodium bisulfite and then
add 10 mL of 1.0 M sodium hydroxide. Fill the flask to the mark with additional distilled
water. Label this o0Solution 4.6

d. 0.01 M Sodium bicarbonate (NaHCO 3) and 0.01 M Sodium carbonate (Na »,CO5): Place
about 100 mL of distilled waterina 1 -L volumetric flask. Add 1.680 g of sodium bi carbonate
and then add 10 mL of 1.0 M sodium hydroxide. Fill the flask to the mark with additional
distiled water. Label this 0Solution 5.0

Summary of buffer solution preparation : Place about 100 mL of distilled water in a
1-L volumetric flask. Add Compound 1 and then Compound 2. Fill to the mark with additional
distilled water.
Summary of solution preparation
Solution Compound 1 Compound 2 Product
2 12.0 mL of vinegar (0.83 M) None 0.01 M CH3COOH
or
10.0 mL of 1.0 M acetic acid

3 24.0 mL of vinegar (0.83 M) 10 mL of 1.0 M NaOH 0.01 M CH3COOH with
or 0.01 M NaCH3COO
20.0 mL of 1.0 M acetic acid
4 2.075 g of NaHSO 3 10 mL of 1.0 M NaOH 0.01 M NaHSO ;3 with
0.01 M Na ,SO0s
5 1.680 g of NaHCO 3 10 mL of 1.0 M NaOH 0.01 M NaHCO 3 with

0.01 M Na.COs3

Safety
Add these important safety precautions to your normal laboratory procedures:
1 Wear goggles and work carefully to prevent spills

1 Sodium hydroxide is corrosive. If you come in contact with  it, flush the exposed area with large
amounts of water.
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Getting Your Brain in Gear

The Brgnsted dLowry Acid dBase Theory expands on the Acid dBase Theory of Svante Arrhenius. The
Arrhenius theory is easy to use but covers a limited number of substances. Brg  nsted and Lowry
developed a theory that includes far more. When discussing strong acids and bases, it is common
practice to use the Arrhenius theory. When weak acids are involved, the Arrhenius theory is not

always sufficient and other theories must be use d.

1. What are the definitions of acids and bases according to Arrhenius?

a. Acids
Acids create hydrogen ions in water.

b. Bases
Bases create hydroxide ions in water.

2. What are the definitions of acids and bases according to Brgnsted and Lowry?

a. Acids
Acids are proton donors.

b. Bases
Bases are pl’OtOI’l acceptors.

3. According to the Brgnsted dLowry theory, when acids and bases are combined, they react to form
conjugate acid dbase pairs. When weak acids and bases react, water often becomes a reactant

For items 0ad6 and o0b, 6 add the | abels O0Aci dé and OB
the bracket. For o6c¢c6é6 and od, 6 first draw the bracke
Example:
Acid Base
l I
NH,* + OH- = NHj + H,0
I |
Base Acid

Acid Base i Base Acid
| | | l |
CH,COOH + H,0 = CH,C00™ + Hy0* | HSO5 + Hy0* = H,0 + H,S0,
| |
Base Acid i Acid Base
® ; ©
Acid Base i Acid Base
_ _ i | |
0.2 + H,0* = H,0 + HCO, © H0 + H,PO,” = Hy0* + HPO,?
Balse Alid ! Ba|se Ac|id
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e.

What is different between the components of a co njugate acid dbase pair?
The acid and conjugate base or base and conjugate acid differ BY. a proton (H

4. In this lab, you will be working with mixtures of solutions, such as acetic acid (CH ;COOH) mixed
with sodium acetate (Na CH3;COO).

a.

Write the net ion ic equation for the reaction of Na CH3;COO and CH ;COOH.
NOTE: Water is a reactant.
Because GBOOH is a weak acid ardHi@OCcontains its conjugate base, the best answer is
CHCOOHag) + bD(l) HO'(aq) + CHCOO (aq)
However, many students witiearfitst attempt, write:
CHCOOHaq) + NaBCOQ(aq)Y NaCHCOQaq) + C#£O0Haq)

The point of this question is not for students to get it correct before the lab. The point is to see ifitimeinaictistéukieact
observations in the lab.

In the beaker below, draw a particulate -level representation showing what the NaCH ;COO
and CH 3;COOH solution looks like at the molecular level. You do not need to explicitly
represent the water molecules. Use the particulate key as a guide.

\ %

O O
QAOQ O A ol | Aercoon
O O 6 A AH,0*
SAOS O A | Octcoo
\ 0 O 6) ONa*

Ideally, thdrawing should contaigGQ®Hnolecules, Nans and GBOO ions. Some students might think to inclutle the H
or HO' ions, but for now the important thing is that they recognize the species that are in the solution.

What is the conjugate acid of CH ;COO'?
CHCOOH

PASCO / R2828



15. INTRODUCTIONBWFFERSTEACHERESOURCES

Model 1

Building Model @&nSyste®@bserving a React.
1. Add 20 mL of acetic acid to a 50-mL beaker.

2. Calibrate the pH sensor .

NOTE: You will need to re -calibrate the pH sensor for the other procedures if they are carried out
in a different class period.

3. Measure the pH of the acetic acid solu tion and record the value in the Model 1 Data Table
NOTE: Make sure the glass bulb of the pH sensoris covered with solution.

