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INTRODUCTION 

PASCO scientific's Advanced Biology through Inquiry  investigations move students from the 

low-level task of memorization or confirmation of science facts to higher -level tasks of experiment 

design, data analysis, concept construction, and application. For science to be learn ed at a deep level, 

it is essential to combine the teaching of abstract science concepts with òreal-worldó science 

investigations. Hands -on technology-based laboratory experiences serve to bridge the gap between 

the theoretical and the concrete, driving st udents toward a greater understanding of natural 

phenomena. Students also gain important science process skills that include: developing and using 

models, planning and carrying out independent investigations, interpreting data, and using 

mathematics ñinclud ing statistics.  

The lab activities  in this manual  are designed so students complete brief guided -inquiry 

investigations th at help them  become familiar with the use of a particular sensor or technique and 

engage them in thinking about a core topic of biology. Following these Initial Investigations, 

students are  able to move more easily into designing  and conduct ing open-inquiry investigations  

related to the topic under study .  

The use of electronic sensors (probeware) in investigations greatly reduces the class time required for 

set up and data collection, increases the accuracy of results, allows for richer analysis of data, and 

provides more time in the classroom for independent investigations.  

 

Additionally,  using electronic -sensor data collection, display and analysis devices allows students to :  

¶ observe or reveal phenomena that cannot be observed, or is difficult to observe, through other 

methods 

¶ perform investigations with reliable equipment that can be used repeatedly for  years, reducing 

the need for consumable items  

¶ focus not on the tedium of collecting data, but rather focus on the trends, patterns, and 

relationships which become immediately discernible when gathering real -time data  

¶ easily apply basic statistics to data  

¶ carry out multiple trials  in a single class period  

¶ practice using equipment and interpreting data measured by equipment that is similar to what 

they might use in their college courses and future careers  
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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.  

Teacher Resources.  Teacher resource files and printed labs contain  all sections of the student 

handouts , such as the Initial Investigation, Data Analysis, and Synthesis Questions sections, as well 

as teacher-specific sections including time requirements, alignment to the AP® 1 Bi ology learning 

objectives and science practices, and teacher tips to help ensure success. Sample data is provided for 

the Initial Investigations and sample answers are provided for all questions. Most labs also contain 

sample data for suggested student -designed investigations.  

Student Handouts. The handouts begin with brief background information and a driving question for 

the Initial Investigation.  In many labs, the responsibility is placed on the student to design 

appropriate data tables for the investig ation and determine appropriate analysis methods to support 

their claims regarding the results. Following the Initial Investigation, most labs prompt students to 

design and carry out an experiment of their own. Students analyze the data from their experime nt 

and answer synthesis questions that require an application of their knowledge and the results of the 

investigation.  

Scaffolding Inquiry Investigations 

The investigations in this manual support a teacherõs need to differentiate the level of scientific 

in quiry. Guided inquiry  can involve activities in which students are provided a driving question and 

lab procedure, but the results of the procedure are not known ahead of time. That is, the lab is not a 

confirmation lab, but rather one that requires decisio n-making in analysis of data, problem -solving, 

and critical thinking.  

Open inquiry  is typically seen as an activity in which students make all decisions: define a driving 

question, design a procedure, determine a method for collecting data, make all data analysis 

decisions, process data to create graphs and figures to summarize results, and communicate the 

results to others in the science community. However, teachers should not look at inquiry in their 

classroom simply as òguidedó or òopen,ó but rather as a spectrum that ranges from less to more 

learner self -direction, and more to less direction from the teacher. (Appendix D of the College Boardõs 

lab manual, AP Biology Investigative Labs: An Inquiry -Based Approach  provides an example of this 

spectrum.)  

The lab activities developed by PASCO allow teachers to easily modify the level of inquiry 

appropriate for their students (student files are fully editable). Three examples of modifications 

follow:  

¶ To increase the level of inquiry for Enzyme Activity, remo ve the lab procedure from the Initial 

Investigation. Provide students with the Background, Driving Question, Materials and 

Equipment, and Safety sections, and leave only a data table and analysis questions in the Initial 

Investigation section. Students are  then tasked with developing their own procedure to address 

the driving question, data table, and analysis questions.  

¶ To increase the level of inquiry for Diffusion, only provide students with the Design and Conduct 

an Experiment Worksheet for the lab. Int roduce students to the topic of diffusion and the use of 

a pH sensor to measure diffusion by performing a demonstration similar to the Initial 

Investigation. Ask students to answer the analysis questions collaboratively for the 

demonstration in groups. Aft er assessing studentsõ readiness for open inquiry with the topic, 

provide them copies of the worksheet to design and carry out independent experiments.  

¶ To increase the level of inquiry for Fermentation, inform students that they will use an ethanol 

sensor for their experiments. Provide them with the Experiment Design Plan to design their 

independent investigations and no other directions.  

                                                 
1 AP is a trademark registered and/or owned by the College Board, which was not involved in the production of, and does not endorse, this 
product. 
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Lab Activity Components  

This table identifies the sections in the teacher and student files .  

TEACHER RESOURCES STUDENT HANDOUT 

Lab Overview  Background  

Pacing and Length of the Lab  Driving Question  

AP Connections   

Materials and Equipment  Materials and Equipment  

Prerequisites   

Safety Safety  

Lab Preparation   

Teacher Tips   

Initial Investigation  Initial Investigation  

Design and Conduct an Experiment 1, 2 Design and Conduct an Experiment 1, 2 

Suggested Inquiry Questions   

Design and Conduct an Experiment: Data Analysis 2 Design and Conduct an Experiment: Data Analysis 2 

Synthesis Questions  Synthesis Questions  

Design and Conduct an Experiment Key  Design and Conduct an Experiment Worksheet  

Sample Data   

1Some labs do not include a student-designed experiment. 
2A few labs have a complex or lengthy Initial Investigation and these sections were reordered to account for this variation. 

Overview of Lab Activity Components 

LAB OVERVIEW OR BACKGROUND   

The lab overview in the Teacher Resources provides a brief description of the lab and the topics 

addressed in the lab. For students, the lab activity begins wi th the Background, which provides a 

brief introduction to the topic and some prerequisite knowledge, and sets a purpose for the 

investigation.  

DRIVING QUESTION (S) 

This section, only in the Student Handouts, provides a specific, testable question that the I nitial 

Investigation is designed to answer.  

MATERIALS AND EQUIPMENT   

This section lists all materials and equipment needed to carry out the activity procedure. If items in 

this list need to be created using additional materials, those are indicated as a f ootnote in the 

Teacher Resources version, and instructions for preparing them are in the Lab Preparation section. 

In the Teacher Resources, this section includes an additional table of items recommended for 

student -designed experiments.  

SAFETY 

This section  lists the pertinent safety procedures for the lab.  

INITIAL INVESTIGATION  

The Initial Investigation is a guided investigation, as students are provided with the driving 

question, the basic procedural steps to complete the activity, and several embedded an alysis 

questions. However, students are still tasked with higher -level thinking: deciding how to organize 

and present data in tables or graphs, deciding which analysis tools to use within the data collection 

software and whether to process the data further  outside of the data collection system, and 
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answering analysis questions that require data interpretation and application of biological 

knowledge to explain data and support claims.  

The Initial Investigation serves two main purposes: (1) to give students experience using a particular 

sensor or laboratory technique, and (2) to engage students in thinking deeply about a biological topic 

to help them construct meaningful questions they can pursue answers to through their 

student -designed experiments. Most of the Initial Investigations are brief, requiring a single lab 

period or less. As the school year progresses and students become more skilled in the science 

practices and more familiar with probeware, teachers may choose to reduce the amount of scaffolding 

in the Initial Investigation or remove this section entirely.  

Embedded in this section of the Teacher Resources are sample data tables, graphs, computations and 

analysis, and answers to support teachers in their implementation of each lab activity with stu dents.  

DESIGN AND CONDUCT AN EXPERIMENT 

This section directs students to plan and carry out an additional experiment. For teachers, the 

description of the experiment to be designed is more specific and includes suggested inquiry 

questions. Students are enc ouraged to come up with their own testable questions; however, teachers 

may choose to provide suggestions to students for labs performed early in the school year, or for labs 

in which additional equipment is limited.  

This section contains the following ins tructions:  

 

Design and carry out your experiment using either the De sign and Conduct an 

Experiment W orksheet or the Experiment Design Plan. Then complete the Data 

Analysis and Synthesis Questions.  

A Design and Conduct an Experiment Worksheet  is included in all labs that have a student -designed 

experiment option; it appears at the end of the Student Handout and provides questions to guide 

students in the planning of their experiment.  

A more open-ended option is to provide students with the Experiment Desi gn Plan  handout. This 

page accomplishes the same goal as the worksheet, providing students some structure for planning 

an investigation, but it is not lab -specific. (The symbol shown above appears on both the worksheet 

and the Plan page to indicate their c onnection.) The Experiment Design Plan is included after this 

Introduction.  

DESIGN AND CONDUCT AN EXPERIMENT: DATA ANALYSIS  

Students are encouraged to analyze and present their data in various way s: perform calculations to 

average data from numerous trial s, organize data tables to summarize results, and create graphs 

(either of the dependent variable as it appears on the sensor -measurement display or of processed 

data exported to Microsoft Excel® or other programs). For most labs the Data Analysis question s are 

open-ended, allowing students to determine how to evaluate the meaning and significance of their 

results. A few labs contain complex or lengthy Initial Investigations; these labs have Data Analysis 

sections devoted to the data of the Initial Investig ation instead of a student -designed experiment.  

NOTE: The College Boardõs AP® Biology Quantitative Skills Guide  is a good resource for supporting 

studentsõ application of statistical methods to evaluate the significance of the results of their 

experiments. 

The Teacher Resources version of this section contains sample answers based on analysis of data 

collected for a sample inquiry that is described in detail in the Design and Conduct an Experiment 

Key. The data for the sample inquiry is presented as the fir st data set in the final section of Teacher 

Resources, entitled òSample Data.ó 
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SYNTHESIS QUESTIONS  

These questions require students to develop a deeper understanding of concepts and assesses 

whether students can transfer the knowledge learned in the lab to  other situations. The questions 

are modeled after short -answer and free -response questions typical of advanced biology exams.  

In addition to requiring students to synthesize information from different topics of biology, the 

questions often require students to use quantitative reasoning skills and apply mathematical or 

statistical knowledge. Most labs include data from a published scientific article, providing students 

an opportunity to analyze real and complex data for experiments difficult to carry  out in the typical 

high school classroom.  

DESIGN AND CONDUCT AN EXPERIMENT WORKSHEET OR KEY 

The questions included on this Worksheet are designed to guide students in the development of a 

testable question and hypothesis, and in planning a controlled expe riment to test their hypothesis. It 

offers a great opportunity for formative assessment before students embark on their independent 

investigations. When students are ready for a more open -ended option for planning their 

experiments, teachers should elimina te the Worksheet and provide students with copies of the 

Experiment Design Plan.  

The Design and Conduct an Experiment Key provides a model of planning an investigation; it 

contains sample answers specific to one of the suggested inquiry questions listed in  the Teacher 

Resources of a lab. 

Additional sections in the Teacher Resources 

PACING AND LENGTH OF THE LAB  

This section provides teachers with estimated times that inform their lesson planning. For most labs, 

time estimates are provided for the Initial Inv estigation and for the time required for students to 

plan and carry out their own investigations.  

AP CONNECTIONS  

There are three components to the table provided in this section: Essential Knowledge, Science 

Practices, and Learning Objectives. The referenc es in the table, such as ò2.D.1ó correspond to the 

2012ð2013 AP Biology Curriculum Framework  published by the College Board® 2. 

The correlations table at the end of this introduction summarizes the connections between the Big 

Ideas of the curriculum framework and the labs included in this manual. The connections to the Big 

Ideas occur either directly in the data collection and analysis in the Initial Investigation or through 

the Synthesis Questions that require students to apply their understanding of  concepts across 

domains.  

PREREQUISITES  

Students should have the prerequisite knowledge listed before performing the lab activity. These 

labs are not confirmation labs, so students can perform the lab without a large amount of prior 

knowledge in the topic.  Through completion of the lab, they acquire content and deepen their 

understanding.  

LAB PREPARATION  

Directions for preparing solutions and other materials are provided in this section. Read through 

this section carefully in advance of the lab; some labs r equire materials to be prepared either the day 

before a lab or immediately before a lab. Most investigations make use of household items or 

materials that can be easily acquired or are common to a high school science stockroom. Some labs 

                                                 
2 College Board®is a trademark registered and/or owned by the College Board, which was not involved in the production of, and does not 
endorse, this product. 



ADVANCED BIOLOGY THROUGH INQUIRY / INTRODUCTION  

 vi PASCO / PS-2852  

do require materia ls that may need to be purchased by the school and the teacher should plan for 

this in advance.  

TEACHER TIPS 

This section provides a variety of information such as tips on the use of a particular sensor, or tips on 

a pedagogical approach for the activity. All tips help support the teacher in a successful 

implementation of the lab in the classroom.  

SAMPLE DATA  

The sample data is presented in tables or graphs that display expected patterns based on PASCO 

trials of sample inquiry questions. However, if student s design experiments that address the same 

independent variable, their data may vary. Use these events for discussions of variation in scientific 

data as well as variation in approaches (experiment designs) taken to answer the same scientific 

question.  

The Data Collection System 

In this manual, òdata collection systemó 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 devi ce containing the software that detects the sensor 

measurement and collects, records, and displays this data.  

Some systems, such as the Xplorer GLX ® or SPARK Science Learning SystemÊ, are stand-alone 

systems. These contain built -in software applications, a nd 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 SPARKvueÈ 2 and PASCO CapstoneÊ software. 

The activities are designed so that any PASCO data collection system can be used to carry out the 

procedures.  

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 PASCOõs 

website  (www.pasco.com). Each systemõs software also has a built-in help system. 

There are free SPARKlabÊ activities included in the SPARKvue software and performing one of 

these activities can be a good starting place for students to familiarize themselves with connecting a 

sensor, viewing data, saving their work, and other ta sks related to probeware use.  

PASCO scientific also has a terrific technical and teacher support team. They pride themselves on 

providing timely and comprehensive help to teachers and students using PASCO products.  

 Phone: 1-800-772-8700 

 Email:  support@pasco.com 

 Web: www.pasco.com/support  

Electronic Materials 

A USB storage device was included with the purchase of this manual and is attached to it s inside 

cover. Please view Overview .pdf  for a list of the included resources.  

In addition to the te acher and student versions of all lab activities, the storage device contains 

electronic files needed to perform the Mathematical Modeling of Evolution and BLAST into 

Bioinformatics activities.  

http://www.pasco.com/
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International Baccalaureate Organization (IBO) Support  

IBO Diploma Program  

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 and does not include references to the IB standards or internal assessment rubrics, the lab 

activities  can be adapted easily to the IB classroom. For example, students can complete an Initial 

Investigation and the teacher grades their work using the òData collection and processingó internal 

assessment rubric. The labs in this manual correlate closely to curriculum topics of the IB Biology 

higher level program: statistical analysis, cells, cell respiration and photosynthesis, genetics, human 

health and physiology, and others.  

By the end of the IB Diploma 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 procedure, 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 investigation s in this manual .  
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AP Biology Correlations 

The Big Ideas of the curriculum framework  

Big Idea Description 

1 The process of evolution drives the diversity and unity of life. 3 

2 
Biological systems utilize free energy and molecular building blocks to grow, to reproduce, and to 

maintain dynamic homeostasis. 3 

3 Living systems store, retrieve, transmit, and respond to information essential to life processes. 3 

4 Biological systems interact, and these systems and their interactions possess complex properties .3 
 

Connection  between the Big Ideas and the activities in this manual  

Activity Lab Activity 
Big Ideas 

1 2 3 4 

1 Enzyme Activity   

Students use an oxygen gas sensor or pressure sensor to investigate the 

catalyzed decomposition of hydrogen peroxide by catalase. 

X X  X 

2 Diffusion  

Students use a pH sensor to investigate the diffusion of hydrogen ions 

through a semipermeable membrane, comparing the rates of diffusion for two 

solutions that differ in their acidity . 

 X   

3 Osmosis 

Students use a colorimeter to determine which extracellular fluid is 

hypertonic to a model cell and which solution is hypotonic.  

 X X  

4 Plasmolysis  

Students use a conductivity sensor to explain the results of different 

concentrations of salt water on plant tissue before they design an experiment 

to compare the water potential of different plant tissues.  

 X   

5 Cell Size  

Students use temperature probes to measure the effect of cell size on cell 

cooling rate using cubes of potato tissue.  

X X   

6 Homeostasis 

Students use multiple temperature probes simultaneously to investigate the 

bodyõs ability to maintain homeostasis when subjected to a cold stimulus. 

  X X 

7 Cellular Respiration  

Students use a carbon dioxide gas sensor to investigate the rate of cellular 

respiration of germinating seeds.  

X X  X 

8 Fermentation  

Students use an ethanol sensor to determine the ability of yeast to use 

different types of carbohydrates ñsucrose and starchñfor fermentation.  

 X  X 

9 Photosynthesis  

Students use a carbon dioxide gas  sensor to test the effect of the color of light 

on the rate of photosynthesis.  

 X  X 

10 Plant Pigments  

Students analyze spinach pigments and chloroplasts using paper 

chromatography, a colorimeter, and a spectrometer to understand how plants 

capture light  for photosynthesis.  

 X  X 

                                                 
3 AP Biology Curriculum Framework: 2012ï2013, The College Board, 2011.iii. 
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Activity Lab Activity 
Big Ideas 

1 2 3 4 

11 Transpiration  

Students use a low pressure sensor (barometer) and a weather sensor 

to investigate the rate of transpiration in plants under normal and 

humid conditions.  

 X  X 

12 Mitosis  

After learning the technique for growing roots and preparing root tip 

squashes for microscope analysis, students observe the root tips for evidence 

of mitosis and statistically analyze the data.  

  X  

13 Meiosis  

Students use physical models of chromosomes to explore meiosis and genetic 

variation, and use cross over rates observed in Sordaria to calculate gene 

distance from the centromere . 

  X  

14 Transformation  

Students transform bacteria with a plasmid that contains an ampicillin 

resistance gene and a gfp gene that is regulated so only some transformed 

cells produce the green fluorescent protein . 

  X  

15 Understanding Inherited Mitochondrial Disorders  

Students use pedigree analysis and DNA analysis (electrophoresis) to 

confirm or refute the initial diagnosis of MELAS for two patients.  

 X X X 

16 Sickle Cell Gene Detection  

Students use electrophoresis to analyze DNA samples from a child and the 

childõs parents to determine if the child has inherited a mutation in the gene 

for hemoglobin B.  

  X X 

17 Energy Dynamics  

Students use EcoChamber containers and a carbon dioxide gas sensor to 

estimate energy flow and carbon cycling within a variety of detritus -based 

ecosystems. 

 X  X 

18 Artificial Selection  

Students follow the growth and development of Wisconsin Fast Plants  and 

determine if limiting cross -pollination to certain plants with a desired trait 

affects the frequency of that trait in the second generation.  

X    

19 BLAST Bioinformatics  

Students analyze the DNA and protein sequences of beta globin of five 

mammalian species to determine their evolutionary relatedness.  

X    

20 Population Genetics  

Students determine their phenotype for the PTC (phenylthiocarbamide) 

tasting trait and use class data to derive allele frequencies for a population.  

X    

21 Mathematical Modeling of Evolution  

Students work with a mathematical model and computer simulation to 

explore how inheritance patterns and gene frequencies change in a 

population.  

X    

22 Animal Behavior  

Students use a choice chamber to test the response of fruit flies to different 

stimuli and determine if there is a significant change in their behavior.  

 X  X 
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MASTER MATERIALS AND EQUIPMENT LIST  

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 ENZYME ACTIVITY  

 

FOR EACH STUDENT STATION   

Data Collection System  1 

PASCO Oxygen Gas Sensor or PASCO Pressure 

Sensor 

1 

Sampling bottle, 250 -mL*  1 

Graduated cylinder, 25 -mL   1 

Pipet, 1-mL   1 

Magnetic stirrer and stirring bar  1 

Base and support rod  1 

3-Finger clamp   1 

1.5% Hydrogen peroxide (H 2O2) 20 mL  

Catalase suspension prepared from dried bakersõ yeast  2 mL  

ADDITIONAL EQUIPMENT FOR STUDENT -DESIGNED 

EXPERIMENTS  

 

Hot plate or water bath  As needed 

Buffers, pH 3 to pH 10  As needed 

3.0% Hydrogen peroxide As needed 

Catalase or peroxidase suspension from other sources 

(beef liver, turnips, rutabaga, other plants.)  

As needed 

Ice As needed 

http://www.pasco.com/support
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Lab Title Materials and Equipment Qty 

2 DIFFUSION  

 

FOR EACH STUDENT STATION   

Data Collection System 1 

PASCO pH Sensor 1 

Graduated cylinder, 25 -mL  1 

Beaker or cup, 250-mLð400-mL  1 

Dialysis tubing, 1 inch ×  28-cm1  1 

Disposable pipet or 10 -mL  syringe 1 

Paper clip or binder clip  1 

Small cup to capture the 25 mL (or less) of fluid  from 

the dialysis bag  

1 

Apple cider vinegar  25 mL  

Pickle juice  25 mL  

Magnetic stir bar and plate (if available)  1 

Spring water (or distilled water)  200 mL  

Plastic wash bottle with distilled water  1 

ADDITIONAL EQUIPMENT FOR STUDENT -DESIGNED 

EXPERIMENTS  

 

PASCO Conductivity Sensor  1 

Other commercially available  solutions, such as: olive 

juice, jalepeño juice, beet juice  

As needed 

Hot plates or warm water baths  As needed 

Other òextracellular ó solutions to replace water  As needed 

Additional dialysis tubing , including tubing of a 

different diameter or with different pore sizes  

As needed 

Ice As needed 

Food coloring , different colors  As needed 

3 OSMOSIS  

 

FOR EACH STUDENT STATION   

Data collection system  1 

PASCO Colorimeter  1 

Sensor extension cable*  1 

Cuvettes*   4 

Cups or beakers, 250-mL  2 

Small funnel  1 

Graduated cylinders, 25 -mL  2 

Dialysis tubing, 12 -cm piece 2 

Solution A (tap water)  100 mL  

Solution B (0.8 M sucrose)  20 mL  

Solution C (1.0 M sucrose)  100 mL  

Solution D (0.1 M sucrose)  20 mL  

Plastic pipets  2 

Small binder clips  2 
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4 PLASMOLYSIS  

 

FOR EACH STUDENT STATION   

Data collection system  1 

PASCO Conductivity Sensor  1 

Microscope, 400× magnification  1 

Microscope slides and cover slips (4)  4 

Plastic pipet or eye dropper  1 

Three NaCl salt solutions of unknown concentration  Several drops  

Red onion  Section 

Water Several drops  

Paper towel 1 

TEACHER DEMONSTRATION   

Electronic balance  1 

Celery stalks  2 

ADDITIONAL EQUIPMENT FOR STUDENT -DESIGNED 

EXPERIMENTS  

 

Sucrose solutions (1.0 M)  2 L 

Distilled water  600 mL  

Containers for preparing sucrose dilutions  As needed 

Electronic balance  1 

Small cups  As needed 

White potatoes As needed 

Sweet potatoes or yams As needed 

Celery, carrots, or other vegetables As needed 

Apples or other fruits  As needed 

5 CELL SIZE  

 

FOR EACH STUDENT STATION   

Data C ollection System 1 

PASCO Quad Temperature Sensor  1 

PASCO Fast -response temperature probes*  3 

Metric ruler  1 

Small knife or scalpel  1 

Cutting board or other appropriate surface  1 

Potato 1 

Plastic containers (for ice water) , 24 oz or larger 

(approximately 700 mL)  

1 

Water ~500 mL  

Toothpicks  2 

Permanent marker  1 

Tape As needed 

Ice ~100 mL  

ADDITIONAL EQUIPMENT FOR STUDENT -DESIGNED 

EXPERIMENT  

 

Melon baller (to form spherical potato òcellsó) 1 

Shortening (or similar solid fat source)  As needed 

Cork borer (to form cylindrical potato òcellsó) 1 

Additional potatoes  As needed 
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6 HOMEOSTASIS  

 

FOR EACH STUDENT STATION   

Data C ollection  System 1 

PASCO Quad Temperature Sensor  1 

PASCO Fast -response temperature probes  *  2 

Large shallow bowl or pan2 (for submerging a hand in 

ice water) 
1 

Ice As needed  

Water As needed  

Adhesive bandages or medical tape for securing 

temperature  probes to the skin 
2 pieces 

Paper towel As needed 

ADDITIONAL EQUIPMENT FOR STUDENT -DESIGNED 

EXPERIMENTS  
 

Non-latex disposable gloves As needed 

PASCO physiology sensor(s) such as a hand -grip 

heart rate sensor, EKG sensor, spirometer sensor, 

and blood pressure sensor and cuff  

As needed 

7 CELL ULAR  RESPIRATION  

 

FOR EACH STUDENT STATION   

Data C ollection System 1 

PASCO Carbon Dioxide Gas Sensor  1 

Sensor extension cable * 1 

Sample bottle, 250 mL * 1 

Balance, readability: 0.01 g  1 

Paper towel 1 

Germinating pinto beans  20 

ADDITIONAL EQUIPMENT FOR STUDENT -DESIGNED 

EXPERIMENTS  
 

PASCO Fast -response Temperature Sensor  1 

PASCO Oxygen Gas Sensor 1 

Solutions of different pH or salinity levels  As needed 

Additional germinating pinto beans  As needed 

Germinating and dormant seeds of other species,  or 

small animals 3 
As needed 
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8 FERMENTATION  

 

FOR EACH STUDENT STATION   

Data Collection System  1 

PASCO Ethanol Sensor  1 

Sampling bottle*  or glass flask (125 -mL or 250 -mL)   2 

Graduated cylinders (2), 50 -mL  1 

Plastic pipet  1 

Small beaker  1 

Magnetic stir plate and stir bar  1 

Rod stand and 3 -finger clamp (optional)  1 

1% Ethanol  ( derived from anhydrous ethanol)  25 mL  

Yeast suspension, derived from active dry yeast  40ð60 mL  

2% Sucrose solution  30 mL  

2% Starch solution  150 mL  

Iodine indicator (IKI)  5ð10 drops 

Water from germinating seeds   5 mL  

2% Starch solution mixed with amylase (optional)  30 mL  

ADDITIONAL EQUIPMENT FOR STUDENT -DESIGNED 

EXPERIMENTS  
 

PASCO Oxygen Gas Sensor  1 

PASCO pH Sensor   1 

PASCO EcoChamberÊ container 1 

Additional yeast suspension   As needed 

Different types of yeast   As needed 

Additional energy sources: glucose, fructose, lactose, 

artificial sweeteners  
As needed 

9 PHOTOSYNTHESIS  

 

FOR EACH STUDENT STATION   

Data C ollection System 1 

PASCO Carbon Dioxide Gas Sensor 1 

Sensor extension cable* 1 

Sampling bottle, 250 -mL * 1 

Box, foil, or cloth for shading the setup  As needed 

Light source  1 

Compact fluorescent light bulb, 60 W equivalent(or 

higher), red  
1 

Compact fluorescent light bulb, 60 W equivalent (or 

higher) green 
1 

Fresh spinach leaves2 As needed 

Forceps or pencil 1 

ADDITIONAL EQUIPMENT FOR STUDENT -DESIGNED 

EXPERIMENTS  
 

PASCO Oxygen Gas Sensor 1 

PASCO EcoChamber container (to accommodate 

larger plants)  
1 

Variety of leaf types, such as:  non-green or less-green, 

and needles 
As needed 

Variety  of light sources, such as a grow light and  other 

types of  fluorescent bulbs 

1 
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10 PLANT PIGMENTS  

 

FOR EACH STUDENT STATION   ð PART 1  

Data C ollection  System 1 

PASCO Colorimeter  1 

PASCO Wireless Spectrometer and spectrometry 

software  

1 

Colorimeter cuvette  2 

Spectrometer cuvette (1 -cm glass cuvette)  2 

Plastic pipets, 1 -mL  3 

Capillary tube or eye dropper without a bulb  1 

Chromatography chamber with solvent 2,3 1 

Chromatography paper   1 sheet 

Ethanol  30 mL  

Pigment extract:  10 mL  

 Spinach leaves 3 

 Ethanol  5ð10 mL  

 Beaker, small  1 

 Mortar and pestle  1 

 Cheesecloth or coffee filter paper 1 

Scissors  1 

Small stapler or paper clips   1 

Ruler   1 

Pencil   1 

Kimwipes®  As needed 

FOR EACH STUDENT STATION   ð PART 2  

Data C ollection  System 1 

PASCO Colorimeter  1 

Colorimeter cuvettes  3 

Plastic pipets ( 4), 1-mL   4 

Chloroplast suspension: 9 drops 

 Spinach leaves Handful  

 0.5 M Sucrose 100ð200 mL  

 Cheesecloth 1 

0.1 M Phosphate buffer (KH 2PO4 and K 2HPO 4
3 3 mL  

DPIP (2,6 -dichlorophenolindophenol) solution,  2 mL  

Lamp with a compact fluorescent (CFL) light bulb  1 

Kimwipes  As needed 

Aluminum foil, to cover a cuvette  Small piece  

Distilled water  10 mL  

ADDITIONAL EQUIPMENT FOR STUDENT -DESIGNED 

EXPERIMENTS  

 

Different types of leaves As needed 

Different light sources: different colored lightbulbs or 

lightbulbs of different wattage  

As needed 

Additional chromatography paper and solvent  As needed 

Hot plate  1 

Frozen or canned spinach  As needed 
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11 

 

TRANSPIRATION  

 

FOR EACH STUDENT STATION   

Data C ollection System 1 

PASCO Barometer/Low Pressure Sensor 1 

PASCO Weather Sensor 1 

Sensor extension cables  2 

Quick -release connector*  1 

Clear plastic tubing , 40ð50 cm*  1 

One-hole rubber stopper that goes on tubing  1 

Large tub or bucket (for water)  1 

Paraffin film or petroleum jelly (if available)  As needed 

Plant sample containing numerous leaves, such as 

ornamental pear, oleander, hydrangea, and 

gardenia  

1 

Base and support rod  1 

3-finger clamps  2 

Test tube clamp 1 

Clear plastic bag, 1 gallon  1 

Spray bottle with water  1 

Electronic balance, centigram  1 

Small  syringe, 60-mL or larger, without needle   1 

Pipet 1 

Metric r uler  1 

Large scissors or small pruning shears  1 

ADDITIONAL EQUIPMENT FOR STUDENT -DESIGNED 

EXPERIMENTS  

 

PASCO EcoChamber containers , including stoppers  At least 2  

PASCO Weather Sensor for each EcoChamber 

container  

At least 2  

PASCO Carbon Dioxide Gas Sensor  1 

Small plants that fit in the EcoChamber container, 

such as pansy, marigold, and impatiens  

As needed 

Clear plastic bags and twist -ties to cover the root ball 

(or quart or gallon zip -close bags) 

As needed 

Additional plant samples  (different species) that fit in 

the tubing of the potometer 2 

As needed 

Electronic balance, centigram  1 

Small f an 1 

Lamp with incandescent or UV bulb that provides 

heat 

1 

Lamp with a CFL bulb that remains cool  1 

Lamp with a CFL bulb that remains cool  1 
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12 M ITOSIS  

 

FOR EACH STUDENT STATION  1 

Dissection scissors 1 

Forceps 1 

Razor blade or scalpel  1 

Glass test tube 1 

Glass microscope slides  3 

Cover slips  2 

Compound microscope with 400× magnification  1 

Disposable pipets 1-mL  2 

Plastic cup , 16-oz  1 

Spot plate   1 

Personal protective equipment: Disposable gloves and 

chemical apron  

1 

Carbol fuchsin solution  1 mL  

1 M Warm hydrochloric acid (HCl), 1 mL  1 mL  

Onion bulb (green onion, small white onion, or garlic)   1 

Paper towel As needed 

Large toothpicks  4 

Pencil with eraser  1 

Plastic wrap  As needed 

Disposable plastic gloves  1 pair  

Permanent marker  1 

Distilled water   As needed 

ADDITIONAL EQUIPMENT FOR STUDENT -DESIGNED 

EXPERIMENTS  

 

Data Collection System  1 

PASCO Conductivity Sensor  1 

PASCO pH Sensor  1 

Herbicide samples  As needed 

Additional onion bulbs, or other plant samples (such 

as garlic)  

As needed 

Plant food samples: fertilizers or root growth 

stimulants  

As needed 

13 

 

MEIOSIS  

 

FOR EACH STUDENT STATION   

Drosophila  Chromosome Sheet (included in the lab)  1 

Karyotype of Offspring Fly Sheet (included in the lab)  1 

Scissors  1 

Tape 1 

Pop beads for chromosomes (4), 2 colors, 2 sizes, plus 

enough to make sister chromatids  

150 (75 of 

each color) 

String,  approximately 1 m and 0.5 m  2 pieces 

Cards with images or photographs of Sordaria  asci 

(Cards with images or photographs can be 

purchased from supply companies such as Flinn 

Scientific or Wardõs Science.) 

As specified 

or  

Sordaria  crossing over kit (Crossing-over kits can be 

purchased from many different science supply 

companies. Refer to the documentation included 

with the kit for additional preparation directions if 

students prepare their own slides to observe asci.)  

1 
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14 TRANSF ORMATION  

 

FOR TEACHER PREPARATION   

EdvotekÊ EDVO-Kit: 223/AP08  1 

Water bath, 60 °C  1 

Pipet pump and 10 mL glass pipet (optional)  1 

Sterile water  50 µL 

Micropipet with sterile tips (to aliquot plasmid)  1 

Microwave or hot plate and beaker with water  1 

Heat-resistant glove  1 pair  

Incubator  1 

Permanent marker, fine  1 

FOR EACH STUDENT STATION   

LB (Luria Broth) Petri plate  1 

LB/Amp Petri plate (2)  2 

LB/Amp/IPTG Petri plate  1 

Inoculating loops (2), sterile  2 

Transfer pipets (4), 1-mL, sterile  4 

Micropipet with a sterile tip  1 

Microcentrifuge tubes (2)  2 

Small cup or beaker, 100 -mL, for ice  1 

Tube with 0.5 M Calcium chloride (CaCl 2), 1 mL  1 

Tube with Recovery Broth, 1.5 mL  1 

Tube with pFluoroGreenÊ (pGFP) plasmid, 12 µL  1 

Toothpick, sterile  1 

Ice 50 mL  

Permanent marker, fine  1 

Masking tape  As needed 

ONE PER CLASS   

E. coli  host cells 5 large 

Petri plates  

Warm water baths , 37 °C and 42 °C  2 

Incubator (37 °C)  1 

Long wave UV light source  1 

Disinfectant  As needed 

ADDITIONAL EQUIPMENT FOR STUDENT -DESIGNED 

EXPERIMENTS  

 

Additional E. coli  and other bacteria species As needed 

Additional Petri plates and LB agar  As needed 

Filter paper  As needed 

Hole punch  1 

Other antibiotics: kanamycin, penicillin, or others  As needed 

Other plasmids: pUC18, pBLU®, pKAN, or others  As needed 

Sterile forceps As needed 
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15 UNDERSTANDING I NHERITED 

M ITOCHONDRIAL DISORDERS  

 

FOR TEACHER PREPARATION   

Mitochondrial Genetics Kit (BP-6946) 1 

Erlenmeyer flask s, 500-mL  2 

Large beaker or container, 3 -L (to dilute buffer)  1 

Balance 1  

Microwave or hot plate  1 

Heat-resistant gloves 1 pair  

Gel casting trays  1 per group  

Scissors 1 

Plastic wrap or aluminum foil  1 

Distilled water, 3 L  3 liters  

ADDITIONAL EQUIPMENT FOR STUDENT -DESIGNED 

EXPERIMENTS  

 

QuickStripÊ DNA samples  1 

InstaStain® Blue card  1 

Horizontal gel electrophoresis apparatus  1 

DC power supply  1 

Automatic micropipet , 5 to 50 µL, with tips  1 

Tray with 0.8% agarose gel  1 

Plastic tray for gel staining  1 

Plastic wrap  1 piece 

Graduated cylinder, 100 -mL  1 

Waste receptacles (for used tips) 1 

Disposable gloves 1 pair  

Distilled water  or buffer  for staining  75ð100 mL  

OPTIONAL   

Camera (USB or other)  1 

Permanent marker  1 

Transparency film (for tracing the results)  1 

ONE PER CLASS   

DNA visualization system (white light)  1 

Spatula  1 
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16 SICKLE CELL GENE DETECTION  

 

FOR  TEACHER PREPARATION   

Genetically Inherited Disease Detection Kit ( BP-6947) 1 

Balance 1  

Distilled water, 3 L  3 L 

Erlenmeyer flask s, 500-mL  2 

Gel casting trays  1 per group  

Heat-resistant gloves 1 pair  

Large beaker or container, 3 -L (to dilute buffer)  1 

Microwave or hot plate  1 

Plastic wrap or aluminum foil  1 

Scissors 1 

FOR EACH STUDENT STATION   

InstaStain® Blue card 1 1 

QuickStripÊ DNA samples1 1 

Automatic micropipet , 5 to 50 µL, with tips  1 

DC power supply  1 

Disposable gloves 1 pair  

Distilled water  or buffer  for staining  75ð100 mL  

Graduated cylinder, 100 -mL  1 

Horizontal gel electrophoresis apparatus  1 

Plastic tray for gel staining  1 

Plastic wrap  Piece 

Tray with 0.8% agarose gel  1 

Waste receptacles (for used tips) 1 

OPTIONAL   

Camera (USB or other)  1 

Permanent marker  1 

Transparency film (for tracing the results)  1 

ONE PER CLASS   

DNA visualization system (white light)  1 

Spatula  1 
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17 ENERGY DYNAMICS  

 

FOR EACH STUDENT STATION   

Data C ollection System 1 

PASCO Carbon Dioxide Gas Sensor   1 

PASCO Sensor extension cable*  1 

EcoChamber container, with lid and stoppers  1 

Electronic b alance, centigram  At least 1 per 

class 

Weigh boat 1 

Plastic pipet, 1 -mL  1 

Disposable gloves 1 pair  

Small knife (for cutting fruit)  1 

Filter paper or coffee filter  (9 cm diameter)  1 

Yeast suspension or water (yeast is used in 2 of the 3 

chamber configurations, water is used in the third)  

5 mL  

Mealworms (used in 2 of the 3 chamber 

configurations)  

20 

Detritus : organic material such as apples and banana 

peels 

60 g 

Plastic wrap (ditritus of one of the two control 

chambers is wrapped in plastic wrap)  

As needed 

ADDITIONAL EQUIPMENT FOR STUDENT -DESIGNED 

EXPERIMENTS  

 

Additional  sensors such as a PASCO Oxygen Gas 

Sensor or PASCO Temperature S ensor 

One or more 

Additional EcoChamber containers  One or more 

Different detritivores (earwigs, earthworms, crickets, 

ants, and similar organisms)  

As needed 

Different sources of detritus (various fruit or vegetable 

scraps such as potato) 

60 g per 

chamber 
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18 ARTIFICIAL SELECTION  

 

FOR EACH STUDENT STATION   

Wisconsin Fast Plants® seeds, standard  18 

Seed-starting soil or germinating mix (such as Jiffy 

Mix®) (This type of soil mix is not  potting soil)  

Enough to set 

up 3 growing 

systems twice  

Fertilizer, OsmocoteÊ pellets or a water-soluble  

fertilizer (use as directed)  

24 pellets  

Wicking material, #18 nylon mason twine   3 pieces 

Recycled plastic bottles, 0.5 L to 1 L  3 

Soda bottle cap with hole (or aluminum foil with 

holes, held in place with a rubber band)  

3 

Plant vermiculite  Enough to set 

up 3 growing 

systems twice  

Labeling tape and markers   1 

Black plastic to cover the water reservoir(optional)  3 pieces 

Water in a rinse bottle  As needed 

Lighting system with fluorescent lights  1 per class 

Bee sticks or cotton applicators (for pollination)  3 

Plastic  plant labels  (3) 3 

Scissors 1 

12-inch ruler  1 

Stakes and holders (wooden splints and plastic 

straws)  

As needed 

Dechlorinated water  or nutrient solution (for the 

reservoir), if water -soluble fertilizer is used.  