4. Add a pea sizeamount of solid sodium acetate to the beaker. Use a stir ring rod or gently swirl
the solution until the sodiu m acetate dissolves.

5. Based on your reaction equation in the Getting Your Brain in Gear section, should the addition
of NaCH 3;COO make the solution's pH increase, decrease or remain the same? Justify your
answer.

Students who recognized the soluti@gislibrium should, using Le Chételier's principle, correctly predict that the solution's pH will
increase because the reaction will shift to the left; hydronium ions (hydrogen ions) will be consumed.

CHCOOHaq) + bD(l) HsO'(aq) + GO0 (aq)

6. Measure the pH of the solution and record the value in the Model 1 Data Table.

Mo d e | 1 I Observing a Reaction System
Table 1: Model 1 Data Table 8pH change in acetic acid due to added sodium acetate
Solution pH
Acetic acid 23
Acetic acid and sodium acetate 3.1

AnalyzingModel1I Observing a Reaction System

7. Did the pH of the solution increase, decrease, or remain the same?

The pH increased.

8. a. Does NaCH;COO dissociate in water?

Yes.

b How should the dissociation be r epresented in water, as NaCH 3;COO (aq) or
Na'(aq) + CH;COO' (aq)?

It should be represented agaljp+ C}COO(aq). Alkali metals and acetates are always soluble.
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9. Two possible reaction equations are shown below.

Equilibrium: CH3COOH (aq) + H20(l) H30'(aq) + CHsCOO' (aq)
Stoichiometric addition: CH3COOH (aq) + NaCH sCOO(aqg) Y NaCH 3COO (aq) + CH3COOH (aq)

Which of these reaction equations best explains the change in the pH observed? Justify your
answer.

The equilibrium reaction best explainsethaiitns because the addition of acetate results in the reaction shifting left, consuming
HO' ions.

10. Why is the Na * ion not shown in the equilibrium reaction?

It is a spectator ion.

11. You answered the following questions in the Getting your Brain in Gear section. Revise your
answer, if necessary, with the new information from Model 1.

In this lab, you will be working with mixtures of solutions, such as acetic acid (CH 3COOH) mixed
with sodium acetate (NaCH ;COQO).
a. Write a net ionic equation for the reaction of NaCH ;COO and CH ;COOH.

NOTE: Water is a reactant.
Because GBOOHSs a weak acid and Ng@BICcontains its conjugate base, the equation is
CHCOOHag) + kD(I) HO'(aq) HCHCOO (aq)

b. In the beaker below, draw a particulate -level repre sentation showing what the NaCH ;COO
and CH 3;COOH solution looks like at the molecular level. You do not need to explicitly
represent the water molecules. Use the particulate key as a guide.

{ /
6 Oﬁ O ﬁ 60H3C00H

O O 6 A A H,0"
A o7 O A | Occoo
k 0 O 6 ONa*

The drawing should contayCOBHNolecules, Nens, an€HCO0 ions.
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MODEL 2

Building Model @ Observing the pH of Solutions

1. Using a graduated cylinder, measure 20 mL of each of the following five solutions into
50-mL beakers.

Table 2: Solutions to test

Solution Solution
#
1 Distilled water
2 0.01 M Acetic aci d (CH3COOH)
3 0.01 M Acetic acid ( CH3COOH) and 0.01 M Sodium acetate ( NaCH 3COOQ)
4 0.01 M Sodium bisulfate (NaHSO 3) and 0.01 M Sodium sulfate (Na 2SOs3)
5 0.01 M Sodium bicarbonate (NaHCO 3) and 0.01 M Sodium carbonate (Na >CO3)

2. Measure the initial pH o f each solution and record the results in the Model 2 Data Table.
NOTE: Make sure the glass bulb at the bottom of the pH meter is covered with solution.

3. Using a graduated cylinder or volumetric pipet, add 5.0 mL of 0.01 M NaOH(aq) to each of the
five solutions. Swirl each beaker gently and then measure and record the pH.

Students should observe very small changes in pH for the buffers (on the order of 0.1 or 0.2 pH unitspedigiitls greaiter chan
acid like acetic acid, and large chargypBl @nits) for water.

Model D Observing the pH of Solutions
Table 3: Model 2 Data Table 8Compare pH after adding 0.01 M NaOH

Solution Solution Initial pH pH after Adding
Number Base
1 Distilled water 5.0 11.7
2 0.01 M Acetic acid ( CH3COOH) 3.1 3.8
3 0.01 M Acetic acid ( CH3COOH) and a4 46
0.01 M Sodium acetate ( NaCH 3COOQ) ' '
4 0.01 M Sodium bisulfate (NaHSO 3) and 6.9 71
0.01 M Sodium sulfate (Na 2SO0s) ' '
5 0.01 M Sodium bicarbonate (NaHCO 3) and 10.4 10.8

0.01 M Sodium carbonate (Na >,CO3)
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AnalymgModée 26 Observing the pH of Solutions

4. a. Which solution had the greatest change in pH?
Solution 1.

b. Which solution had the least change in pH?
Solutions 3, 4, and 5.

5. A buffer is a solution that, upon addition of acid or base, does not have a large  change in pH.
Which of your solutions are buffers?

Solutions 3, 4, and 5 are buffers.

6. How are the two compounds present in each buffer solution related to one another?
All buffers contain a weak acid and an ionic compound (salt) that contateshémecuinjug weak acid.