As needed 

Hand -held plastic magnifier  1 

Petri dish lid  1 

Paper envelope, small 1 

ADDITIONAL EQUIPMENT FOR STUDENT -DESIGNED 

EXPERIMENTS  

 

Data Collection System  1 

PASCO pH Sensor 1 

Transfer pipets  As needed 

1 M nitric acid (HNO 3) As needed 

1 M sulfuric acid (H 2SO4) As needed 

19 BLAST  BIOINFORMATICS  

 

FOR EACH STUDENT STATION   

Computer with Internet access  1 

DNA Sequences Worksheet   1 

ABI BLAST Sequences.docx  1 

Highlighter  1 

Scissors (optional)  1 

Ruler or large index cards  1 

20 POPULATION GENETICS  

 

FOR EACH STUDENT   

PTC (phenylthiocarbamide) paper  1 

Control paper (optional)  1 

Calculator with square root function   1 

Allele cards  from the gene pool  2 

Class data page  1 per class 

ADDITIONAL EQUIPMENT FOR STUDENT -DESIGNED 

EXPERIMENTS  

 

Beads, 2 or more contrasting colors  100 or as 

needed 

Large cups  2 or more 
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21 MATHEMATICAL MODELING OF EVOLUTION  

 

FOR EACH STUDENT STATION   

Computer  1 

Mathematical model spreadsheet file:  

ABI Mathematical Modeling Spreadsheet.xlsx  

1 

Spreadsheet program (such as Microsoft Excel®, 

Numbers® 4, or Google DocsÊ5) 

1 

22 ANIMAL BEHAVIOR  

 

FOR EACH STUDENT STATION   

Clear drinking straw  1 

Droppers 2 

Cotton swabs 10 

Timer  1 

Sheet of white paper  1 

Wingless fruit flies , or similar small organism  10 

  

Mashed ripe banana  10 mL  

Mashed unripe banana  10 mL  

Distilled water  10 mL  

ADDITIONAL EQUIPMENT FOR STUDENT -DESIGNED 

EXPERIMENTS  

 

Cold and warm packs  1 

Aluminum foil  As needed 

Light source  As needed 

Condiments (such as ketchup and mustard)  As needed 

Solution with low pH (HCl)  As needed 

Solution with high pH (NaOH)  As needed 

Ammonia  As needed 

Soil or sand  As needed 

* These items are included with the specific kit, apparatus, or sensor used in the experiment. 

                                                 
4 Numbers is a trademark of Apple Inc., registered in the U.S. and other countries. 
5 © 2012 Google Inc. All rights reserved. Google Docs is a trademark of Google Inc. 
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ACTIVITY BY PASCO SENSORS 

This table  indicates which lab activity uses the sensors or special equipment listed.  
 

Items Available from PASCO Qty Activity Where Used 

PASCO EcoChamber Container  1 8, 9, 17 

PASCO EcoChamber Container  2+ 11 

PASCO Barometer/Low Pressure Sensor  1 11 

PASCO Carbon Dioxide Gas Sensor  1 7, 9, 11, 17 

PASCO Colorimeter  1 3, 10 

PASCO Conductivity Sensor  1 2, 4, 12,  

PASCO Ethanol Sensor  1 8 

PASCO Oxygen Gas Sensor 1 1, 7, 8, 9, 17 

PASCO pH Sensor  1 2, 8, 12, 18 

PASCO Physiology Sensors such as a hand -grip heart rate 

sensor, EKG sensor, spirometer sensor, and blood pressure 

sensor and cuff  

1 6 

PASCO Pressure Sensor 1 1 

PASCO Quad Temperature Sensor  1 5, 6 

PASCO Temperature Sensor  1 171 

PASCO Weather Sensor  1+ 11 

PASCO Fast -Response Temperature Sensor  1 7 

   

   

   

Mitochondrial Genetics Kit (BP-6946)  15  

Genetically Inherited Disease Detection Kit ( BP-6947)  16 

1In this activity either the fast-response temperature sensor or the stainless steel temperature sensor can be used. A stainless steel 
temperature sensor fits in the hole in the stoppers that are used with the EcoChamber container. The fast-response temperature probe could 
be used under the filter paper close to the contents. 

NOTE: Bolded lab numbers indicate the sensor may be used for student-designed experiments.  

.
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1. ENZYME ACTIVITY 

Lab Overview 

Students investigate the catalyzed decomposition of hydrogen peroxide by catalase or peroxidase 

according to the equation:  

2 2 2 2enzyme complex
enzyme(l) 2H O (l) 2H O(l) O (g) enzyme(l)+ ½½½½½½½­ + +  

Students can use either the oxygen gas sensor or pressure sensor to measure the oxygen gas 

produced as the reaction proceeds. Students design an experiment to investigate questions they 

devise about factors that can affect catalyzed reaction rates. In vestigations that manipulate pH, 

temperature, enzyme concentration, or substrate concentration work well.  

Pacing and Length of the Lab 

Initial Investigation  Student-Designed Experiment 

Teacher Preparation Time  15 min  Experiment Design  20 min  

Initial Investigation  20 min  Experiment  45 min  

  Data Analysis  20 min  

AP
*
 Connections 

The concepts covered in this lab align to the òAP Biology Curriculum Framework .ó 
 

Essential Knowledge 1.B.1, 2.D.1, 4.A.1, 4.B.1  

Science Practices 4.2, 5.1, 6.1, 6.4, 7.2 

Learning Objectives 1.9, 1.16, 2.24, 4.3, 4.17 

Materials and Equipment 

For Each Student Station 

¶ Data collection system  ¶ Magnetic stirrer and stirring bar  

¶ Oxygen gas sensor or pressure sensor ¶ Base and support rod  

¶ Sampling bottle, 250 -mL  ¶ 3-Finger clamp   

¶ Graduated cylinder, 25 -mL   ¶ 1.5% Hydrogen peroxide ( H2O2), 20.0 mL 1  

¶ Pipet, 1 -mL   ¶ Catalase suspension, 2.0 mL 1 

1To formulate the catalase suspension using dried bakers' yeast, refer to the instructions in the Lab Preparation section 

Additional equipment recommended for the student -designed experiment:  

¶ Hot plate or water bath  ¶ Catalase or peroxidase suspension from other  

¶ Buffers, pH 3 to pH 10  sources (liver, plants, etc.)  

¶ 3.0% Hydrogen peroxide  ¶ Ice 

                                                 
*AP is a registered trademark of the College Board, which was not involved in the production of, and does not endorse, this product. 
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Prerequisites 

Students should be familiar with the following  concepts: 

¶ Enzymes are proteins. Like any protein, an enzyme's function depends upon its specific shape, as 

determined by the tertiary level of protein structure.  

¶ Enzymes are organic catalysts. A chemical reaction proceeds at a much faster rate w hen an 

enzyme is present.  

¶ The induced fit model  describes enzyme function. Formation of an enzyme ðsubstrate complex is 

a critical aspect of lowering the activation energy of the reaction (and thereby increasing the rate 

of the reaction).  

Safety 

Follow th ese important safety precautions in addition to your regular classroom procedures:  

¶ Wear safety goggles at all  times.  

¶ If using a hot plate, use caution to prevent burns.  

Lab Preparation 

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

1. Preparing the enzyme suspension  

a. Initial Investigation: Provide each student group with 2.0 mL of catalase for the Initial 

Investigation. All sample data was collected using catalase from yeast, but catalase from 

other organisms can work equally well.  

CATALASE FROM YEAST   

Mix 7  g (1 pkg) of dried bakers ' yeast with 500 mL of distilled water . For best results, use 

warm water (36 ð40 °C) to activate the yeast.  

NOTE: Keep the enzyme suspension stirring continuously to ensure uniformity.  

b. Student -designed experiment: For the student -designed experiment, either catalase or 

peroxidase may be used. Concentrations of enzyme will vary from species to species or even 

within a species , depending on the environment. To ensure consistency in the enz yme 

concentration, prepare a large enough sample for students to run all anticipated experiments 

from a single batch. Conducting accurate comparisons of enzymes across species using the 

procedure provided is extremely difficult.  

CATALASE FROM BEEF LI VER OR BEEF BLOOD  

Homogenize approximately 1.0 g of beef liver  or blood in 100 mL of cool distilled water. 

Frozen liver or blood usually has few or no active enzymes. Obtain the freshest materials 

possible. Alternatively, laboratory grade catalase can be purchas ed from a science supply 

company. 

PEROXIDASE FROM TURNI P OR RUTABAGA  

Using a vegetable peeler , remove the outer skin of the turnip  or rutabaga  and liquefy 

approximately 20  g in 500  mL of distilled water using a blender. To purify, filter the mixture 

throug h a coffee filter or coarse grade filter paper.  
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2. Preparing 1.5% hydrogen peroxide  

Three percent h ydrogen peroxide is available from most pharmacies and supermarkets. To create 

a 1.5% solution for the initial investigation, mix the 3% H 2O2 with an equal part of distilled 

water. For the Initial Investigation, prepare 2 0.0 mL per student group. For the 

student -designed experiment, the amount needed depends on each groupõs experiment. 

3. pH Buffers  

You can make your own buffers but for simplicity , pHydrionÊ buffers are recommended. 

Solutions of pH 3 through pH 10 should produce a sufficient range of results. Buffers more acidic 

or basic will quickly denature the enzyme. For the student -designed experiment, the amount 

needed depends on each groupõs experiment. 

Teacher Tips 

Tip 1 ï Mix the enzyme suspension continuously 

Yeast will settle to the bottom of the suspension, causing the concentration of enzyme to vary 

between samples. For best results, place the enzyme suspension on a stir plate to provide more 

consistent results. Instruct students to take their samples from the center of the suspension.  

Tip 2 ï Loosely plug the sample bottle with the oxygen sensor 

The reaction will produce a substantial amount of oxygen gas, increasing the pressure within the 

samplin g bottle. If the sensor is pressed firmly into the bottle, it may pop off unexpectedly. In 

addition to being a safety concern, if the sensor pops off during data collection, the procedure will 

need to be repeated to collect accurate data. Despite introduci ng an uncontrolled variable by opening 

the system, this setup will produce the most accurate results.  

Tip 3 ï Stir plates 

The data collected during the reaction is most accurate if the solution is stirred or agitated at a 

constant rate. Because the bottle  is top heavy with the oxygen sensor, supporting the bottle or 

sensors with the 3 -finger clamp (as illustrated in the Initial Investigation) is recommended to keep it 

from tipping. If no stir plates are available, students can swirl the bottle by hand and still obtain 

reasonably good data.  

NOTE: Make sure that the solution does not come into contact with the sensor.  

Tip 4 ï Understanding parts per million (ppm) 

Many life and environmental science measurements express units in parts per million , a 

dimensionless measurement most easily understood as a fraction:  

parts

million parts
 

This can be easily converted into a percentage, which many students prefer to use. For example, an 

oxygen concentration of 219,000 ppm is equivalent to 21.9% [(219,000/1,000,000) × 100]. With a little 

practice, students will be able to use percent and part s per million  interchangeably.  

The data collection system can be set to measure in ppm or percent oxygen. Students may need to 

convert from one unit to the other to compare their data across groups.  
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Initial Investigation 

The Initial Investigation is desig ned to familiarize students with the equipment and techniques 

necessary to design their own experiment. If students are comfortable with probeware and have a 

strong understanding of the concepts, this section may be removed, placing more responsibility on 

the students for developing an experiment.  

From the student handout:  

1. Put on your safety goggles.  

2. Connect the oxygen gas sensor or a pressure sensor to 

your data collection system . Build a page to show a graph 

of the appropriate sensor measurement versus time in 

minutes.  

3. Adjust the sample rate to 1 sample every 15 seconds. If 

possible, set an auto -stop condition for three minutes . 

4. Set up the equipment as shown.  

5. Calibrate the oxygen gas sensor.    

6.  Put the magnetic stirring bar in the  sampling bottle.  

7. Using a graduated cylinder, transfer 20.0 mL of 

1.5% H 2O2 in to the clean 250 -mL sample bottle.  If the bottle is on a stir plate, set the stir speed 

to a medium setting.  

8. Use a pipet to add 2.0 mL of catalase  and quickly  insert the se nsor into the opening of the bottle.  

Begin data collection .  

NOTE: Loosely plug the sample bottle with the oxygen sensor. Keep the mixture  stirring 

continuously on a medium setting  or swirl the bottle gently by hand, making sure the solution 

does not come in contact with the sensor .  

 9. Why does the addition of the yeast suspension cause a change in the oxygen concentration inside 

the sampling bottle?  

Adding yeast to the sampling bottle increases the amount of oxygen gas because yeast contains the enzyme catalase. 

Catalase speeds up the breakdown of hydrogen peroxide; oxygen is a product of this reaction. 

10. Copy Table 1 into your lab notebook to record the results for the sensor being used.  

  

 

 

Setup with O 2 gas sensor 
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11. When data collection has stopped, calculate the rate of the reaction in (appropriate units)/min 

and record it in your copy of Table 1.  

 

Data from an Initial Investigation using pressure and oxygen gas sensors.  

The rate of reaction can be obtained from the slope of the line. 

 12. The spontaneous decomposition of hy drogen peroxide is very slow, less than 0.5%/day. When the 

decomposition was measured in a controlled experiment over several days with the pressure and 

oxygen sensors, the following data was obtained.  

Table 1: Comparison of hydrogen peroxide decompositio n rate with and without a catalyst  

Sensor 
Spontaneous Rate of 

Decomposition  
Catalyzed Rate of 
Decomposition 

Increase in the 
Catalyzed Rate 

Pressure sensor  4.26 × 10ð5 kPa/min  1.00 kPa/min 2.35 × 10
4
 

Oxygen sensor 0.33 ppm/min  6,524 ppm/min 1.98 × 10
4
 

NOTE: The sample data in the table came from  yeast as the catalase source.  

a. How much faster is the catalyzed reaction you observed compared to the spontaneous rate of 

decomposition?  

Based on the sample data, the catalyzed reaction was between 17,000 and 24,000 times faster than the uncatalyzed 

reaction. Studentsô results may vary. 

b. Explain why the reaction is so much faster when an enzyme is present.  

The reaction is faster because the enzyme binds with the substrate, in this case hydrogen peroxide, and twists in such a 

way that the unstable bonds are broken. When the reaction is catalyzed by an enzyme, the activation energy of the 

reaction is much lower than that of the spontaneous reaction. That is, the energy needed to break the chemical bonds is 

lessened. With a lower activation energy, a greater number of hydrogen peroxide molecules decompose per second, 

resulting in a much faster reaction rate. 

 13. Is the rate of the reaction constant for the 180 seconds of data collection? Support your answer 

with evidence.  

The rate is consistent for the duration of the data run. When a linear fit was performed on our data, the RMSE (0.0123) and 

R (0.994) values indicated a strong fit to the data.  

 14. If the reaction continued to run, do you predict the reaction rate to be constant? Explain your 

thinking.  

As the reaction proceeds, the substrate concentration will decrease to the point where the rate of reaction will decrease. 
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Design and Conduct an Experiment  

Based on the data, analysis, and discussion of the Initial Investigation, students should be able to 

identify factors that might change the enzyme -catalyzed rate of decomposition of hydrogen peroxide. 

Many fact ors that affect the structure and function of enzymes and the reaction rate of 

enzyme-catalyzed reactions can be easily manipulated in the lab.  

 

Students can design their experiment using either the Design and Conduct an 

Experiment Worksheet or the Experi ment Design Plan.  

 

NOTE: A key for the Design and Conduct an Experiment Worksheet follows the synthesis questions. 

The key describes a sample inquiry question and experimental protocol for which there are sample 

answers in the Data Analysis section.  

Suggested Inquiry Questions 

The Design and Conduct the Experiment section, along with studentsõ background knowledge, guide 

students to generate a testable question. If they are not ready to create their own testable questions, 

students can use one of the following.  

NOTE: Questions ending with an asterisk (*) have sample data shown at the end of the lab.  

¶ How does temperature affect enzyme activity?*  

¶ How does pH affect enzyme activity*  

¶ How does enzyme (or substrate) concentration affect the rate of reaction? *  

¶ What is the optimal temperature or pH for the catalyzed reaction? How does this information 

correlate to the preferred environmental conditions of the species that you extracted enzyme 

from?  

Design and Conduct an Experiment: Data Analysis 

The answers in this section are sample answers that apply to the suggested inquiry question: òHow 

does temperature affect enzyme activity?ó Results of this experiment are shown in the Sample Data 

section. 

As part of their experiment design, students should  explain how they will analyze their results. 

Many analysis tools can be found in PASCOõs data logging software. For some activities, students 

may want to export their data to other software, such as Microsoft Excel or the Google DocsÊ 

program. Instruction s for using analysis tools and exporting data can be found in the software help 

and user guide.  

1. From your observations and data,  

a. Describe how the independent variable you manipulated affected the rate of decomposition of 

hydrogen peroxide . Does the data support your hypothesis? Justify your claim with  evidence 

from your experiment.  

In our test to determine the affect of temperature on enzyme activity (using 15 °C increments), we found that as the 

temperature of the yeast suspension increased, the reaction rate increased until the 45 °C trial group. In the next trial at 

55 °C, the reaction rate was the lowest (0.1% O2/min), suggesting that the enzyme could no longer catalyze the 

reaction. The data supports my hypothesis (see below) since the rate of oxygen generated by the decomposition of 

hydrogen peroxide increased from 0.3% to 1.6% O2/min between 10 °C and 45 °C and indicates that the enzyme 

became denatured between 45 °C and 55 °C.   

(The hypothesis, from the Design and Conduct an Experiment Key: If temperature affects enzyme structure, then the 

rate of reaction will increase as the temperature increases until the enzyme is denatured.) 



  1. ENZYME ACTIVITY / TEACHER RESOURCES 

   PASCO / PS-2852 7 

b. Based on the evidence you collected, explain why the results occurred.  

The kinetic energy of the reaction increased with temperature, increasing the frequency of molecular collisions which 

increased the number of enzymeïsubstrate complexes formed, and consequently the reaction rate. However, between 

45 °C and 55 °C, the enzyme structure was denatured as hydrogen bonds and R-group interactions changed and the 

shape of the protein was altered. Because of the hyper-specific nature of enzymeïsubstrate bonds, the catalase could 

no longer bind to the hydrogen peroxide and the reaction rate decreased. 

2. Is there any evidence  in your data or from your observations that experimental error or other 

uncontrolled variables affected your results? If yes, is the data reliable enough to determine if  

your hypothesis was supported?  

There is no evidence from the data that experimental error significantly impacted the results of this experiment.  

3. Identify any new questions that have arisen as a result of your research.  

Answers will vary based on the student's knowledge, experience, and results. 

Synthesis Questions 

1. If you were to dou ble the amount of catalase in the initial investigation, how would the reaction 

rate change? Explain your reasoning.  

The reaction would proceed much faster at first but slow more quickly as substrate is consumed. In addition to substrate 

becoming less available as the reaction progresses, the increased concentration of products will reduce the chances of 

remaining substrate binding to the active site of the enzyme. 

2. Many organisms, such as fungi, animals, and plants, have  catalase.  

a) What does this indicate about the enzyme?  

Catalase must have been present in an early ancestor of living things and the gene that codes for catalase has been 

conserved through evolution. Hydrogen peroxide is a product of metabolism common to many organisms and catalase 

serves the vital function of rendering the toxic substance harmless. 

b) Catalase is just one of thousands of different enzymes found in yeast  cells and other 

organisms. Why do organisms need so many different types  of enzymes? 

Enzymes do not catalyze just any chemical reaction; each enzyme is specific to a particular reaction. For example, 

catalase only decomposes hydrogen peroxide; other enzymes are needed to break down other substances, such as the 

enzyme sucrase that breaks down sucrose. Additional enzymes are needed to build larger molecules from monomers, 

such as DNA polymerase that builds new nucleotide chains during DNA replication. Since thousands of different 

reactions occur within cells, organisms need thousands of different enzymes to help these reactions occur at the rates 

needed to sustain life. 
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3. The graphs below show the relative activity of Ȁ-amylase from two different species. Amylase is 

an enzyme that breaks down complex carbohydrates, like starch, into simple sugars that are 

used in cell re spiration. Figure 1 shows data obtained using Ȁ-amylase samples from the 

bacterium  Bacillus subtilis , found in the gut of termites across the southern United States .6 

Figu re 2 shows data for an Ȁ-amylase sample taken from the copepod Heliodiaptomus viduus . 

This organism is found mainly in the Indian Ocean around hot vents. In each case, the enzyme 

was incubated at a given temperature and then tested for activity at regular intervals. 7 
 

 

Figure 1 . Amlyase activity in Bacillus subtilis  Figure 2. Amylase Activity in Heliodiaptomus viduus  

a. Discuss how and why temperature affects enzyme activity.  

Enzymes, like all proteins, have four levels of structure. The secondary and tertiary structure is the result of r-group 

interactions and hydrogen bonding. As kinetic energy increases with higher temperatures, these bonds can be 

disrupted, altering the hyper-specific shape of the enzyme and causing it to function poorly or not at all, at which point 

the enzyme is denatured. 

b. Explain why the optimal  temperature for Ȁ-amylase is different for these species.  

The ability to break down starch at ambient environmental conditions presents a clear evolutionary advantage since it 

enables cellular respiration at higher rates in the existing environment. Because H. viduss lives near hot vents in the 

ocean, it has a form of amylase that does not denature until temperatures above 50 °C. If its amylase denatured at 

temperatures above 30 °C, like the amylase in B. subtilis, H. viduus would not be able to survive near hot vents. 

                                                 
6 Femi-Ola, T. O.; Olowe, B. M. Characterization of Alpha Amylase from Bacillus subtilis BS5 Isolated from Ameritermes evuncifer 
Silvestri. Research Journal of Microbiology 6 (2011): 140ï146. 
7 Dutta, T.K.; Jana, M; Pahari, P. R; Bhattacharya, T. The Effect of Temperature, PH, and Salt on Amylase in Heliodiaptomus viduus (Gurney) 
(Crustacea: Copepoda: Calanoida). Turkish Journal of Zoology 30 (2006): 187ï195. 
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Design and Conduct an Experiment Key 

Many factors that affect the structure and function of enzymes and the reaction rate of 

enzyme-catalyzed reactions can be easily manipulated in the lab.  Identify one of these factors and 

design an experime nt to determine how that factor affects the rate of an enzyme -catalyzes reaction.  

 

 

Develop and conduct your experiment using the following guide.  

 

1. Based on your knowledge of enzymes and reactions, w hat environmental factors (abiotic or 

biotic) could affect the rates of enzyme -catalyzed reactions ? 

Protein structure and subsequently enzyme function are affected by changes in pH and temperature. Additionally, the 

reaction can be affected by the concentrations of the enzyme or substrate.   

2. Create a driving question: choose one of the factors you've identified that can be controlled in the 

lab and develop a testabl e question for your experiment.  

How do changes in temperature affect the catalyzed decomposition of hydrogen peroxide? 

3. What is the justification for your question? That is, why is it biologically significant, relevant, or 

interesting?  

Catalase is a common enzyme in eukaryotic cells and functions at a range of temperatures. This experiment will examine 

how the enzyme function changes at different temperatures and determine if there is an optimal temperature. 

4. What will be the independent variable of the  experiment? Describe how this variable will be 

manipulated in your experiment.  

The independent variable is the temperature of the solution. The temperature will be altered using a water bath to heat the 

yeast suspension to the desired temperature. The suspension will be added to room temperature hydrogen peroxide. 

5. What is the dependent variable of the experiment? Describe how the data will be collected and 

processed in the experiment.  

The dependent variable is the rate of decomposition of hydrogen peroxide, which will be measured using the oxygen gas 

sensor. As shown in the Initial Investigation, the rate of decomposition of hydrogen peroxide is a function of enzyme activity, 

so measuring this rate while varying the temperature will provide the data to evaluate the hypothesis.  

The rate of decomposition of hydrogen peroxide at five different temperatures (at 15 °C increments) will be measured for 

two minutes and the rate at each temperature will be plotted as a point on a rate versus temperature graph. (The results of 

multiple trials at each temperature will be averaged.) 

6. Write a testable hypothesis (Iféthené). 

If temperature affects enzyme structure, then the rate of reaction will increase as the temperature increases until the 

enzyme is denatured. 

7. What conditions will need t o be held constant in the experiment? Quantify these values where 

possible. 

Ten milliliters of 1.5% hydrogen peroxide at the same temperature as the catalase will be used. The volume of yeast 

suspension will be 1 mL. The temperature will be manipulated by placing a test tube of yeast suspension with a temperature 

sensor into a water bath, heating it until it has reached the desired temperature. A test tube of hydrogen peroxide will be 

heated to the same temperature. 
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8. How many  trials will be run for each experimental group? Justify your choice.  

Three trials will be run at each temperature. This will provide sufficient data for analysis and be achievable in the allotted 

time. 

9. What will you compare or calculate? What analysis will you perform to evaluate your results and 

hypothesis? 

The reaction rate of the three trials at each temperature will be averaged, and the average reaction rate graphed versus 

temperature. 

10. Describe at least 3 potential sources of error that could af fect the accuracy or reliability of data.  

The enzyme concentration can vary within a yeast suspension. To minimize this effect we will mix the yeast suspension 

constantly and collect data from multiple runs. The hydrogen peroxide can vary slightly with age, so we will conduct the 

entire experiment with the same batch and run multiple trials. Finally, the accuracy of the results depends on the sensor 

accuracy, which is +/-1%.  

11. Use the space below to create an outline of the experiment . In your lab notebo ok, write the steps 

for the procedure of the lab.  (Another student or group should be able to repeat the procedure 

and obtain similar results .)  

1.  Mix a batch of yeast suspension. 

2.  Set up separate water baths at 4 °C, 22 °C, 35 °C, 45 °C and 55 °C. Monitor the water baths with temperature probes. 

3.  Place 10 mL of yeast into a test tube and place the test tube in the water bath until it has reached the target 

temperature. 

4.  Calibrate an oxygen gas sensor in an empty sample bottle and set up an experiment file to sample every 5 seconds for 

2 minutes. 

5.  Add 20 mL of 3% hydrogen peroxide to the 250-mL sample bottle. 

6.  Pipet 3 mL of yeast suspension from the 25 degree test tube into the sample bottle, insert the sensor, and begin data 

collection. Make sure to swirl the sample bottle or use a magnetic stirrer. 

7.  Rinse out the bottle. Repeat for each experimental group, with 3 trials at each temperature. 

 

 

 

 

12. Have your teacher approve your answers to these questions and your plan before beginning  the 

experiment . 
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Sample Data 

 

 

The above results are from an inquiry where the temperature was varied. For each trial, yeast and 

hydrogen peroxide were heated to a specific temperature: 4 °C , 22 °C, 35 °C, 45 °C, and 55 °C, before 

being added to the sample bottle. The 250 -mL sample bottle contained 10.0 mL of 1.5% hydrogen 

peroxide and 1.0 mL of yeast catalase suspension.  
 

 

The above results are from an inquiry where the pH was varied. The hydrogen peroxide  was diluted 

from 3% to 1.5% using buffers of differing pH: pH  4, pH 7, and pH 10. The final pH of the solution 

changed slightly when the 1.5% hydrogen peroxide and enzyme suspension were mixed. The 250 -mL 

sample bottle contained 10.0 mL o f 1.5% hydrogen peroxide  and 1.0 mL of yeast catalase suspension.  

NOTE: Students should use a pH probe to obtain the actual pH of their solution.  
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The above results are from an inquiry where the hydrogen peroxide concentration was varied. Each 

trial used  a different concentration of hydrogen peroxide: 0.1%, 0.5%, 1.0%, 1.5%, 2.0%, 2.5%, 3.0%. 

The 250-mL sample bottle contained 10.0 mL of hydrogen peroxide and 1.0 mL of yeast catalase 

suspension.  

 

The above results are from an inquiry where the yeast cat alase concentration was varied. The 

250-mL sample bottle contained 10.0 mL of 1.5% hydrogen peroxide  and 2.0 mL of yeast catalase 

suspension with concentrations shown in the table below.  

Catalase concentration preparation  

Catalase 
(mL) 

Water (mL) 1.5% H2O2 

(mL) 
Total Volume 

(mL) 
Catalase 

Concentration (%) 

0.1 1.9 10 12 0.83 

0.5 1.5 10 12 4.17 

1.0 1.0 10 12 8.33 

1.5 0.5 10 12 12.50 

2.0 0.0 10 12 16.67 
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2. DIFFUSION 

Lab Overview 

Students investigate the diffusion of ions through a semipermeable membrane using apple cider 

vinegar and a pH sensor. The vinegar is added to a dialysis bag to represent the intracellular 

solution of a model cell. Distilled water in a beaker represents extracellular fluid and students 

monitor the pH of the water over time to measure the rate of diffusion out of the model cell.  

The color of the apple cider vinegar provides evidence of the semipermea ble nature of the membrane; 

hydrogen ions easily diffuse through the membrane while pigments molecules do not. 

Student -designed experiments that test factors affecting the rate of diffusion can be accomplished 

with minimal materials and within the time fra me of a single class period.  

NOTE: Since hydrogen ions form bonds with water molecules, students are actually determining the 

rate of diffusion of hydronium ions: H 3O
+
(aq). 

Diffusion within biological systems is affected by several factors. The most notabl e is the 

concentration gradient across a membrane. A large concentration gradient across the membrane 

speeds up diffusion. Other factors affecting diffusion rates within biological systems include 

temperature, distance between solute and membrane, surface area-to-volume ratios, and solute size. 

All these factors can be manipulated in student -centered investigations.  

Pacing and Length of the Lab 

Initial Investigation  Student-Designed Experiment 

Teacher Preparation  Time  30 min  Experiment Design  30 min  

Initial Investigation  30 min  Experiment  30 min  

  Data Analysis  20 min  

AP* Connections 

The concepts covered in this lab align to the òAP Biology Curriculum Framework .ó 
 

Essential Knowledge 2.B.1, 2.B.2 

Science Practices 1.4, 2.2, 3.1, 4.2, 4.3, 5.1, 6.1, 6.2 

Learning Objectives 2.10, 2.11 

Materials and Equipment 

For Each Student Station 

¶ Data collection system  ¶ Small cup to capture the 25 mL (or less) of fluid   

¶ pH Sensor from the dialysis bag  

¶ Graduated cylinder, 25 -mL  ¶ Apple cider vinegar, 25 mL 1 

¶ Beaker or cup, 250 -mLð400-mL  ¶ Pickle juice, 25 mL 1 

¶ Dialysis tubing, 1 inch ×  28-cm1  ¶ Magnetic stir bar and plate (if available)  

¶ Disposable pipet or 10 -mL  syringe  ¶ Spring water (or distilled water), 200 mL  

¶ Paper clip or binder clip  ¶ Plastic wash bottle with distilled water  

1Refer to the Lab Preparation section for information about obtaining or preparing these items. 

                                                 
*AP is a registered trademark of the College Board, which was not involved in the production of, and does not endorse, this product. 
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Additional equipment recommended for the student -designed experiment:  
 

¶ Conductivity sensor  ¶ Additional dialysis tubing , including tubing  

¶ Other commercially available  solutions, such as:  of a different diameter or with different pore sizes  

olive juice, jalepeño juice, beet juice, as needed  ¶ Ice 

¶ Hot plates or warm water baths  ¶ Food coloring , different colors  

¶ Other òextracellular ó solutions  to replace water   

Prerequisites 

Students should be familiar with the following  concepts: 

¶ Diffusion is the movement of substances from an area of higher concentration to an area of lower 

concentration and moves a system toward a state of equilibrium  

¶ Biological membranes are comprised mainly of phospholipids and proteins. They are described as 

semipermeable in that they allow some substances to diffuse through them, while others are 

unable to diffuse through.  

Safety 

Follow these important safety precau tions in addition to your regular classroom procedures:  

¶ Wear safety goggles at all times  

¶ Be sure to wear gloves or wash your hands after handling solutions. The solutions can irritate 

your skin and cause extreme eye irritation if you wipe your eyes with y our hands after contact 

with them.  

Lab Preparation 

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

1. Dialysis tubing  

Cut enough dialysis tubing so that each group has two 28 -cm lengths of tubing. Soak the sections 

of tubing in a large be aker with spring water or distilled water at least 20 minutes prior to 

students beginning the investigation.  

2. pH sensors 

The pH sensors may need to be calibrated (refer to Teacher Tip 4).   

3. Ensure that the pipets or syringes students will use to tran sfer solutions to the dialysis bag are 

rinsed and clean.  

4. Apple cider vinegar and pickle juice  

Both of these solutions can be purchased from any grocery store. Remove the pickles from a large 

jar of pickles so students can easily acquire the pickle juic e needed for the investigation.  
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Teacher Tips 

Tip 1 ï Have students rinse the outside of each dialysis bag prior to placing it in water 

When students fill the dialysis bag with vinegar (or a similar solution), some of the liquid is likely to 

adhere to the outside surface of the bag. If the dialysis bag is not rinsed before placing it into the 

water, solution on the outside surface will diffuse into the water and produce inaccurate results.   

Tip 2 ï Close the dialysis bag securely at both ends  

A leaky dialy sis bag will produce inaccurate results. To avoid this problem do the following:  

¶ Tie a knot  in the bottom of the wet dialysis tubing prior to filling it . Alternatively, tie string or 

dental floss around the bottom of the tubing to ensure that the bag is se curely closed. 

¶ The top of the tubing can be twisted and closed with a paper clip or binder clip, and allowed to 

òflop overó the top of the beaker or cup. This method can make it easier to pour liquid out of the 

bag at the end of the investigation.  

Tip 3 ï Use a magnetic stir plate  

Creating a situation where molecules and ions can be evenly dispersed within the beaker should lead 

to more consistent measurements during the experiment. Place a magnetic stir bar in the beaker of 

distilled water and set the sti r plate to a medium speed. If a stir bar is used in the initial 

experiment, make sure a stir bar is used in student -designed experiments so students keep as many 

variables constant as possible.  

Tip 4 ï Calibrate the pH sensors 

In this lab, the most importa nt data is the change in pH and the rate of change of pH, as opposed to 

absolute pH values. However, if you find that a pH sensor measures significantly different values 

than expected, calibrate the sensor. For calibration instructions, refer to the sensor  manual or visit 

the sensor webpage at www.pasco.com or the PASCO scientific channel on YouTube 

(www.youtube.com/user/pascoscientific ) for a tutorial video.  

http://www.pasco.com/
http://www.youtube.com/user/pascoscientific
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Initial Investigation 

The Initial Investigation is designed to familiarize students with the equipment and techniques 

necessary to design their own experiment. If students are comfortable with probeware, and have a 

strong understanding of the concepts, this sect ion may be removed, placing more responsibility on 

the students for developing an experiment.  

From the student handout: 

1. Put on your safety goggles.  

2. Connect a pH sensor to the data collection system and build a page to display pH vs Time.  

3. Pour 200 mL of water into a cup or beaker and set the beaker aside.  

4. Add 25 mL of apple cider vinegar to a graduated cylinder. Rinse the tip of the pH sensor with 

water and place the sensor in the vinegar. Begin recording data to measure the pH of the 

vinegar. A fter 10ð20 seconds, or when the pH stabilizes, end data collection and remove the 

sensor from the vinegar.  

5. Obtain a piece of dialysis tubing that has soaked in water. Tie a tight knot in one end of the 

tubing to create a bag. Rub the other end of the tu bing between your fingers to open the bag.  

6. Use a clean pipet or syringe to add approximately 15 ð20 mL of vinegar from the graduated 

cylinder to the dialysis bag. Close the bag by tying a knot or by twisting the tubing and closing it 

with a binder clip. Rinse the outside of the bag with distilled water.  

7. Rinse the pH sensor with water and place it into the beaker of distilled water. If a stir plate is 

available, add a magnetic stir bar to the beaker and set the stir plate to a medium spin speed.  

NOTE: I f a stir plate is not used, gently swirl the beaker during data collection.  

NOTE: If using a cup instead of a beaker, be sure the pH sensor does not cause the cup to tip over. 

You may need to hold the sensor during data collection or use a base and suppor t rod with a 

clamp to secure the sensor. 

8. Start recording data and then slowly add the dialysis 

bag to the water. (If using a clip to close the bag, be sure 

the clipped end remains above the surface of the liquid 

when put into the water.) Continue record ing data for 5 

minutes or until the pH value stabilizes. Draw or print 

a record of the data.  
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9. At the end of the experiment, empty the contents of the dialysis tubing into a small cup and 

record the pH of the vinegar. Compare the pH after soaking the dialysis tubing in water to the 

initial pH of the vinegar. Explain the results.  

For sample data, the pH of the vinegar was 3.4 at the beginning of the experiment and 3.7 at the end of the experiment, 

indicating the vinegar solution became slightly less acidic. This is due to the movement of hydrogen ions out of the bag. 

 10. Is dialysis tubing a semipermeable membrane? Support your claim with evidence from the 

investigation.  

Dialysis tubing is semipermeable. Hydrogen ions diffused through the membrane, causing the pH of the water to decrease; 

however, the molecules responsible for the color of cider vinegar did not diffuse through the membrane. Those molecules 

remained in the bag and the water outside the bag remained uncolored. 