7. Consider a buffer solution formed from 0.1 M HF and 0.1 M NaF.
NOTE: NaF is soluble.

a. What FOUR species, besides water, are extensively present in solution? (Hint: the 4th one is
from the dissociation of HF.)

HF, N4 F, and KO (from the dissociation of HF)

b. Which of these ions is present as a spectator ion?
Na is the spectator ion.

¢. What equilibrium exists for the remaining ions?
HF (aq) +8() HO" (aq) + F(aq)

8. a. Ifacompound containing H " is added to this solution, what direction will the equilibrium
reaction shift and what species is consumed in the process?

The reaction will shift to the left, conshinitlgpl—'process.

b. Why is it necessary, then, to have NaF as well as HF present for this sol  ution to behave as a
buffer?

The NaF provides th@h that reacts with the added hydrogen ions to produce HF, minimizing the pH change that would otherwise
result from the added acid.

9. a. If acompound containing OH
OH+HY HO

ions is added to this solution, wh at reaction will occur?

b. What direction will the equilibrium reaction shift and what species is consumed in the
process?

The reaction shifts to the right, to replacastiming HF in the process.

c. Why, then, is it necessary to have H F as well as NaF present for this solution to behave as a
buffer?

The solution must have HF to consume bases that are Addexbasdrfe acids that are added.
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10. The equilibrium reaction equation for the acetic acid/acetate buffer system is:

CH3COOH(aq) + H,0() H30" (aq) + CH3;COO' (aq)

a. Using the equilibrium reaction, explain why the pH changes only a little when a small
amount of HCl is added.

The equilibrium will shift to the left, converting thetaddex which keeps the pH nearly the same.

b. Using the equilibrium reaction, explain why the pH changes only a little if a small amount of
NaOH is added to the buffer system above.

The added Oheutralizes;B", so the reaction shifts to the right to replace the nes@rglizbitH keeps the pH neagy
same.

11. Record the initial pH from the corresponding buffer systems in Model 2 in Table 4.

Table 4: Buffer systems

Solution Buffer Solution Components Initial pH pKa
Number
3 0.01 M Acetic acid ( CH3sCOOH) and a4 47
0.01 M Sodium acetate ( NaCH 3COOQ) ' '
4 0.01 M Sodium bisulfate (NaHSO 3) and 6.9 70
0.01 M Sodium sulfate (Na >SOs) ' '
5 0.01 M Sodium bicarbonate (NaHCO 3) and 10.4 10.3
0.01 M Sodium carbonate (Na ,COz) ' '

12. Chemists often characterize acids by their p Ka. The pKa is defined as
pKa = dlog(Ka)

The Ka of each of the acids and bases used in the buffers in Model 1 are given below. Calculate
the pKa for each and record them in Table 4.

acetic acid CH;COOH (agq) H(aq) + CH;COO' (aq) Ka=1.8x10"°
bisulfite HSO;' (agq) H*(ag) + SO5° (aq) Ka=1.0x10""'
bicarbonate HCO;4 (aq) H*(ag) + CO3* (aq) Ka=5.6x10"**

Sample calculation:
PKa=ilog(1.8 x 1§ = 4.7

13. Identify a relationship between the p  Ka of the acids and bases and the pH of the buffer solutions.

They have similar values.

14. Use a reference source to find an acid that will be the foundation of a buffer solution with a pH
of 6.5.

To dentifyan acid withka correspondirtga Ka close to0.6, use the relationsidpi logKa):
6.5 F'logKa); Ka =3.16 x 19; citric acid §8sH0;7) has & =3.2 x 19.

15. Suggest a compound that will provide a conjugate base for the acid you chose in the previous
guestion.

Sodium citratdgHCsHsO;7) can be used wiCsHsO;. However any soluble cétitnate ion solution will work.
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Connecting to Theory

Looking at a weak acid dstrong base titration curve , you will find a region of the curve that is nearly

flat in the acidic region . This occurs because, with this combination of reagents, a buffer solution has
been created. As OH' is added to a weak acid, the conjugate base is formed. The buffer solution
created resists changes in pH, causing this region of the curve to appear relatively flat.

A pH vs Volume of NaOH
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Volume of NaOH (mL)
Applying Your Knowledgdd et er mi ni ng the Buffering Abil it

1. Obtain on e 325 mg tablet of aspirin and a 325 mg tablet of Bufferin. Crush each tablet and place
them in separate beakers containing 50 mL of distilled water. Stir until they are dissolved.

2. Measure and record the pH of each solution.

Table 5: Comparison of aspir in and Bufferin

Sample pH
Aspirin 2.30
Bufferin 5.53

3. Record the active ingredients from the bottles of the two tablets you examined.

Aspirin contains aspirin plus inactive i noglciencarbomteand Buf f er i n
magnesium oxide. 0

4. Using words and reaction equations, explain the observed data.

Any of the three extra ingredients of Bufferin will act as bases towayid,@spidreétiy the conjugate base of aspirin and thus
a buffer.

For example: b0, + CQ*'  CoH,O4' + HC@
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Teacher Tips

Tip 17 Have students perform both buffer labs

This manual has two labs that address the concept of buffers: Introduction to Buffers and Buffer
Properties. The focus of Buffer Properties, buffer capacity, is the culminatio n of the Introduction to
Buffers activity, so students will benefit if the two labs are carried out as if they were two parts of

the same lab.

Tip 2 1T Dispelling misconceptions

The point of Model 1 is to dispel a misconception that an acid and a salt conta  ining its conjugate base
react in a stoichiometric addition rather than form an equilibrium reaction system. Allow students to
give the wrong answer to the Getting Your Brain in Gear questions.

Tip 371 Solution preparation

The solution preparation for this  lab can be time consuming. However, the solutions store well, so
depending on the number of students groups you have, you may have plenty of excess for subsequent
years. To reduce the time involved, you might want to assign your students solutions to prep are for
the entire class. This is good practice with solution making.

Tip 471 pH of distilled water

Students are often confused, or convinced that their sensors are incorrect when the pH of distilled (or
even deionized) water is not 7.0. It is worth remin  ding students that even the smallest amount of
acid or base present as a contaminant can cause the pH to shift up or down by 2 or more pH units.
The most common contaminant, if you are using water that is not freshly deionized or distilled, is
dissolved CO2, which makes the pH of the water 5 or less.

Tip5i Alka-Sel t zer E

Alka -Seltzer is a well -known and frequently used buffer solution. It was not used in this lab because
the buffering reaction system is extremely complicated; all of the citric acid is con sumed, making the
citrate and bicarbonate ions the principle ions present at equilibrium. It was preferable in this lab

that students study buffers for which they could write simpler reaction equations. However, the

Alka -Seltzer system is worth studying an d discussing as an extension of this lab.
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TEACHER RESOURCES

16. BUFFER PROPERTIE

Initial Question

Buffers are solutions that are resistant to changes in their pH when acids or bases are added. For
example, human blood contains the bicarbonate ion. This ion can accept hyd rogen ions to remove
excess acidity in the blood or can donate hydrogen ions to remove alkalinity in the blood. Once the
bicarbonate ions are used up, blood can rapidly become either too acidic or too basic. In other words,
the bicarbonate buffer system in  blood has a limited capacity.

How are buffers made, and what determines their capacity?

LearningObjective’

Students analyze the nature of buffers as they prepare buffer solutions of a specified pH and test
their efficacy.

LO 6.18/ The student can de sign a buffer solution SP 4.2/ The student can design a plan for collecting
with a target pH and buffer capacity by selecting an data to answer a particular scientific question
appropriate conjugate acid -base pair and estimating
the concentrations needed to achieve the desired
capacity .

SP 6.4/ The student can make claims and predictions
about natural phenomena based on scientific theories
and models.

TimeRequirement

Preparation time: 60 minutes / Lab activity: 90 minutes

MaterialandEquipment

Model 1

1 Data collection system 9 Ammonium chloride (NH 4Cl), about 1.0 g3
1 pH sensor? 1 0.3 M Acetic acid (CH 3COOH), 100 mL3

1 Analytical b alance 9 0.3 M Ammoni a (NH 3), 100 mL 34

1 Volumetric f lask, 100-mL or 250-mL 2 1 Distilled water , 150 mL3

1 Beakers (2), glass, 50-mL 1 Marking pen

1 Sodium acetate (NaCH 3COOQ), about 1.0 g3

lincluded with PASCO Advanced Chemistry Sensor.

2The volume of the flask depends on the buffer assigned from the Model 1 Data Table.

3The volume and mass needed depends on the buffer assignediélahxae Nable.

4To formulate the 0.3 M ammonia from ammonium hydfbkigedhéHto the Lab Preparation section.

Model 2

1 Universal indicator, 3 drops 1 0.10 M Sodium hydroxide ( NaOH ), 20 mL
1 Beral pipets (2) 1 Buffer solution from Model 1

1 Test tubes (3), 20 mm x 150 mm, glass, 25-mL 1 Distilled and deionized water

1 0.10 M Hydrochloric acid ( HCI), 20 mL

“From AP Chemistry Course and Exam Description, EffectiyeefAsit@@ti&ion). Copyright (c) 2013 The College Board. Reproduced
with permission. http://apcentral.collegeboard.com.
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Applying Your Knowledge

1 Data collection system 0.3 M Sodium phosphate monobasic ( NaH 2PQas)
9 pH sensor? 0.3 M Ammonia ( NH 3)2
1 Beakers (2), 50-ml 0.3 M Ammonium chloride ( NH 4Cl)
1 Volumetric flask, 100 -ml 0.3 M Potassium phosphate ( KzPOs)
1 Two of the following, to create 100 mL of buffer: 0.3 M Phosphoric acid (HzPOa)
0.3 M Acetic acid (CH3COOH) 1 6 M Sodium hydroxide (NaOH), 5 drops 3
0.3 M Sodium acetate (NaCH 3COO) 91 6 M Hydrochloric acid (HCI), 5 drops 3
0.3 M Sodium phosphate dibasic ( Na2HPO 4) 9 Stirring rod

lincluded with PASCO Advanced Chemistry Sensor
2To formulate the 0.3 M ammonia from ammonium hydfkigedféHto the Lab Preparation section.
3Your teacher will add the 5 drops of NaOH and HCI to test your buffer.