 11. If the experiment is repea ted with 20 mL of pickle juice in a dialysis bag, how do you expect the 

results to compare to the first experiment with apple cider vinegar? Explain the basis for your 

prediction.  

Answers will vary. Students may know that pickle juice contains vinegar (or they may look at the ingredients label) and 

predict that the results will be similar to what occurred with apple cider vinegar. Advanced students may elect to test the pH 

of pickle juice and compare this value to the pH of the apple cider vinegar to make a prediction about the relative rate of 

diffusion. 

12. Repeat the procedures, replacing apple cider vinegar with pickle juice in the dialysis bag. Draw 

or print a record of the data.  
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 13. Explain any similarities or differences in the results for the t wo solutions. Consider general 

trends in the data as well as the relative rates of diffusion.  

Both solutions cause the pH of the water to decrease. Apple cider vinegar and pickle juice are both acidic. When the bag is 

submerged, hydrogen ions diffuse from these solutions into the water. Pickle juice is less acidic than apple cider vinegar, so 

the rate of diffusion is slower. Both solutions are colored and in both cases the color remained in the bag. 

Intracellular Solution  Initial pH of Intracellular 
Solution 

Change in pH of 
Extracellular Environment 

after 60 seconds 

Change in pH of 
Extracellular Environment 

after 5 minutes 

Apple cider vinegar  3.40 ï1.6  ï1.9 

Pickle juice  4.06 ï0.3   ï0.8 

With the apple cider vinegar, the rate of diffusion was much greater during the first minute of data collection compared to the 

last minute of data collection. The rate of diffusion for the first minute of the experiment was ï1.6 pH units/minute and the 

rate of change for the last minute was ï0.1 pH units/minute. Because the hydrogen ion concentration was reaching 

equilibrium between the dialysis bag and the beaker, the rate slows over time.  

At the beginning, the steep concentration gradient between the vinegar in the bag and water outside the bag causes the 

rate of diffusion to be much faster. With pickle juice, the rate of diffusion was almost constant over the course of data 

collection (the line is linear). The pickle juice is less acidic than the vinegar and the concentration gradient between the bag 

and water in the beaker was not as steep. There may be other factors, in addition to differences in acidity, which affect the 

rate of diffusion for pickle juice, such as salt content. 
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 Design and Conduct an Experiment  

The dialysis tubing fluid and the cup with distilled water were used to simulate intracellular and 

extracellular environments, respectively. The apple cider vinegar represents a solution containing 

some of the same materials as cytoplasm and in terstitial fluid, such as hydrogen and sodium ions.  

For this extension, students should identify components of this model system or environmental 

conditions that can be changed to test factors that affect diffusion.  

 

Students can design their experiment using either the Design and Conduct an 

Experiment Worksheet or the Experiment Design Plan.  

 

NOTE: A key for the Design and Conduct an Experiment Worksheet follows  the synthesis questions. 

The key describes a sample inquiry question and experimental protocol for which there are sample 

answers in the Data Analysis section.  

Suggested Inquiry Questions 

The Design and Conduct the Experiment section, along with studentsõ background knowledge, guide 

students to generate a tes table question. If students are not ready to create their own testable 

questions, students can use one of the following.  

NOTE: Questions ending with an asterisk (*) have sample data shown at the end of the lab.  

¶ How does changing the concentration of a solu tion in the dialysis bag affect the rate of diffusion?*  

¶ Does the temperature affect the rate of diffusion?*  

¶ Do other commercial solutions ( pickle juice, olive juice, coffee, or energy drinks) exhibit diffusion 

rates  similar  to vinegar?*  

¶ How is the diffusio n rate affected if a solution other than water is used as the extracellular fluid?*  

¶ Do features of the dialysis tubing, such as diameter or pore size, affect diffusion rate?  

¶ The food coloring of the cider vinegar did not move through the membrane. Will ot her food 

coloring particles move through?  

¶ Does water move into the bag as ions move out? (In other words, is osmosis occurring 

simultaneously with diffusion?)*  
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Design and Conduct an Experiment: Data Analysis 

The answers in this section are sample answers that apply to the suggested inquiry question: òHow 

does changing the concentration of a solution in the bag affect the rate of diffusion?ó Results of this 

experiment are shown in the Sample Data section.  

As part of their experiment design, students should explain how they will analyze their results. 

Many analysis tools can be found in PASCOõs data logging software. For some activities, students 

may want to export their data to other software, such as Microsoft Excel or the Google DocsÊ 

program. Instructions for using analysis tools and exporting data can be found in the software help 

and user guide.  

1. From your observations and your data:  

a. Describe how the independent variable you ma nipulated affected the rat e of diffusion out of 

the dialysis bag and into the beaker . Does the data support your hypothesis? Justify your 

claim with  evidence from your experiment.  

The data suggest decreasing the vinegar concentration slows the rate of diffusion into the beaker, thus the hypothesis 

was supported. When the bag with full strength vinegar was placed into the beaker of distilled water, the pH of the 

solution in the beaker decreased from 5.6 to 4.6 within 60 seconds. When the bag with 1/4 strength vinegar was placed 

into the beaker of distilled water, the same change in pH in the beaker, from 5.6 to 4.6, took over twice as long: 

146 seconds.  

b. Based on the evidence you collected, explain why the results occurred.  

The concentration gradient between the beaker of distilled water and the ñfull strengthò vinegar was larger than the 

concentration gradient between the beaker of distilled water and the ñ1/4 strengthò vinegar. Molecules (or in this case, 

hydrogen ions) diffuse faster across a membrane when the concentration gradient is steep. 

2. Is there any evidence in your data or from your observations that experimental error or other 

uncontrolled variables affected your results? If yes, is the data reliable enough to determine if  

your hypothesis was supported?  

There is some evidence that one variable may have affected the results. Each time the dialysis bag was placed in the 

beaker of water, the pH measurement would spike slightly. Perhaps this was because the pH sensor was bumped or 

jostled. I still think the data is reliable, though, since the spike was seen repeatedly in trials with full strength, half-strength, 

and quarter-strength vinegar. 

3. Identify any new questions that have arisen as a result of your research.  

Answers will vary based on the student's knowledge, experience, and results. 

Synthesis Questions 

1. The structure and properties of a biological membrane allows the membrane to carry out 

important functions for cells.  

a. What does it mean to say that the plasma membrane is semipermeable? Describe the 

struc ture of the plasma membrane and explain how it provides a selective barrier for cells.  

Semipermeable means that some molecules can diffuse across cell membranes while others cannot. The cell 

membrane is mainly a phospholipid bilayerðtwo layers of phospholipids with their ñtailsò facing inward and the ñheadsò 

facing the intracellular and extracellular environments. The hydrophobic nature of the phospholipids keeps many 

molecules from moving through the membrane. However, proteins embedded in the membrane provide hydrophilic 

channels for certain molecules to move through. Different cells can be permeable to different substances, depending on 

the types and amounts of transport proteins present in their membranes. In addition to proteins, other membrane 

components include cholesterol (animal cells), glycoproteins, and glycolipids. 
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b. Provide specific examples of molecules or other particles that enter or exit cells and for each 

example describe the mechanism of transportation.  

Glucose: glucose molecules move through membranes by facilitated diffusion. Since glucose molecules are polar, they 

require a transport protein to facilitate their crossing of the membrane.  

Oxygen: oxygen molecules move through the membrane by simple diffusion. Since they are small and nonpolar, they 

are able to move through the lipid bilayer. 

Sodium ions: sodium ions can diffuse into cells through gated ion channels (a type of transport protein). They can also 

be pumped out of cells by the sodiumïpotassium pump. This mechanism requires ATP and is an example of active 

transport. 

Water: water molecules move through transport proteins called aquaporins. The movement of water through the 

membrane is known as osmosis. 

Neurotransmitters: these large molecules are released from cells through exocytosis, a form of transport that involves 

large molecules. The neurotransmitters are packaged into vesicles inside the cell and these vesicles fuse with the 

plasma membrane to release the molecules from the cell. 

c. Eukaryotic cells have a number of membr ane-bound organelles. Explain the function of these 

membranes within cells and describe the structures and functions of two organelles that 

consist of one or more membranes.  

Membranes allow cells to compartmentalize intracellular activities, increasing the efficiency of these activities. 

Membranes also increase the surface area-to-volume ratio of organelles, which increases the organelleôs ability to carry 

out necessary functions. 

For example, placing the enzymes and other molecules needed to produce ATP through oxidative phosphorylation near 

one another within the membrane of a mitochondrion increases the rate at which ATP can be made. If the cell 

depended on random collisions between these enzymes and their substrates, the reactions would occur too slowly. In 

addition, the close proximity between molecules is required for electrons to move between electron carriers. The 

mitochondrial membrane is essential to aerobic respiration and its many folds (cristae) provide a huge SA:V ratio for 

respiration. Also, the double-membrane structure of the mitochondrion allows for a hydrogen ion gradient to build up; 

without that second membrane, hydrogen ions would diffuse to other areas of the cell, making respiration very 

inefficient. 

Membranes can also sequester enzymes or other molecules that might cause harm if they were in the cytosol. Plant 

cells typically have large vacuoles: membrane-bound sacs that sequester wastes and other compounds. Animal cells 

have lysosomes that contain digestive (hydrolytic) enzymes and play a role in recycling a cellôs organic materials. 

2. There are many examples of diffusion in living things. 

One example is the gas exchange that occurs in the 

alveoli of the lungs.  

a. Describe the concentration gradients that exist 

between the alveoli an d the blood within capillaries 

surrounding the alveoli and explain how these 

gradients facilitate gas exchange. Use evidence to 

support your explanation.  

Gasses, like all molecules, diffuse along their specific concentration 

gradients. The concentration of oxygen within the alveoli is four 

times higher than the oxygen concentration within the pulmonary capillariesð160 millimeters of mercury (mmHg) vs 

40 mmHg. The concentration of carbon dioxide within pulmonary capillaries is slightly higher than the alveoli (45 mmHg 

vs 40 mmHg). These concentration gradients allow for the diffusion of oxygen from the lungs to the blood, and the 

diffusion of carbon dioxide out of the blood and into the lungs.  

NOTE: It is difficult for students to measure the concentrations of oxygen and carbon dioxide 

in the blood. However, an activity using oxygen and carbon dioxide gas sensors can be quickly 

performed to determine differences in the concentrations of these gases between exhaled air 

from the lungs and atmospheric air. (See this activity demonstrated in the video òCarbon 

Dioxide and Oxygen Gas Sensors: Five Activity Ideasó on the PASCO scientific YouTube 

channel:  https://www.youtube.com/watch?v=LBFKKQZo4kg )  

https://www.youtube.com/watch?v=LBFKKQZo4kg
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b. Identi fy and describe two additional examples of diffusion in living things.  

Similar to the diffusion that occurs between the alveoli and the blood, gas exchange occurs between the blood in the 

bodyôs capillaries and the cells of the bodyôs tissues. Cells continually use oxygen and produce carbon dioxide, and the 

blood is continually pumped through the lungs to replenish its oxygen content and eliminate carbon dioxide. This sets up 

a permanent concentration gradient, causing oxygen to move out of the blood into cells and carbon dioxide to move out 

of the cells and into the blood. 

Plants acquire carbon dioxide for photosynthesis via diffusion. In the leaves of a plant are small openings, stomata, 

through which carbon dioxide molecules move. The concentration of CO2 is higher in the air than inside the leaf, so the 

CO2 moves into the leaf by diffusion. 

Other examples of diffusion include: oxygen diffusing into the blood through the gills of a fish, glucose and other 

nutrients diffusing from the small intestine into the capillaries of the microvilli, and neurotransmitters diffusing across 

synapses. 

3. Use the data presented in the table below to predict how altitude would affect a runnerõs ability 

to complete a five kilometer (5k) race in each of the given cities. Expl ain your predictions.  

Table 1: Atmospheric oxygen concentration at various elevations  

City Elevation above Sea Level (feet) Atmospheric O2 Concentration 
(%) 

Birmingham, AL  600 21 

Boulder, CO  5,430 17.8 

Nederland, CO  8,230 15.9 

Breckenridge, CO  9,300 15.1 
 

The runner would have the least difficulty completing the 5k race in Birmingham, AL, and the most difficulty completing the 

race in Breckenridge, CO. Aerobic exercise (like running) requires oxygen for working muscles. When less oxygen is 

available in the atmosphere, less oxygen is available to diffuse into the blood, and eventually less oxygen is available to the 

active tissues (in this case, skeletal muscle). The runnerôs heart rate and respiratory rate would likely increase in an attempt 

to increase oxygen levels in the blood, but eventually the runnerôs muscles would probably shift to anaerobic respiration. 

This would produce lactic acid, causing the runner to fatigue quickly. 
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Design and Conduct an Experiment Key 

The dialysis tubing and the cup wi th distilled water were used to simulate intracellular and 

extracellular environments. The apple cider vinegar represents a solution containing some of the 

same materials as cytoplasm and interstitial fluid, such as hydrogen and sodium ions. How can you 

change a component of this model system, or change the environmental conditions, to test factors 

that affect diffusion?  

 

 

Develop and conduct your experiment using the following guide.  

 

1. Based on your knowledge of membranes and diffusion,  what factors could affect the rate of 

diffusion ? 

Factors include: Concentration gradient, molecular weight of the solute, temperature, properties of the membrane, and 

movement of other molecules according to their gradient.    

 

 

2. Create a driving question: choose one of the factors you've identified that can be controlled in the 

lab and develop a testable question for your experiment.  

How does changing the concentration of the solution inside a dialysis bag affect the rate of diffusion? 

 

 

3. What is the justification for your question? That is, why is it biologically significant, relevant, or 

interesting?  

Concentration gradients across membranes are essential to the function of biological systems. These systems include 

mitochondria, neurons, kidneys, lungs in animals, and bulk transport within plants. 

 

 

4. What will be the independent variable of the experiment? Describe how this variable will be 

manipulated in your experiment.  

The independent variable is the concentration of apple cider vinegar in the dialysis bag. The vinegar in the store-bought 

bottle will be considered ñ100%ò and the vinegar will be diluted to 50% and 25% for comparison. 

 

 

5. What is the d ependent variable of the experiment? Describe how the data will be collected and 

processed in the experiment.  

The dependent variable will be the pH of the water in the beaker. The pH will be monitored for at least 5 minutes but the rate 

of diffusion will be determined from the change in pH during the first 120 seconds of the experiment.  

 

 

6. Write a testable hypothesis (Iféthené). 

If decreasing the concentration of the solution inside a dialysis bag decreases the rate of diffusion of substances out of the 

bag, then the pH will change more rapidly when undiluted vinegar is used, compared to 50% or 25% vinegar. 
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7. What conditions will need t o be held constant in the experiment? Quantify these values where 

possible. 

The following will be held constant in all trials: 20 mL of vinegar in the bag, 100 mL of water in the beaker, water and vinegar 

are at room temperature, stirring with the stir bar at medium speed in the beaker, monitoring data for five minutes, using the 

same source and length of dialysis tubing. 

8. How many trials will be run for each experimental group? Justify your choice.  

I plan to run three trials for each vinegar concentration. This allows me to see if results are repeatable and will provide data 

for calculating an average rate of diffusion.  

9. What will you compare or calculate? What analysis will you perform to evaluate your results and 

hypothesis? 

The overall trend of the change in pH will be observed for each concentration during a 5-minute soak in water. The rate, 

though, will be determined from the first 120 seconds, since the rate tends to slow after 2 minutes. The three trials for each 

concentration will be averaged and the averages will be compared to determine if concentration affected diffusion rate. 

10. Describe at least 3 potenti al sources of error that could affect the accuracy or reliability of data.  

Vinegar might drip on to the outside of the dialysis bag, and rinsing the bag might not remove all of the vinegar.  

It may be difficult to add vinegar to the bag without spilling any and the volumes may not be exactly the same in all trials.  

The proximity of the pH sensor to the dialysis bag may vary slightly from trial to trial. 

11. Use the space below to create an ou tline of the experiment . In your lab notebook, write the steps 

for the procedure of the lab.  (Another student or group should be able to repeat the procedure 

and obtain similar results .)  

1. Pour 200 mL of water into a cup or beaker.  

2. Add 20 mL of vinegar from a graduated cylinder to the dialysis bag. Close the bag and rinse the outside of the bag with 

distilled water. 

3. Rinse the pH sensor with water and place it into the beaker or cup.  

4. Start recording data and then slowly add the dialysis bag to the water. Continue recording data for five minutes or until 

the pH value stabilizes.  

5. Following the end of each trial, rinse the beaker and add 200 mL of fresh water, and repeat the experiment so there are 

3 trials using the 100% concentration of vinegar. 

6. Carry out 3 trials for 50% vinegar (10 mL vinegar + 10 mL water) and 3 trials for 25% vinegar (5 mL vinegar + 15 mL 

water). 

 

 

 

12. Have your teacher approve your answers to these questions and your plan before beginning the 

experiment . 

 



  2. DIFFUSION / TEACHER RESOURCES 

   PASCO / PS-2852 25 

Sample Data 

 

The results above are from an inquiry comparing the rate of diffusion through dialysis tubing using different 

vinegar concentrations. The temp erature was maintained between 24ð26 °C throughout the duration of the 

experiment.  Distilled water was used for the extracellular fluid.  

 

 

The results a bove are from an inquiry comparing diffusion from a dialysis bag containing a 100% vinegar 

solution into an extracellular environment maintained at different temperatu res using a water bath. The 

temperature was monitored throughout the five minutes and adjusted as necessary.  

 

The results shown above are from an inquiry measuring the diffusion of different substances through the model 

cell. The temp erature was maintaine d between 24ð26 °C throughout  the duration of the experiment and there 

was no stirring of the water (extracellular fluid).  
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The results above are from an inquiry investigating the diffusion rate using different concentrations of sucrose 

solution as the extracellular fluid. Dialysis bags containing 100% vinegar were placed in beakers with the 

different sucrose solutions and the pH was recorded every second for three minutes. A linear fit was applied to 

the first 60 seconds of pH data to determine the rate  of diffusion.  

 

Determining if osmosis as well as diffusion occurs  between pickle juice and water  

Condition 

Parameters Measured in the Extracellular 
Environment  

Parameters Measured for the Solution in the Dialysis 
Bag 

pH  Conductivity  
(µS/cm) 

Mass of Bag and Fluid 
(g) 

Absorbance of Blue Light 
(%) 

Initial  6.6  12  22.1 1.019 

Final  4.1 478 22.9 0.846 

The results above are for an inquiry testing changes in both the intracellular fluid (pickle juice) and 

extracellular fluid (distilled water) to determine if osmosis also occurs during the diffusion experiment. Trials 

were run at room temperature.  
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3. OSMOSIS 

Lab Overview 

Students build models that help them understand how blood osmolarity and kidney function 

maintain homeostasis. Students determine which extracellular fluid is hypertonic to a model cell and 

which solution is hypotonic. The changes in a colored solution in the model cell (dialysis tubing) 

provide evidence to support a prediction about the net movement of water into or out of the cell: 

water moving into or out of the model cell will cause a change in the amount of light transmitted 

through the colored solutio n. Students use a colorimeter to detect this change.  

Pacing and Length of the Lab 

AP
*
 Connections 

The concepts covered in this lab align to the òAP Biology Curriculum Framework .ó 
 

Materials and Equipment 

For Each Student Station 

¶ Data collection system  ¶ Dialysis  tubing (2), 12 -cm piece2 

¶ Colorimeter  ¶ Solution A 3, 100 mL  

¶ Sensor extension cable1 ¶ Solution B 3, 20 mL  

¶ Cuvettes 1 (4) ¶ Solution C 3, 100 mL  

¶ Cups or beakers  (2), 250-mL  ¶ Solution D 3, 20 mL  

¶ Small funnel  ¶ Plastic pipets ( 2) 

¶ Graduated cylinders (2), 25 -mL  ¶ Small  binder clips ( 2) 

1Included with the colorimeter. 
2To prepare the dialysis tubing for student use, refer to the Lab Preparation section. 
3To formulate Solutions AïD using blue food coloring, sucrose, and water, refer to the Lab Preparation section. 

  

                                                 
*AP is a registered trademark of the College Board, which was not involved in the production of, and does not endorse, this product. 

Investigation   

Teacher Preparation Time  15 min    

Investigation  45 min    

Essential Knowledge 2.B.1, 2.B.2, 2.C.2, 2.D.3, 3.E.2  

Science Practices 1.4, 2.2, 4.3, 5.1, 5.3, 6.1ð6.2, 6.4, 7.2 

Learning Objectives 2.9, 2.12, 2.16, 2.18, 3.44, 3.49 
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Prerequisites 

Students should be familiar with the following  concepts: 

¶ The terms isotonic, hypotonic, and hypertonic describe the relative amount of solutes in a 

solution that surrounds cells.  

¶ Osmosis is the net movement of water through a semipermeable me mbrane from a less 

concentrated solution (with a greater concentration of water) to a more concentrated solution 

(where there is a lower concentration of water).  

¶ The amount of light transmitted through a colored solution depends upon the concentration of 

the solution.  

Safety 

Follow these important safety precautions in addition to your regular classroom procedures:  

¶ Wear safety goggles at all times .  

¶ Handle cuvettes carefully and alert your teacher if any break.  

Lab Preparation 

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

1. Prepare the dialysis tubing:  

Cut 2 pieces of dialysis tubing for each group. The length should be approximately 12 cm. Soak 

the cut sections of tubing in a beaker with water for at least 15 minutes.  

2. Prepare solu tions AðD: 

a. Solution A is tap water: Add 1 L of tap water to a beaker or flask labeled òAó. 

b. Solution B is 0.8 M sucrose: Add 68.4 g of sucrose to a 500 -mL beaker. Fill the beaker to 

250 mL with water and stir until the sucrose is dissolved. Add 3 drop s of blue food coloring to 

the solution and mix. Label the beaker òBó. 

c. Solution C is 1 M sucrose: Prepare 1 L of sucrose solution, using 342 g of sucrose. Stir to 

dissolve all of the sucrose and label the container òCó. 

d. Solution D is 0.1 M sucrose: A dd 8.6 g of sucrose to a 500-mL beaker and fill the beaker with 

water to the 250 -mL mark. Stir until the sucrose is dissolved and then add 3 drops of blue 

food coloring and mix. Label the container òDó. 
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Teacher Tips 

Tip 1 ï Understanding the colorimeter 

The colorimeter has four choices for color of light: red, green, blue, and orange. Each of these colors 

has a unique wavelength. There are two possible measurements: transmittance and absorbance. 

This lab makes use of the green transmittance measurement. G reen light is absorbed by blue dye 

particles in the solution.  Depending on the number of drops of food coloring added, 5 ð20% of green 

light will be transmitted through the solution. If the blue color is darker, the transmittance is less. If 

the blue color is lighter, the transmittance is greater.  

Tip 2 ï Transmittance of light through the blue-colored solutions 

Blue food coloring particles are larger than the pore size of standard dialysis tubing. The particles 

will not move through the membrane. The moveme nt of water into or out of the colored solution will 

change the amount of light transmitted through the solution. Best results are obtained if the solution 

is not too dark to start with. To check t his, add approximately 5 mL of Solution B to a clean cuvett e 

and place it into the colorimeter. Look at live data on the home screen to determine the 

transmittance of green light. Ideally, the transmittance will be between 10 ð20%. If it is less than 5%, 

the solution is too dark. Dilute the solution with additional  0.8 M sucrose solution. Check the initial 

transmittance of Solution D using this same method, but dilute it with additional 0.1 M sucrose 

solution if necessary.  
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Investigation 

This investigation is designed to help students build mental models based on ex perimental evidence 

and does not include a student -designed experiment. Labs that address the related concepts of 

diffusion and plasmolysis do include student -designed experiments . 

From the student handout: 

1. Put on your safety goggles.  

2. Prepare the 2 b eakers of òextracellularó fluid: Add 100 mL of Solution A to a 250-mL beaker or 

cup. Add 100 mL of Solution C to a different beaker or cup.  

3. Connect the colorimeter to the data collection device using the sensor extension cable. Monitor 

live data withou t recording.  

4. Calibrate the colorimeter.  

5. Obtain two graduated cylinders and pour 20 mL of Solution B into one and 20 mL of Solution D 

into the other.  

6. Use a plastic pipet to fill a clean, dry cuvette with approximately 5 mL of Solution  B. Place t he 

cuvette into the colorimeter and record the transmittance of green light. Remove the cuvette.  

For the sample data, the initial transmittance of green light through Solution B is 7.1%. 

7. Use a different pipet to fill a clean, dry cuvette with Solution D . Measure and record the 

transmittance of green light through the solution.  

For the sample data, the initial transmittance of green light through Solution D is 19.5%. 

8. Obtain a piece of dialysis tubing that has been soaked in water. Rub the tubing betwee n your 

fingers to open it. Twist the tubing at one end and tie a tight knot in it. Place a funnel in the 

opening at the opposite end. Pour 15  mL of Solution B into the tubing. Twist the tubing at the 

top and use a binder clip to keep it closed.  

9. Place th e tubing with Solution B into the beaker with Solution A. The tubing should be mostly 

submerged but it should rest upright, with the binder clip remaining above the surface of the 

solution.  

 

 

10. Prepare another dialysis tubing bag using 15 mL of 

Solutio n D. Place this bag into the beaker with 

Solution C. Label the cups or beakers, or place 

them on a labeled paper towel, to keep track of 

which solutions are present in each arrangement.  

11. Let the dialysis bags remain in the beakers, 

undisturbed, for 30  minutes. While you wait, 

answer the questions that follow.  

 



  3. OSMOSIS / TEACHER RESOURCES 

   PASCO / PS-2852 31 

 12. The diagram below represents a cell surrounded by extracellular fluid that is isotonic to the cell. 

Based on this model, draw solute particles in the other two diagrams to represent fluids that are 

hypertonic and hypotonic to the cell.  

NOTE: Draw the diagrams in your lab notebook.  

 

 13. a. In which situation will there be a net movement of water into the cell?  

In the hypotonic situation there will be a net movement of water into the cell.  

b. Draw an arrow on the diagram to indicate this.  

See the diagram. 

c. Imagine that the cell contains a colored solution. If osmosis causes water to move into the cell, 

what should happen to the transmittance of light through that solution? Explain your 

reasoning. 

If water moves into a cell, the colored solution will be diluted and become lighter in color. This would cause an increase 

in light transmittance through the solution. 

 14. For the remaining diagram, explain the net movement of water expected and de scribe the 

expected change in transmittance.  

In the hypertonic situation, water is expected to move out of the cell since the hypertonic solution has a lower concentration 

of water than the cell. Water leaving the cell would cause the colored solution to become darker and there would be a 

decrease in transmittance. 

 15. After 30 minutes, remove the binder clip from the dialysis bag soaking in Solution A. Untwist 

and open the dialysis bag so you can pipet solution out of the bag.  

16. Use a pipet to fill a dr y, clean cuvette with approximately 5 mL of Solution B from the bag. Place 

the cuvette  into the colorimeter and record the transmittance of green light through the solution. 

Compare this to the initial transmittance for Solution B and calculate the change.  

For the sample data, the final transmittance is 8.4%. There was an increase of 1.3% (8.4% ï 7.1%). 

17. Open the dialysis bag in Solution C and fill a cuvette with a sample of Solution D from the bag. 

Determine the transmittance of green light for Solution  D and compare this with the initial 

transmittance. Calculate the change.  

For the sample data, the final transmittance is 15.1%. There was a decrease of 4.4% (15.1% ï 19.5%). 
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18. Create a data table to organize the measurements of transmittance of green li ght. Include a 

column in your table for percent change in transmittance. For Solutions  B and D, record 

transmittance data and calculate the percent change.  

( )Final value  Initial value
Percent change 100

Initial value

-
= ³

 

Transmittance of green light through a blue -colored solution  

Solution in the Dialysis 
Bag 

Initial Transmittance (%) Final Transmittance (%) 
Percent Change in 

Transmittance 

Solution B  7.1 8.4 18% 

Solution D  19.5 15.1 ï22.6% 

Data Analysis 

1. a. Which solution experienced a decrease in transmittance?  

Solution D experienced a decrease in transmittance. 

b. If transmittance decreased, did the solution become lighter in color or darker in color?  

It may not be noticeable to the naked eye, but the solution became darker in color, limiting the ability of light to pass 

through it. 

c. In this situation, did water move into the model cell or out of the model cell?  

The transmittance decreased due to water leaving the model cell and moving into the surrounding solution. 

d. Was the extracellular fluid in this situation initially hypertonic,  hypotonic, or isotonic to the 

model cell? Explain your choice.  

In this situation, the extracellular fluid was hypertonic to the model cell. A hypertonic solution, due to a high 

concentration of solutes, has a relatively low concentration of water. In this situation, osmosis causes water to move out 

of a cell, which is what occurred to the model cell containing Solution D. 

2. Solution A is tap water and Solution B is a 0.8 M sucrose solution. Based on this information, 

explain the change in transmittance fo r Solution B.  

Solution A is hypotonic to Solution B (which was inside the model cell). The extracellular fluid is low in solutes and has a 

high concentration of water. In this situation, water moves into a cell. Water from Solution A moved into the dialysis tubing 

and diluted Solution B. This caused the blue color to become lighter so more green light could be transmitted through the 

solution. 
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3. A student carries out this experiment and adds the following to the setup:  a dialysis bag 

containing distilled  water submerged in a beaker with distilled water. Explain the purpose of 

this dialysis bag and the value of the results, if any.  
 

 

Table 1: Transmittance of light through a blue -colored solution  

Condition Transmittance (%) and % Change 

Initial  15.4 

Final  15.5 

Percent change 0.6% 
 

 

This setup acts as a control group. The water in the beaker is isotonic to the water in the bag, so this arrangement shows 

whether the blue dye particles added for coloring affect water movement into or out of the bag. There was a very small 

change in transmittance (0.6%), showing that the larger changes that occurred in the other bags were significant. 

Synthesis Questions 

Consider a hot day in which you have to run a mile in P.E. class. As you run, your body sweats to 

help maintain proper body temperature. Sweating leads to minor dehydration due to water lost from 

the sweat droplets that evaporate off the skin.  

In this investigation, you monitored the water content of a model cell by detecting changes in 

transmittance o f light through a colored solution. In the body, the water content of plasma (the liquid 

portion of blood) is monitored by specialized cells called osmoreceptors. These osmoreceptors are 

located in the hypothalamus.  

1. When dehydration occurs, what change  in the blood is able to be detected by osmoreceptors?  

Osmoreceptors detect changes in osmolarity. If dehydration occurs they detect an increase in the relative concentration of 

solutes (particularly sodium ions) in the plasma as a result of water loss or absorption. 

2. The osmoreceptors help regulate the inhibition or stimulation of anti -diuretic hormone (ADH). In 

the case of dehydration, the hypothalamus signals the pituitary gland to release ADH.  

a. What effect does releasing ADH have on the kidneys?  

ADH causes the kidneys to increase reabsorption of water. The kidneys produce more concentrated urine in order to 

conserve water and counteract dehydration. 

b. Specifically, the target cells that ADH binds to add aquaporins to their cell membranes in 

response to the hormone. How does this explain the change that occurs in the kidneys to 

counter dehydration?  

Aquaporins are integral proteins that act as pores, allowing water molecules to move through the cell membrane. 

Adding aquaporins to the membrane increases the permeability of the membrane and water can move out of the tubule 

containing urine. The water is reabsorbed into the bloodstream, helping the body conserve water, and decreasing the 

volume of urine produced. 

c. ADH is a short peptide hormone that trig gers a cAMP signal pathway in target cells. Why 

wouldn't ADH move directly into cells?   

Cell membranes are not permeable to peptide hormones, only to lipid-soluble hormones like steroids. Peptide hormones 

must bind to a receptor on the surface of target cells to initiate a cell signaling pathway. 
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3. Describe the negative feedback system that prevents overcorrection of dehydration.  

Due to water loss, ADH is released in response to increased osmolarity of blood plasma. As a result of the ADH and the 

kidneysô response, reabsorption of water is increased, decreasing osmolarity. When the blood flows through the vessels of 

the hypothalamus, osmoreceptors detect that the osmolarity has returned to normal levels. The hypothalamus then inhibits 

the pituitary gland from releasing ADH. This reduction in ADH causes target cells to decrease the number of aquaporins in 

their membranes and water reabsorption is lessened. 

4. Caffeine is a diuretic . Explain the effect caffeine has on urine production and explain why excess 

caffeine consumption leads to dehydration.  

Caffeine interferes with ADH function and causes a large volume of urine to be produced. ADH would normally act to 

counter dehydration by increasing water reabsorption into the blood. However, with high levels of caffeine, too much water 

is excreted into the urine, which leads to dehydration. 
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4. PLASMOLYSIS 

Lab Overview 

Students examine red onion tissue, looking for evidence of plasmolysis in the cells. Based upon their 

observations of plant tissue in three solutions with different (unknown) concentrations of salt, 

students determine which of the solutions has the highest salt concentration. They test their 

conclusions with a con ductivity meter. Students then design an experiment that applies their 

understanding of water potential and the equation for water potential to compare that property in 

different plant tissues.  

Pacing and Length of the Lab 
 

Initial Investigation  Student-Designed Experiment 

Teacher Preparation  Time  15 min  Experiment Design  20 min  

Initial Investigation  35 min  Experiment (over 2 days)  30 min  

  Data Analysis  30 min  

AP* Connections 

The concepts covered in this lab align to the òAP Biology Curriculum Framework .ó 
 

Essential Knowledge 2.B 

Science Practices 2.1, 2.2, 5.1ð5.3 

Learning Objectives 2.11, 2.12 

Materials and Equipment 

For Each Student Station 

¶ Data collection system  ¶ Three salt solutions of unknown concentration,  

¶ Conductivity sensor  several drops1 

¶ Microscope, 400× magnification  ¶ Red onion section 2 

¶ Microscope slides and cover slips (4)  ¶ Water, several drops  

¶ Plastic pipet or eye dropper  ¶ Paper towel  

¶ Electronic balance 3 ¶ Celery stalks 3 

1To formulate the salt solutions using sodium chloride and water, refer to the Lab Preparation section. 
2Alternatively, Elodea leaves can be used as the plant tissue observed. 

3These items are needed for a teacher demonstration. Refer to the Lab Preparation section. 

Additional equipment recommended for the student -designed experiment:  

¶ 1.0 M Sucrose (C12H22O11), 2 L  ¶ White potatoes  

¶ Distilled water, 600 mL  ¶ Sweet potatoes or yams  

¶ Containers for preparing sucrose dilutions  ¶ Celery , carrots, or other vegetables  

¶ Electronic balance  ¶ Apples or other fruits  

¶ Small cups  ¶ Cork borer  

                                                 
*AP is a registered trademark of the College Board, which was not involved in the production of, and does not endorse, this product. 
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Prerequisites 

Students should be familiar with the following  concepts: 

¶ Plants cells have a cell wall as well as a cell membrane . If the volume of the cytosol decreases, 

the cell membrane will pull away from the cell wall; this is plasmolysis . 

¶ The concentration of solutes in a solution influences the movement of water into or out of a cell . 

During osmosis , water moves down its concentration gradient, from a region of greater  water 

potential to a region of lesser water potential.  

¶ Solutions can be described as hypertonic, hypotonic, or isotonic relative to the cytosol of a cell ; 

these terms describe the relative amount of solutes in the extracellular fluid.  

¶ Salts contain charged particles ñionsñthat cause a solution to conduct electrici ty.  

¶ Water potential is affected by solute concentration and pressure. The equation used to calculate 

water potential is  

Ɋ = Ɋs + Ɋp  

where  

Ɋ is the water potential  

Ɋp is the pressure potential  

Ɋs is the solute potential  

Safety 

Follow these important safety  precautions in addition to your regular classroom procedures:  

¶ Wear safety goggles at all times.  

¶ Use caution when cutting onion or vegetable samples with a knife.  

¶ Take care not to break microscope slides. Tell your teacher if there is broken glass.  

¶ Do not eat or drink any laboratory materials.  

Lab Preparation 

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

1. Red onion 

Purchase one or more red onions from the grocery store. Slice the onion into sections, one section 

for each student group.  

2. òUnknownó salt solutions 

a. Prepare a 7% salt solution by dissolving 7 g of NaCl in 93 mL of water. Label this solution 

òAó. 

b. Prepare a 10% salt solution by dissolving 10 g of sodium chloride (NaCl) in 90 mL of water. 

Label this solution òBó. 

c. Prepare a 3% salt solution by dissolving 3 g of NaCl in 97 mL of water. Label this òCó. 

d. Place a pipet in each container.  
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3. The day before the investigation, set up two containers with a celery stalk in each. This is needed 

for the teacher demonstration . 

a. Measure and record the initial mass of each celery stalk.  

b. Put one celery stalk in a beaker or cup containing 10% salt water. Put the other celery stalk 

in a beaker or cup containing distilled water.  

c. Leave the celery stalks in the liquids overnig ht. On the following day, obtain the mass of each 

stalk and share the results with your students.  

4. For the student -designed experiments, prepare a large volume of 1.0 M sucrose solution.  

Dissolve 684.6 g of sucrose in 2000 mL of distilled water.  

Teacher Tips 

Tip 1 ï Preparing the wet mounts 

¶ Most students will have looked at onion cells under the microscope and prepared wet mounts 

before. Remind students that the tissue sample needs to be very thin (transparent). They should 

take their samples from the out er red -colored tissue of the onion so that the cytoplasm can be 

readily seen.  

¶ To be sure students keep track of which slide goes with each solution, they can label a paper 

towel òAó, òBó, and òCó, and place each prepared slide next to the corresponding let ter.   

Tip 2 ï Observing plasmolysis 

The concentrations of the unknown solutions do not need to be exactly the concentrations specified 

above. Prior to students performing the investigation , make wet mounts with each solution 

and observe the cells under the microscope. It is ideal if one solution (Solution òBó) shows significant 

plasmolysis , while another (Solution òAó) shows partial plasmolysis. The third can show little or no 

plasmolysis. If there is not enough difference in results, adjust the concentrations of the unknowns 

accordingly.  

Tip 3 ï Microscope use 

¶ If this is the first time in the current school year that students will use the microscope, review 

microscope skills with them. Thes e skills include adjusting the light level and fine focus while on 

low or high power.  

¶ Some digital microscopes, such as the ken-a-vision ® Digital Monocular C omprehensive 

Microscope 2 (SE-7246), are compatible with SPARKvue software running on a computer or  can 

be connected to the SPARK Science Learning System. Onion tissue samples  can be viewed on the 

computer screen and images can be captured and saved. Students can also use measurement and 

annotation tools that can enhance this investigation. The use of a  digital microscope to preserve 

images expedites data collection and preserves a record of the samples that can be analyzed 

later . 
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Initial Investigation 

The Initial Investigation is designed to familiarize students with the water potential equation and 

the concept of plasmolysis. If students have a strong understanding of these concepts, this section 

may be removed. The student -designed experiment is guided -inquiry: students are asked to find the 

water potential of two or more plant tissues rather than d evise a question completely on their own.  

From the student handout: 

 1. Refer to the bar graph to answer the following questions.  

 

a. Why is the conductivity of the two water samples different?  

Ocean water has a higher conductivity due to the presence of a relatively high amount of salt. A fresh water sample, 

such as pond water, has very little salt dissolved in it. 

b. Which water sample is most likely to cause plasmolysis in a plant cell? Explain the basis of 

your answer.  

Ocean water is more likely to cause plasmolysis than pond water. Ocean water has a conductivity of over 4000 µS/cm 

while the conductivity of pond water is only slightly more than 1000 µS/cm. The greater conductivity of ocean water is 

due to ocean water having more salt dissolved in it, which means that the water potential of salt water is low. The ocean 

water, being hypertonic to a plant cell, would cause water to leave plant cells by osmosis, causing plasmolysis. Pond 

water, which has fewer solutes, is closer to being isotonic to plant cells.  

2. Prepare a wet mount of a very thin layer of red onion tissue. Use water as the liquid for this  

wet mount.  

3. Prepare three additional microscope slides with onion tissue.  

a. For each of these slides, use one of the three òunknownó solutions (A, B, or C) as the liquid for 

the wet mount. Rinse the pipet or eye dropper with water after preparing each slide.  

b. Label the slides or place the slides on a labeled paper towel to keep track of the solution used 

for each wet mount.  
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4. View the onion ðwater  wet mount under the microscope. Select an area of the onion tissue that is 

thin and provides a good view of individual cells. Draw and record detailed observations; if 

possible, take a photograph of the cells.  

The cells are square or rectangular in shape with red-colored cytoplasm 

filling the volume of the cell. The cell wall and cell membrane cannot be 

distinguished from one another. 

 

 

5. View the wet mount prepared with Unknown A. Draw 1 ð3 cells and record differences you notice 

between this slide and the original one.  

 

 

The cytoplasm has decreased in volume. The red area 

appears more darkly colored. The cell membrane has 

moved inward, away from the cell wall. 

6. Observe the Unknown B and Unknown C slides. Compare and contrast the cells of these sampl es 

with previous samples and record detailed observations. Draw or photograph the cells.  
 

  

The Unknown B slide shows most or all cells have 

plasmolyzed. There is a large amount of clear area within 

the cells, indicating that the cytosol has decreased in 

volume and the cell membrane is no longer near the cell 

wall. 

The Unknown C slide looks very similar to the 

onionïwater wet mount. The cytosol fills the cell 

and it is difficult to distinguish between the cell 

membrane and cell wall. 

 7. The unknown sol utions are all solutions of sodium chloride (NaCl). Based on your observations of 

the cells, which òunknownó solution has the highest salt concentration? Which has the lowest 

salt concentration? Explain the reasoning for your choices.  

Unknown B has the highest salt concentration while Unknown C has the lowest. Solution B showed the most plasmolysis; 

these cells lost the greatest amount of water to the environment. The environment must have been hypertonic, with a lot of 

solutes. Unknown C did not appear to cause much plasmolysis, if any, so it must be lowest in salt concentration. (The cells 

didn't look much different from the cells surrounded by water.) 
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8. Connect a conductivity sensor to your data collection system. Set up the system to view live data, 

or begin an experiment if you plan to save or print the data. Press the green button next to the 

òocean waveó on the front of the sensor. 

9. Use the conductivity sensor to test the conductivity of each òunknownó solution. Record the 

results of the conductivit y test.  

Conductivity results  

Solution Conductivity (µS/cm) 

Unknown A  90,000 

Unknown B  97,611 

Unknown C  31,650 

 10. Do the results confirm your earlier ranking of the salt concentration in the solutions? Explain 

your answer.  

Solution B was predicted to have the highest salt concentration. This is confirmed by the high conductivity of the solution. 

Solution C has the lowest conductivity and this is consistent with it having the lowest salt concentration. 

Use the information below about water potential to answer the questions that follow.  

The equation used to calculate water potential is  

Ɋ = Ɋs + Ɋp 

A solution  in an open container has a pressure potential Ɋp of 0 bars, so in many situations this 

component of the equation can be left out, so that Ɋ = Ɋs.  

The solute  potential  Ɋs is equal to ðiCRT  where  

i  is the ionization constant   

C is the molar concentration  

R is the pressure constant [0.0831 liter bar/(mole K)]  

T is the temperature in K (273 + °C of the solution)  

For distilled water, Ɋs = 0 bars since there are no solutes.  

 11. Unknown A is a 0.12 M salt (NaCl) solution. Calculate the water potential Ɋ of this solution at 

21 °C. (In an open container, Ɋp = 0.) 

Ɋ = Ɋs + Ɋp 

Ɋ = [ï(2)(0.12 M)(0.0831 liter bar/(mol K))(294 K)] + 0 

Ɋ = ï5.9 bars 

 12. Refer to the water potential you calculated for Unknown A to answer the following.  

a. Is the water potential of a red onion cell greater than or less than the value you calculated for 

Unknown A? How do you know?  

Unknown A caused onion cells to plasmolyze. Since water moved out of the cells, the cells must have had a greater 

water potential compared to Unknown A, which surrounded the cells, so the water potential of red onion cells  

is greater than ï5.8 bars. 
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b. How does the water potential of Unknown  C compare to that of Unknown A? Support your 

claim with evidence and clear reasoning.  

Unknown C did not cause cells to lose much water, if any. It had the lowest conductivity value. This means that 

Unknown C would have a solute potential close to zero and would have a greater water potential than Unknown A. For 

example, if the concentration of NaCl in Unknown C is only 0.01 M, its water potential is ï0.49 bars, which is greater 

than Unknown A's water potential, which is ï5.8 bars. 

 13. Adding distilled wate r to plasmolyzed cells can return the cells to a turgid state. (Test this for 

yourself if you have time!) Why don't plant cells burst when placed in a hypotonic environment, 

such as distilled water?  

In a hypotonic environment, there is a net movement of water into the plant cells. As the volume of the cell increases, 

pressure results from the cell membrane pushing against the cell wall. The cell wall is rigid and the pressure the wall exerts 

back on the membrane limits the movement of water into the cell. This pressure raises the water potential of the cell and 

eventually equilibrium is reached. 

 14. Yesterday your teacher placed celery stalks into distilled water and salt water. Record the initial 

and final mass of each celery stalk. Record observations of t he stalks, comparing them to one 

another and to standard celery stalks you find in a grocery store. Use your understanding of 

osmosis and water potential to explain what occurred in each stalk overnight.  

Celery results  

Solution Initial Mass (g) Final Mass (g) 

Distilled water  37.95 40.86 

Salt water  34.41 29.96 

The stalk in distilled water gained mass and snaps and breaks when bent (it is crisp). The cells in the stalk gained mass due 

to water moving into the cells. (Cells have a lower water potential than distilled water.) The cells became turgid, due to 

pressure from the cell membrane pushing against the cell wall; the pressure increases as the cytosol volume increases due 

to osmosis.  

The stalk in salt water lost mass. Salt water has a low water potential, causing water to move out of the cells. The 

plasmolysis of the cells caused the celery stalk to lose turgor pressure, so the stalk is flexible and does not snap when bent. 
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Design and Conduct an Experiment  

A number of methods have been developed to experimentally determine the water potential of plant 

tissues. One method , the gravimetric technique,  involves measuring the change in mass that occurs 

in tissue samples exposed to solutions of known concentration. The Potato Core Lab commonly done 

in biology courses is an example of an application of this technique.   

For this extension, your students should choose the tissues to test and design their own procedures 

for their experiments. Depending on their experience, you may need to suggest analysis techniques 

to students, such as calculating the percent change in m ass for the samples.  

 

Students can design their experiment using either the Design and Conduct an 

Experiment Worksheet or the Experiment Design Plan.  

 

NOTE: A key for the Design and Conduct an Experiment W orksheet follows the synthesis questions. 

The key describes a sample inquiry question and experimental protocol for which there are sample 

answers in the Data Analysis section.  

Suggested Inquiry Questions 

The Design and Conduct the Experiment section, along with studentsõ background knowledge, guide 

students to generate a testable question. If they are not ready to create their own testable questions, 

students can use one of the following.  

NOTE: Questions ending with an asterisk (*) have sample data shown at the end of the lab.  

¶ Which has a greater wat er potential, white potato or sweet potato? *  

¶ How does the water potential of celery compare to the water potential of carrots  (or other 

vegetables)?* 

¶ Is the water potential of a fruit similar to that of a vegetable? *  

¶ Is the water potential measurement affe cted by the solute used? For example, will sucrose and 

salt water provide similar results for the water potential of a potato? *  

Design and Conduct an Experiment: Data Analysis 

The answers in this section are sample answers that apply to the suggested inqui ry question: òWhich 

has a greater water potential, white potato or sweet potato?ó Results of this experiment are shown in 

the Sample Data section.  

1. From your observations and your data:  

a. Explain the effect of the different sucrose solution concentrations on plant tissue samples.  

Some samples gained mass due to water moving into the cells from a hypotonic solutionða solution with no solutes or 

a low concentration of solutes. Some samples lost mass due to the solutions that were hypertonic to the cells, causing 

water to move out of the cells. The hypertonic solutions had a relatively high amount of solute, so water moved from the 

cells to the region with lower water potential. 
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b. Determine the sucrose molarity at which each plant tissue sample would experience no 

change in mass (that is, there would be no net movement of water occurring.)  
 

 

 

Students should create a graph of percent 

change in mass versus solute concentration. The 

x-axis value at which y = 0 is the concentration 

that causes no change in mass for the sample. 

White potato: A sucrose solution of 0.32 M would 

cause no change in mass of a potato core. 

Sweet potato: A sucrose solution of 0.49 M would 

be expected to cause no change in mass of a 

sweet potato core. 

 

c. Calculate the water potential for each plant tissue sample tested.  

Based on the sample data, the water potential for white potato is: 

Ɋ = Ɋs + Ɋp = [ï(1) (0.32 M)(0.0831 liter bar/(mole K))(294 K)] + 0 = ï7.8 bars 

Based on the sample data, the water potential of the sweet potato is ï12.0 bars. 

NOTE: At equilibrium, the pressure potential is assumed to be zero, since the solutions are in 

an open container and there is no net movement of water into or out of the cells.  

2. Do the r esults of the experiment support or reject your hypothesis? Support your claim with 

evidence. 

Answers will vary based on student's predictions and their choice of samples to compare. Student hypotheses are expected 

to be unique and their answer should be based on their evidence, not on any scientific principle. For the sample inquiry 

described in the Design and Conduct an Experiment Key, the hypothesis is supported. Sweet potato cells didn't plasmolyze 

until the sucrose concentration reached 0.6 M, meaning that a solution with a relatively high amount of solute is isotonic to 

these cells. Therefore, sweet potato cells have a lower water potential than white potato cells, which plasmolyzed at a 

sucrose concentration of 0.4 M. 

3. Is there any evidence in your data or from your observations that experimental error or other 

uncontrolled variables affected your results? If yes, is the data reliable enough to determine if  

your hypothesis was supported?  

Answers will vary. If students carry out multiple trials for each experimental group of the procedure, their data should be 

consistent in trials that were replicated. If there is a high amount of variance in data, experimental error or other variables 

may be the cause. For example, in the PASCO trial using white potato, the first trial indicated that y = 0 at 0.33 M but in 

trials 2 and 3, y = 0 at 0.41 M and 0.42 M, respectively, showing natural variation in potato core water potential.  

The data would be more reliable if all three trials showed similar concentrations at which there would be no change in mass. 

The data is sufficiently reliable for a comparison of white potato to sweet potato, since the white potato in all three trials had 

a higher water potential than the three trials with sweet potato. 

Another indication of the reliability of data is the trend of the line for percent change in mass. The decrease in mass should 

be linear (the decrease in mass may level off, however, between 0.8 M and 1.0 M). If the data points do not indicate a linear 

relationship, error likely occurred during data collection. 

4. Identify any new questions that have arisen as a result of your research.  

Answers will vary based on the student's knowledge, experience, and results. 
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Synthesis Questions 

1. Salt is used as a preservative to prol ong the shelf life of foods without refrigeration. Describe how 

a salty environment would affect the cells of organisms, such as bacteria, that typically cause 

food spoilage. 

Salt water causes water to leave cells due to its very low water potential. A high-salt environment would cause cells such as 

bacteria to die, due to shrinkage and dehydration. 

2. Osmosis plays a role in regulating the opening and closing of stomata in leaves. Stomata are 

small openings through which a plant obtains the carbon dioxide molecules needed for 

photosynthesis. Guard cells are cells that are adjacent to stomata and change in shape to cause 

stomata to be open or closed. If guard cells swell due to osmosis, stomata open. It has been 

discovered that a high concentration of potass ium ions (K
+
) is needed for this to happen. Explain 

why an increase in K
+
 concentration in guard cells causes the cells to swell.  

Increasing the concentration of potassium ions in guard cells causes the water potential of that cellôs cytosol to decrease (it 

becomes more negative due to the presence of more solute particles). This causes water to move from the surrounding 

solution into the guard cells, causing them to swell. 

3. Use the concept of òfree energyó to explain why water molecules tend to move from an area of 

higher water potential to an area of lower water potential during osmosis.  

An area of higher water potential has a greater number of unbound water particles. The particles have the ability to move 

freely. A solution with a low water potential has many solutes, which dissolve when water particles are attracted to and 

surround the solute particles.  

Because many water molecules become bound to solute particles in hydration shells, fewer water molecules have the ability 

to move freely. A solution with a large number of water molecules moving randomly has more free energy than a solution 

with bound water molecules, so the spontaneous direction of movement is from the area of higher water potential to an area 

of lower water potential. 
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4. Potato cores were placed in solutions with varying concentrations of sodium chloride (NaCl) and 

sucrose (C12H 22O11) for 24 hours. The percent change in mass of the cores in each solution was 

calculated and plotted on a graph. 8 Consider the equation for water potential and the properties 

of sodium chloride and sucrose as solutes, and explain the different results for the cores in the 

two solutions.  

 

The sodium chloride solutions have a lower water potential than the sucrose solutions, even when comparing two solutions 

of the same molarity, such as 0.3 M. The water potential is equal to the solute potential (Ɋp = 0 because the containers are 

open).  

Ɋ = Ɋs = ïiCRT  

For sucrose, the ionization constant i is 1, since sucrose does not dissociate into ions when it dissolves. Sodium chloride, 

however, dissociates into Na
+
 and Cl

ï
, so there are more particles present in a 0.3 M sodium chloride solution compared to 

a 0.3 M sucrose solution. The ionization constant for sodium chloride is 2, so the water potential will be 2 times lower for a 

sodium chloride solution than for a sucrose solution at the same concentration. 

The cores immersed in sodium chloride solutions showed plasmolysis (loss of mass) at a lower concentration than did the 

cores in the sucrose solutions. The sodium chloride concentrations of 0.2 M to 0.5 M caused a loss of mass (going below 

0% change in mass). The cores immersed in sucrose solutions didn't experience a loss of mass until the concentration 

reached 0.3 M, and even then it was a very slight decrease in mass. The sodium chloride solutions have lower (more 

negative) water potentials, which correspond to a greater water loss (plasmolysis) of potato cells in the salt solutions than in 

the sugar solutions.  

 

                                                 
8 Kosinski, R.J.; Osmosis and the Water Potential of Potato Tissue. Clemson University. Last update: October 2013. Retrieved 
February 6, 2014 from http://biology.clemson.edu/bpc/bp/lab/110/osmosis.htm.  
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Design and Conduct an Experiment Key 

A number of methods have been developed to experimentally determine the water potential of plant 

tissues. One method , the gravimetric technique, involves measuring the change in mass that occurs 

in tissue samples exposed to solutions of known concentration .  

 

 

Develop and conduct your experiment using the following guide.  

 

1. Consider the possible sources of plant tissue for this lab. List examples of tissues you might use.  

Examples include potatoes, sweet potatoes, celery, carrots, apples, cucumber, and zucchini.  

2. Your  teacher will pro vide you with a large volume of  a 1.0 M sucrose solution. What range of 

diluted solutions do you think would be appropriate to use to determine the water potential of 

the plant samples ? 

At least four concentrations should be used: 1.0 M, 0.75 M, 0.50 M, 0.25 M, for example. Better still would be a greater 

number of concentrations in that range: 0.2 M, 0.4 M, etc. Students should recognize that the water potential of a cell should 

be much less than a 1.0 M solution, and therefore should include very dilute solutions. Distilled water should be used as a 

control. 

3. Write  a driving question: choose two or more plant tissues , or choose other solutions in addition 

to sucrose, and develop a testable question for your experiment.  

Which has a greater water potential, white potato or sweet potato? 

4. What will be the independent variable of the experiment? Describe how this variable will be 

manipulated in your experiment.  

The independent variable is the plant tissue. Different sources of tissue will be obtained and their water potential compared. 

A cork borer will be used to cut cylinders from two types of potato: white potato and sweet potato. 

5. What is the dependent variable of the experiment? Describe how the data will be collecte d and 

processed in the experiment.  

The dependent variable is the change in core mass. The initial mass will be measured before putting the cores into solutions 

and the final mass will be measured after the cores have been in the solutions for 24 hours. Three cores will be placed in 

each solution and the initial and final masses will be the total mass of the three cores. The percent change in mass will be 

calculated from the change in mass. 

6. Write a testable hypothesis (Iféthené). 

If a sweet potato has a lower water potential than a white potato, then the sweet potato cores will be in equilibrium with a 

solution of greater molarity (more solutes) than a solution isotonic to the white potato. 

7. What conditions will need t o be held constant in the experiment ? Quantify these values where 

possible. 

Temperature: all trials will be carried out at room temperature. 

Solution concentrations: the dilutions will be prepared first and the cores from different types of potatoes will be placed in 

cups using the same series of dilutions (0.2 M, 0.4 M, etc.) 

Number and size of cores: three cores of each type of tissue will be placed in each cup. The same cork borer will be used to 

make uniform-sized pieces. Pieces will be trimmed to the same length. The potatoes will be peeled first so there is no skin 

on the surface of the cores. 

Mass measurement: the initial mass and final mass will be the collective mass of all 3 cores placed into a cup. The same 

balance will be used for each mass measurement. 
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8. How many trials will be  run for each experimental group? Justify your choice.  

Two trials for each experimental group (sweet potato and white potato) will be run. Two cups will be set up in an identical 

manner for each solution concentration and tissue type. Sometimes a cup is knocked over and solution spills. If this 

happens, a ñbackupò is in place. Also, there will be data that can be averaged. 

9. What will you compare or calculate? What analysis will you perform to evaluate your results and 

hypothesis? 

The percent change in mass in the cores will be calculated: (
-

= ³
Final Mass  Initial Mass

% Change 100
Initial Mass

). The average of 

the two trials of each tissue type and solution concentration will be calculated. For example, the percent change in mass of 

3 white potato cores in 0.2 M sucrose solution will be averaged with the percent change in mass for the duplicate setup. The 

average percent change in mass versus sucrose molarity for each tissue type will be graphed. From the graph, the 

concentration C at which no change in mass occurs can be extrapolated. This value is needed to find the water potential of 

the plant samples, using the equation: Ɋ = Ɋ s = ïiCRT  

10. Describe at least 3 potential sources of error that could affect the accuracy or reliability of data.  

There may be unknown variation in the water potential of white potatoes relative to each other, or variation in the water 

potential of sweet potatoes. Old potatoes may be ñdehydrated.ò The age of potatoes bought from a store cannot be 

controlled. 

The initial and final masses of the cores may be affected by the handling of the cores before or after they are in the solution. 

The cores should be blotted dry so the mass is indicative of only the tissue and not any liquid adhering to the surface. 

However, leaving the cores on paper towel for a few minutes may draw water out of the core. 

Dilutions of the 1.0 M sucrose solution may not be prepared properly due to inexperience with this technique. 

11. Use the space below to create an outline of the experiment . In your lab notebook, write the steps 

for the  procedure of the lab.  (Another student or group should be able to repeat the procedure 

and obtain similar results .)  

Prepare solutions of 0.2 M, 0.4 M, 0.6 M, and 0.8 M concentrations from the 1.0 M stock solution. Make 300 mL of each 

solution. 

0.2 M = 60 mL stock + 240 mL water 

0.4 M = 120 mL stock + 180 mL water 

0.6 M = 180 mL stock + 120 mL water 

0.8 M = 240 mL stock + 60 mL water 

Obtain 24 small plastic cups. Label four cups for each of the following: ñdistilled waterò, ñ1.0 Mò, ñ0.8 Mò, ñ0.6 Mò, ñ0.4 Mò, 

ñ0.2 Mò. Pour 70 mL of each solution into the corresponding cups. 

Peel a white potato and a sweet potato. Use a cork borer to cut three cores out of each potato. The cores should not have 

any skin on their surface. Place the cores next to each other and trim them to the same length.  

On an electronic balance, obtain the total mass of the 3 white potato cores and the total mass of the 3 sweet potato cores. 

Record the initial masses.  

Place the 3 white potato cores into one of the cups with distilled water and the 3 sweet potato cores into the other distilled 

water cup.  

Repeat the procedure until there are 12 cups with white potato (0.0 Mï1.0 M solutions, in duplicate) and 12 cups with sweet 

potato cores in the same dilution series (in duplicate). 

Cover the cups with plastic wrap and leave them on a counter overnight. 

On Day 2, remove 3 cores from one of the distilled water cups. Gently and quickly blot the cores to remove excess liquid. 

Place the 3 cores together on the balance and record the collective mass as the ñfinal massò of the cores. Repeat the mass 

measurement procedure for all cups. 

12. Have your teacher approve your answers to these questions and your plan before beginning the 

experiment . 
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Sample Data 
 

 

The results shown above are from an inquiry  comparing the water potential of a fruit to that of two different 

vegetables. Slices of apple, celery, and carrot were immersed in sucrose solutions at  room temperature for 

24 hours .  

 

 

The above graph shows the water potential of a variety of fruits and vegetables, determined by finding the 

concentration at which no change in mass occurred in sucrose solutions and then calculating Ɋ at that 

concentrati on. 
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The results shown above are for an inquiry that used two types of solutes (ionic and covalent compounds) to 

determine the water potential of white potato. The mass of each potato core was obtained before and after the 

24-hour immersion.  
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5. CELL SIZE 

Lab Overview 

Students  model the effect of cell size on cell cooling rate using cubes of potato tissue . Potato cubes of 

different sizes are placed in ice water an d multiple temperature probes are used to simultaneously 

measure the interior temperature of each cube and the temperature of the ice bath. Students 

determine if and how the difference in cooling rates relates to the difference in surface -area-to-

volume ra tios (SA:V) of the cubes.  Students then consider variables other than size that might affect 

the SA:V ratio and design an experiment that tests the effect of that variable on the cooling rate of a 

cell, using potato tissue to model the cell.  

Pacing and Length of the Lab 
 

Initial Investigation  Student-Designed Experiment 

Teacher Preparation  Time  15 min  Experiment Design  20 min  

Initial Investigation  30 min  Experiment  45 min  

  Data Analysis  20 min  

AP* Connections 

The concepts covered in this lab align to the òAP Biology Curriculum Framework .ó 
 

Essential Knowledge 1.B.1, 2.A.3, 2.C.2, 2.D.1  

Science Practices 2.1, 2.2., 3.1, 3.3, 4.1ð4.4, 5.1ð5.3 

Learning Objectives 2.6, 2.7, 2.9, 4.14  

Materials and Equipment 

For Each Student Station 

¶ Data collection system ¶ Plastic containers (for ice water) , 24 oz or  

¶ PASCO Quad Temperature Sensor  larger (approximately 700 mL)  

¶ Fast -response temperature probes (3) 1  ¶ Water, about 500 mL  

¶ Metric ruler  ¶ Toothpicks (2)  

¶ Small knife or scalpel  ¶ Permanent marker  

¶ Cutting board or other appropriate surface  ¶ Tape 

¶ Potato ¶ Ice, about 100 mL  

1Included with the PASCO Quad Temperature Sensor. 

 

Additional equipment recommended for the student -designed experiment:  

¶ Melon baller (to form spherical potato òcellsó) ¶ Cork borer (to form cylindrical potato òcellsó) 

¶ Shortening (or similar solid fat source)  ¶ Additional potatoes  

                                                 
*AP is a registered trademark of the College Board, which was not involved in the production of, and does not endorse, this product. 
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Prerequisites 

Students should be familiar with the following  concepts: 

¶ Cells are the basic unit of structure and function for biological systems, and cells need to b e 

small to efficiently carry out the functions that sustain life.  

¶ Diffusion of matter and energy occurs along a concentration or temperature gradient.  

¶ Calculating surface area and volume for various geometric shapes: cubes, spheres, cylinders.  

¶ The slope of a line on a graph relates to the rate of a process.  

Safety 

Follow these important safety precautions in addition to your regular classroom procedures:  

¶ Wear safety goggles at all times.  

¶ Never eat any materials used in lab activities.  

¶ Use extreme caution when cutting with a knife or scalpel and always cut in a direction away 

from your body.  

Lab Preparation 

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

1. Large potatoes  

Each group will need at least one large potato. Potatoes should be at  room temperature when 

students use them for the Initial Investigation.  

2. Plastic containers for ice baths  

Plastic disposable containers, such as leftover food containers or large empty yogurt containers, 

work well. A wider (shallower ) container is preferred over a narrow, deep container.  

3. Ice for ice baths  

The day of the lab activity, obtain enough ice for the number of ice baths your class will need. 

Keep the ice in a cooler to prevent melting.  

Teacher Tips 

Tip 1 ï Inserting the temperature probes into the potato cubes 

1. It is helpful to set up an example cube with a sensor inserted for students to refer to. Though 

images are included with the procedure, students may still require assistance.  

2. To keep track of which temperature  probe is associated with each situation (smaller cube, larger 

cube, or ice water), students can mark the tape that holds the probe to the toothpick. Each 

temperature port on the sensor is numbered, ò1óðò4ó, so these numbers can be used as the labels 

on th e piece of tape attached to each probe.   
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Tip 2 ï Immersing the potato cubes in ice water 

Since it is difficult to hold two cubes in the water and start or stop data collection, using an 

automatic stop setting is recommended. If this is not possible with yo ur data collection system, be 

sure students work in groups of three so one person can manage data collection and the other 

students can each hold a cube still in the water, ensuring that water does not leak into the hole at 

the top where the probe is inser ted. 

NOTE: A small dab of petroleum jelly can be placed around the toothpick and temperature probe to 

make the hole water resistant.  

Tip 3 ï Science practices 

This lab provides a good opportunity for students to perform numerous trials for each condition of 

their student -designed experiment and calculate average cooling rates. The runs can be short 

(approximately 2 minutes), allowing students to run many trials during a single class period.  
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Initial Investigation 

The Initial Investigation is designed to fam iliarize students with the equipment and techniques 

necessary to design their own experiment. If students are comfortable with probeware, and have a 

strong understanding of the concepts, this section may be removed, placing more responsibility on 

the stude nts for developing an experiment.  

From the student handout: 

1. Put on your safety goggles.  

2. Connect the Quad Temperature Sensor to your data collection system. Connect three 

fast -response temperature probes to the temperature sensor.  

3. Build graph disp lays for each temperature sensor. If your data collection system allows you to set 

an automatic stop condition, set the stop time for two minutes.  

NOTE:  During data collection and analysis, make sure you know which temperature probe is 

associated with each  condition: ice bath, large cube, small cube.  

4. Set up an ice bath: Half fill a plastic container with water and add two large handfuls of ice to 

the water.  

5. Cut small and large potato cubes from a large potato. Cut the cubes from the interior of the 

potato so the cubes are skinless.  One cube should measure approximately 1 cm × 1 cm × 1 cm 

and the other should measure approximately 2 cm × 2 cm × 2 cm. Copy Table 1 into your lab 

notebook and record the actual dimensions of the cube in the table.  

Table 1: Measurements for the potato cube òmodel cellsó 

Potato Cube Approximate 
Dimensions  
l, w, h (cm) 

Actual Dimensions  
l, w, h (cm) 

Surface Area 

(cm2) 
Volume (cm3) SA:V Ratio 

 

Small  1 × 1 × 1 may vary 6 1 6:1 

Large  2 × 2 × 2 may vary 24 8 3:1 

 6. Calculate the su rface area, volume, and surface -area-to-volume  (SA:V) ratio for each cube. 

Record these values in Table 1. Which has a greater SA:V ratio , a large cube or a small cube?  

Example response and calculations: The smaller cube has a greater SA:V ratio. 

Surface area = 6a, where a equals the surface area of one side of the cube (length2, if the sides are equal) 

Therefore, for the smaller cube, surface area = 6 × 1 cm2 = 6 cm2 

Volume = (length)(width)(height). For a cube, these are equal, so for the smaller cube the volume = (1 cm)3 = 1 cm3 

The smaller the cube, the greater the SA:V ratio, 6:1 compared to a ratio of 3:1 for the larger cube. (The relationship 

between cube size and SA:V ratio is an inverse relationship.) 
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7. Insert a temperature probe into the center of each 

cube, as follows: 

a. Place a toothpick against a ruler and use a 

permanent marker to darken the wood of the 

toothpick from the tip of the toothpick to a height 

of 1 cm. 

b. Insert the dark end of the toothpick in the middle 

of the top surface  of the large cube. Gently push 

the toothpick into the potato just until the black 

part of the toothpick is no longer showing.  

c. Remove the toothpick and insert a temperature 

probe into the hole. Reinsert the toothpick into the 

hole and use tape to secure  the wire of the probe to 

the toothpick.  

d. Repeat the process for the small cube, except darken only 0.5 cm of the toothpick before 

inserting it into the cube.  

8. Place the third temperature probe into the ice bath.  

9. Immerse the cubes in the ice water b ath but avoid submerging the cubes completely. It is 

important that water does not get into the hole with the temperature sensor. Use the toothpicks 

to hold the cubes; try to hold the cubes still in the water. Begin recording data.  
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10. After 2 minutes, e nd data collection and remove the cubes from the ice bath. Draw or print a 

record of the temperature data.  

 

 11. What is the relationship between the cooling rate and the SA:V ratio? Use evidence from the 

investigation to support your claim.   

Cooling rates  of different sized cell models  

Potato Cube SA:V Ratio 

Determining Rate of Cooling  

Maximum 
Temperature (°C) 

Minimum 
Temperature (°C) 

Rate of 
Temperature 

Change1  
(°C/min) 

Normalized Cooling Rate  

(°C/min)/cm3 

Small  6:1 18.8 9.3 ï4.74 ï4.74 

Large  3:1 18.9 15.1 ï2.08 ï0.26 

1The rate was determined using the linear fit tool of the data collection system to find the slope of the line. 

The greater the surface-area-to-volume ratio, the greater the cooling rate. The SA:V ratio of the small cell model is two 

times greater than that of the large cell model, and the small cell model cools down (loses heat to the environment) more 

than two times faster than the large cell model. If the data is normalized to compare the rate at which every cubic centimeter 

of the cube cooled, the difference in cooling rates is even more significant. The cooling rate per cm3 of the smaller cube is 

more than 18 times greater than that of the larger cube. 

 12. Cells produce wastes that need to be excreted. Do the results of this inves tigation suggest that 

cell size impacts the ability of a cell to excrete wastes? Explain your answer.  

Cell size impacts the ability of a cell to efficiently excrete wastes. Just as the small cube cooled faster than the large cube, a 

small cell would be able to get rid of wastes faster than a large cell. A small cell has an adequate surface area (cell 

membrane) to allow wastes to quickly diffuse out of the cytosol enclosed by the cell membrane. 

 13. The potato cubes are intended to be models for cells; howeve r, cells are rarely cuboidal in shape. 

Do you think the shape of a cell affects the cell's ability to efficiently exchange substances or heat 

with its environment? Explain the reasoning for your answer.  

Answers will vary. Students are likely to correctly predict that cell shape does affect the efficiency of exchange of matter or 

energy. Different shapes with the same volume will not have the same surface area. Therefore, the SA:V ratios of similarly 

sized cells with different shapes will differ. For example, students are likely familiar with the neuron as a cell that is very long 

relative to other cells, but it is very flat so it can still exchange materials efficiently even as a ñlargeò cell (large in one 

dimensionðlength). 
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Design and Conduct an Experiment  

Students can consider variables, in addition to size, that might affect the SA:V ratio of a cell, 

structure, or body plan of an organism. They can then design potato models that vary in one of these 

variables and determine if the cooling rate is affected by the chosen variable..  

 

Students can design their experiment using either the Design and Conduct an 

Experiment Worksheet or the Experiment Design Plan.  

 

NOTE: A key for the Design and Conduct an Experiment Worksheet follows  the synthesis questions. 

The key describes a sample inquiry question and experimental protocol for which there are sample 

answers in the Data Analysis section.  

Suggested Inquiry Questions 

The Design and Conduct the Experiment section, along with studentsõ background knowledge, guide 

students to generate a testable question. If they are not ready to create their own testable questions, 

students can use one of the following.  

NOTE: Questions ending with an asterisk (*) have sample data shown at the end of the lab.  

¶ Do cells of differe nt shapes cool down at different rates ?* 

¶ Do cell shapes other than cubes exhibit the same relationship between size, SA:V ratio, and 

cooling rates ?*  

¶ How do indentations or projections of òcellularó surfaces affect cooling rates? 

¶ How efficient is an insulat ing material, such as fat, at reducing the cooling rate?*  
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Design and Conduct an Experiment: Data Analysis 

The answers in this section are sample answers that apply to the suggested inquiry question: òDo 

different cell shapes cool down at different rates?ó Results of this experiment are shown in the Sample 

Data section.  

As part of their experiment design, students should explain how they will analyze their results. 

Many analysis tools can be found in PASCOõs data logging software. For some activities, students 

may want to export their data to other software, such as Microsoft Excel or the Google DocsÊ 

program. Instructions for using analysis tools and exporting data can be found in the software help 

and user guide.  

1. From your observations and your dat a: 

a. Describe how the independent variable you manipulated affected the cooling rate of the 

òcells.ó Does the data support your hypothesis? Justify your claim with e vidence from your 

experiment.  

Comparing cooling rates of cylindrical and spherical model c ells 

Cell Shape Approximate 
Dimensions  

(cm) 

Surface Area 

(cm2) 

Volume 

(cm3) 

SA:V Ratio 

 

Average Cooling 
Rate  

(°C/min) 

Normalized 
Cooling Rate 

(°C/min)/cm3 

Cylinder  2 cm height ×  

1 cm radius  
18.84 6.28 3:1 3.22 0.51 

Sphere 2 cm diameter  12.56 4.19 3:1 2.03 0.48 

 

The data does not support the hypothesis that different shaped cells with the same SA:V ratio will have different cooling 

rates, that is, that cell shape affects the cooling rate independent of the SA:V ratio. When the cooling rate is adjusted to 

compare the change in (°C/min)/cm3 of volume, the cylinder and sphere had similar cooling rates. 

b. Based on the evidence you collected, explain why the results occurred.  

Since the SA:V ratio was the same for each cell shape, the surface area through which heat could escape from the 

cell's volume was proportionately equal in each case. Each cell had 3 times as much surface area as volume, or 3 cm2 

of surface for every cm3 of volume within the cell, through which heat could be lost. 

2. Is there any evidence in your data or from your observations that experimental error or other 

uncontrolled variables affected your results? If yes, is the data reliable enough to determine if  

your hypothesis was supported?  

There is no evidence of experimental error or uncontrolled variables. Each trial showed the same trend: cylinders and 

spheres cool down at similar rates (if different volumes are accounted for). The results are repeatable and therefore reliable. 

3. Identify any new questions that have arisen as a resu lt of your research.  

Answers will vary based on the student's knowledge, experience, and results. 
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Synthesis Questions 

1. The following table provides the radii of five spheres.  

Table 2: Surface-area-to-volume ratios of different sized spheres  

Sphere Radius (cm) Surface Area 

(cm2) 

Volume 

(cm3) 

SA:V Ratio 

A 0.5 cm 3.14 0.52 6:1 

B 1 cm 12.56 4.19 3:1 

C 2 cm 50.27 33.51 1.5:1 

D 4 cm 201.06 268.08 0.75:1 

E 8 cm 804.25 2144.66 0.38:1 

a. Calculate the surface -area-to-volume ratio for each sphere. Then create an appropriately 

labeled graph to illustrate the relationship between the SA:V ratio and sphere size.   

Sample calculations for Sphere A: 

ˊ

ˊ

= ³ ³ =

= ³ ³ =

=

2 2 2

3 3 3

Surface area: 4 4 3.14 0.5 3.14 cm

4 4
Volume: 3.14 0.5 0.52 cm

3 3

3.14 6
SA:V ratio:  

0.52 1

r

r  
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b. A student performed a diffusion experiment to investigate the diffusion of ac id through 

different sized spheres made of agar (a gelatin -like solid). The agar contained an acid ðbase 

indicator that caused it to be bright pink. The indicator turns white in an acid.  

When agar spheres were submerged in an acidic solution, diffusion of acid into the agar 

caused the color to change from pink to white. The diagram below shows the results obtained 

when Sphere C  was soaked in a cup of vinegar for five minutes and removed. The sphere was 

cut in half and the student measured the depth of white  and the area of pink in the 

cross-section of the cut sphere.  

 

 Predict the results of soaking Sphere A in vinegar for 5 minutes. Sketch a diagram to 

illustrate your prediction and use evidence from the graph to help explain your predication.  

Students would correctly predict that since Sphere A has a larger SA:V ratio, it would have a proportionally larger white 

section than Sphere C. 

 

The graph shows that the relationship between sphere size and SA:V ratio is an inverse relationship: the larger the 

sphere, the lower its SA:V ratio. A cell with a lower SA:V ratio is not as efficient at moving materials into or out of the cell 

as a cell with a higher SA:V ratio. Therefore, Sphere C, with a ratio of 1.5:1, has a large area of pink in its cross-section, 

while Sphere A, with a ratio of 6:1, has more white and less pink, as predicted, due to more efficient diffusion of acid into 

the smaller sphere. 

2. Surface-area-to-volume ratio relates not only to cells but also to the bodies of animals. Animals 

have adaptati ons that either maximize or minimize SA:V ratio.  

a. The largest penguin on earth is the Emperor penguin with an average height of 1.1 m and  

a body mass of 27ð41 kg. Emperor penguins live in the very cold climate of Antarctica. 