Prerequisites

Students should be familiar with the following concepts:
1 AciddBase Theory

1 Buffers

1 Brgnsted dLowry Acid dBase theory

)l

Conjugate Acids and Bases

LabPreparation
These are the materials and equipment to set up prior to the lab

NOTE: In Model 1, students prepare the twelve buffers in the Model 1 Data Table. Assign one buffer

to each student group so all buffers are formulated . In Model 2, students share the data for the buffe rs

they havendt prepared. Check that the results are reason
Model 2 section.

Model 1

1. 0.3 M Ammonia (NH 3): Prepare 1000 mL of 0.3 M ammonium hydroxide (NH 4OH) by fill ing a
1000 mL volumetric flask 1/3 full of di ~ stilled water. Add 10.514 g ammonium hydroxide to the
flask and swirl to dissolve. Fill the flask to the line with distilled water. Label this solution
00 MAHs. 6

Model 1 and Applying Your Knowledge

2. 0.3 M Acetic acid (CH 3COOH): Prepare 1000 mL of 0.3 M acetic acid (CH3COOH) by fill ing a
1000-mL volumetric flask 1/3 full of distilled water. Add 17.24 mL of 17.4 M glacial acetic acid to
the flask and swirl to dissolve. Fill the flask to the line with distilled water.  This solution will be
used in both M odel 1 and the Applying Your Knowledge; you will need two liters.

Model 2

3. 0.1 M Hydrochloric acid (HCI): Prepare 1000 mL of 0.1 M hydrochloric acid (HCI) by fill ing a
1000-mL volumetric flask 1/3 full of distilled water. Add 8.33 mL of 12.0 M hydrochlo ric acid to
the flask and swirl to dissolve. Fill the flask to the line with distilled water.

4. 0.1 M Sodium hydroxide (NaOH): Prepare 1000 mL of 0.1 M sodium hydroxide (NaOH) by
fill ing a 1000-mL volumetric flask 1/3 full of distilled water. Add 3.999 g of sodium hydroxide to
the flask and swirl to dissolve. Fill the flask to the line with distilled water.
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Applying Your Knowledge

NOTE: The components listed can be combined to create five different buffers, each with a different
pH value. Assign one of t he five pH value to each student group so all buffers are formulated.

5.

10.

11.

12.

13.

0.3 M Ammonium chloride (NH 4ClI): Prepare 1000 mL of 0.3 M ammonium chloride (NH ,ClI)
by fill ing a 1000-mL volumetric flask 1/3 full of distilled water. Add 16.047 g of ammonium
chlorid e to the flask and swirl to dissolve. Fill the flask to the line with distilled water.

0.3 M Ammoni a (NH 3): Prepare 1000 mL of 0.3 M ammoni a (NH 3) by filling a 1000 -mL
volumetric flask 1/3 full of distilled water. Add  10.514 g of ammonium hydroxide to t he flask and
swirl to dissolve. F ill the flask to the line  with distilled water. Label this solution as 0.3 M NH ,
to avoid confusion.

0.3 M Phosphoric acid (H  3POu4): Prepare 1000 mL of 0.3 M phosphoric acid (H3PO,) by fill ing a
1000-mL volumetric flask 1 /3 full of distilled water. Add 20.27 mL of 14.8 M phosphoric acid to
the flask and swirl to dissolve. Fill the flask to the line with distilled water.

0.3 M Sodium phosphate dibasic (Na 2HPO 4): Prepare 1000 mL of 0.3 M sodium phosphate
dibasic (Naz2HPO4) by fill ing a 1000-mL volumetric flask 1/3 full of distilled water. Add 42.588 g
of sodium phosphate dibasic to the flask and swirl to dissolve. Fill the flask to the line with
distilled water. This solution will be used for two different buffers in the Ap plying Your
Knowledge section, so you may need two liters.

0.3 M S odium phosphate monobasic (NaH 2P0 4): Prepare 1000 mL of 0.3 M sodium
phosphate monobasic (NaH 2POg) by fill ing a 1000-mL volumetric flask 1/3 full of distilled water.
Add 35.993 g of sodium phosphate monobasic to the flask and swirl to dissolve. Fill the flask to
the line with distilled water.  This solution will be used for two different buffers in the Applying
Your Knowledge section.

0.3 M Potassium phosphate  tribasic (K3PO4): Prepare 1000 mL of 0.3 M potassium
phosphate (K 3PO4) by fill ing a 1000-mL volumetric flask 1/3 full of distilled water. Add 63.680 g
of potassium phosphate to the flask and swirl to dissolve. F ill the flask to the line  with distilled
water.

0.3 M Sodium aceta te (NaCH 3COO): Prepare 1000 mL of 0.3 M sodium acetate (NaCH ;COO)
by filling a 1000 -mL volumetric flask 1/3 full of distilled water.  Add 24.610 g of sodium acetate to
the flask and swirl to dissolve. Fill the flask to the line with distilled water.

6.0 M Sodium hydroxide (NaOH): Prepare 1000 mL of 6.0 M sodium hydroxide (NaOH) by
filling a 1000 -mL volumetric flask 1/3 full of distilled water. Add 239.982 g of sodium hydroxide
to the flask and swirl to dissolve. Letit sitto cool. Fill the flask to the line with distilled water.
The creation of this solution is exothermic. It will get very hot.

6.0 M Hydrochloric acid (HCI): This dilution is exothermic; add the acid in small increments,
allowing the solution to cool between increments.  To prepare 1000 mL of 6.0 M hydrochloric acid
(HCI), fill 2 1000 -mL volumetric flask 1/3 full of distilled water. Add 500.00 mL of concentrated
hydrochloric acid to the flask and swirl to dissolve. Fill  the flask to the mark with distilled water.

Safety

Add these import ant safety precautions to your normal laboratory procedures:

1
f

Wear your goggles.

This lab uses strong acids and bases. If you come in contact with either of them, flush the area
with plenty of water.
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Getting Your Brain in Gear

1. For each solution described below, determine if it acts as a buffer. Explain your reasoning.

a. 0.50 mole of HCI and 0.50 mole of NaCl in 250 mL of water
No, this is not a buffer. HCl is a strong acid.

b. 0.50 mole of HNO , and 0.50 mole of NaNO , in 250 mL of water
Yes, this soloti contains a weak acid and the salt of its conjugate base, so it will act as a buffer.

c. 1.00 mole of CH3;COOH and 0.50 mole NaOH in 250 mL of water

Yes, the NaOH will react with some of the weak acid to create its conjugate base.
2. Consider a buffer m ade of an equal number of moles of HF and NaF.

a. Write a net ionic equation to illustrate how the buffer solution reacts to keep the pH stable
when strong acid is added.

F +HO HF+D

b. Write a net ionic equation to illustrate how the buffer solution reacts to keep the pH stable
when strong base is added.

HF + OH F +HO
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MODEL 1

Building Model & Buffer Preparation

1. After your instructor assigns you a buffer from Mod el 1 to prepare, refer to the Model 1 Data
Table to determine the chemicals and the molarities you will need for your buffer.

Solution assigned:

2. What component(s) of your assigned buffer system are available (refer to the Materials and
Equipment list for Model 1)?

For solutions 1 to 5: 0.3 M ammonia and ammonium chloride.
For solutions 6 to 10: 0.3 M acetic acid and sodium acetate.

3. Calculate the number of moles of weak acid and conjugate base, or weak base and conjugate acid,
you will need in the final solution to make the buffer you have been assigned.

For any of the 0.15 M, 0.10 M and 0.05 M solutions, the following number of moles is needed, respectively:
0.15M 0.100 I= 0.015 m«
0.10 M 0.100 I= 0.010 m«
0.05M 0.100= 0.005m

4. Calculate the mass of the solid and volume of solution you wi |l need to make your assigned
buffer.

Sample calculation to determine the mass for 100 mL of 0.15 M sodium acetate needed:

0.015 moj  82.03

37£!L.231 g sodium ace
1 1 mol

Sample calculation to determine the volume of 0.15 M acetate acid or 0.15 M ammonia needed:

M3V =M N

03M), =015M3100mL V, = 5
Mass of reagents needed to prepare 100 and 250 mL of buffer
Amount Needed for| Amount Needed for
Solution and Concentration 100mL of Buffer 250mL of Buffer
(9) (9)
0.05 M sodium acetate (NaC,H305) 0.410
0.10 M sodium acetate 0.820 2.051
0.15 M sodium acetate 1.231
0.05 M ammonium chloride (NH 4Cl) 0.268
0.10 M ammonium chloride 053% 1.337
0.15 M ammonium chloride 0.802
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Volume of solutions needed to prepare 100 and 250 mL of buffer

0.3 M Acetic Acid or WBAmmonia
Final Concentration  Volume Needed for Volume Needed for
100mL of Buffer 250mL of Buffer
(mL) (mL)
0.05 M 16.7
0.10 M 33.3 83.25
0.15 M 50.0

5. Obtain the appropriate size volumetric flask.
6. Fill the volumetric flask halfway with distilled water.

7. Obtain grams of solid and add it to the volumetric flask.
NOTE: Do not fill the flask with water.

8. Use a graduated cylinder to measure milliliters of and add
it to the volumetric fla sk. Swirl the flask to mix the solution.

9. Fill the volumetric flask to the mark with distilled water. Mix the solution thoroughly by
inverting the flask several times.

10. Rinse a 50-mL beaker three times with distilled water.
11. Rinse the 50 -mL beaker twice with small portions of your buffer solution.

12. Pour about 25 mL of your buffer solution into the 50 -mL beaker and measure the pH of your
solution. Record the pH in the Model 1 Data Table.

13. Why is it necessary to rinse the 50 -mL beaker with dist illed water, and then with the solution
you want to test?

Rinsing with water removes remnants of solutions previously in the beaker that may react with the buffesiagdaddter the pH. Ri
the buffer solution will remove any remaining watke snuffeatgolution is not diluted and the pH is accurate.

14. Label and save your remaining buffer for building Model 2. Share your pH data with your
classmates to complete the Model 1 Data Table.