Galapagos penguins live in a  much warmer climate and average 0.5 m in height, and  

1.7ð2.6 kg in body mass. Based on their body size and the relationship between SA:V ratio 

and cooling, explain why a Galapagos penguin is ill -adapted to live in the frigid weather of 

Antarctica.  

The much smaller body of the Galapagos penguin has a higher SA:V ratio than the large body of the Emperor penguin. 

Heat dissipates more quickly from a body with a high SA:V ratio, so in frigid Antarctica the Galapagos penguin would 

experience rapid heat loss and would be unable to maintain a suitable body temperature; it would not survive. 

Additionally, the smaller body mass of the Galapagos penguin would not generate enough heat through metabolism to 

counteract the rapid heat loss from its small body.  
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b. Africa n elephants have much larger ears than Asian elephants. African elephants are 

adapted to the hot savannah while Asian elephants live in cool forests. Explain the advantage 

of larger ears in animals living in hot biomes.  

Ears on animals are not like cubes or spheres; that is, larger ears are not larger in all dimensions. Rather, ears are 

relatively flat structures and increasing ear size results in much more surface area per cm3 and therefore a higher 

SA:V ratio.  

Blood flows through vessels in the ears and the close proximity of the blood to the environment results in heat loss from 

the body. The greater the SA:V ratio of the ears, the more rapid the heat loss, so elephants in hot environments evolved 

large ears to help them maintain a proper body temperature and not become overheated. 

3. Surface-area-to-volume ratio (SA:V) is important to living things at many levels: from the  

sub-cellular to the cellular to the system level.  

a. Identify one organelle present in eukaryotic cells that has a structure with a  high surface -

area-to-volume ratio and explain how the organelle's SA:V ratio facilitates the function 

carried out by the organelle.  

The mitochondrion is an example of a eukaryotic organelle with a high 

SA:V ratio. The mitochondrion has two membranes and the inner 

membrane is folded many times, increasing the surface area of the 

membrane without affecting the volume of the organelle. The reactions 

of the Krebs cycle and of oxidative phosphorylation (aerobic 

respiration) take place in the mitochondrion. Having a large surface 

area within the organelles allows for a large number of electron 

transport systems to fit into a very small structure and increases the 

number of reactions that can take place within the organelle. 

 

b. Identify each of the cells pictured  below. For each cell, describe the cell's function and explain 

how the SA:V  ratio of the cell relates to the efficiency of its function.  

 

Cell A is a neuron. It is a long, flat cell with extensions of the cell membrane at its ends (dendrites and axon terminals). 

Neurons are the basic component of the nervous system and are cells that receive and send messages, allowing 

organisms to detect and respond to stimuli in their environment. The high SA:V ratio of their flat shape allows the cells 

to be long, increasing the distance that messages can travel before being passed to additional cells. (The message 

travels faster within a cell than between cells.) Additionally, neurons depend on a rapid flow of ions into the cell to 

generate an action potential (the ñmessageò). Ions can diffuse quickly into the flat-shaped cells. 

Cell B is a red blood cell. It is disc-shaped with a concave center, and its SA:V ratio is much greater than a spherical or 

cube shaped cell. Red blood cells deliver oxygen to the cells of the body and take carbon dioxide from the cells to the 

lungs where it can be excreted. The high SA:V ratio of these cells allow gases into and out of the cell faster by diffusion. 
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c. The respiratory, circulatory, digestive, and excretory systems of mammals all contain 

specialized structures that are highly branched to maximize their membrane surface area 

relative to their volume. Describe two exampl es of highly branched structures in these 

systems and explain how the SA:V ratio of these structures facilitates their functions.  

The highly branched structures within these body systems include: alveoli (and bronchioles), capillaries, microvilli, and 

nephrons. All of these structures have a high SA:V ratio which gives the structure a high capacity for facilitating the 

exchange of substances needed to sustain homeostasis.  

For example, microvilli are finger-like projections of the cells in the small intestine and this ñfoldingò of the membrane 

makes nutrient absorption very efficient. Gas exchange occurs in the lungs when oxygen is brought into the body and 

carbon dioxide is removed, and the branching of the bronchioles into alveoli provides a large surface area through 

which these gases diffuse. In fact, in the five-liter volume of each human lung is a membrane surface area equivalent to 

the area of a tennis court! Likewise, branching of blood vessels into tiny capillary networks provides 60 km of vessels 

within the human body. This means that each of the trillions of cells in the body has a constant flow of blood nearby to 

acquire oxygen and nutrients from, and to release wastes to. 
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Design and Conduct an Experiment Key 

Consider variables, in addition to size , that might affect the SA:V ratio of a cell, structure, or body 

plan of an organism. Design potato models that vary in one of these variables and determine if the 

cooling rate is affected by the chosen variable.  

 

 

Develop and conduct your experiment usin g the following guide.  

 

1. Based on your knowledge of the relationship between the SA:V ratio and cooling , what variables  

could affect th e rate of cooling in organisms ? 

Variables include cell shape, body shape, the presence or absence of fat, fur, or other insulating materials, indentations or 

extensions on cells, and size of body structures (such as ears).   

2. Create a driving question: choose one of the factors you've identified that can be controlled in the 

lab and develop a testable question for your experiment.  

Do cells of different shapes cool down at different rates? 

3. What is the justification for your question? That is, why is it biologically significant, releva nt, or 

interesting?  

There are many variations in cell shape, even within the body of a single organism. For example, within human tissues 

some cells are cuboidal, others spherical, and others are very flat. Investigating the SA:V ratios and cooling rates in 

differently shaped cell models might help us understand how the shape of a cell relates to the ability of the cell to carry out a 

specific function for the organism. In addition, spheres and cylinders are rough approximations of different body plans of 

animals, so investigating the relationship between shape and cooling may be a way to model cooling rates of different 

animals. 

4. What will be the independent variable of the experiment? Describe how this variable will be 

manipulated in your experiment.  

The independent variable of the experiment is the shape of the cell models. The cooling rate of cylindrical potato pieces will 

be compared to that of spherical potato pieces. A cork borer will be used to make potato cylinders and a melon baller will be 

used to make potato spheres. An online math calculator will be used to help determine the dimensions of each shape so 

that the SA:V ratio will be the same for these differently shaped models. 

5. What is the dependent variable of the experiment? Describe how the data will be collected and 

processed in the experiment.  

The dependent variable will be the rate of cooling for each model. Temperature probes will be inserted into the center of 

each model as was done in the Initial Investigation, and temperature data will be collected for at least 2 minutes of 

immersion in an ice water bath. The tools of the data collection system will be used to find the rate of cooling (slope of the 

line) in each trial. 

6. Write a testable hypothesis (Iféthené). 

If cell shape affects cooling rate, as a variable independent of SA:V ratio, then differently shaped cells will cool at different 

rates even if the SA:V ratio is the same for these cells. 

7. What conditions will need t o be held constant in the experiment? Quantify these values whe re 

possible. 

The same type of potato (russet potatoes) will be used to create each cell model. The cell models will initially be at room 

temperature and they will be placed into the same ice bath for the same period of time. The temperature probe will be 

inserted into the center of each shape. The SA:V ratio will be the same, 3:1, for all of the models tested. 
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8. How many trials will be run for each experimental group? Justify your choice.  

At least three trials will be run for each shape. Three cylindrical potato cores will be created and three potato spheres will be 

created. Since the trials are relatively short, approximately 2 minutes, there is enough time in one class period to run 

multiple trials for each shape and average the results. 

9. What will you compare or calculate? What analysis will you perform to evaluate your results and 

hypothesis? 

The rate of cooling per cubic centimeter will be compared for each shape. First, the cooling rate will be determined for each 

of the three potato cylinders by applying a linear fit to the temperature data. The average cooling rate will be calculated from 

the data acquired from the three trials. This average cooling rate will be divided by the volume of the cylinder shape to 

calculate the rate of cooling per cm3. The same data processing will be performed for the potato spheres. 

10. Describe at least 3 potential sources of error that could affect the accuracy or reliability of data.  

A cork borer is an effective tool that cuts uniform cylindrical shapes from potato tissue. However, uniform spheres are more 

difficult to obtain, even with a melon baller. It may be difficult to get three identically sized potato spheres. 

Difficulty in cutting out different shapes from potato tissue may result in some cell models being handled more than others. 

This may affect the integrity of the tissue, or even its initial temperature, which may in turn affect the results. 

Potatoes may have natural variations in water potential or density of the tissue and these variables may affect the rate at 

which heat dissipates from the cell models. 

11. Use the space below to create an outline of the experiment . In your lab notebook, write the steps 

for the procedure of the lab.  (Another student or group should be able to repeat the procedure 

and obta in similar results .)  

a. Determine the dimensions needed to compare cylinders and spheres that have the same SA:V ratio. 

The cork borer has a diameter of 2 cm, so the cylinders will have a radius of 1 cm. I'll make spheres that also have a 

radius of 1 cm. This size sphere has a SA:V ratio of 3:1. Using an online calculator and plugging in the desired 3:1 SA:V 

ratio for a cylinder with a radius of 1 cm, the necessary height of the cylinder will be obtained. 

b. Use a cork borer and melon baller to create three of each cell model. Use a knife or scalpel to shave the spheres to the 

necessary size (2 cm diameter). Use a knife or scalpel to cut the potato cylinders to a height of 2 cm. 

c. Prepare an ice bath and insert temperature probes into the center of one of the cylinders and one of the spheres. 

d. Immerse the potato shapes in the ice water while collecting temperature data for 2 minutes or longer. 

e. Repeat data collection for 2 additional trials. 

 

 

 

 

12. Have your teacher approve your answers to these questi ons and your plan before beginning the 

experiment . 
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Sample Data 

 

The results shown above are from an inquiry  comparing the cooling rates of different shaped òcellsó that have 

equal SA:V ratio s. 

 

The results shown above are from an inquiry  testing the hypothesis that the relationship between cell size and 

cooling rate holds true for all cells, regardless of shape: bigger cells will cool slower than smaller cells.  

 

The results shown above are from an inquiry  testing the effect of insulation on cooling rate. Two cubes of equal 

size were placed in ice water, but the insulated cube had shortening spread onto its surface.  

 

 





  TEACHER RESOURCES 

   PASCO / PS-2852 67 

6. HOMEOSTASIS 

Lab Overview 

Students investigate the bodyõs ability to maintain homeostasis with regard to body temperature by 

testing the body's response to a cold stimulus. They use multiple temperature probes to 

simultaneously m easure the surface temperature of the skin at two locations and relate the results 

to thermoregulation, which is controlled by the hypothalamus ñthe hypothalamus receives 

information from nerves which detect a stimulus in the external environment, interpret s 

information, and then responds by sending signals via efferent nerves to multiple organ systems. 

Students should find that in response to the cold stimulus, the body adjusts blood flow to maintain 

homeostasis, keeping the body's core temperature near 37 °C. 

Pacing and Length of the Lab 
 

Initial Investigation  Student-Designed Experiment 

Teacher Preparation  Time  15 min  Experiment Design  20 min  

Initial Investigation  25 min  Experiment  40 min  

  Data Analysis  20 min  

AP* Connections 

The concepts covered in this lab align to the òAP Biology Curriculum Framework .ó 
 

Essential Knowledge 3.D.2, 3.E.2, 4.A.4  

Science Practices 1.4, 2.2, 3.1, 4.1ð4.3, 5.1, 5.3, 6.1, 6.2, 6.4, 7.2 

Learning Objectives 3.33, 3.35, 3.43, 3.44, 3.45, 3.46, 3.47, 3.48, 3.49. 4.8 

Materials and Equipment 

For Each Student Station 

¶ Data collection  system ¶ Ice 

¶ PASCO Quad Temperature Sensor  ¶ Water  

¶ Fast -response temperature probes 1 (2)  ¶ Adhesive bandages or medical tape for securing  

¶ Large shallow bowl or pan 2  temperature  probes to the skin (2 pieces)   

(for submerging a hand in ice water)  ¶ Paper towel  

1Included with the PASCO Quad Temperature Sensor 
2Disposable foil pans work well for this activity. 

Additional equipment recommended for the student -designed experiment:  

¶ Non-latex disposab le gloves ¶ Physiology sensor(s) such as a hand -grip  

 heart rate sensor, EKG sensor, spirometer sensor,  

 and blood pressure sensor and cuff  

                                                 
*AP is a registered trademark of the College Board, which was not involved in the production of, and does not endorse, this product. 
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Prerequisites 

Students should be familiar with the following  concepts: 

¶ Basic nervous system structure and function, as well as the function of the cerebrum, brain stem, 

and cerebellum  

¶ Homeostasis is the  interplay between outside factors and interior regulator mechanisms  that  

keep biological systems stable within a very narrow range from  a set point.  

¶ Negative feedback loops as an example of a regulating mechanism  

¶ Thermoregulation strategies including ectothermy and endothermy  

Safety 

Follow these important safety precautions in addition to your regular classroom procedures:  

¶ Wear safety goggles at all times  

¶ If y ou experience severe discomfort during the immersion, remove your hand from the ice bath. 

Immersion of the hand in ice water will cause discomfort, however, most students can tolerate 

the cold water for 60 seconds without issue.  

¶ Do not submerge your hand i n ice water for more than 60 seconds. The risk of frostbite is 

minimal, but prolonged numbness in the hand could occur if you leave your  hand in the ice bath 

for too long.   

¶ If you design an experiment requiring the use of gloves, use non -latex gloves to eliminate any 

risk posed from allergies to latex gloves.  

Lab Preparation 

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

1. Shallow pans or bowls for ice baths  

Disposable pans, such as foil cake pans or casserole pans, work well. A wider (shallower) 

container is preferred over a narrow, deep container.  

2. Ice for ice baths  

The day of the lab activity, obtain enough ice for the number of ice baths your class  will need. 

Keep the ice in a cooler to prevent it from melting.  

Teacher Tips 

Tip 1 ï Variability in data 

When working with human subjects, the data is rarely as òcleanó as when working with enzymes, 

germinating seeds, or other biological samples. Expect r esults to vary among students and groups; 

however, all students and groups should see temperature changes that relate to a response to the ice 

water stimulus. Variability in data can lead to rich classroom discussions that focus students on 

graph analysis and using evidence to support their claims.  

For student -designed experiments, encourage students to use a òlargeó sample size of test subjects 

and to acquire data from multiple trials that can be averaged.  
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Tip 2 ï Using additional sensors in student-designed experiments 

Because the hypothalamus regulates not only body temperature but heart rate, blood pressure, and 

other physiological parameters, students may expand this lab activity to include the use of 

physiology sensors. Refer to the sensor manuals fo r additional information about each one.  

The Initial Investigation is similar to a common physiological test called the cold pressor test. While 

the cold pressor test specifically measures blood pressure and heart rate, which are factors not 

measured in t he Initial Investigation of this lab, measurement of these factors can be encouraged in 

the student -designed experiments. To learn more about the cold pressor test and to read 

recommendations for incorporating the test into a classroom activity, refer to t he following article: 

http://advan.physiology.org/content/37/1/93/ .9 

                                                 
9 Silverthorn, D.U.; Michael, J. Cold stress and the cold pressor test. Advances in Physiology Education. 37(2013): 93ï96. DOI: 
10.1152/advan.00002.2013 

http://advan.physiology.org/content/37/1/93/
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Initial Investigation 

The Initial Investigation is designed to familiarize students with the equipment and techniques 

necessary to design their own experiment. If students are comfortable with probeware, and have a 

strong understanding of the concepts, this section may be removed, placing more responsibility on 

the students for developing an experiment.  

From the student handout: 

1. Put on your safety goggles.  

2. Connect the Quad Temperature Sensor to your data collection system, and connect two 

fast -response temperature probes to ports 1 and 2 on the sensor.  

3. Fill a shallow bowl or pan with water to a depth of approximately 3 cm. Add ice to the water and 

monitor the temperature of the ice -water bath. The temperature should be between 4 °C and  

8 °C for data collection; add or remove ice as needed. Remove the temperature probe from the ice 

bath.  

4. Determine which person in your gr oup 

will be the test subject. Prepare the test 

subject for data collection:  

a. Using a small adhesive bandage or 

piece of medical tape, attach  the 

temperature probe from port 1 to the 

pointer finger of the right hand, as 

pictured.  

b. Secure the 2nd temperature sensor to 

the pointer finger on the  left  hand.  

c. Have the test subject sit comfortably in a chair and relax with both hands resting on the 

surface of the table or lab bench.  

5. Build graph displays for each temperature sensor.  

6. Begin recor ding data. After thirty seconds, end data collection. Record the average skin 

temperature of each hand.  

For the sample data, the average temperature for the left hand was 30.5 °C and the average temperature for the right hand 

was 31.5 °C. 

 7. What is the co re body temperature typically reported as in degrees Fahrenheit? What is this 

temperature in degrees Celsius?  

Core body temperature is generally 98.6 °F, which is 37 °C. 

 8. Is the skin temperature of the hand the same as the body's core temperature? If not , explain why 

not.  

The skin surface temperature of the hand is only 30ï32 °C, quite a bit lower than the 37 °C that is the body's core 

temperature. As blood flows through the extremities, such as the arms, heat is lost to the environment so the surface 

temperature of the hand is less than the body's core temperature. 
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9. Follow the steps below to test how the body responds to the stimulus of a hand being placed in 

ice water.  

a. The test subject should sit relaxed with both hands resting on the table surface.  Begin 

recording data.  

b. After approximately 10 ð20 seconds, 

instruct the test subject to place 

their right hand in the ice bath. The 

hand should be submerged up to the 

first knuckle of each digit, and the 

palm should be flat on the surface of 

the water. Leave the left hand 

relaxed on the table.  

NOTE: The temperature probe 

should NOT be submerged in the ice 

bath.  

c. Keep the right hand immersed in 

the ice bath for 60 seconds.  

NOTE: It is expected that the test subject will experience discomfort. However, if the cold 

becomes too painful, the subject may withdraw their hand and continue with the next step.  

d. After 60 seconds, remove the right hand from the ice water. G ently and quickly blot the hand 

dry, taking care not  to disturb the temp erature  probe, and then place the hand on the surface 

of the table.  

e. Continue data collection for five or more minutes ñthe recovery period ñafter removing the 

hand from the ice water.  
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10. Draw or print a record of the temperature data. Analyze the data for temperatu re changes that 

occurred during the time of ice water immersion (from approximately 20 seconds to 80  seconds) 

and during the five or more minutes following immersion (the recovery period).  

 

 

 11. Did the temperature of the left hand (the control) change w hen the opposite hand was in ice 

water? If yes, describe the change that occurred. What purpose does the left hand serve in this 

experiment?  

According to the sample data the left hand was initially 31.50 °C. During the time of ice water immersion, the temperature of 

the control hand increased slightly to 31.84 °C. 

The left hand serves as a reference, or control, in this experiment. This hand does not receive the stimulus and temperature 

changes to the left hand can be compared to the temperature changes of the hand receiving stimulus to analyze how the 

body responds directly to the stimulus and how it responds in body parts away from the stimulus. 
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 12. Did the temperature of the right (experimental) hand change when it was submerged in ice 

water? If yes, describe the change that occurred.  

The temperature of the right hand changed less than 1 degree C while it was submerged. The right hand temperature was 

initially 30.67 °C prior to contact with the ice water. During the ice water immersion period, the temperature of the hand 

actually warmed slightly to 31.30 °C. 

 13. Describe any trends in the temperature data collected during the recovery period . 

Right hand: After removing the hand from ice water there was a decrease in temperature of approximately 0.5 °C, followed 

by a small increase in temperature. At about 2 minutes, less than one minute into the recovery period, the temperature of 

the right hand began to decrease significantly. Over the next three minutes the temperature decreased from 30.94 °C to 

26.84 °C. Approximately 4.5 minutes after removing the hand from ice water, the temperature of the hand began to 

increase, rising to 28.2 °C after the hand had been back in room temperature conditions for 6 minutes.  

Left hand: The reference hand also changed in temperature during the recovery period. In the minute following removal of 

the right hand from ice water, the left hand temperature increased slightly then decreased slightly, before starting an upward 

trend starting at 2.7 minutes (a little more than a minute after removing the right hand from the stimulus). The temperature of 

the left hand increased to 33.66 °C, more than 2 °C warmer than its initial temperature. 

 14. In response to a hot or cold stimulus that threatens homeostasis, the body can alter blood f low by 

dilating or constricting certain blood vessels ( vasodilation  and vasoconstriction ), notably blood 

vessels that supply blood to the skin. Is there any evidence from this investigation that the 

ice water immersion caused vasodilation or vasoconstricti on in the right hand? Use evidence to 

support your claim.  

Heat in the body's extremities, such as the hands, comes from blood flowing from the body's core. When blood flow 

increases, the temperature in the extremities increases. Since the temperature of the immersed hand increased when it was 

in ice water, the cold stimulus (the initial ñplungeò) likely caused vasodilation in the hand's blood vessels. However, the 

prolonged exposure to cold resulted in decreased blood flow to the area (vasoconstriction), decreasing the temperature of 

the affected hand significantly. So even when the stimulus was removed, the right hand's temperature continued to 

decrease due to limited blood flow through the hand.  

By constricting blood vessels in the hand, more blood is shunted back to the core and the temperature of the blood is 

increased. Several minutes into the recovery period there was vasodilation in the hand, widening the vessels to allow warm 

blood to flow into the affected hand, increasing its temperature. The increase in temperature in the left hand (the control) 

may have been a result of vasodilation or it may be evidence of the increase in temperature of the blood resulting from 

vasoconstriction in the opposite hand. 
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Design and Conduct an Experiment  

In addition t o temperature, other parameters are carefully regulated within the body, such as blood 

pressure and heart rate. The hypothalamus plays an important role in maintaining homeostasis for 

all of these parameters.  

For this extension, students can consider test ing additional variables related to thermoregulation or 

they can plan and carry out an experiment to investigate homeostasis with regard to other 

physiological parameters.  

 

Students can design their experiment using either the Design and Conduct an 

Experi ment Worksheet or the Experiment Design Plan.  

 

NOTE: A key for the Design and Conduct an Experiment Worksheet follows  the synthesis questions. 

The key describes a sample inquiry question and experimental protocol for which there are sample 

answers in the Data Analysis section.  

Suggested Inquiry Questions 

The Design and Conduct the Experiment section, along with studentsõ background knowledge, guide 

students to generate a testable question. If they are not ready to create their own testable questions, 

students can use one of the following.  

NOTE: Questions ending with an asterisk (*) have sample data shown at the end of the lab.  

¶ Is a person's heart rat e (or blood pressure) dependent on body position?*  

¶ Do warm environments stimulate vasodilation?  

¶ Does the temperature of a location away from the stimulus and near the core, such as the neck or 

armpit, change when a hand is immersed in ice water?  

¶ Does vasoconstriction occur in all fingers simultaneously if only one or two fingers are placed in 

an ice water bath?* Does vasoconstriction occur in  the feet?*  

¶ How does an insulating layer affect the results ñin other words, are the results different if the 

procedur e of the Initial Investigation is repeated with a person wearing a non -latex glove on the 

immersed hand?  

¶ Does a person's breathing rate change when their hand is placed in ice water?*  

¶ Does the ice water stimulus affect a person's heart rate?*  

¶ Does body temperature change during aerobic exercise?  

¶ What is the effect of aerobic exercise on heart rate? How long is the recovery period before the 

heart rate returns to the at -rest value? Do the results change if the person lies down, sits, or 

stands while resting?  
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Design and Conduct an Experiment: Data Analysis 

The answers in this section are sample answers that apply to the suggested inquiry question: òIs a 

person's heart rate dependent on body position?ó Results of this experiment are shown in the Sample 

Data section.  

As part of their experiment design, students should explain how they will analyze their results. 

Many analysis tools can be found in PASCOõs data logging software. For some activities, students 

may want to export their data to other software, such as  Microsoft Excel or the Google DocsÊ 

program. Instructions for using analysis tools and exporting data can be found in the software help 

and user guide.  

1. From your observations and your data:  

a. Describe how the independent variable you manipulated affec ted the dependent variable of 

your experiment . Does the data support your hypothesis? Justify your claim with e vidence 

from your experiment.  

The hypothesis that body position affects heart rate (HR) is supported by the data. The average HR in the supine 

position was 72 bpm (beats per minute) and the average HR in the standing position was 89 bpm. When the means are 

graphed with errors bars indicating a range of ±2 SEM (standard error of the mean), the HR range for the supine 

position does not overlap the range for the standing position. When this is the case, it is a strong indicator that the 

difference in data for these conditions is significant. 

b.  Based on the evidence you collected, explain why the results occurred.  

When students lie down, more blood flows into the carotid arteries, therefore blood pressure increases and 

baroreceptors located in the carotid sinuses sense this increase in pressure. These baroreceptors send signals to the 

brain, which responds by increasing vasodilation in the arteries and veins, which lowers blood pressure. When students 

stand up, blood pressure drops suddenly and the baroreceptors send signals to the brain that result in increasing heart 

rate and vasoconstriction.  

2. Is there any evidence in your data or from your observ ations that experimental error or other 

uncontrolled variables affected your results? If yes, is the data reliable enough to determine if  

your hypothesis was supported?  

There is no evidence in the data that experimental error or other uncontrolled variables affected the results. The data is 

reliable. 

3. Identify any new questions that have arisen as a result of your research.  

Answers will vary based on the student's knowledge, experience, and results. 

Synthesis Questions 

1.  If someone is exposed to cold weather for extended periods of time, where are they most likely to 

get frostbite? Use the results of the Initial Investigation to support your answer.  

A person is most likely to get frostbite on their extremities, specifically the nose, the tips of the fingers, and toes. During 

exposure to cold weather, the hypothalamus shunts blood back to the body core to conserve warmth. This allows the 

person to survive but may lead to frostbite because the fingers, toes, and nose do not receive oxygen and nutrients. This 

leads to necrosis of these tissues. 

The sharp decrease in temperature of the right hand following the exposure to ice water indicates blood flow to this hand 

was limited and the body was not able to replace the heat the hand was losing to the environment. If the exposure time was 

increased, tissue damage (or frostbite) to the right hand may have occurred if the lack of blood flow to the area was 

prolonged. 
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2. Below is a diagram of thermoregulation in the human body. The body detects a change from 

normal  body temperature and responds to maintain homeostasis. Copy and complete the 

diagram by identifying A, B, C, and D. In other words, what responses can help bring body 

temperature back to normal?  

  

3. The nervous system plays a critical role in maintainin g homeostasis for an organism. The system 

detects external stimuli, transmits and integrates information about the stimuli, and produces 

one or more responses.  

a. Describe the basic structure of the neurons that compose the nervous system and explain how 

neurons detect stimuli and transmit information to various parts of the body.  

 

Neurons are cells with four main parts: dendrites, cell body, axon, and axon terminals. These cells are extremely long 

relative to other cells and they are very thin. This thinness creates a very large surface-area-to-volume ratio, making the 

diffusion of ions into and out of the cell rapid and giving the cell the ability to conduct an electrical impulse (action 

potential) across long distances.  

Sensory neurons are associated with receptors, such as thermoreceptors in the skin. The dendrites of the neurons 

detect the stimulus and conduct impulses back to the brain where the information can be processed. The nerve 

impulses are initiated in the dendrites and propagate across the cell body and along a single axon. The impulse is 

propagated by changes in the polarity of the membrane.  

At rest, a neuron's interior is negatively charged relative to the extracellular fluid. A neuron spends a lot of energy in its 

ñat restò stage to build up a gradient of positively charged sodium ions outside of the cell (the Na
+
/K

+
 pump requires 

ATP and is an example of active transport). A stimulus causes ion channels in the neuron's cell membrane to open, 

which in turn causes the sodium ions to rush into the cell and reverse the polarity.  
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Axons have numerous branches at their terminus (axon terminals). Each one is in close proximity to a neighboring 

neuron, or to a muscle or gland cell. From an axon terminal, the impulse is transmitted chemically by neurotransmitters 

that diffuse across a tiny gap called a synapse. If the signal is strong enough, the post-synaptic neuron will continue 

transmitting the impulse, or the muscle will contract, or the gland will respond. Neurons in the brain can activate motor 

neurons that transmit impulses from the central nervous system to the regions of the body that will carry out the 

response to the stimulus. For example, a motor neuron may cause smooth muscles around an artery to contract, 

causing vasoconstriction. 

b. Draw a diagram to illustrate the connection between the following structures during the 

body's response to a cold stimulus: hypothalamus, efferent and afferent nerves, smooth 

muscles that surround arteries, and thermoreceptors.  

 

c. Vasoconstr iction occurs when the smooth muscles surrounding arteries contract. How do 

nerves cause muscle contraction?  

Axon terminals release chemical messengers called neurotransmitters. The neurotransmitter acetylcholine binds to 

receptors on muscle cells and initiates changes, such as an increase in calcium ion concentration, that lead to muscle 

contraction.  
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4. Vertebrates have evolved a variety of strategies to deal with thermoregu lation: the ability to 

maintain homeostasis with regard to body temperature.  

a. Ectothermy and endothermy are two different approaches to thermoregulation. Define each 

approach and describe the benefits and costs associated with each one.  

Different approa ches to thermoregulation  

Thermoregulatory 
Strategy 

Benefits Costs 

Endothermy:  
Body temperature is 
controlled independently by 
the animal 

¶ Virtually unlimited geographic 

distribution 

¶ Decreased restriction on activity 

level  

¶ Physiological processes can 

continue despite changes in external 

temperature 

Increased metabolic costs, therefore: 

¶ Decreased size for many endotherms 

(for example, birds and small mammals)  

¶ Decreased reproductive output 

Ectothermy:  
Body temperature is 
controlled by the 
temperature of the 
environment 

¶ Less energy spent on internal 

thermoregulation 

¶ Increased reproductive output  

¶ Surviving individuals can continually 

increase in size throughout life (for 

example, fishes, turtles, and 

crustaceans)  

¶ Limited geographic distribution  

¶ Limited activity levels when external temperatures 

are hot or cold, often associated with decreased 

aerobic capacity 

b. Mammals are endotherms and have evolved a wide variety of adaptations to deal with the 

different challenges to thermoregulation in the world's biomes. Identify three biomes with 

distinctly different climates. For each biome, name a mammal that lives there and list at least 

two adaptations each mammal has that relate to thermoregulation.  

Adaptations to different biomes  

Biome Mammal Thermoregulatory Adaptation 

Alpine Marmot Thick fur, hibernation 

Desert Black-tailed jackrabbit Long limbs and large ears, mostly nocturnal 

Temperate grassland Bison Thick fur surrounding head, neck, and vital organs, but 
no fur or less hair on pelvic girdle and posterior limbs. 

They shed fur during summer and re-grow a thick coat 
during winter. 

Large body size 

c. Smaller mammals have higher basal metabolic rates (BMR) than larger mammals. Explain 

the relationship between body size , BMR, and thermoregulation.  

Smaller mammals have a much higher surface area relative to their volume and therefore lose heat to their environment 

at a greater rate than larger mammals. Also, smaller mammals have less body mass and therefore generate less heat 

through metabolism compared to larger mammals, so for a small mammal to maintain a warm body temperature, the 

small mammal must have a high metabolic rate to generate the heat needed for thermoregulation. 
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Design and Conduct an Experiment Key 

In addition to temperature, other parameters are carefully regulated within the body, such as blood 

pressure and heart rate. The hypothalamus plays an important role in maintaining homeostasis for 

all of these parameters. Consider additional variables to test  related to thermoregulation, or plan 

and carry out an experiment to investigate homeostasis with regards to other physiological 

parameters.  

 

 

Develop and conduct your experiment using the following guide.  

 

1. Based on your kno wledge of homeostasis, what environmental factors (abiotic or biotic) could 

affect homeostasis in the human body ? 

Factors that could affect homeostasis include: ambient temperature or humidity of the environment, food and liquid intake 

(changes in hydration or blood sugar level), body position, stress, and exercise. 

 

2. Create a driving question: choose one of the factors you've identified that can be controlled in the 

lab and develop a testable questi on for your experiment.  

Is a person's heart rate dependent on body position? 

 

3. What is the justification for your question? That is, why is it biologically significant, relevant, or 

interesting?  

Heart rate (HR) is the dependent variable in a number of studies. If body position affects HR, then investigators should be 

sure to take HR measurements the same way for each participant and each condition when they design experiments with 

HR as a dependent variable.  

 

4. What will be the independent variable of the experiment? Describe how this variable will be 

manipulated in your experiment.  

The independent variable of the experiment is body position. Average resting heart rate will be determined for each person 

in a supine (lying face upward) position and in a standing position. 

 

5. What is the dependent variable of the experiment? Describe how the data will be collected and 

processed in the experiment.  

The dependent variable of the experiment is heart rate (beats per minute, bpm). A hand-grip heart rate sensor will be used 

to collect data for 30 seconds while the person is lying down and then while standing up. The data collection system's 

analysis tools will be used to determine the average heart rate for each body position for each participant.  

 

6. Write a testable hypothesis (Iféthené). 

If body position affects heart rate, then a person's resting heart rate measured in the supine position will differ significantly 

from their resting heart rate measured when they are standing. 
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7. What conditions will need t o be held constant in the experiment? Quantify these values where 

possible. 

All participants will be teens, aged 16ï18 years old. Participants will be healthy with no known physiological problems. The 

same heart rate sensor will be used for all trials. Participants will first relax in the supine position for 2 minutes before heart 

rate is measured. After the heart rate is measured for the supine position, participants will stand up and their heart rate will 

be measured five seconds after standing. 

8. How many trials will be run for each experimental group? Justify your choice.  

The experimental group will consist of 10 teens. Two trials will be performed for each participant. The number of participants 

is a large enough sample size to account for variation in a population, and two trials will illuminate if there is variation in data 

for any one individual when conditions are held constant. 

9. What will you compare or calculate? What analysis will you per form to evaluate your results and 

hypothesis? 

The two trials for each person will be averaged. For example, the two supine resting HR measurements for participant 1 will 

be averaged. Then the 10 supine resting HR averages will be used to acquire the value of the average supine HR for the 

ñpopulation.ò Similarly, the average standing HR will be acquired by averaging the standing HR average of each of the 

10 participants. The results will be graphed with error bars indicating ±2 SEM to determine if any difference in HR is 

significant. 

10. Describe at least 3 potential sources of error that could affect the accuracy or reliability of data.  

Both genders will be represented in the experimental group; there may be differences in the average resting heart rates of 

males and females.  

Some participants may have a difficult time relaxing and the stress of being a test subject may affect their HR 

measurements.  

The physical effort of standing up may affect each participantôs heart rate differently, even though measurements wonôt 

begin until five seconds after they stand.  

11. Use the space below to create an outline of the experiment . In your lab notebook, write the steps 

for the procedure of the lab.  (Another student or group should be able to repeat the procedure 

and obtain similar results .)  

Enlist 10 other students in class to participate in the investigation. For each participant, collect data in the following way: 

1. Have the participant lie on a table surface or lab bench and relax. Have the participant hold the hand-grip heart rate 

handles and wait for the system to show that heart rate is being acquired and beats per minute are being detected by 

the sensor. 

2. After 2 minutes of relaxation, begin recording data. After 30 seconds, end data collection. 

3. Have the person stand up and after standing 5 seconds, collect heart rate data for 30 seconds. 

4. Repeat the data collection for the supine and standing positions for the same person a second time. 

 

 

 

 

12. Have your teacher approve your answers to these questions and your plan before beginning the 

experiment . 
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Sample Data 

 

The results shown above are from an inquir y that compares the resting heart rate of subjects, 4 males and 

7 females between the ages of 16 and 18 , in different body positions. Subjects lay in the supine pos ition for 

120 seconds prior t o obtaining resting heart rate, recorded for 30 seconds. Then  the subject stood up , wait ed 

5 seconds, and the heart rate  was recorded for 30 seconds. Error bars indicate ±2 SEM (standard error of the 

mean). 

 

Determining if the temperature of all fingers is affected when only two are in ice water  

Finger Average Temperature Prior 
to Incubation 

(°C) 

Temperature Change during 
Incubation 

(°C) 

Temperature Change 
following Incubation 

(°C) 

Forefinger 1 24.0 ð2.3 1.0 

Middle f inger  26.1 ð0.1 0.6 

Ring finger  26.1 0.0 0.1 

Little finger  25.6 ð0.1 0.2 

1Of the two fingers immersed in the ice water bath (the thumb and forefinger), only the temperature of the forefinger was measured. 

The results shown above are from an inquiry investigating the temperature change of four fingers of one hand 

when only the forefinger and thumb were immersed in ice water.  

 

Temperature response of feet when one is submerged in ice water  

Interval 

Control Foot Experimental Foot 

Initial 
Temperature 

(°C) 

Final 
Temperature 

(°C) 

Temperature 
Change  

(°C) 

Initial 
Temperature 

(°C) 

Final 
Temperature 

(°C) 

Temperature 
Change  

(°C) 

Pre-incubation  

(0ð60 seconds) 
26.75 27.09 0.34 27.25 27.56 0.31 

Submersion in ice 

(61ð120 seconds) 
27.08 26.68 ð0.4 27.54 25.58 ð1.92 

Recovery   

(121ð240 seconds) 
26.59 27.04 0.45 26.51 26.71 0.2 

The results shown above are from an inquir y similar to the Initial Investigation but recording the response 

times for feet, instead of hands, subjected to partial immersion in ice water.  
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Heart rate and lung volume response to a hand immersed in ice water  

Conditions Average Heart Rate  
(bpm) 

Lung Volume  
(L) 

Before immersion  64.5 0.53 

During immersion  69.0 0.46 

The results shown above  are from an inquiry measuring the heart rate, using an EKG sensor, and lung volume, 

using a spirometer sensor, before immersing a hand in ice water and then while the hand was immersed in ice 

water.  
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7. CELLULAR RESPIRATION 

Lab Overview 

Students investigate the rate of cellular respiration of germinating seeds using a carbon dioxide gas 

sensor to measure one of the products of this process.  

6 12 6 2 2 2C H O 6O 6H O 6CO Energy (36 ATP)+ ­ + +  

Students design and conduct an experiment to investigate a factor that can affect the cellular 

respiration of germinating seeds or to measure respiration in other organisms, such as crickets. 

Investigations that vary the species, germination time, pH, temperature, and salinity work well.  