204 pasco/pssos



16. BUFFER PROPERTIEEACHERESOURCES

Modell d Buffer Preparation

Table 1: Model 1 Data Table A pH of buffers of different volumes and concentrations

Solution | Molarity of Weak Bag pKa Molarity of Ratio of Total pH of |pKad pH|
Number Conjugate Acid Weak Base | Volume of | Buffer
to Conjugate Buffer Solution
[BOH]/ [B+]| Solution
1 0.05M NH 3 9.25 | 0.05MNH 4" 11 100 mL 9.52 0.27
2 0.10 M NH 3 9.25 | 0.10 MNH 4" 11 100 mL 9.56 0.31
3 0.10 M NH 3 9.25 | 0.10 M NH 4" 11 250 mL 9.56 0.31
4 0.15 M NH3 9.25 | 0.15 M NH 4 11 100 mL 9.88 0.63
5 0.15M NH 3 9.25 | 0.05MNH 4 31 100 mL 10.44 1.19
6 0.05 M NH 3 9.25 | 0.15MNH 4 1:3 100 mL 9.20 0.05
Solution | Molarity of Weak Aci{  pKa Molarity of Ratio of Total pH of [pKad pH|
Number Conjugate Base | Weak Acid tg Volume of | Buffer
Conjugate Buffer Solution
[HA]/ [A] Solution
0.05 M CH sCOOH 4.74 | 0.05M CH 3;COO' 11 100 mL 4.48 0.26
0.10 M CH 3COOH 474 | 0.10 M CH ;CO0O' 11 100 mL 4.25 0.49
0.10 M CH 3COOH 4.74 | 0.10 M CH3COO' 11 250 mL 4.25 0.49
10 0.15 M CH sCOOH 4.74 | 0.15M CH 3;COO' 11 100 mL 4.59 0.15
11 0.15 M CH sCOOH 4.74 | 0.05M CH3;COO' 31 100 mL 3.46 1.28
12 0.05 M CH3COOH 4.74 | 0.15 M CH ;C0O0' 1:3 100 mL 5.17 0.43

Analyzing ModeldBuffer Preparation

15.

16.

17.

18.

Use a reference source to look up the Ka and determine the p Ka of the weak acid or conjugate
acid involved in each of the solutions in the Model 1  Data Table.

Refer to thekpcolumn in the Model 1 Data Table.
Sample calculation for Solutk=7,.8x 105 ;

pKa =T logKa
pKa =Tlog 1.8x 10%)
pKa = 4.74

Calculate the weak acid or weak base to conjugate ratio for each buffer solution in Mo del 1.
Refer to the Model 1 Data Table.
For example, for Solution 1, the molarity of each solution is 0.05 M. Thereforeratie EBOH]/[B

a. Which ratios of weak acid or weak base to the conjugate solution have the pH of the buffer the
closest to the p Ka?

Ideally,tsidents should find that the pKa is closest to the pH when the ratio is 1:1.

Compare the buffers having the same molarity of components, but with different total volumes.
Does the volume of the buffer system prepared affect the p H of the resulting solution? Provide
specific examples from Model 1 to support your answer.

No, the volume prepared does not affect the pH. Refer to the sample data for buffers 2 and 3 and buffees8thagH. In both cas
of the sample data is thae.

How would you respond to a

son who mistakenly sa
remains neutral 6? Provide s i fi

c examples from Mo
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None of the buffer solutions had a pH of 7. Buffers are madeaugtheyHtoladding acid or base is minimized.

19. Suppose you wanted to make a buffer solution that would keep the pH near 3. Which of the
following mixtures would suffice?

Solution A 0.10 M lactic acid and 0.10 M sodium lactate
Solution B 0.10 M hypochlo rous acid 0.10 M sodium hypochlorite
Solution C 0.10 M benzoic acid and 0.10 M sodium benzoate

Students will need to look uKehéopeach solution.

Lactic acidkp= 3.86

Hypochlorous acida p 7.46

Benzoic aciga = 4.19

Solution A with laetdid and sodium lactate would be the best chidide;dlssest to the desired pH.

MODEL 2

Building Model @ Buffer Capacity

1. Rinse three test tubes several times with distilled water. Assign one pipet for the deionized
water, one for the buffer, and one for the universal indicator.

2. Place 10 drops of deionized water in a test tube. Add one drop of universal indicator to the water
and note the initial color. Add 0.10 M HCI solution drop  -wise, mixing between drops, until the
solution changes to red-orange (pH ¢ 3). In Model 2, record the number of drops of HCI solution
added to make this color change occur.

3. Place 10 drops of your buffer solution in a test tube. Add one drop of universal indicator to the
solution and note the initial color. Add 0 .10 M HCI solution drop -wise, mixing between drops ,
until the solution changes to red-orange (pH ¢ 3). Record the number of drops of HCI solution
added to make this color change occur.

NOTE: If your solution contains CH ;COOH and CH ;COO', t hen douttBigstep.arry o

4. Place 10 drops of deionized water in a test tube. Add one drop of universal indicator to the water,
and not e the initial color. Add 0.10 M NaOH solution drop  -wise, mixing between drops , until the
solution changes to purple (pH 2 11). Record the number of drops of NaOH solution added to
make this color change occur.

5. Place 10 drops of your buffer solution in a test tube. Add one drop of universal indicator to the
solution, and not e the initial color. Add 0.10 M NaOH solution drop  -wise, mix ing between drops ,
until the solution changes to purple (pH 2 11). Record the number of drops of NaOH solution
added to make this color change occur.

NOTE: If your solution containsNH ,"andNH;, t hen dondt carry out this step.