Pacing and Length of the Lab 
 

Initial Investigation  Student-Designed Experiment 

Teacher Preparation  Time  20 min  Experiment Design  20 min  

Initial Investigation  20 min  Experiment  60 min  

  Data  Analysis  20 min  

AP* Connections 

The concepts covered in this lab align to the òAP Biology Curriculum Framework .ó 
 

Essential Knowledge 1.B.1, 2.A.1, 2.A.2, 2.B.3, 4.A.2, 4.A.6  

Science Practices 1.4, 2.2, 3.1, 6.1, 7.2 

Learning Objectives 1.14, 1.15, 2.1, 2.2, 2.4, 2.13, 4.5, 4.14 

Materials and Equipment 

For Each Student Station 

¶ Data collection system  ¶ Balance, readability: 0.01 g  

¶ Carbon dioxide gas sensor  ¶ Paper towel  

¶ Sensor extension cable1 ¶ Germinating pinto beans (50) 2 

¶ Sample bottle, 250 mL 1  

1Included with the carbon dioxide sensor 
2Refer to the instructions in the Lab Preparation section for material preparation. 

Additional equipment recommended for the student -designed experiment:  

¶ Fast -response temperature sensor  ¶ Additional germina ting pinto beans  

¶ Oxygen gas sensor ¶ Germinating and dormant seeds of other species,  

¶ Solutions of different pH or salinity levels  or small animals  

                                                 
*AP is a registered trademark of the College Board, which was not involved in the production of, and does not endorse, this product. 
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Prerequisites 

Students should be familiar with the following  concepts: 

¶ Mitochondria structure and the role of mitochondria in aerobic (cellular) respiration  

¶ The overall process (reactants and products) of cellular respiration and an introductory 

understanding of the aerobic respiration pathways (glycolysis, Krebs cycle, and oxidative 

phosphorylation)  

¶ The diffus ion of oxygen and carbon dioxide across cell membranes  

¶ The role of enzymes in biochemical pathways , and variables that can affect enzyme -catalyzed 

reactions  

Safety 

Follow these important safety precautions in addition to your regular classroom procedures:  

¶ Wear safety goggles at all times.  

¶ Handle living organisms with care.  

Lab Preparation 

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

1. Germinating seeds  

The Initial Investigation uses pinto beans ( Phaseolus vulgaris ), available at most supermarkets  

and through science suppliers . Prior to  using them in the lab, germinate the seeds for 24 hours 

by placing them in a tray on a wet paper towel. The percentage of viable seeds can vary widely 

from source to source. If the via bility is not stated, germinate 50 ð100 seeds and make sure at 

least 70% are viable to improve students' results.  

2. Recommended small animals  

For the student -designed experiment, students may choose to study respiration in animals 

instead of seeds. Cricke ts, mealworms, earthworms, cockroaches, and other animals that fit 

easily into the sample bottle can be used and are available at many pet stores. Rough handling 

and carbon dioxide levels above 50,000 ppm are stressful to most animals and should be 

prohibi ted. 

Teacher Tips 

Tip 1 ï Using the carbon dioxide gas sensor 

Review the sensor manual before using the sensor and be sure to calibrate it before starting the lab.  

Be sure students empty the sample bottle between runs. If they do not, the organisms will c ontinue 

to produce carbon dioxide in the bottle, changing the initial value for each run.  

The sensor can be affected by changes in temperature and ambient infrared radiation from 

incandescent lighting. For best results, use the sensor in a stable environm ent.  
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Tip 2 ï Using the oxygen gas sensor 

NOTE: The carbon dioxide sensor typically provides better data from small -scale studies with seeds. 

The oxygen sensor can be used in these studies, but PASCO trials showed that longer time periods are 

needed (15 minutes or more) for significant data. The oxygen sensor is more appropriate for 

investigations that involve organisms with higher metabolic rates and can be used in 

student -designed experiments. 

Review the sensor manual before using the sensor and be sure t o calibrate it before starting the lab. 

The sensor reports oxygen concentration in parts per million (ppm) or in percent (a 1% concentration 

equals 10,000 ppm). It may be beneficial to review parts per million with students before starting the 

lab.  

Althoug h the sensor reports oxygen concentration to a high resolution, its accuracy is ±1%, or 

10,000 ppm. If students are measuring very small changes in oxygen concentration over a short 

period of time, they may see no change, or even a trend in the wrong direc tion. Often the change is 

insignificant despite the appearance of a trend on the data collection system. Students can try 

switching to a carbon dioxide gas sensor, measuring for a longer period of time, or increasing the size 

or number of organisms they ar e sampling to create a more observable change.  
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Initial Investigation 

The Initial Investigation is designed to familiarize students with the equipment and techniques 

necessary to design their own experiment. If students are comfortable with probeware, and h ave a 

strong understanding of the concepts, this section may be removed, placing more responsibility on 

the students for developing an experiment.  

From the student handout: 

1. Put on your safety goggles.   

2. Connect and calibrate the carbon dioxide gas sensor.  

3. Create a display  of the sensor 

measurement in ppm versus time in 

minutes, and adjust the sample rate 

to one sample every 15 seconds. 

4. Select 50 germinating seeds. Dry the 

seeds with a paper towel and record 

their mass.  

5. Place the seeds in the  sample bottle with the sensor and lay it horizontally on your table as 

shown. 

6. Wait for 1 minute and  then start data collection; record data for 5 minutes.  

 7. The cells within germinating seeds carry out cellular respiration to acquire adenosine 

triphosphate (ATP).  

a. Identify the organelle in which cellular respiration occurs in eukaryotic cells and describe the 

structure of this organelle.  

Cellular respiration occurs within mitochondria. These organelles are bean-shaped and have two membranes. The inner 

membrane is repeatedly folded (cristae). The innermost compartment of the organelle is called the matrix. 

b. Summarize how ATP is produced within this organell e and describe the importance of ATP 

for the germinating seeds.   

ATP is produced within mitochondria primarily through oxidative phosphorylation. The Krebs cycle produces a small 

amount of ATP, but the majority is produced through the activity of the electron transport chains embedded in the inner 

membrane of the mitochondria. The energy of electrons from NADH and FADH2 generated in earlier respiration 

pathways is used to build a gradient of hydrogen ions (H
+
) in the intermembrane space. The diffusion of these hydrogen 

ions back into the matrix, through channels formed by ATP synthase, provides energy to generate ATP from ADP and 

inorganic phosphate. Oxygen is the final electron acceptor of the chain and keeps the process going. 

Germinating seeds are undergoing rapid growth and development as they change into seedlings. ATP provides the 

energy for cell activities, including cell division and DNA replication. 

c. Explain why carbon dioxide is produced during the process of cell respiration.  

Carbon dioxide is produced by the breakdown of carbohydrates, lipids, and proteins for the production of ATP. It is a 

byproduct of the reaction. 
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8. After 5 minutes, compare your data for germinating seeds to the data for dormant  (dry,  

non-germinating) seeds in Table 1 .  

NOTE: To make the comparison, y ou will first need to normalize  the data by finding the 

respiration rate per gram .  

Table 1: Dormant seed respiration data  

Condition 
Seed 

Quantity 
Seed Mass  

(g) 

Seed Respiration 
Rate   

(ppm CO2/min) 

Normalized 
Respiration Rate 
[(ppm CO2/min)/g] 

Dormant  50  19.01  22.8  1.20 

Germinating (24 hr)  50  28.44  118  4.15 

*  Dormant seed respiration data was collected using Phaseolus vulgaris  in a 250 -ml sample bottle over 

6 hours. The rate was determined from a linear regression of the data. Given the difficulty of measuri ng the 

low rate of respiration in dormant seeds , a research grade respirometer was used.  

Studentsô results may differ slightly but the germinating seeds should respire at a significantly higher rate than 

non-germinating seeds. In testing, germinating seeds respired at two to fifty times the rate of non-germinating seeds. 
.   

  

Sample data from the initial investigation of dormant seeds and germinating seeds after 24  hours  

 9. How do you explain the difference in the rate of respiration  between germinating seeds and 

dormant seeds? 

Dormant seeds are not growing and need very little ATP to sustain the low level of activity within the cells, so they have a 

very low respiration rate. The growth and development taking place in germinating seeds requires a large amount of ATP. 

Therefore, germinating seeds carry out cellular respiration at a much higher rate and produce more carbon dioxide per 

minute per gram than dormant seeds. 

 10. What other ways could the data be normalized to enable us to make some comparisons across 

trial groups? What are the limitations and assumptions of each approach?  

The data could be normalized using the number of seeds or the volume instead of mass. However, if the seeds being 

compared have different shapes, volume may not be appropriate. For example, a lima bean has a lower SA:V ratio than a 

kidney bean, facilitating greater gas exchange. Using the number of seeds has a similar limitation, as the seed size can vary 

dramatically, even within a species. 

 11. If a similar experimental protocol was repeated after the seed had sprouted and matured into a 

seedling with several leaves, how would you expect the resul ts to change? 

Once the plant has leaves, it would start to conduct photosynthesis in the light. This would decrease observable respiration 

since CO2 would be consumed in the photosynthetic processes even as it was being produced through cell respiration. 
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Design and Conduct an Experiment  

Based on the data, analysis, and discussion of the Initial Investigation, students should be able to 

identify factors that might change the rate of respiration in seeds or develop a related question using 

another model organism.  

 

Students can design thei r experiment using either the Design and Conduct an 

Experiment Worksheet or the Experiment Design Plan.  

 

NOTE: A key for the Design and Conduct an Experiment Work follows the synthesis questions. The  

key describes a sample inquiry question and experiment al protocol for which there are sample 

answers in the Data Analysis section.  

Suggested Inquiry Questions 

The Design and Conduct the Experiment section, along with studentsõ background knowledge, guide 

students to generate a testable question. If they are n ot ready to create their own testable questions, 

students can use one of the following.  

NOTE: Questions ending with an asterisk (*) have sample data shown at the end of the lab.  

¶ Does the respiration rate change as germination proceeds?*  

¶ Does the temperatur e of germinating seeds affect the rate of respiration?*  

¶ Do different varieties or species of seeds respire at different rates?*  

¶ Do different animals respire at different rates when at rest?  

¶ Do monocot and dicot seeds respire at different rates?  

Design and Conduct an Experiment: Data Analysis 

The answers in this section are sample answers that apply to the suggested inquiry question: òDoes the 

respiration rate change as germination proceeds?ó Results of this experiment are shown in the Sample 

Data section.  

As part of their experiment design, students should explain how they will analyze their results. 

Many analysis tools can be found in PASCOõs data logging software. For some activities, students 

may want to export their data to other software, such as Micro soft Excel or the Google DocsÊ 

program. Instructions for using analysis tools and exporting data can be found in the software help 

and user guide.  

1. From your observations and  your data :  

a. Describe how the independent variable you manipulated affected t he rate of respiration. Does 

the data support your hypothesis? Justify your claim with evidence from your experiment.  

The independent variable in this investigation was germination time. Thirty pinto beans germinated for the following 

intervals: 0, 3, 6, 12, 24, and 48 hours. The data indicates a direct relationship between the germination time and 

respiration rate. At each data collection interval, the rate increased between 30% and 70%, with increases becoming 

less dramatic as germination progressed. The data supports the hypothesis that as germination progresses, the plant 

will consume more energyðcells become metabolically active and additional cells are added through cell division during 

growth. 
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b. Explain why the results occurred.  

To initiate germination, the seeds were placed on a moist paper towel. As the seeds undergo imbibition, the enzymes 

hydrate and become active in the cells and the rate of respiration increases. Once the process is started, the cells will 

use energy stored in the endosperm to replicate. As the number of cells increases and the roots and stem begin to 

grow, the rate of respiration increases further.  

2. Is there any evidence in your data or from your observations that experimental error or other 

uncontrolled variables affected your results? If yes, is the data reliable enough to determine if 

your hypothesis was supported?  

There is no indication from the data that uncontrolled variables affected the results. The data is reliable enough to use and 

supports my hypothesis. 

3. Ident ify any new questions that have arisen as a result of your research.  

Answers will vary based on the student's knowledge, experience, and results. 

Synthesis Questions 

1. A yeast culture is placed into a flask attached to an apparatus that detects bubbles re leased by 

the solution. Twenty grams of glucose are added to the culture and the temperature is 

incrementally increased and monitored by a sensor. The results are shown below.  

Table 2: Counting bubbles to measure the effect of temperature on yeast respira tion  

Temperature °C 5 15 25 35 45 55 65 75 

Five Minute Bubble 
Count  

0 18 38 61 33 24 3 0 

 

 a. Draw a graph showing the effect of temperature change on the rate of respiration in yeast 

cells. 
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b. Using your knowledge of enzymes and the data provided, explain the results of the 

experiment.  

Cellular respiration is a series of enzyme-catalyzed reactions that transfer energy from sugars like glucose to adenosine 

triphosphate (ATP), a compound that makes the stored chemical energy accessible to cells. Enzymes are complex 

proteins that are folded chains of amino acids. The folded structure (the tertiary or quaternary level of protein structure) 

is determined by the amino acid sequence and interactions between the acids.  

These interactions are controlled by hydrogen bonding, R-group interactions, and hydrophobic and hydrophilic regions. 

Changes in temperature (and pH) can alter the bonding and change the shape of the enzyme, a process known as 

denaturing.  

In the data provided, activity steadily increased as the temperature increased to 35 °C; the increased kinetic energy of 

the molecules leads to more frequent enzymeïsubstrate collisions. As the temperature increased to 45 °C, enzyme 

activity declined. Above that temperature, enzyme structure was likely altered, rendering the metabolic enzymes unable 

to catalyze the reactions of respiration.  

2.  The breakdown of sugars to carbon dioxide and water during respiration releases energy. Much 

of this energy is captured by the cells to generate ATP through oxidative phosphorylation, but 

some energy is lost as heat .  

a. Describe a procedure to use temperature to measure metabolism in a human.  

Student answers will vary, but should include a way to measure the temperature of a closed system. Their design may 

include an insulated chamber or a water bath with a person immersed. If the starting temperature of the system is 

known and heat cannot escape, any increase in temperature can be attributed to metabolic processes.  

b. Explain how the laws of thermodynamics apply to c ellular respiration in this example.  

The laws of thermodynamics state that energy is conserved but that entropy can never decrease in a closed system. In 

the case of cellular respiration, as energy is transferred from glucose to ATP, some energy is lost as heat. Because heat 

energy is less useful, the entropy of the system has increased during the transformation. 

3. An experiment was carried out to compare the effect of temperature on respiration rate in 

crickets and in mice. The experiment showed that at c old temperatures the respiration rate in 

crickets decreased. However, in mice the respiration rate increased at colder temperatures. Do 

you think the results of the experiment are valid? Explain your position.  

The results of the experiment are valid. Crickets have no internal temperature control mechanism, while mice can regulate 

their body temperature. Organisms that can regulate their internal temperature (endotherms) tend to increase metabolic 

activity at colder temperatures; this increased metabolism generates heat which helps counteract the effect of a cold 

ambient temperature. Ectotherms, such as crickets, have decreased metabolism at colder temperatures. The cold slows 

down enzyme activity, and thus respiration. 



  7. CELLULAR RESPIRATION / TEACHER RESOURCES 

   PASCO / PS-2852 91 

4. Free energy G is an important aspect  of understanding how organisms obtain, use, and 

transform energy to maintain their complex levels of organization and grow and develop. 

Table 1 shows the change in free energy that accompanies two processes that take place in cells.  

Table 1: Free energy changes 

Reaction æG 

ADP + P i Ƃ ATP    7.3 kcal/mol  

Glucose Ƃ 2 Pyruvic acid  ð32.1 kcal/mol  

a. Which reaction is more energetically favorable? How do you know?  

The conversion of glucose to pyruvic acid is more favorable because its æG value is negative, meaning the reaction 

occurs spontaneously. 

b. In cells, a number of reactions are òcoupled.ó What purpose does coupling reactions serve?  

Cells carry out many reactions that require an input of energy (endergonic, anabolic reactions, having a positive æG). If 

one of these reactions is coupled with a reaction that has a sufficiently negative æG, the reaction with a positive æG 

acquires the energy needed for the reaction. For example, energy released in the conversion of glucose to pyruvic acid 

can be used to provide energy needed to make ATP from ADP and inorganic phosphate.  
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Design and Conduct an Experiment Key 

Cellular respiration is critical to utilizing stored energy for cells and organisms. It is a process that 

can be affected by a number of factors. Identify factors that might change the rate of respiration in 

seeds or develop a related question using another model organism.  

 

 

Develop and conduct your experiment using the following guide.  

 

1. For the reaction shown below, which reactants or products can you measure with the available 

equipment? Explain which sensor, procedure, or equipment can be used and what variable would 

be measured.  

6 12 6 2 2 2C H O 6O 6H O 6CO Energy(36 ATP)+ ­ + +
 

If an oxygen gas sensor is available, it can be used to measure the consumption of oxygen and the carbon dioxide gas 

sensor can measure carbon dioxide production. Both sensors can measure the rate of the reaction. The sugar, water, or 

energy cannot be measured directly using this equipment.  

2.  Based on your knowledge of cellular respiration and biological systems, what environmental 

factors (abiotic or biotic) could affect this process?  

Because bioenergetic reactions are governed by enzymes, the rate of reaction would depend on environmental factors such 

as pH and temperature. The reaction rate will also depend on the availability of oxygen and the biological demand, since 

many organisms and cells can regulate gas exchange.  

3.  Create a driving  question: choose one of the factors youõve identified that can be controlled in the 

lab and develop a testable  question for your experiment.  

How does the respiration rate change as germination proceeds? 

4. What is the justification for your question, tha t is, why is it biologically significant, relevant, or 

interesting?  

Seeds need to consume their internal energy stores to provide energy for growth until the plant sprouts and is able to 

conduct photosynthesis. The rate at which the seeds consume energy is important because if the stores are consumed 

before the leaves develop, it will die. 

5. What will be the independent variable of the experiment? Describe how this variable will be 

manipulated in your experiment.  

The independent variable is the length of time since germination began (at the point when seeds came in contact with 

water). 

6. What is the dependent variable of the experiment? Describe how the data will be collected and 

processed in the experiment.  

Carbon dioxide production is the dependent variable. A CO2 gas sensor will be used to measure the carbon dioxide 

production for 5 minutes at set intervals (12, 24, and 48 hour) after germination begins. This data can be used to calculate 

the normalized respiration rate, which can be compared to determine if the rate changes as germination proceeds. 

7. Write a testable hypothesis (Iféthené). 

Once germination is started, the cells will use energy stored in the endosperm to replicate. As the number of cells increases 

and the roots and stem begin to grow, the rate of respiration will further increase.  
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8. What conditions will need t o be held constant in the experiment? Quantify these values where  

possible. 

The sample bottle size must remain constant, since the sensor measures concentration, which depends on volume. The 

CO2 gas sensor must be properly calibrated before each trial and the temperature of the seeds should also be kept constant 

as they germinate. 

9. How many trials will be run for each experimental group? Justify your choice.  

Two trials for 2 groups of 20 beans each will be run at each interval. This should minimize the effect of variations within the 

seed population that could skew the results of the experiment. (More trials for each group of beans or using more groups of 

beans would minimize the effect of variations even more, but isnôt practical in the classroom.) 

10. What will you compare or calculate? What analysis will you perform to evaluate your results and 

hypothesis ?  

A normalized rate [(ppm/min)/g] will be calculated for each interval: The results will be averaged for the two trials of each 

group of beans and then averaged for the two groups. Then the normalized respiration rate at each interval will be 

compared to determine if the rate changes as germination proceeds, with error calculated based on the accuracy of the 

sensor.  

11. Describe at least 3 potential sources of error that could prevent you from gathe ring accurate and 

reliable data.  

The carbon dioxide gas sensor produces noisy data if moved during data collection; our setup will remain flat on the table 

and undisturbed during each run. Temperature can affect metabolic reaction rates so germinating seeds will be placed in an 

insulated container during germination to keep them at a constant temperature.  

Finally, even within a given seed sample there is variation in seed size which could affect the rate of gas exchange and 

therefore respiration. Using multiple seeds in each trial group and normalizing the data by finding the respiration rate per 

gram should mitigate the effect of this error. 

12. Use the space below to create an outline of the experiment . In your lab notebook, write the steps 

for the procedure of the lab.  (Another student or group should be able to repeat the procedure 

and obtain similar results .)  

1.  Divide 60 pinto bean seeds into three trial groups of 20 seeds each and obtain the mass of each group. 

2.  Place each group into a sample bottle and collect respiration data for five minutes using the CO2 sensor.  

3.  Return the seeds to a tray or large beaker lined with a moist paper towel. 

4.  Allow the seeds to germinate for 3 hours and then repeat steps 1 through 3.  

5.  Repeat the procedure at 6, 12, 24, and 48 hour intervals from the time the seeds started germination.  

6.  Find the average rate [(ppm/min)/g] for each trial group at each time interval and determine if the results support the 

hypothesis. 

 

 

13. Have your teacher approve your answers to these questions and your plan before beginning the 

experiment . 
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Sample Data 

 
 

The results shown above are from an inquiry measuring the respiration rate of pinto beans at 3, 6, 12, 24, and 

48 hrs. Data was averaged for each experimental group (which consisted of five groups of 20 beans each ). The 

final data was graphed on a scatter plot and a linear fit applied.  The temperature was maintained between  

24ð26 °C throughout the duration of the experiment.  

 

 
 

The results shown above are from an inquiry using pinto beans at different temperatures. Beans were soaked in 

a water bath for 15 minutes at one of the following temperatures: 4 °C, 15 °C, 25 °C, and 35 °C. The raw data 

was used to calculate the respiration rate in ppm/ min  and then normalized by dividing the rate by the mass of 

the seeds used. The final data was graphed on a scatter plot and a linear fit was applied.  
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This inquiry experiment compared the respiration rate of different species after germinating for a 24 hour s. 

Twenty seeds were used in each group and 5 runs of data were collected and then averaged for each set of seeds.  
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8. FERMENTATION 

Lab Overview 

Stud ents determine the ability of yeast to use different types of carbohydrates ñsucrose and starchñ

for fermentation. Yeast are facultative aerobes, carrying out both aerobic respiration and 

fermentation, depending on whether oxygen is readily available. When y east ferment sugar, they 

produce ethanol and carbon dioxide and obtain ATP from glycolysis.  

C6H 12O6 Ÿ 2CO2 + 2C2H 5OH 

Since carbon dioxide is a product of both aerobic respiration and fermentation, this lab makes use of 

an ethanol sensor to measure a product formed only during fermentation. (Both processes can occur 

simultaneously, so measuring carbon dioxide concentration is not a direct measurement of the rate of 

fermentation.)  

Pacing and Length of the Lab 
 

Initial Investigation  Student-Designed Experiment 

Teacher Preparation  Time  20 min  Experiment Design  15 min  

Initial Investigation  30 min  Experiment  45ð60 min  

  Data Analysis  15 min  

AP* Connections 

The concepts covered in this lab align to the òAP Biology Curriculum Framework .ó 
 

Essential Knowledge 2.A.1, 2.A.2, 2.D.1, 4.A.2 

Science Practices 2.2, 4.2ð4.3, 5.1, 5.3, 6.1ð6.2, 7.2 

Learning Objectives 2.1, 2.5, 2.8 

Materials and Equipment 

For Each Student Station 

¶ Data collection system  ¶ 1% Ethanol (for calibration) 2 

¶ Ethanol sensor  ¶ Yeast suspension, 40ð60 mL 3 

¶ Graduated cylinders (2), 50 -mL   ¶ 2% Sucrose solution , 30 mL 2 

¶ Sampling bottle 1 or glass flask (125 -mL or 250 -mL)  ¶ 2% Starch solution , approximately 150  mL 2 

¶ Plastic pipet  ¶ Iodine indicator (IKI), 5 ð10 drops  

¶ Small beaker  ¶ Water from germinating seeds , 5 mL 2  

¶ Magnetic stir plate and stir bar  ¶ 2% Starch solution mixed with amylase, 30 mL 2 

¶ Rod stand and 3 -finger clamp (optional)  (optional)  

1Included with PASCO gas sensors (oxygen and carbon dioxide), or available for purchase  
2To formulate or prepare the sample, refer to the Lab Preparation section. 
3To prepare the yeast suspension using active dry yeast and warm water, refer to the Lab Preparation section. 
  

                                                 
*AP is a registered trademark of the College Board, which was not involved in the production of, and does not endorse, this product. 
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Additional equipment recommended for the student -designed experiment:  

¶ Oxygen gas sensor  ¶ Additional yeast suspension   

¶ pH sensor   ¶ Different types of yeast   

¶ EcoChamberÊ Container ¶ Additional energy sources: glucose, fructose,  

 lactose, artificial sweeteners  

Prerequisites 

Students should be familiar with the following  concepts: 

¶ Fermentation pathways, the purpose of anaerobic respiration, and the conditions under which 

fermentation takes place  

¶ Of the two main types of fermentation, lactic acid fermentation and ethyl alcohol fermentation, 

yeast carry out ethyl alcohol fermentation . 

¶ Carbohydrates are a main energy source for cells. There are different types of carbohydrates, 

such as monosaccharides, disaccharides, and polysaccharides. Sucrose is a disaccharide and 

starch is a polysaccharide.  

¶ To metabolize a particular molecule, a cell must contain enzymes specific to that molecule.  For 

example, the cell needs sucrase to digest sucrose into glucose and fructose.  

Safety 

Follow these important safety precautions in addition to your regular classroom procedures:  

¶ Wear safety goggles at all times .  

¶ Do not get the end of the ethanol sensor wet; the sensor is a gas sensor and should never be 

submerged in a liquid.  

Lab Preparation 

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

1. Prepare the 1% ethanol solution needed to c alibrate the ethanol sensors.  

a. Add 1 mL of anhydrous ethanol (ethyl alcohol) to 99 mL of distilled water and mix.  

b. Divide the volume of solution between four 25 -mL beakers. (The calibration process is quick 

and student groups can share the solutions.)   

NOTE: If the solutions will not be used immediately, cover the beakers to prevent evaporation.  

2. Prepare the 2% sucrose and starch solutions.  

To prepare 500 mL of each solution, a volume that should be sufficient for 1 or 2 class periods, 

dissolve 10 g of the solid into 490 mL of water. The sucrose solution should be clear; the starch 

solution will remain cloudy and will need to be stirred before each sample is taken.  

3. Prepare the yeast suspension for students at least 30 minutes before students need t o use it.  

Add 2 packets (14 g) of dry, active yeast to 500 mL of warm water (40 ð45 °C). Let the yeast settle 

in the water and then stir to mix well.  
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4. Prepare the water from germinating seeds.  

a. Obtain beans (pinto, lima, or black beans) from a grocery s tore.  

b. Spread the beans on the bottom of a shallow dish or pan. Cover the beans with water and 

leave them in a dark environment overnight.  

5. (Optional ) Prepare a mixture of starch and amylase if you anticipate that time will be available 

at the end of the Initial Investigation to carry out the fermentation of amylase -treated starch.  

a. Prepare 500 mL of a 2% starch solution. (Refer to the preparation of the starch solution 

above.) 

b. Add 25 mL of water from around the germinating seeds to the starch sol ution and mix it well. 

(Be sure the seeds show visible signs of germination before taking a sample of the water.)  

NOTE: Unused òseed-wateró can be poured into a container and stored in the refrigerator for 

many months. The amylase enzymes will remain activ e and can be used in future 

investigations.  

Teacher Tips 

Tip 1 ï Use fresh yeast 

Best results are obtained using active dry yeast purchased in packets, as opposed to a jar of active 

yeast. Be sure the expiration date for the yeast has not passed.  

Tip 2 ï Connect the ethanol sensors to the data collection systems at least 5ï10 minutes before 

their use. 

The ethanol sensor probe contains a heating element. It can take up to 10 minutes for the sensorõs 

temperature to stabilize. The òwarm-upó period should occur prior to calibration. (Refer to the 

product manual for calibration procedures.)  
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Initial Investigation 

The Initial Investigation is designed to familiarize students with the equipment and techniques 

necessary to design their own experiment. If students ar e comfortable with probeware, and have a 

strong understanding of the concepts, this section may be removed, placing more responsibility on 

the students for developing an experiment.  

From the student handout: 

Part 1 

1. Put on your safety goggles.  

2. Connect the ethanol sensor to your data collection system. (If possible, connect the data collection 

system to a power source during data collection, rather than relying on the system's battery 

power.) Allow the sensor to òwarm upó for at least 5 minutes. After the warm -up period, calibrate 

the sensor with a 1% ethanol solution.  

3. Set up the data collection system to measure percent ethanol over time.  

4. Add 30 mL of 2% sucrose solution to a clean, empty container (sampling bottle or flask). Place a 

magnetic sti r bar into the bottle and place it on a magnetic stir plate.  

5. Add 20 mL of yeast suspension to the sampling bottle and set the stir speed to a low ðmedium 

setting.  

NOTE: Be sure the bottle and sensor do not tip over. If possible , use a rod stand and 3 -fin ger 

clamp to secure the bottle. The sensor is a gas sensor and should NOT be immersed in a liquid.  

6. Seal the sampling bottle with the ethanol sensor. The seal between the stopper of the sensor and 

the bottle's opening should be air tight. Leave the syste m undisturbed for 1 ð2 minutes before 

starting data collection.  

7. Begin data collection. Collect data for at least 15 minutes. Answer the following question s as you 

wait for data collection to end. 
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 8. Describe how ethanol is formed during fermentation.  

Yeast (and other organisms) use glucose as the main reactant for glycolysis. Glycolysis converts glucose into pyruvic acid 

and nets the cell 2 ATP in the process. During fermentation, the pyruvic acid produced during glycolysis is converted to 

carbon dioxide and ethanol.  

First, the pyruvic acid is converted to acetylaldehyde, producing two molecules of carbon dioxide in the process. Then, the 

acetylaldehyde is converted to ethanol by adding two hydrogen atoms (from NADH molecules). This regenerates the NAD
+
 

needed to keep glycolysis running. 

 

 9. What type of molecule is sucrose? What would yeast have to do with sucrose in order to utilize it 

as an energy source for fermentation?  

Sucrose is a carbohydrate, specifically a disaccharide (glucose + fructose). Since fermentation begins with glycolysis, which 

requires glucose, yeast would have to first digest sucrose to acquire glucose. 

10. After at least 15 minutes  has transpired , stop data collection. Thoroughly rinse the sampling 

bottle. Then add 30 mL of 2% s tarch solution and 20 mL of yeast suspension to the bottle.  

11. Measure the rate of ethanol production over the course of 15 minutes  (or longer) . 

 12. Sketch or print a record of your data. Which is a better energy source for yeast, sucrose or 

starch? Describe evidence that supports your answer.  

 

Comparing ethanol production by yeast provided with sucrose and starch   
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Comparing fermentation of sucrose and starch by yeast  

Substance Initial Ethanol 
Concentration 

Final Ethanol 
Concentration 

Increase of Ethanol 
Concentration 

Rate of Ethanol 
Production* 

Sucrose 0.04% 0.27% 0.23% 0.012% per minute 

Starch  0.06% 0.10% 0.04% 0.002% per minute 

*The rate was determined by using the systemôs software tools to obtain a linear fit to the data. 

Sucrose is a better energy source for yeast. When yeast were provided with sucrose, the cells produced ethanol, a sign that 

the yeast were able to use the sucrose to carry out fermentation. Over the course of the experiment, the ethanol 

concentration increased by 0.23%.  

When yeast were provided with starch, very little ethanol was produced (the ethanol concentration increased by only 0.04%) 

which indicates that the yeast were not able to use the starch for fermentation. The rate of ethanol production for yeast with 

starch was almost zero (0.002%/min), whereas the rate of fermentation for yeast with sucrose was 0.01%/min.  

Part 2 

13. Fill a small beaker halfway with starch solution. Add 5 ð10 drops of iodine indicator (IKI) to the 

beaker and mix. Record the c olor of the mixture.  

The starchïIKI mixture is dark blue. 

14. Add 5 mL of water from germinating seeds to the starch/IKI solution. Slowly swirl the beaker 

until you observe a change. Record your observations.  

Within a minute of swirling, the blue color begins to disappear. Eventually, the solution becomes amber-colored (the color of 

IKI). Some blue-colored particles are suspended within the solution. 

 15. What effect did the water from germinating seeds have on the starch solution? How do you know 

this?  

The water from germinating seeds digested the starch; it caused the starch to break down into smaller molecules. Starch 

and IKI form a blue product when they combine, which is why the initial solution was blue. Since the solution lost its blue 

color over time, the starch disappeared from the solution. It must have been broken down into other molecules. 

 16. What enzyme is present in germinating seeds  that  helps explain the color change that occurred 

when seed-water was added? 

Germinating seeds contain amylase, an enzyme that breaks down stored starch to provide cells with the glucose they need 

for cellular respiration. The seed-water contains this enzyme, which explains the disappearance of the blue colorðthe 

enzymes were digesting the starch molecules so there were fewer starchïIKI associations. 

 17. If you added seed-water to a starch solution and then provided this solution to yeast for 

fermentation, how do you think the results would compare to the original yeast -starch results? 

Explain your prediction.  

Student answers will vary. Ideally, students will predict that the seed-water will help digest starch, making more sugar 

available to yeast for fermentation. 
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 18. Depending on the time available, your teacher may ha ve you carry out this experiment or may 

simply provide data for you to compare to your prediction. Based on the data collected or 

provided, how do the results compare to your prediction?  

If students perform this experiment, they essentially repeat the initial procedure but use 30 mL of starch-amylase solution as 

the energy source for 20 mL of yeast. It is recommended that you prepare the starch-amylase solution in advance (refer to 

the Lab Preparation section). The data in the table below provides sample data for the experiment. If time is limited, you 

may share this data with students. Alternatively, you may wish to carry out this part of the investigation yourself as a 

demonstration for students, or concurrently with students as they work on the investigation, and display your data for 

students to analyze. 

Student answers will vary. If students predicted that adding seed-water to starch would increase the fermentation rate, 

compared to using only starch, the studentsô prediction is supported by the data. While the rate of fermentation is still lower 

than with sucrose, the presence of the amylase enzyme in the seed-water makes some sugars available for yeast to 

ferment. The rate of ethanol production is two times greater when amylase is present in the starch solution. 

Fermentation of amylase -treated starch compared to non -treated starch  

Substance Initial Ethanol 
Concentration 

Final Ethanol 
Concentration 

Increase in Ethanol 
Concentration 

Rate of Ethanol 
Production 

Starch  0.06% 0.10% 0.04% 0.002% per minute 

Starch + 

amylase 
0.08% 0.15% 0.07% 0.004% per minute 
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Design and Conduct an Experiment  

From the initial investigation, students can conclude that yeast are  able to use sucrose more readily 

than starch for their energy needs. In addition to the types of compounds present in the 

environment, there are myriad factors that may affect the efficiency of fermentation in yeast. Many 

industries depend on optimum ferm entation rates to produce products.  

Students can design experiments to test the ability of yeast to use other common carbohydrates or 

other substances. They may also adjust yeast or sugar concentration, pH, or other factors to 

determine if these variables  affect fermentation rate.  

 

Students can design their experiment using either the Design and Conduct an 

Experiment Worksheet or the Experiment Design Plan.  

 

NOTE: A key for the Design and Conduct an Experiment Worksheet follows the synthesis questions. 

The key describes a sample inquiry question and experimental protocol for which there are sample 

answers in the Data Analysis section.  

Suggested Inquiry Questions 

The Design and Conduct the Experiment section, along with s tudentsõ background knowledge, guide 

students to generate a testable question. If they are not ready to create their own testable questions, 

students can use one of the following.  

NOTE: Questions ending with an asterisk (*) have sample data shown at the en d of the lab.  

¶ Do yeast utilize monosaccharides in fermentation?*  

¶ Can other disaccharides be used by yeast as an energy source?*  

¶ Can artificial sugars be used by yeast as a reactant for fermentation?*  

¶ Do yeast carry out fermentation and aerobic respiration at the same time?*  

¶ How does the rate of fermentation of monosaccharides compare to the rate of fermentation of 

disaccharides? 

¶ Are the fermentation rates of different types of yeast similar?  

¶ Does increasing the sugar concentration increase the rate of fermentation?  

¶ Does the concentration of ethanol eventually inhibit further fermentation? (In other words, does 

the toxicity of ethanol affect yeast cells?)  

¶ How much does pH change during fermentation (due to  carbon dioxide production)? Does the 

decrease in pH eventually inhibit further fermentation?  

¶ Industry makes use of very large vats for fermentation. Does increasing the size of the system ñ

using a large volume of yeast and sugar ñaffect the fermentation rat e? 
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Design and Conduct an Experiment: Data Analysis 

The answers in this section are sample answers that apply to the suggested inquiry question: òDo 

yeast ferment monosaccharides?ó Results of this experiment are shown in the Sample Data section.  

As part of their experiment design, students should explain how they will analyze their results. 

Many analysis tools can be found in PASCOõs data logging software. For some activities, students 

may want to export their data to other software, such as Microsoft Excel or the Google DocsÊ 

program. Instructions for using analysis tools and exporting data can be found in the software help 

and user guide.  

1. From your observations and your data:  

a. Describe how the independent variable you manipulated affected the rate of fermentation . 

Does the data support your hypothesis? Justify your claim with e vidence from your 

experiment.  

The independent variable was the type of sugar provided to yeast. Two monosaccharides were compared to each other, 

to sucrose, and to a control with no sugar added. Both monosaccharides (glucose and fructose) were fermentable by 

yeast; the ethanol concentration in the container increased over time. The results supported my hypothesis that yeast 

can utilize monosaccharides.  

In the presence of glucose, yeast increased the concentration of ethanol by 0.27% and in the presence of fructose, it 

increased by 0.26% during 20-minute trials. These values were much greater than the increase in the concentration of 

ethanol in the control group (0.004%). Additionally, the rate of fermentation for each monosaccharide was slightly higher 

than the rate observed when yeast were provided sucrose as the energy source. The rate of fermentation with sucrose 

was 0.012% per minute but for glucose and fructose the rates were 0.014% per minute and 0.013% per minute, 

respectively. 

b. Based on the evidence you collected, explain why the results occurred.  

Because ethanol concentration increased with either sugar, the yeast must have been able to use both glucose and 

fructose for fermentation. Glucose enters the glycolysis pathway directly, as a reactant in the first step of the pathway. 

However, yeast must be able to convert fructose into a molecule that can also enter the glycolysis pathway, or else they 

have a metabolic pathway similar to glycolysis that converts fructose to acetylaldehyde (a precursor to ethanol), or both. 

2. Is there any evidence in your data or from your observations that experimental error or other 

uncontrolled variables affected your results? If yes, is the da ta reliable enough to determine if  

your hypothesis was supported?  

There is no evidence in the data or from observations that indicates experimental error or uncontrolled variables affected the 

results. The data was consistent between trials. The data is reliable enough to support the hypothesis. 

3. Identify any new questions that have arisen as a result of your research.  

Answers will vary based on the student's knowledge, experience, and results. 

Synthesis Questions 

1. Yeast are used to ferment sugars as pa rt of the production process of many human -made 

products including biofuels ñfuels made from organic òfeedstocksó such as corn or sugarcane.  

a. These feedstocks contain a large amount  of sugar, but also contain starch and cellulose. What 

is the purpose of using enzymes such as amylase or cellulase in the biofuel production 

process?  

Polysaccharides such as starch and cellulose are not easily used by yeast for fermentation. If these polysaccharides are 

digested by amylase and cellulase before providing the feedstocks to yeast, the yeast will have plenty of simple sugars 

(the products of starch and cellulose digestion) to ferment. 



 8. FERMENTATION / TEACHER RESOURCES 

 106 PASCO / PS-2852   

b. What is the role of genetic engineering in biotechnological methods that efficiently produce 

products such as ethanol?  

Genetic engineering creates genetically modified organisms with traits ideal for producing a particular product. For 

example, a bacterial gene that codes for amylase can be added to yeast so they are then able to digest starch. This 

reduces the need for enzymes to pre-treat the feedstocks and is more cost effective, since purified enzymes are no 

longer needed. Additional genes can be inserted to enable the yeast to grow in conditions optimal for ethanol 

production. 

2. Compare and contrast lactic acid fermentation an d alcohol fermentation. What determines the 

type of fermentation carried out by an organism?  

Lactic acid fermentation and alcohol fermentation both convert the product of glycolysisðpyruvic acidðinto other 

molecules, producing NAD
+
 from NADH in the process. The regeneration of NAD

+
 keeps the glycolysis pathway running, 

thereby providing microorganisms with a small amount of ATP per glucose molecule. In lactic acid fermentation, lactic acid 

is the only product of the pathway, whereas alcoholic fermentation produces carbon dioxide in addition to ethyl alcohol. The 

difference in the pathways depends on which fermentation enzyme is present. If the cell has the enzyme lactate 

dehydrogenase, pyruvate is converted to lactic acid. If the cell has the enzyme alcohol dehydrogenase, pyruvate is 

converted to ethanol.  

3. Free energy G is an important aspect of understanding how organisms obtain, use, and 

transform energy to maintain their complex levels of organization and grow and develop. 

Table 1 shows the change in f ree energy that accompanies two processes that take place in cells.  

         Table 1: Free energy changes 

Reaction æG 

Glucose + Oxygen Ƃ Carbon dioxide + water ð2870 kJ/mol  

Glucose Ƃ Ethanol + Carbon dioxide   ð285 kJ/mol  

a. Explain the relationship between the data provided in Table 1 and the difference in ATP 

production for aerobic respiration compared to fermentation.  

Aerobic respiration produces a much greater number of ATP molecules for a cell than fermentation does. The complete 

oxidation of glucose releases more energy than the partial oxidation that occurs during fermentation. Essentially, 

fermentation only provides a net of 2 ATP molecules for a cell (produced during glycolysis) compared to a net of 36 ATP 

that are produced from aerobic respiration (glycolysis, Krebs cycles, and oxidative phosphorylation in the electron 

transport chain). 

b. How does the information above help explain why fermentation is limited to microorganisms 

or to brief periods of time in certain cells of multicellular orga nisms?  

The energy needs of multicellular organisms cannot be met with the small number of ATP produced in anaerobic 

fermentation. When energy levels are low, such as occurs in muscle cells during strenuous exercise, cells may 

temporarily carry out fermentation; but this is not a viable pathway for the organism as a whole. Microorganisms require 

a lot less energy and fermentation is sufficient to meet all of their energy needs, although it is far less efficient than 

aerobic respiration. 

4. Metabolic pathway s are closely regulated to maintain homeostasis within organisms.  

a. Describe two ways in which the activity of metabolic enzymes can be altered, thereby 

providing a mechanism for a cell to control a biochemical pathway?  

The activity of an enzyme can be altered by the presence of an inhibitor. Some inhibitors bind to the enzymeôs active 

site, reducing the enzymeôs function. These are ñcompetitiveò inhibitors.  

Other molecules bind to a site on an enzyme that is not the active site. These might be ñnon-competitiveò inhibitors, or 

they may be molecules that activate enzymes. These molecules cause the shape of the enzyme to changeðinto either 

a more functional or less functional form. This regulation isknown as allosteric regulation. Often the end product of a 

biochemical pathway is involved in allosteric regulation, helping regulate an enzyme that catalyzes a step early in the 

pathway (negative feedback). 
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b. Phosphofructokinase 1 (PFK1) is an enzyme which catalyzes a step of glycolysis that is highly 

regulate d by the cell. If the enzyme is active, glycolysis takes place. If the enzyme is inhibited, 

glycolysis is inhibited. Use the data below to draw a graph of PFK1 activity versus ATP 

concentration. Explain the shape of the curve from 0.4 µM to 2  µM. Also expl ain why the 

activity of one enzyme in a pathway would affect the entire pathway, not just the step it 

catalyzes. 

Table 2: PFK1 activity versus intracellular ATP concentration  

PFK1 Activity (% of Vmax ) ATP Concentration (µM) 

40 0.2 

50 0.4 

30 0.8 

20 1.2 

15 1.6 

5 2.0 

 

 

As ATP concentration increases between 0.4 µM and 2 µM, PFK1 activity decreases. There is negative feedback 

between ATP and PFK1. When ATP concentrations are high, the cell does not need to carry out glycolysis to acquire 

more ATP, so the ATP molecules in the cell inhibit activity of PFK1 to inhibit glycolysis.  

A biochemical pathway uses the products of one step as the reactants for the next step. If one step is inhibited, the 

subsequent steps will be inhibited as well, since the reactants of those steps will be missing or in very low 

concentrations. 
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Design and Conduct an Experiment Key 

In addition to the types of compounds present in the environment, there are myriad factors that may 

affect the efficiency of fermentation in yeast. Many industries depend o n optimum fermentation 

rates to produce products. Consider a factor that you think affects ethanol production by yeast and 

design an experiment to test that factor.  

 

 

Develop and conduct your experiment using the following guide.  

 

1. Based on your kno wledge of fermentation , what environmental factors (abiotic or biotic) could 

affect this process?  

Environmental factors that may affect fermentation include: availability of oxygen, type and amount of sugars or other 

compounds present, temperature, population growth of the fermenting organism, possible contamination by bacteria or 

other organisms, a decrease in pH, and increase in ethanol over time that may create toxic conditions.  

2. Create a driving question: choose one of the factors you've identified that can be controlled in the 

lab and develop a testable question for your experiment.  

Do yeast utilize monosaccharides in fermentation? 

3. What is the justification for your question? That is, why is it biologically significant, relevant, or 

interesting?  

Knowing which sugars yeast can ferment can help a scientist create ideal conditions for yeast in baking, beer or wine 

making, or other industrial applications of fermentation. 

4. What will be the independent variable of the experiment? Describe how this variable will be 

manipulated in your experiment.  

The independent variable of the experiment is the type of sugar provided to yeast. Two monosaccharides will be used for 

the experimental groups: glucose and fructose. Two controls will be set up: a positive control using sucrose and a negative 

control using water, to compare to the rate of ethanol production from the fermentation of monosaccharides.  

5. What is the dependent variable of the experiment? Describe how the data will be collected and 

processed in the experiment.  

The dependent variable of the experiment is the percent ethanol present in the sealed system, as measured by an ethanol 

sensor. The ethanol will be measured over time and graphed. The slope of the line will be used to compare rates of 

fermentation. 

6. Write a testable hypothesis (Iféthené). 

If yeast are able to ferment monosaccharides, then the ethanol concentration in the system will increase over time. 

7. What conditions will need t o be held constant in the experiment? Quantify these values where 

possible. 

All trials will be carried out at room temperature, using yeast from the same batch and the same amount of yeast. All 

solutions will be 2% solutions and the same volume of solution will be used in all trials. The mixture will be evenly stirred 

during each trial. 
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8. How many trials will be run for each experimental group? Justify your c hoice. 

Two trials will be run for the experimental groups and one trial each for the control groups. A typical class period provides 

roughly 60 minutes for data collection, the time needed to collect data for 6 runs.  

9. What will you compare or calculate?  What analysis will you perform to evaluate your results and 

hypothesis? 

The rate of fermentation will be determined from the slope of the line. If the line is not linear, the rate will be determined by 

the overall change in ethanol over time. The two trials for each experimental group will be averaged. 

10. Describe at least 3 potential sources of error that could affect the accuracy or reliability of data.  

There may be small differences in yeast concentration in each sample taken from a large batch of yeast. Even though the 

batch will be stirred before removing a sample, with the intention of making each sample uniform, there may still be 

differences between samples.  

The ethanol sensor measurements can be affected by changes in temperature. If the yeast is prepared with warm water and 

the batch cools over time, the ethanol readings may vary due to differences in temperature of the yeast solution rather than 

fermentation.  

The sugar solutions may not be prepared accurately, which may affect fermentation rates. 

11. Use the space below to create an outline of the experiment . In your lab notebook, write the steps 

for the procedure of the lab.  (Another student or group should be able to repeat the procedure 

and obtain similar results .)  

a. Prepare 2% solutions of sucrose, glucose, and fructose: Measure 2 g of the sugar and dissolve it in 98 mL  

of water.  

b. Add 30 mL of sucrose and 20 mL of yeast suspension to a sampling bottle. Place the bottle on a stir plate set at a low to 

medium speed. Measure the ethanol concentration over time, stopping data collection at 10 minutes, or as long as it 

takes to get a clear trend of ethanol increasing over time. 

c. Rinse the bottle thoroughly. Repeat the procedure with 30 mL of water and 20 mL of yeast suspension. 

d. Follow the same procedure, using 30 mL of glucose in each of two trials. 

e. For the last two trials, use 30 mL of fructose in the bottle with the yeast suspension. 

 

 

 

 

12. Have your teacher approve your answers to these questions and your plan before beginning th e 

experiment . 
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Sample Data 

 

The results shown above are from an inquiry  comparing the fermentation rates for two monosaccharides. 

(Sucrose was included as a positive control and water as a neg ative control.) The experiment was run at room 

temperature with equal concentrations of sugar solutions (2%). The same yeast suspension was used for each 

trial.  

 

The results shown above are from an inquiry  comparing the fermentation rate for sucrose and l actose, both 

disaccharides. The experiment was run at room temperature with equal concentrations of sugar solutions (2%) 

and the same yeast suspension for each trial.  
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The results shown above are from an inquiry comparing the fermentation rate of an arti ficial sweetener 

(SweetõN Low) to that of sucrose. SweetõN Low contains saccharin as well as dextrose. Each solution was 

prepared as a 2% solution and the same yeast suspension was used for each trial.  

 

The results shown above are from an inquiry that det ermined whether yeast carry out aerobic respiration at the 

same time as fermentation. An EcoChamberÊ was used to monitor ethanol and oxygen gas concentrations 

above a suspension of yeast and sucrose. 
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9. PHOTOSYNTHESIS 

Lab Overview 

Students test the effect of light on the rate of photosynthesis. Given the equation for photosynthesis, 

students can determine that either a carbon dioxide gas sensor or an  oxygen gas sensor would be 

appropriate equipment for measuring the photosynthetic rate.  

 
+ ½½½­ +

light
2 2 6 12 6 26CO 6H O C H O 6O  

For the Initial Investigation, a carbon dioxide gas sensor is used to determine the rate of uptake of 

CO2 by spinach leaves. Students meas ure the change in carbon dioxide concentration caused by 

photosynthesis occurring in the leaves under red light and compare that to the change due to 

photosynthesis under green light. They then design an experiment to investigate the effect of a 

parameter such as the type of light bulb, the distance of the light from the leaves, or the color of the 

leaves. 

Pacing and Length of the Lab 
 

Initial Investigation  Student-Designed Experiment 

Preparation  10 min  Experiment Design  15 min  

Initial Investigation  25 min  Experiment  60 min  

  Data Analysis  30 min  

AP* Connections 

The concepts covered in this lab align to the òAP Biology Curriculum Framework .ó 
 

Essential Knowledge 2.A.2, 2.D.1, 4.A.6  

Science Practices 2.2, 3.1ð3.3, 4.2ð4.3, 5.1, 6.1ð6.2, 7.2 

Learning Objectives 2.5, 2.8, 2.9, 2.24, 4.14 

Materials and Equipment 

For Each Student Station 

¶ Data collection system  ¶ Compact fluorescent light bulb, 60 W equivalent  

¶ Carbon dioxide gas sensor  (or higher), red  

¶ Sensor extension cable1 ¶ Compact fluorescent light bulb, 60 W equivalent  

¶ Sampling bottle, 250 -mL 1 (or higher) green   

¶ Box, foil, or cloth for shading the setup  ¶ Fresh spinach leaves 2 

¶ Light source  ¶ Forceps or pencil  

1Included with the carbon dioxide sensor.  2Refer to the Lab Preparation section. 

Additional equipment recommended for the student -designed experiment:  

¶ Oxygen gas sensor3 ¶ EcoChamber (to accommodate larger plants)  

¶ Variety of leaf types, such as:  ¶ Variety  of light sources, such as  

non-green or less-green, and needles a grow light and other types of  fluorescent  bulbs 

3Best results are obtained using this sensor with the EcoChamber, rather than the sampling bottle. 

                                                 
*AP is a registered trademark of the College Board, which was not involved in the production of, and does not endorse, this product. 
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Prerequisites 

Students should be familiar with the following concepts:  

¶ Sunlight is a mixture of different  wavelengths of light  

¶ Leaves contain pigment molecules that absorb light  

¶ The color of an object is the result of light reflected by pigments in the object  

¶ Chlorophyll is not the only pigment present in leaves  

¶ Plants absorb carbon dioxide as a source of carbon for the sugars and other organic compounds 

made during photosynthesis   

Safety 

Follow these important safety precautions in addition to your regular classroom procedures:  

¶ Wear safety goggles at all times  

¶ Allow the light bulb to cool before removing it from the light source  

Lab Preparation 

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

1. Replace the standard light bulbs of the light sources with a red or green compact fluorescent 

bulb.  

¶ Sixty watt or equivalent light bulbs were ade quate in the trials. (The green and red bulbs 

must have the same intensity ratings.)  

¶ Bulbs of different colors can be purchased in most hardware stores.  

2. Obtain fresh spinach leaves.  

Spinach leaves from the produce section of a grocery store work well. I f possible, purchase the 

spinach in bulk instead of purchasing spinach in a sealed bag.  

Teacher Tips/Lab Checkpoints 

Tip 1 ï Arranging the leaves 

Students can use forceps or a pencil to arrange the leaves so they lay flat against one side of the 

sampling bottle. The leaves should overlap as little as possible.  

Tip 2 ï Shading the setup from ambient light 

To concentrate the colored light on the sampling bottle containing the leaves, it is best to shield the 

setup from ambient light in the room. The following are some suggestions for how to do this. Choose 

one based on the materials you are able to obtain easily.  

¶ Use a large box, such as a copy paper box. Place the box over the desk lamp and sampling bottle.  

¶ Use a large piece of aluminum foil. Wrap th e foil around the desk lamp shield, creating a cone 

that shades the sampling bottle and reflects the colored light onto the bottle.  

¶ Use a dark cloth. Drape the cloth over the desk lamp and sampling bottle.  
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Tip 3 ï Carbon dioxide gas sensor 

1. Turning on th e light source during data collection can cause erroneous readings by the carbon 

dioxide gas sensor. Be sure students turn on the light source and have it shining on the sampling 

bottle before beginning data collection.  

2. The carbon dioxide sensor will gi ve erroneous readings if exposed to infrared light. Avoid using 

incandescent bulbs (such as halogen bulbs). A heat sink can be placed between the light and the 

sensor and sampling bottle, but the use of fluorescent light bulbs is ideal.  

Tip 4 ï Colored light bulbs 

Suggestions for the use of colored light bulbs:  

¶ The outcome of the experiment is not affected by which color (green or red) is used first. Student 

groups can share the light bulbs, with half the class using one color first and then switching wi th 

other groups to complete data collection with the other color.  

¶ Some red light bulbs do not provide expected results. We recommend purchasing a few different 

brands to test before buying a class set of light bulbs, which can be used for many years. To te st 

the bulb, follow the initial investigation procedure. You should observe a notable decrease in 

carbon dioxide over the course of 2 ð3 minutes.  

¶ A blue light was used in trials for this lab and did not provide expected results (that is, it did not 

result i n higher rates of photosynthesis, compared to red light or green light). This is likely due 

to the blue òparty bulbó emitting light in the green and yellow wavelengths. 

¶ An alternative to colored light bulbs is colored cellophane. The cellophane can be plac ed between 

a white light source and the sampling bottle (containing the spinach leaves), to filter the white 

light, providing colored light to the leaves.  
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Initial Investigation 

The Initial Investigation is designed to familiarize students with the equipmen t and techniques 

necessary to design their own experiment. If students are comfortable with probeware, and have a 

strong understanding of the concepts, this section may be removed, placing more responsibility on 

the students for developing an experiment.  

From the student handouts 

1. Put on your safety goggles.  

2. Connect the carbon dioxide gas sensor to your data collection system and calibrate the sensor.   

3.  Display a graph of Carbon dioxide (ppm)  on the y-axis versus Time in minutes  on the x-axis.  

Adju st the sample rate to one sample every 5  seconds. 

NOTE: If your data collection system allows you to set an automatic stop condition , set the stop 

time for 7 minutes.  

4. Holding the sampling bottle horizontally, 

place two fresh leaves into it. The leaves 

should lay flat and overlap as little as 

possible.  

5. Seal the sampling bottle with the carbon 

dioxide sensor and stopper. Rest the bottle 

on its side on a flat surface.  

6. Arrange the light source directly above the 

sampling bottle.  

NOTE: Make sure a co lored light bulb (red 

or green) is in the light source.  

7. Shade the bottle from ambient white light 

in the room.  

8. Turn on the light source. Wait approximately 15 seconds and then start collecting data. Adjust 

the scale of the graph to show all data.  Collect data for 7 minutes.   

9. After 7 minutes, stop recording data and turn off the light source.  

10. Refresh the air in the bottle by waving the bottle through the air a number of times. If necessary, 

readjust the leaves so they lay flat.  

11. Remove the colored bulb from the light source and replace it with a different colored bulb.  

12. Repeat the data collection using the other colored bulb.  
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13. Draw or print a record of the data.  

 

This graph c ompares the change in concentration of CO 2 in a 

closed chamber due to photosynthesis  in red light and in green 

light.  

 14. Describe the apparent trend of the data.  

The decrease in CO2 in the chamber under red light was much greater than the decrease under green light, indicating that 

in red light, the leaves absorbed more carbon dioxide than in the green light.  

 15. How can you quantify the results? What type(s) of mathematical analysis would be appropriate?  

a. Identify the method(s) chosen for quantification and analysis of results.  

Students may suggest calculating the change in CO2 to determine how much CO2 was used or calculating the slope of 

the line to determine the rate of photosynthesis, or both. 

b. Apply the method(s) chosen to the data collected in the initial investigation.  
 

Change in CO2 Concentration (ppm)  Photosynthetic Rate (ppm/min) 

Red light  ï434 ppm Red light  67.7 ppm/min 

Green light  ï76 ppm Green light  12.4 ppm/min 

Example tables and calculations: 

Change in CO2 concentration (final ï initial) for red light: 303 ppm ï 737 ppm = ï434 ppm 

Photosynthetic rate: determined by applying a linear fit to the slope of the curve (expressed as a positive value since the 

CO2 is being absorbed by the plant). 
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16. Create a graph that relates the absorbance spectrum to the action spectrum.  The absorbance 

spectrum is provided in the graph below. For the action spectrum, draw a bar graph indicating 

the photosynthetic rate at the wavelengths tested in the investigation . 

 

The action spectrum  bar graph shows the rate of photosynthesis in the green 

and red wavelength ranges, the two colors tested in this investigation.  

 17. Based on a typical absorbance spectrum for leaves, explain the results of this investigation. Your 

response should provide a clear connection between light absorbance, the reactions of 

photosynthesis, and evidence from the investigation . 

In most leaves, chlorophyll is the dominant pigment; it is present in greater amounts than other pigments. There is little 

absorbance of green light by chlorophyll, hence a leaf appears green because the green light is reflected. However, 

chlorophyll absorbs a much greater amount of red light. The energy from the red light absorbed by the chlorophyll molecules 

within the chloroplasts of the leaf raises electrons to an excited state.  

The light-dependent reactions driven by the energy of these excited electrons supply ATP to the Calvin Cycle reactions. 

Carbon dioxide consumption increases due to the carbon fixation within the Calvin Cycle, causing the concentration of CO2 

in the sampling bottle to decrease at a greater rate than when the plants were under green light.  

In green light, chlorophyll molecules do not absorb much energy and fewer electrons become excited. The light-dependent 

reactions occur slowly, resulting in a lower rate of the light-independent reactions. Less carbon fixation occurs, so less CO2 

is absorbed by the leaf. The concentration of CO2 in the sampling bottle decreases at a much lower rate. 

 18. What could be done to confirm the relationship observed in the data collected by your group?  

Our group could perform more trials, repeating the procedures to test the reliability of the results. Also, since the 

investigation was carried out by all groups, class data can be collected and compared. 
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Design and Conduct an Experiment  

Photosynthesis is critical for providing energy to organisms in an ecosystem. It is a process that can 

be affected by a number of factors. Guide students in thinking of possible factors. They should then 

design an experiment to test one factor.  

 

Students can design their experiment using either the Design and Conduct an 

Experiment Worksheet or the Experiment Design Plan .  

 

NOTE: A key for the Design and Conduct an Experiment Worksheet follows the synthesis questions. 

The key describes a sample inquiry question and experimental protocol for which there are sample 

answers in the Data Analysis section.  

Suggested Inquiry Questions 

The Design and Conduct the Experiment section, along with st udentsõ background knowledge, guide 

students to generate a testable question. If students are not ready to create their own testable 

questions, they can use one of the following.  

NOTE: Questions ending with an asterisk (*) have sample data shown at the end  of the lab.  

¶ Do different types of white light bulbs cause different photosynthetic rates?*   

¶ Does the greenness of a leaf affect photosynthetic rate?  *    

¶ Does the light intensity (watt equivalent or lumens) affect the rate of photosynthesis?  *    

¶ Does distance between the light source and the leaves affect the rate of photosynthesis?  *  

¶ Do trees with needles have different rates of photosynthesis than plants with leaves?   

¶ In ambient light, do house plants carry out much photosynthesis?  
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Design and Conduct an Experiment: Data Analysis 

The answers in this section are sample answers that apply to the Suggested Inquiry Question: òDo 

different types of white light bulbs cause different photosynthetic rates?ó 

As part of their experiment design, students should e xplain how they will analyze their results. 

Many analysis tools can be found in PASCOõs data logging software. For some activities, students 

may want to export their data to other software, such as Microsoft Excel or the Google DocsÊ 

program. Instructions for using analysis tools and exporting data can be found in the software help 

and user guide.  

1. From your observations and your data,  

a. Describe how the independent variable you manipulated affected the rate of photosynthesis . 

Does the data support your hypothesis? Justify your claim with  evidence from your 

experiment.  

The independent variable in this inquiry was the type of white light bulb. The type of bulb did affect the rate of 

photosynthesis, but more testing is needed to determine if the hypothesis (if the wavelength spectrum is similar for light 

emitted from different brands of white light bulbs, then plant leaves exposed to the different light bulbs will have the 

same rate of photosynthesis) is supported or rejected.  

The natural-daylight and bright-white bulbs resulted in photosynthetic rates of 21.6 ppm/min and 23.4 ppm/min, 

respectively. The compact fluorescent light bulb (CFL) resulted in a lower rate of photosynthesis, 12.6 ppm/min. 

b. Based on the evidence you collected, explain why the result s occurred. 

While the three types of bulbs used were ñwhite lightsò which emit more than one wavelength, the spectrum of 

wavelengths emitted by each must be different, especially the spectrum from the CFL bulb. The bulbs which caused the 

greatest decrease in CO2 (and therefore the greatest photosynthetic rate) must emit more red or blue light compared to 

the regular CFL bulb. 

2. Is there any evidence in your data or from your observations that experimental error or other 

uncontrolled variables affected your  results? If yes, is the data reliable enough to determine if 

your hypothesis was supported?  

While I attempted to arrange the leaves exactly the same way each time and keep the light source the same distance from 

the leaves, results did vary from one trial to the next. For example, in one trial with the bright-white light bulb, the rate of 

photosynthesis was 17.9 ppm/min. In the next trial, the rate was 28.9 ppm/min. This variation indicates that additional trials 

may be needed. 

3. Identify any new question s that have arisen as a result of your research.  

Answers will vary based on the student's knowledge, experience, and results. 
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Synthesis Questions 

1. Incandescent light bulbs are inefficient light sources due to a large amount of energy released as 

heat int o the environment. If you carried out a photosynthesis experiment using an incandescent 

bulb, how would you expect this to affect the results? Explain your reasoning.  

An incandescent light bulb is likely to result in reduced photosynthesis. High temperatures cause the stomata of leaves to 

close to limit water loss. When the stomata close, carbon dioxide gas is not absorbed and photosynthesis slows or stops. 

For this reason, a heat sink is often used in photosynthesis experiments if an incandescent bulb is the light source. 

2. Refer to the generalized light response curve for photosynthesis to answer the following.  

 

a. For low to medium light intensity, explain the trend in the data.  

Increasing light intensity from low light levels to medium light levels causes an increase in photosynthesis. The increase 

is almost linear. With more light available to leaves, more energy is available and the rate of photosynthesis increases. 

b. For higher levels of light intensity, explain the trend in the data.  

At high levels of light intensity, photosynthesis reaches a steady, maximum rate. At these light levels, the pigment 

molecules in the chloroplasts are saturated; the excitation of electrons by photons of light is occurring at the fastest rate 

possible so increasing the light intensity further has no effect on the rate of photosynthesis. 
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3. A òphotosynthetic unit ó (PSU) is a complex of pigment molecules and one or more reaction 

centers. The reaction centers are responsible for passing excited electrons to an electron acc eptor 

within a photosystem. Graphs of the data from a study that  compared the PSU sizes for a variety 

of plants  are shown below .10 In the study, scientists measured the PSU size of seven different 

species of shade plants and seven different species of sun plants.  

 

a. What conclusion can be made from the data acquired in this study?  

There is a notable difference in the size of a photosynthetic unit in shade plants compared to sun plants. The mean PSU 

for shade plants is more than double the mean for sun plants. While there is variation within sun plants or shade plants 

of PSU size, the PSU size for a shade plant was always larger than that of a sun plant. 

b. Considering the environments of the plants, provide an explanation for the difference in the 

mean PSU sizes. 

Shade plants have less light available to them. Having a large photosynthetic unit increases the probability that energy 

from light is captured. Shade plants have more pigment molecules so that they can maximize their use of available light. 

Sun plants have plenty of light available to them and do not need as many pigment molecules, so the mean PSU is 

smaller in these plants. 

                                                 
10 Malkin, S.; Fork, D.C. Photosynthetic Units of Sun and Shade Plants. Plant Physiology 67 (1981): 580ï583. 
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Design and Conduct an Experiment Key 

Photosynthesis is critical for providing energy to organisms in an ecosystem. It is a process that can 

be affected by a number of factors. Think of possible factors and design an experiment to test one of 

them.  

 

 

Develop and conduct your experiment using the following guide.  

 

1. Based on your knowledge of photosynthesis, w hat environmental factors (abiotic or biotic) could 

affect this process ? 

Factors that can affect photosynthesis include: temperature, humidity, light intensity, wavelength of the light, and light 

availability. 

 

2. Create a driving question: choose one of the factors you've identified that can be controlled in the 

lab and develop a test able question for your experiment.  

Do different types of white light bulbs cause different photosynthetic rates? 

 

3. What is the justification for your question? That is, why is it biologically significant, relevant, or 

interesting?  

Many plants are grown indoors or in greenhouses. The light sources used in these locations may affect the photosynthetic 

rate of the plants, so it is good to know which light bulbs are best for photosynthesis.  

 

4. What will be the independent variable of the experiment? Describe how this variable will be 

manipulated in your experiment.  

The light source is the independent variable. Different brands of white light bulbs will be used (natural-daylight, bright-white, 

and regular CFL). 

 

5. What is the dependent variable of the  experiment? Describe how the data will be collected and 

processed in the experiment.  

The change in carbon dioxide gas concentration is the dependent variable. A CO2 sensor will be used to measure the 

change over 10 minutes using 2 leaves of spinach in a sampling bottle. Both the total change and the rate of change will be 

calculated. 

 

6. Write a testable hypothesis (Iféthené). 

If the wavelength spectrum is similar for light emitted from different brands of white light bulbs, then plant leaves exposed to 

the different light bulbs will have the same rate of photosynthesis. 

 

7. What conditions will need t o be held constant in the experiment? Quantify these values where 

possible. 

Conditions to be held constant:  

Light intensity: the different white light bulbs will all be 100 W equivalent light bulbs providing approximately 1600 lumens.  

Distance: The light bulbs will be positioned 10 cm above the sampling bottle. 

Temperature: Trials will be conducted at room temperature using the same type and number of spinach leaves (2). 
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8. How many trials will be run for each experimental group? Justify your choice.  

Two trials will be conducted with each light bulb. Results are expected to be consistent within trials with the same light bulb. 

Data will be collected for 10 minutes, allowing time for at least 3 different bulbs to be tested in one class period. The 

average of the two trials will be used to compare the results between different light bulbs. 

9. What will you compare or calculate? What ana lysis will you perform to evaluate your results and 

hypothesis? 

The average rate of change of CO2 concentration will be compared for the leaves exposed to different sources of white 

light. The rate of change will be determined by finding the slope of the line for each trial. Depending on the results, statistical 

analysis may need to be used to determine if any differences in results are statistically significant. 

10. Describe at least 3 potential sources of error that could affect the accuracy or reliabilit y of data.  

Error could stem from the fact that it may be difficult to have the spinach leaves arranged exactly the same way in the bottle 

for each trial. It may not be possible to buy light bulbs of exactly the same number of lumens. The light source may not be 

positioned above the sampling bottle exactly the same way in each trial. 

11. Use the space below to create an outline of the experiment . In your lab notebook, write the steps 

for the procedure of the lab.  (Another student or group should be able to repeat  th e procedure 

and obtain similar results .)  

1. Obtain three different white light bulbs and two spinach leaves. 

2. Set up the sampling bottle with the two spinach leaves and CO2 sensor and put the lamp (with the first bulb) 10 cm 

above the bottle. 

3. Turn on the light source and collect data for 10 minutes.  

4. Refresh the air in the sampling bottle and repeat the trial with the same light bulb. 

5. Change the light bulb, refresh the air in the sampling bottle, and obtain two 10-minute trials with this light bulb. Repeat 

this step with the third light bulb. 

 

 

 

 

12. Have your teacher approve your answers to these questions and your plan before beginning the 

experiment . 
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Sample Data 
 

 

 

 

Each white light bulb used was a 15 watt bulb with 

an output of 800 lumens. In each trial, two spinach 

leaves were used and the light source was placed 

15 cm above the leaves. 

 Lettuce leaves were plac ed under a 25 watt light 

bulb positioned 20 cm above the leaves. The green 

and red leaf lettuce samples had the same surface 

area. 

 

 

Light intensity was varied using soft -white light bulbs with different power ratings: 25 W, 40 W, 60 W, and 

100 W, placed 20 cm above the leaves. Two spinach leaves were used in each trial.  

 

The distance between the spinach leaves and the light source was varied while the same light source, a 

soft-white 25 watt bulb, was used in each trial.  
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10. PLANT PIGMENTS 

Lab Overview 

Students extract pigments from spinach leaves for analysis using chromatography and colorimetry. 

Paper chromatography separates the pigments present in th e extract so they can be identified. 

Analysis of the extract with a colorimeter allows students to determine the relative absorbance of 

four different colors of light (blue, green, orange, and red). They relate the chromatography results to 

the colorimeter  measurements to refine their understanding of how plants capture light for 

photosynthesis. If available, a spectrometer allows students to view the full absorbance spectrum for 

spinach leaves.  

The colorimeter is used again in Part 2 to measure photosynthe sis using DPIP (2,6 -dichloropheno -

lindophenol), an electron acceptor that experiences a color change if photosynthesis is occurring. For 

student -designed experiments, students can analyze factors such as the effect of different light 

sources, distance from  a light source, and comparison of pigments in the leaves of different plants 

using chromatography, DPIP analysis, or both.  

Pacing and Length of the Lab 
 

Initial Investigation  Student-Designed Experiment 

Teacher Preparation  Time  20 min  Experiment Design  15 min  

Part 1: Chromatography  25 min  Experiment  40ð55 min  

Part 2: Measuring 

Photosynthesis with DPIP  
25 min  Data Analysis  15 min  

AP* Connections 

The concepts covered in this lab align to the òAP Biology Curriculum Framework .ó 
 

Essential Knowledge 2.A.2, 2.A.3, 2.B.3, 2.D.1, 4.A.2, 4.B.1, 4.C.1  

Science Practices 1.2, 1.4, 3.1, 4.1ð4.3, 5.1, 5.3, 6.1, 6.2, 7.1, 7.2 

Learning Objectives 2.2ð2.5, 2.9, 4.1, 4.5, 4.6, 4.16, 4.18, 4.22 

                                                 
*AP is a registered trademark of the College Board, which was not involved in the production of, and does not endorse, this product. 
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Materials and Equipment 

For Each Student Station  

PART 1  

¶ Data collection  system ¶ Pigment extract, 10 mL, or if necessary to prepare: 3 

¶ Colorimeter  Spinach leaves (3)  

¶ Colorimeter cuvette  Ethanol, 5 ð10 mL  

¶ PASCO Wireless Spectrometer  Beaker, small  

and spectrometry software 1 Mortar and pestle  

¶ Spectrometer cuvette (1-cm glass cuvette)  Cheesecloth or coffee filter paper  

¶ Plastic pipets (3), 1 -mL  ¶ Scissors  

¶ Capillary tube or eye dropper without a bulb  ¶ Small stapler or paper clips   

¶ Chromatography chamber with solvent 2,3 ¶ Ruler   

¶ Chromatography paper   ¶ Pencil   

¶ Ethanol, 10 mL  ¶ Kimwipes®  

¶ Colorimeter and spectrometer blanks (cuvettes   

with ethanol) 3  

PART 2  

¶ Data collection system  ¶ DPIP (2,6 -dichlorophenolindophenol) solution,  

¶ Colorimeter   2 mL 2 

¶ Colorimeter cuvettes (3)  ¶ Lamp with a compact fluorescent (CFL) light bulb  

¶ Plastic pipets ( 4), 1-mL   ¶ Kimwipes  

¶ Chloroplast suspension, 9 drops 3 ¶ Aluminum foil, to cover a cuvette  

¶ 0.1 M Phosphate buffer solution, 3 mL 2,3 ¶ Distilled water, 10 mL  

1 The software is included with the purchase of the spectrometer. Download the software onto the devices to be used by students before the 
lab activity. Alternatively, the spectrometer procedure (Part 2) can be a teacher demonstration. 
2 We recommend that you purchase a kit from a supply company that contains chromatography solvent, phosphate buffer (KH2PO4 and 
K2HPO4), and DPIP solution. The chromatography solvent is typically a solution that contains acetone: either petroleum ether and acetone, or 
ethanol and acetone. Kits also contain chambers that can be used for many years. An alternative is to use glass mason jars. 
3 Refer to the Lab Preparation section for information on preparing the chromatography chamber, the colorimeter and spectrometer blanks, the 
pigment extract, 0.5 M sucrose (C12H22O11), the chloroplast suspension using spinach leaves and a cold 0.5 M sucrose solution, and the 
0.1 M phosphate buffer (KH2PO4 and K2HPO4). 
 

Additional equipment recommended for the student -designed experiment:  

¶ Different types of leaves  ¶ Additional chromatography paper and solvent  

¶ Different light sources: different colored lightbulbs  ¶ Hot plate  

or lightbulbs of different wattage  ¶ Frozen or canned spinach  
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Prerequisites 

Students should be familiar with the following  concepts: 

¶ The color of a leaf relates to the colors reflected by pigments prese nt in the leaf.  

¶ Pigments are molecules that absorb certain wavelengths of light, thereby providing the energy 

needed to drive photosynthesis.  

¶ The light reactions of photosynthesis involve electron transport chains that accept òexcitedó 

electrons from photo systems and pass these electrons to the electron acceptor NADP
+
 at the end 

of the chain.  

¶ Chromatography is a process of separating molecules based on their differential affinity for a 

substrate and a solvent.  

Safety 

Follow these important safety precautions in addition to your regular classroom procedures:  

¶ Wear safety goggles at all times.  

¶ Never use ethanol near a flame; it is highly flammable.  

¶ Work in a well -ventilated area, ideally a fume hood, when carrying out the extraction and 

chromatograph y procedures that use ethanol.  

Lab Preparation 

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

The day before the lab 

1. Prepare spinach  

Purchase fresh spinach from a grocery store; for best results buy the loose spinach that you bag 

your self. Place the leaves in a shallow tray of water and place the tray under a bright light. Use 

a fluorescent light source that does not generate much heat.  

2. 0.5 M sucrose solution (used to prepare spinach for Part 2, the DPIP investigation)  

A 0.5 M sucro se solution is used to extract chloroplasts from spinach. If not supplied in a kit 

you've purchased, prepare the solution by dissolving 171 g of sucrose in 1 L of distilled water. 

Place the solution in a refrigerator so it will be cold when used.  

3. Prepare 0.1 M phosphate buffer  

If you've purchased a kit, this buffer is likely one of the components of the kit. It is also likely 

that this buffer is in the chemistry stockroom of your school.  

If you need to prepare the buffer yourself:  

a. Dissolve 43.5 g of K 2HPO 4 (dibasic phosphate) in 200 mL of distilled water. Adjust the final 

volume to 250 mL using distilled water.  

b. Dissolve 34 g of KH 2PO4 (monobasic phosphate) in 200 mL of distilled water. Adjust the final 

volume to 250 mL using distilled water.  
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c. In  a new container, mix together 171 mL of monobasic buffer and 79 mL of dibasic buffer. 

This is a 1 M phosphate buffer solution. To dilute it to 0.1 M, add 100 mL of the phosphate 

buffer to 900 mL of distilled water.  

NOTE: Unused buffer solution can be stor ed in a chemical stock room at room temperature.  

On the day of the lab 

NOTE: For best results, prepare the chloroplast suspension for students close to the time when 

students will use it.  

4. Pigment extract: If time or equipment is limited, you may want t o prepare the pigment extract 

ahead of time for students to use in the chromatography investigation (Part 1).  

a. Cut at least 10 large spinach leaves into small pieces. Remove any stems from the leaves and 

discard. Place the cut leaves into a beaker.  

b. Cover the leaves with ethanol and cover the beaker. Let the leaves soak at least one hour in 

the ethanol. Stir the mixture occasionally.  

c. Transfer the mixture to a mortar and pestle and grind the mixture for a few minutes. Then 

filter the mixture through  cheesecloth. 