6. Share your data with you r classmates to complete the Model 2 Data Table.
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16. BUFFER PROPERTIEEACHERESOURCES

Drops of HCI needed in distilled water to turn the color red -orange: 1
Drops of NaOH needed in distilled water  to turn the color purple: 1
Table 2: Model 2 Data Table i Comparing b uffer capacity
Solution Molarity of Weak Base¢ Molarity of Conjugate| Total Volume| DropsofHCI Dropsof
Number Acid of Buffer Needed NaOH\eeded
Solution
1 0.05 M NH 3 0.05 M NH 4" 100 mL 3
2 0.10 M NH 3 0.10 M NH 4" 100 mL 8
3 0.10 M NH 3 0.10 M NH," 250 mL 8
4 0.15MNH s 0.15 M NH ,* 100 mL 9
5 0.15M NH3s 0.05 M NH ,* 100 mL 11
6 0.05M NH3 0.15 M NH 4 100 mL 3
Solution Molarity of Weak Acid| Molarity of Conjugate| Total Volume| DropsofHCI Dropsof
Number Base of Buffer Needed NaOH\eeded
Solution
0.05M CH3COOH 0.05 M CH 5CO0' 100 mL
0.10 M CH3COOH 0.10 M CH 5CO0' 100 mL
0.10 M CH3COOH 0.10 M CH3COO' 250 mL
10 0.15 M CH3COOH 0.15 M CH 3CO0' 100 mL 14
11 0.15M CH3COOH 0.05M CH3COO' 100 mL 13
12 0.05M CHsCOOH 0.15 M CH 3CO0' 100 mL 11

Analyzing Model@Buffer Capacity

The buffer capacity of a solution is related to the number of moles of acid and base that the solution
can neutralize without a significant change in pH.

For each set of solutions shown below, consider the si milarities and differences in their components.
Refer to both the Model 1 Data Table and the Model 2 Data Table.

7. Compare the buffer v olume, molarity, and pH:

a. What is the molarity ratio of weak base to conjugate acid in solutions 2 and 3?

1:1

b. Was there a change in pH between solutions 2 and 3?

No .

The pH was

t he same.

Creati

ng

more of t

c. What is the molarity ratio of weak acid to conjugate base in solutions 8 and 9?

1:1

d. Was there a change in pH between solutions 8 and 97

There

wa s no ¢

hange.

Creati

ng

more of t

he

he

buffer

buffer

e. For solutions 2 and 3, and solutions 8 and 9, was there a difference in the number of drops of
HCI or NaOH needed to obtain pH 1 or pH 14?

Students should see little difference, if any, in the number of drops needed.
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16 BUFFER PROPERTIEEACHER RESOURCES

f. Considering the previous questions, what can be concluded about changing the volume of the
buffer system without changing the ratio of w  eak acid to conjugate base, or weak base to
conjugate acid, and its effect on pH?

Changing the volume of the buffer system without changing the ratio of acid or base to conjugate basemmtconjugate acid will
affect pH.

8. The following questions compa re the number of moles of each buffer system component and the
buffer capacity in solutions of equal volume :

a. What is the ratio of the number of moles of weak base between solutions 1 and 2 and between
solutions 1 and 4?

The ratio of the number of mblesak base between solutions 1 and 2 is 1:2. The ratio of the number of moles of weak base
between solutions 1 and 3 is 1:3.

b. Was there a change in pH between solutions 1, 2 and 4?

In the sample data, there was no significant change.  Students should se e very little, if any, change
between the two solutions.

c. What is the ratio of the number of moles of weak acid between solutions 7 and 8 and between
7 and 107

The ratio of the number of moles of weak base between solutions 1 and 2 is h@ nilinebeatiof ofdles of weak base
between solutions 1 and 3 is 1:3.

d. Was there a change in pH between solutions 7, 8, and 10?

In the sample data, there was a small change. Students should see very little, if any, change between
the two solutions.

e. For solutions 1, 2, and 4, and solutions 7, 8, and 10, was there a difference in the number of
drops of HCI or NaOH needed to obtain pH 1 or pH 14?

In both cases, as the concentration of the solutions increased, and therefore the number of nezjaalinawample of
increased, more drops of HCI or NaOH were required to obtaitipH 1 or pH

f. Considering the previous questions, what can be concluded about buffer capacity and
concentration? Give evidence from your data to support your answer.

The buffelgncapacity of buffer systems increases as the concentration of its buffer components increases, as shown in solutions 1,
2, and 4 and solutions 7, 8, and 10.

9. Do buffer systems stop the pH from changing? Give evidence from your data to support your
answer.

Buf fer systems resist a pH change, but dondét stdgpsof he pH fro
HCI or NaOH was needed to change the pH to pH 1 or pH 14 in the buffers, respectively, comparedts wiees doeles soluti
to water.

10. Do buffers with greater concentrations have greater buffer capacity? Give evidence from your
data to support your answer.

Yes, the buffering capacity of buffer systems increases as the concentration of its buffezaseepasahizvin in the
increasing number of drops of HCI or NaOH in solutions 1, 2, and 4 and solutions 7, 8, and 10.

11. If you wanted to make a buffer of pH 9.5 with a buffer capacity greater than that in Solution 1 of
Model 2, what would have to chang e in the buffer system?

To create a buffer with greater capacity, the concentration of the weak base and conjugate acid solutidmsnsBduM.be greater t
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Connecting to Theory

Buffers are made from a weak acid or base and their respective conjugate. T  wo nutritional labels are
shown below. One is from Monster Energy @ drink and the other is from Mountain Dew  ©. By
inspecting each label, you should be able to identify an acid and its conjugate. Together these form a
buffer solution.

Remember, when acidsar e made from polyatomic acids, their endi
polyatomic ion of the conjugate will have an oOated er
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