5. Chloroplast suspension for the DPIP investigation  

a. Pour a small amount of cold 0.5 M sucrose solution (100 to 200 mL) into a blender. Add a 

large handful of spinach leaves to the blender and lightly pack them down with a spatula.  

b. Add additional sucrose solution if needed so the depth of the liquid is just below the leaves.  

c. Turn on the blender and blend the spinach in a series of three 10 -second bursts. 

d. Filter the blended spinach through cheesecloth into a container and place the  container on ice 

until the students use it.  

6. Chromatography chamber setup  

Pour approximately 10 mL of chromatography solvent into each chamber and tightly cover each.  

7. Ethanol for pigment extraction  

Use either anhydrous ethanol or 70% ethanol in water . 

8. Colorimeter and spectrometer blanks, one of each for each lab group  

Fill the requisite number of clean colorimeter and spectrometer cuvettes with the ethanol that 

will be used for the pigment extraction. Having prepared blanks for the groups will save  time 

during the class period.  

NOTE: Use 1 -cm glass cuvettes for the spectrometer. Do not use the plastic cuvettes with organic 

solvents. 
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Teacher Tips 

Tip 1 ï Using the PASCO wireless spectrometer 

The wireless spectrometer uses different software than the  software on the data collection system 

used with the colorimeter. This designated software is called "Spectrometry" and is free. Refer to 

www.pasco.com for additional details on downloading the software for Windows® or A pple® 

computers, as well as a user guide for the device. For tablets, the app is available in the Apple App 

Store or from Google Play.   

The spectrometer can be connected wirelessly or through a USB connection. After connecting the 

spectrometer and launchin g the software, choose the òAnalyze Solutionó option. A graph is generated 

showing Absorbance versus Wavelength. For pigment analysis, we are interested in the visible light 

spectrum (400ð700 nm). Clicking and dragging the numbers on the x-axis allows you to change the 

scale of the axis to show only this range. Clicking and dragging the colored area on the graph 

translates the graph and allows you to center the visible wavelength range in the center of the graph 

for an optimized view of the wavelengths of i nterest.  

Next to the record button are two calibration buttons, òCalibrate Lightó and òCalibrate Dark.ó To 

calibrate light , place a blank into the spectrometer and press the Calibrate Light button. To calibrate 

dark , place your hand over the cuvette and pr ess the Calibrate Dark button.  

After clicking Record, snapshots can be taken of the resulting absorbance spectrum. The snapshots 

can be saved, printed, or copied and pasted directly from the application into a document.  

Tip 2 ï Chlorophyll fluorescence 

A neat demonstration that fits well with this activity is demonstrating the fluorescence of 

chlorophyll. Use the spinach blended in sucrose from the DPIP activity as the source of chlorophyll 

for the demonstration. Place the chlorophyll suspension into a cont ainer, darken the room, and shine 

a black light (UV light) through the solution. The chlorophyll will fluoresce red. This demonstration 

can be viewed at https://www.youtube.com/watch?v=PhBg2uH8MWE .  

The UV light excites electrons in the chloroplasts, but the electrons are not passed along an electron 

transport chain to NADPH. Rather, the electrons fall back to their lower -energy ground state and 

release energy in the form of red light.  

The spectromet er can be used to measure this fluorescence as well as absorbance and transmittance. 

Switch the software from "Absorbance/Transmittance" to "Fluorescence at 405 nm" to view the 

wavelengths of light emitted from the chlorophyll when it fluoresces.  

Tip 3 ï Absorbance spectra of isolated pigments 

A large number of chromatograms need to be created to have sufficient quantities of isolated 

pigments for analysis. (This is one of the suggested inquiry options.) One option is to have all 

students contribute their chromatograms to this purpose after they record their observations in the 

Initial Investigation.  

Students should cut carefully along the border lines between pigments to cut strips of 

chromatography paper that have only one pigment per strip. Discard the s ections of paper that do 

not contain pigments. Place all of the chlorophyll a strips into a beaker with ethanol or 

chromatography solvent. Place all of the chlorophyll b strips into a different beaker, and do the same 

for the carotenoids and xanothophylls.  Over time, the pigments will dissolve out of the paper and 

into the solvent. Cutting the strips into smaller pieces, or crumpling the strips, can accelerate the 

process. 

Place samples from the four beakers into four cuvettes and analyze them using the spe ctrometer.  

http://www.pasco.com/
https://www.youtube.com/watch?v=PhBg2uH8MWE
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Tip 4 - Emission Spectroscopy 

An interesting extension to this lab is to use the wireless spectrometer to analyze different light 

sources, such as different white light bulbs or different colored light bulbs. This activity requires the 

use of the fiber optics cable sold as an accessory to the wireless spectrometer. Simply insert the fiber 

optics cable into the cuvette holder of the spectrometer and point the end of the cable at the light 

source. In the spectroscopy software, view the peaks in the  emission spectrum to determine which 

wavelengths are emitted at higher intensity from the light source.  

Students can see whether red light bulbs actually emit red light, or they can see that some white 

bulbs emit more blue light than other white light bu lbs. They could combine emission spectroscopy 

data with their results of DPIP experiments to help explain differences in photosynthetic rates with 

different light sources.  
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Initial Investigation 

The Initial Investigation is designed to familiarize students with the equipment and techniques 

necessary to design their own experiment. If students are comfortable with probeware, and have a 

strong understanding of the concepts, this section may be removed, placing more responsibility on 

the students for developing  an experiment.  

From the student handout: 

Part 1 ð Pigment Chromatography and Absorbance of Light 

1. Put on your safety goggles.  

2. If your teacher has prepared the pigment extract using ethanol, continue to the next step. 

Otherwise, follow the procedure b elow for preparing this extract yourself.  

a. Cut three large spinach leaves into small pieces. Discard the stem of the leaves. Place the 

leaves into a mortar and add approximately 5 ð10 mL of ethanol to soak the leaves.  

b. Use a pestle to grind the spinach to help the ethanol dissolve the pigments in the leaves. 

Continue grinding for at least 3 ð5 minutes.  

c. Place a piece of cheesecloth or a coffee filter over the top of a beaker. Filter the spinach 

mixture from the mortar, taking care to prevent the cheesec loth or filter paper from falling 

into the beaker.  

NOTE: You can squeeze the cheesecloth to help the liquid pass through.  

3. Use a pencil to draw a line across a square of chromatography paper 2 cm above the bottom edge 

of the paper.  

4. Make a green line o f pigment extract on or slightly above the pencil line as follows:  

a. Place a capillary tube or the tip of an eye dropper into the pigment extract. Place your finger 

over the top of the tube or dropper to prevent the liquid from falling out when you remove  it 

from the beaker.  

b. Place the capillary tube or pipet tip at the edge of the chromatography paper and release your 

finger slightly from the top of the tube, allowing a small amount of the green extract to absorb 

into the paper while moving the capillar y tube or dropper across the paper. As needed, 

acquire more extract in the capillary tube or pipet tip. Be sure to keep the extract at or above 

the line.  

c. Let the extract dry on the paper and then repeat the process once.  
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5. Roll the paper into a cylind er and staple or paper clip the paper where the edges meet to prevent 

it from unrolling. Place the paper into a chromatography chamber that contains a small volume 

of solvent at the bottom. It is important that the pencil line be above the solvent.  

 

6. Seal the chromatography chamber and observe the movement of the solvent up the paper. Leave 

the chamber undisturbed until the solvent moves most of the way up the paper. While you wait, 

continue with the questions and procedures that follow.  

NOTE: Do not a llow the solvent to reach the top of the paper.  

 7. For some chromatography investigations, water is used as the solvent. In this investigation, the 

solvent is a solution that contains acetone (C 3H 6O). Why is an organic solvent used in this 

chromatography e xperiment rather than water?  

The plant pigments are large organic molecules that are mostly nonpolar and do not dissolve in water, which is polar. For 

the pigments to move up the paper with the solvent, they must be attracted to the solvent. Organic solvents such as 

petroleum ether and acetone are nonpolar and will attract the pigments. 

 8. Describe the location of pigments within plant leaf cells. Be specific.  

Pigments are located within chloroplasts, specifically, they are embedded in the thylakoid membranes of chloroplasts. The 

pigments are in groups and are the molecules that comprise photosystems.  

9. Connect the colorimeter to your data collection system and calibrate the sensor with a blank that 

contains ethanol.  

10. Fill a clean colorimeter cuvette a bout three -quarters full with ethanol. Add 10 ð15 drops of 

pigment extract to the ethanol, cover, and invert the cuvette to mix. The mixture should appear 

light green and transparent. Place the cuvette into the calibrated colorimeter.  

11. Record the absorbance of light for each of the four colors the colorimeter detects.  

Absorbance of light in pigments from spinach leaves  

Absorbance 

Blue Light Orange Light Red Light Green Light 

1.504 0.515 0.813 0.464 

 12. For the pigment extract, which color of light has greatest absorbance? Which color of light has 

the lowest absorbance in the sample? Provide an explanation for these results.  

Blue light has the greatest absorbance, 1.579, and green light has the lowest absorbance, 0.688. Because the leaves are 

green, green light is not absorbed by the leaf pigments but is reflected. Pigments, such as chlorophyll, absorb blue light the 

best. 
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13. When the paper chromatography is complete, remove the paper from the chromatography 

chamber and sketch the results in your lab not ebook. Lay the paper flat to dry.  

 

 14. How many different types of pigments are present in spinach leaves? Provide evidence to support 

your claim.  

Answers may vary; typically students will observe at least 4 pigments. When chromatography is complete, there are four 

distinct color bands on the paper, indicating the presence of four different pigments. 

 15. The absorbance of green light is low for a sample extracted from green leaves. However, the 

absorbance is not zero. Which pigments absorb green light in t he spinach leaves? 

The non-green pigments such as carotenoids (which appear orange, orange-brown, or orange-yellow on the paper) and 

xanthophylls (which appear yellow on the paper) absorb green light. 

16. Use a PASCO Wireless Spectrometer and corresponding  software to observe the full absorbance 

spectrum for the pigment extract:  

a. Connect the spectrometer to the PASCO spectrometer application using the Bluetooth ® or 

USB connection. Conduct the light calibration using the cuvette blank ña glass cuvette that  

contains ethanol.  

NOTE: Do not use the plastic cuvettes with organic solvents.  
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b. Use the same diluted extract as before (from the cuvette three -quarters full with ethanol plus 

10ð15 drops of pigment extract) and transfer the solution to a clean spectrom eter cuvette. 

Draw a sketch or print a record of the spectrometer data.  

 

Part 2 ð Measuring Photosynthetic Activity with DPIP 

NOTE: For this part of the investigation, use the spinach chloroplasts your teacher prepared by 

blending spinach with an ice -cold sucrose solution. Keep the sample on ice for the DPIP procedure.  

 17. DPIP (2, 6 -dichlorophenolindophenol) is a blue -colored compound. When reduced, it turns 

colorless. 

DPIP (blue) + 2H
+
 + 2e

ï
 Ÿ Reduced DPIP (colorless)  

In the following procedure, DPIP acts as an electron acceptor for excited electrons.  

a. Given what you know about the light -dependent reactions of photosynthesis, describe how 

electrons in chloroplasts become excited. 

Electrons become excited in chloroplasts when pigments (in photosystem I or II) absorb photons (light). 

b. In this investigation, excited electrons will be transferred to DPIP. In a typical photosynthesis 

reaction, what happens to these excited electrons?  

The electrons are transferred to other molecules that comprise the electron transport chains in the thylakoid membrane 

and are eventually transferred to the electron acceptor NADP
+
, forming NADPH. 

18. Connect the colorimeter to your data collection system so you can measure the change in DPI P 

color under different conditions.  

19. Label the caps of three colorimeter cuvettes ò1,ó ò2,ó and ò3.ó Use two clean pipets to add 

phosphate buffer and distilled water to the cuvettes in the volumes specified in Table 1.  

Table 1:  Set up for the DPIP photo synthesis experiment  

Cuvette Contents  Cuvette 1 

(blank) 

Cuvette 2 

(placed in light) 

Cuvette 3 

(placed in the dark) 

Phosphate buffer  1 mL  1 mL  1 mL  

Distilled water  4 mL  3 mL  3 mL  

Chloroplast suspension  3 drops 3 drops 3 drops 

DPIP  none 1 mL  1 mL  
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20. Cuvette 1 is a blank, a cuvette that contains the same contents as the other cuvettes but lacks 

the colored DPIP. Add 3 drops of chloroplast suspension to Cuvette 1 and invert it a few times to 

mix the contents. Place the cuvette into the colorimeter and c alibrate the sensor.  

22. Add 3 drops of chloroplast suspension to Cuvette 2 and 3 drops to Cuvette 3.  

23. Use a clean pipet to add DPIP to Cuvette 2 and invert the cuvette to mix the contents. Place 

Cuvette 2 into the colorimeter. Record the initial tran smittance or absorbance for the suspension.  

Repeat the process for Cuvette 3.  

NOTE: Whether you record transmittance or absorbance, and for one color or more, are decisions 

left up to your group. Create a data table to organize the results of this part of the investigation.  

Change in light absorbance and transmission for a chloroplast suspension that contains DPIP  

Cuvette 

and 

Conditions 

Colorimeter Measurements  

Absorbance (red light) Transmittance (% red light) 

Initial 5 min 10 min 15 min Initial 5 min 10 min 15 min 

#2 (in light)  0.401 0.305 0.232 0.171 39.8 49.5 58.7 67.4 

#3 (in dark)  0.402 0.405 0.404 0.403 39.7 39.4 39.5 39.6 

24. Place Cuvette 2 near a bright light source. Wrap Cuvette 3 completely in foil and place it next to 

Cuvette 2.  

25. After  5 minutes, 10 minutes, and 15 minutes, record the transmittance or absorbance of light for 

Cuvettes 2 and 3. Be sure to invert the cuvettes to mix the contents well before recording 

measurements. Also, unwrap Cuvette 3 each time, make the measurement, and  then re -wrap it.  

NOTE: It is a good science practice to place the blank in the colorimeter each time to ensure the 

transmittance of the blank continues to read 100% (or the absorbance reads 0.00).  

26. Create an appropriately labeled graph to illustrate th e results of the DPIP investigation.  

 

 27. Explain any difference in results for Cuvettes 2 and 3.  

The absorbance or transmittance of light changes significantly in Cuvette 2 but remains the same for Cuvette 3. The change 

in color in Cuvette 2 indicates that electrons were excited within the chloroplasts and transferred to DPIP, turning the 

compound colorless. The excited electrons were generated due to light absorption by pigments. Cuvette 3 was in the dark 

and did not generate excited electrons, so DPIP remained blue. 
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Design and Conduct an Experiment  

The Initial Investigation provides students with a comprehensive study of plant pigments and their 

role in photosynthesis. Student -designed experiments may focus on the use of one or more of the 

techniques ut ilized in the Initial Investigation ñchromatography, colorimetry, spectrometry, or DPIP 

reduction ñto investigate differences between different leaves or different pigments, or explore 

factors that affect photosynthesis.  

 

Students can design their experimen t using either the Design and Conduct an 

Experiment Worksheet or the Experiment Design Plan.  

 

NOTE: A key for the Design and Conduct an Experiment Worksheet follows  the synthesis questions. 

The key describes a sample inquiry question and experimental protocol for which there are sample 

answers in the Data Analysis section.  

Suggested Inquiry Questions 

The Design and Conduct the Experiment section, along with studentsõ background knowledge, guide 

students to generate a testable question. If they are not ready to create their own testable questions, 

students can use one of the following.  

NOTE: Questions ending with an asterisk (*) have sample data shown at the end of the lab.  

¶ Is the rate of photosyn thesis affected by the distance between the chloroplast suspension and the 

light source?*  

¶ How do the chromatograms and absorption spectra for other leaves compare to spinach leaves?*  

¶ Can active chloroplasts be obtained from frozen spinach or cooked spinach ? 

¶ How does the rate of photosynthesis, as measured by the relative amount of DPIP reduced, 

compare for chloroplast suspensions prepared from different leaf types?  

¶ Is the rate of photosynthesis affected by the wattage of the light bulb?  

¶ Can chromatography b e used to determine the different pigments in flowers?  

¶ Will photosynthesis occur under a UV light?  

¶ What are the absorption spectra for each type of pigment (chlorophyll a, chlorophyll b, 

carotenoids, and xanthophylls)?  

¶ Can accessory pigments pass electrons  to DPIP or does chlorophyll have to be present?  



  10. PLANT PIGMENTS / TEACHER RESOURCES 

   PASCO / PS-2852 139 

Design and Conduct an Experiment: Data Analysis 

The answers in this section are sample answers that apply to the suggested inquiry question: òIs the 

rate of photosynthesis affected by the distance between the chloroplast suspension and the light 

source?ó Results of this experiment are shown in the Sample Data section.  

As part of their experiment design, students should explain how they will analyze their results. 

Many analysis tools can be found in PASCOõs data logging software. For some activities, students 

may want to export their data to other software, such as Microsoft Excel or the Google DocsÊ 

program. Instructions for using analysis tools and exporting data can be found in the software help 

and user guide.  

1. From your observations and your data:  

a. Describe how the independent variable you manipulated affected  the rate of respiration. Does 

the data support your hypothesis? Justify  your claim with evidence from your experiment.  

The data supports the hypothesis that lower light levels result in a slower rate of photosynthesis. The absorbance of red 

light decreased at a slower rate for the cuvettes placed 60 cm from the light source than the cuvettes placed 40 cm and 

20 cm from the light source. The cuvettes closest to the light source experienced a decrease in absorbance from 

0.401 to 0.193 over the course of 15 minutes and the blue color of the solution was noticeably lighter after 15 minutes. 

The cuvettes placed 60 cm away from the light source lightened only slightly in color and the absorbance decreased 

from 0.402 to 0.344. 

b. Based on the evidence you collected, explain why the results  occurred. 

All of the cuvettes contained chloroplasts that had the ability to carry out photosynthesis. When exposed to light, 

electrons in chlorophyll and other pigments in the chloroplasts become excited and the energy of the electrons is used 

to drive the light reactions of photosynthesis. DPIP accepts these electrons and changes from blue to colorless. The 

greater the photosynthetic activity of the chloroplasts, the more DPIP molecules are reduced by available electrons. The 

cuvettes closest to the light source had the most active chloroplasts, due to increased light exposure; in other words, 

there were more excited electrons generated in the chloroplasts inside of the cuvettes placed at 20 cm from the light 

source.  

2. Is there any evidence in your data or from your observations  that experimental error or other 

uncontrolled variables affected your  results? If yes, is t he data reliable enough to determine if 

your  hypothesis was supported?  

There is no evidence that experimental error or uncontrolled variables affected the results. The data for the 3 replicates set 

at each distance was similar, indicating that variables were well controlled during data collection. 

3. Identify any new questions that have arisen as a result of your research.  

Answers will vary based on the student's knowledge, experience, and results. 
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Synthesis Questions 

1. Refer to the diagrams below illust rating the structures of four common plant pigments.  

 

a. Which pigment is more polar, chlorophyll a or chlorophyll b? Justify your answer by 

describing aspects of the pigment structure that relate to its polarity.  

Chlorophyll b is more polar than chlorophyll a due to the presence of the functional aldehyde group (ïCHO) on 

chlorophyll b where chlorophyll a has a methyl group (ïCH3). The aldehyde on chlorophyll b attracts water and the 

unequal sharing of electrons between oxygen and hydrogen makes that part of the pigment molecule polar. 

b. Which pigment is least polar, beta carotene or xanthophyll? Explain your reasoning for your 

choice. 

Because beta carotene has no hydroxide groups (ïOH) it is the least polar molecule. While xanthophyll is long and 

mostly nonpolar, its two hydroxide groups and the oxygen make it more polar than beta carotene. 

c. How do the structures of these pigments relate to the process of paper chromatography?  

The different levels of polarity in these structures result in some of the molecules being more attracted to the 

chromatography solvent than others. The molecule most attracted to the solvent moves up the paper the farthest and 

the others travel less far. Since each pigment molecule's structure and polarity is different, each one ends up at different 

locations on the paper. 
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2. The diagram below shows events of the light reactions of photosynthesis.  

 

a. Identify the items labeled A, B, C, and D.  

ñAò is a molecule of water, ñBò is a hydrogen ion, ñCò is a molecule of NADPH, and ñDò is the structure ATP synthase. 

b. Of what  importance is B to the function of D?  

As hydrogen ions (B) are transported across the thylakoid membrane by the energy released as electrons move down 

the electron transport chain, they become concentrated in the thylakoid space. They then diffuse through a channel 

within ATP synthase, crossing the membrane into the stroma. This diffusion of hydrogen ions provides the energy to the 

ATP synthase complex to generate ATP from ADP. 

c. Of what importance are C and D to th e reactions of the Calvin cycle ñthe series of reactions 

that follow the light reactions?  

Production of carbohydrates from carbon dioxide in the Calvin cycle requires energy from both NADPH and ATP. So 

molecule C, NADPH, participates directly in the Calvin cycle, giving up the electrons it accepted in the light reactions. 

Structure D produces ATP molecules that are used in reactions of the Calvin cycle, providing energy to drive endergonic 

reactions. 

d. Identify  labels E and F on the diagram of a chloroplast . Describe the processes that occur in 

each area.  

 

Label E points to the stroma, the space between the outer membrane of the chloroplast and the stacks of thylakoids. 

F points to one of these thylakoids. The light reactions of photosynthesis take place along the membrane of the 

thylakoids, where the photosystems and electron transport chains are embedded. The reactions of the Calvin cycle take 

place in the stroma. 
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3. A student researches various methods of extracting chlorophyll from leaves. One method 

describes boiling leaves in ethanol, as illustrated:  

 

The boiling process causes the ethanol  to turn green and òbleachesó the leaf.  

The student reads about this method in an investigation that tests leaves for the presence of 

starch and wonders whether t his method might be used for a DPIP investigation similar to the 

Initial Investigation. He sets up a cuvette with the following contents: phosphate buffer, distilled 

water, DPIP, and 3  drops of the green -colored ethanol obtained after boiling the leaf in e thanol in 

a test tube, as described in the investigation. The cuvette is placed under a bright light source 

and the student measures light absorbance in the solution at 1 minute intervals for 10 minutes.  

Copy the graph below and sketch a line on the graph to illustrate what you predict will happen 

to the absorbance of the solution in the cuvette the student set up. Explain the reasoning for 

your prediction.  

 

The method of bleaching a leaf to extract chlorophyll will not result in active chloroplasts in the ethanol the leaves are boiled 

in. One reason is that the chloroplasts will likely remain in the leaf cells, since the leaves are not being blended or crushed. 

Secondly, boiling the leaves will destroy the structure of chlorophyll as well as the enzymes of the electron transport system 

and Calvin cycle, so photosynthesis will not be able to take place even in chloroplasts that end up in the ethanol. There will 

be no change in the color of DPIP if there are no active chloroplasts in the cuvette. 
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4. In the Baltic Sea, two similar species of photosynthetic picocyanobacteria were found to occupy 

water at a similar depth. One species, BS4, is blue -green in color and  the other species, BS5, is 

red. Both species contain chlorophyll a but differ in the presence of certain accessory pigments: 

phycocyanin is found only in BS4 and phycoerythrin is found only in BS5. The absorbance 

spectra for the pigments in these species are shown below. Also shown are the results of 

experiments in which the species were grown together under different light conditions. 11 

 

a. Explain why the picocyanobacterium BS5 is red in color.  

The least absorbance is in the red part of the spectrum, indicating that most red light is reflected by the pigments in 

BS5, so this is the color the organism appears. 

b. Describe evidence from the absorbance spectra that both of the species contain chlorophyll a. 

Both species' absorbance spectra have peaks in the blue and red ends of the spectrum. These are the colors of light 

that chlorophyll a absorbs. 

c. Describe the results of growing BS4 and BS5 together in green light and provide a biological 

explanation for the results.  

In green light, BS4 did not survive; the population density was zero or very close to zero. The population density of BS5, 

however, increased during the first 10 days or so and then leveled off as the carrying capacity was reached. The 

absorbance spectrum for BS5 indicates that the species contains a pigment that absorbs green and yellow 

wavelengths, the wavelengths of light emitted from a green light source. Therefore, BS5 was able to carry out 

photosynthesis and had the energy needed for reproduction (population growth). BS4 does not absorb this color of light 

and was not able to photosynthesize. 

                                                 
11 Stomp, M. et al. Adaptive divergence in pigment composition promotes phytoplankton biodiversity. Nature (Impact Factor: 38.6). 12/2004; 
432(7013):104ï7. DOI: 10.1038/nature03044 

http://www.researchgate.net/researcher/39844003_Maayke_Stomp
http://www.researchgate.net/journal/1476-4687_Nature
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d. Describe the results of growing BS4 and BS5 together in white light and provide a biological 

explanation for the results.  

In white light, both species survived and experienced an increase in population density. The population of BS5 

increased rapidly in the first 10 days or so and then leveled off. The population of BS4 increased steadily over the 

65 days of the investigation. By Day 60, the populations of each species were nearly equal in density. The results 

indicate that these species can successfully coexist in the same habitat. The ability of each species to use wavelengths 

of light not used by the other species allows each to acquire enough energy to carry out photosynthesis. 

e. If paper chroma tography was performed using pigments extracted from BS5, what color or 

colors would you expect to see on the paper after chromatography is complete? Explain the 

reasoning for your choice(s).  

There would be a red colored pigment on the paper, the same red pigment that makes the cells appear red in color. 

There would also be a green pigment on the paper, since the species also has chlorophyll a in its cells. 
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Design and Conduct an Experiment Key 

Use one of the tools or techniques from the Initial Investigatio n to explore a question of your own 

related to plant leaves and pigments, or to photosynthesis.  

 

 

Develop and conduct your experiment using the following guide.  

 

1. Create a driving question: choose a factor that can be controlled in the lab and develop a testable 

question for your experiment.  

How is the rate of photosynthesis, as measured by DPIP, affected by the distance between the chloroplast suspension and 

the light source? 

2. What is the justification for your question? That is, why is it biologically significant, relevant, or 

interesting?  

In their natural habitats, plants may be shaded by other plants, causing a reduction of the light available for photosynthesis. 

Placing the cuvettes at different distances from the light source will simulate providing plants with different amounts of light 

and will allow me to determine if plants can continue to carry out photosynthesis even in low-light conditions.  

3. What will be the independent variable of the experiment? Describe how this variable will be 

manipulated in your experiment.  

The independent variable is the distance between the cuvettes and the light source. Cuvettes containing chloroplasts and 

DPIP will be placed at three different distances from the lamp: 20 cm, 40 cm, and 60 cm. 

4. What is the dependent variable of the experiment? Describe how the data will be collected and 

processed in the experiment.  

The dependent variable of the experiment is the change in light absorbance over time. Each suspension will be measured 

for initial absorbance of red light before being placed in light, and then the absorbance will be measured at 5 minute 

intervals. There will be 3 replicates at each distance and the change in absorbance for each distance will be determined by 

calculating an average change for the 3 cuvettes. 

5. Write a testable hypothesis (Iféthené). 

If amount of light affects photosynthesis, then the cuvettes placed 60 cm from the light source will experience a slower rate 

of change in absorbance over time than the cuvettes placed 20 cm from the light source. 

6. What conditions will need t o be held constant in the experiment? Quantify these values where 

possible. 

The source of chloroplasts for the cuvettes will be the same for all cuvettes and each cuvette will contain 3 drops of the 

chloroplast suspension. The cuvettes will contain the same volume and concentration of phosphate buffer and the same 

volume and concentration of DPIP. Trials will be run at room temperature using a CFL light source that does not generate 

heat. Before each measurement is taken, cuvettes will be inverted to mix the contents well. The time interval between 

measurements will be kept constant for all cuvettes. 

7. How many trials will be run for each experimental group? Justify your choice.  

There will be three replicates set up for each experimental group. The cuvettes are small and three of them can fit side by 

side directly in front of the light source. Collecting data for three trials simultaneously reduces the time needed for the 

investigation. 
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8. What will you compare or calculate? What analysis will you perform to evaluate your results and 

hypothesis? 

The average change in absorbance of red light will be calculated for 20 cm, 40 cm, and 60 cm over the course of 

15 minutes of light exposure. The change in absorbance will be graphed and the slopes of the lines will be compared to 

compare the rates of photosynthesis at each distance. 

9. Describe at least 3  potential sources of error that could affect the accuracy or reliability of data.  

The chloroplast suspension will be mixed well before taking a sample, but there may still be some variation in the number of 

chloroplasts contained in the 3 drops added to each cuvette.  

The time taken to place the cuvettes into the colorimeter to obtain measurements may vary, resulting in some cuvettes 

being in light for slightly more or less time than others.  

If the cuvettes are not wiped with a Kimwipe just before placement into the colorimeter, the absorbance measurement could 

be affected. 

10. Use the space below to create an outline of the experiment . In your lab notebook, write the steps 

for the procedure of the lab.  (Another student or group should be able to repeat the procedure 

and obtain similar results .)  

Turn on a light source that is positioned to emit light at the sides of the cuvettes (instead of a top-down light source 

position). 

Put pieces of tape on the table surface at 20 cm, 40 cm, and 60 cm from the light source. 

Create a blank cuvette that contains all of the contents below except DPIP to calibrate the colorimeter. 

Add the following contents to 9 cuvettes: 

¶ 1 mL phosphate buffer 

¶ 3 mL distilled water 

¶ 3 drops chloroplast suspension 

¶ 1 mL of DPIP 

Work quickly after adding DPIP to measure the initial absorbance of red light for the 9 cuvettes. 

Put 3 cuvettes side-by-side on top of the first piece of tape. Place 3 cuvettes on the 40 cm piece of tape and at 60 cm. 

After 5 minutes of light exposure, remove the cuvettes one at a time and quickly measure the absorbance of light. Return 

the cuvettes to the proper position in front of the light after taking measurements. 

Repeat data collection at 10 minutes and 15 minutes. 

 

 

 

 

 

11. Have your teacher approve your answers to these questions and your plan before beginning the 

experiment . 
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Sample Data 

Light absorbance for a chloroplast suspension  with  DPIP  at different dista nces from the light source  

Distance 
from Light 

Source  
(cm) 

Colorimeter Measurements  

Absorbance (Red Light) 

Initial 5 min 10 min 15 min 

20 0.401 0.340 0.258 0.193 

40 0.402 0.373 0.324 0.277 

60 0.402 0.393 0.366 0.344 
 

 

 

 

Absorbance of light  of four colors measured by a colorimeter  

Leaf 

Sample 

Chromatogram Observations Absorbance 

Blue  
Light 

Orange 
Light 

Red 
Light 

Green 
Light 

Spinach  
There are four pigments present: chlorophyll a 

and b, xanthophylls, and carotenoids  
1.504 0.515 0.813 0.464 

Purple leaf 

lettuce  

Both chlorophylls are present as well as 

xanthophylls, but the carotenoids seem to be 

missing. There seems to be an additional pigment 

below chlorophyll a. 

1.578 0.197 0.266 0.188 

Kale  Contains the same pigments as spinach.  1.594 0.166 0.334 0.078 
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11. TRANSPIRATION 

Lab Overview 

Students investigate the rate of transpiration in plants under normal and humid conditions and 

have an opportunity to conduct inquiry experiments of their own design to test additional factors. In 

the Initial Investigation, students create a potometer usin g a pressure sensor and they monitor 

microclimate conditions using a weather sensor. The potometer measures transpiration by detecting 

the change in pressure due to the evaporation of water from the leaves of a plant sample.  

The Initial Investigation prov ides students with sample data from a òwhole-plantó transpiration 

experiment to introduce students to this alternate method of measuring transpiration. For 

experiments of their own design, students can use either the potometer method or whole -plant 

method to measure how certain factors affect the rate of transpiration.   

Pacing and Length of the Lab 
 

Initial Investigation  Student-Designed Experiment 

Teacher Preparation  Time  25 min  Experiment Design  15 min  

Initial Investigation  45 min  Experiment w/potometer, 1 day  45 min 

total    Experiment w/whole -plant, 2 ð3 days 

  Data Analysis  30 min  

AP* Connections 

The concepts covered in this lab align to the òAP Biology Curriculum Framework .ó 
 

Essential Knowledge 2.A.3, 2.B.2, 2.C.2, 2.D.1, 2.D.3, 4.A.6  

Science Practices 4.2, 5.1, 5.3, 6.1, 6.2, 7.1 

Learning Objectives 2.9, 2.11, 2.12, 2.15, 2.21, 2.28, 4.14 

Materials and Equipment 

For Each Student Station 

¶ Data collection system  ¶ Base and support rod  

¶ Low pressure sensor (barometer)  ¶ 3-finger clamps (2)  

¶ Weather sensor  ¶ Test tube clamp  

¶ Sensor extension cables (2)  ¶ Clear plastic bag, 1 gallon  

¶ Quick -release connector1 ¶ Spray bottle with water  

¶ Clear plastic tubing , 40ð50 cm1, with a one -hole  ¶ Electronic balance, centigram  

rubber stopper on one end  ¶ Small  syringe, 60 -mL or larger, without needle   

¶ Large tub or bucket (for water)  ¶ Pipet  

¶ Paraffin film or petroleum jelly (if available)  ¶ Metric r uler  

¶ Plant sample containing numerous leaves 2 ¶ Large scissors or small pruning shears  

1Included with most PASCO pressure sensors. 
2The plant sample should have a woody stem that fits tightly in the narrow diameter of the clear tubing. Suggestions include ornamental pear, 
oleander, hydrangea, and gardenia. 

                                                 
*AP is a registered trademark of the College Board, which was not involved in the production of, and does not endorse, this product. 
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Additional equipment recommended for the student -designed experiment:  

¶ EcoChamberÊ containers (at least 2), including  ¶ Additional plant samples  (different species) that  

stoppers fit in the tubing of the potometer 2 

¶ Weather sensor for each EcoChamber container  ¶ Electronic balance, centigram  

¶ Carbon dioxide gas sensor  ¶ Small f an 

¶ Small plants that fit in the EcoChamber container 1 ¶ Lamp with incandescent or UV bulb that  

¶ Clear plastic bags and twist -ties to cover the  provides heat  

root ball (or quart or gallon zip -close bags) ¶ Lamp with a CFL bulb that remains cool  

1Plants recommended for the EcoChamber container and whole-plant transpiration investigations include pansy, marigold, and impatiens. 
2Encourage students to look for plant samples on the school campus and choose plants that appear to be adapted to different environments. 

Prerequisites 

Students should be familiar with the following  concepts: 

¶ Properties of water:  cohesion, adhesion, and hydrogen bonding.  

¶ The relationship between volume and pressure is an inverse relationship. If the  volume of a gas 

increases, molecules move about within a greater space and the pressure decreases due to fewer 

molecular collisions.  

¶ Water potential is the driving force behind transpiration ; a water potential gradient moves water 

through a plant from th e roots to the leaves, and eventually into the air (the region of lowest 

water potential). Solute concentration and pressure are two components of water potential.  

¶ Plants have vascular structures  specialized for water transport.  

¶ Plants must balance their requirements for water and carbon dioxide with the risk of excessive 

water loss through evaporation. Gas exchange is regulated by the opening and closing of 

stomata.  

Safety 

Follow these important safety precautions in addition to your regular classroom pro cedures: 

¶ Wear safety goggles at all times .  

¶ Handle sharp objects carefully.  

¶ Avoid contact with eyes or skin when handling plant materials. Wash hands thoroughly after 

touching plants.  

Lab Preparation 

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

1. Acquire plant samples  

¶ For potometer method: Select plants with woody stems the size of the inside diameter of the 

plastic tubing.  The stems need to be sturdy enough to insert into the tubing without breaking.  

Cuttings from trees or shrubs will  work and students can find their own  samples from plants 

on campus. Alternatively, you can bring in samples from home or purchase a few plants from 

a nursery. Examples include ornamental pear, oleander, hydrangea, and gardenia.     

¶ For whole -plant transpir ation method (this method may be chosen  by students for their own 

experiments):  Purchase 6-packs of small plants from a local nursery. Examples include 

pansies, primrose s, and impatiens.  
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2. Fill several large tubs or buckets with water.  

3. Assemble the base and support rod setup for each group, attaching a test tube clamp and two 

3-finger clamps to each support rod (refer to the diagram in the Initial Investigation).  

NOTE: If you wish to reduce the time needed by students for the Initial Investigation, you can also 

attach the sensors to each base and rod setup. The barometer (low pressure) sensor and a weather 

sensor should be attach ed to the support rod using the 3 -finger clamps.  

4. Prepare the tubing for the potometers by inserting one end of the tubi ng through a one -hole 

stopper (#6 or similar size) and extending the tubing 3 ð5 cm beyond the top of the stopper.  

Teacher Tips 

Tip 1 ï The potometer 

NOTE: We recommend that you practice the potometer assembly steps so you are able to help students 

troubleshoot this procedure.  

TUBING ASSEMBLY  

¶ In order for transpiration to occur, it is critical that there is an unbroken water column that 

extends from th e water in the tubing to the water in the xylem of the plant. Any air bubbles in 

the tubing or at the cut surface of the stem will affect the data. This is why the tubing and plant 

stem must remain submerged in the tub of water during the setup.  

¶ The assembly is difficult for one person to coordinate . Students should work in pairs to complete 

the procedures.  

¶ The stem of the plant sample must  fit tightly in the opening of the tubing. If students collect 

plant samples from the schoolyard or home, they should t ake the tubing outside with them to 

test for a good fit of the stem in the tubing.  When using plants obtained this way, students do not 

need to immerse the plant samples in water in the field. They can cut the sample from a plant in 

the schoolyard and then  cut the stem again (as specified) during the procedure of the Initial 

Investigation.  

¶ To ensure an airtight seal, a small piece of paraffin film can be wrapped around the tubing edge 

where the plant stem is inserted. Alternatively, a dab of p etroleum jell y can be applied at the 

edge of the tu bing. However, the paraffin film or jelly is not sufficient to provide a seal if there is 

a gap between the stem and tubing. Avoid getting jelly in the tubing as it is difficult to remove.  

ATTACHING THE BAROMET ER SENSOR 

¶ The sensor measures the air pressure in the small gap between the water in the tubing and the 

quick release connector of the sensor. Here is an explanation that may help students understand 

why the pressure changes when transpiration occurs:  

As the plant  loses water through its leaves ñtranspiration ñthe plant draws water from the 

tubing into its xylem. Thus the volume of water in the tubing decreases slightly, increasing 

the volume of the air gap near the barometer. The barometer detects the resulting decr ease in 

pressure; the larger air gap, with no change in the number of molecules, means there are 

fewer molecular collisions between the trapped air molecules and their container.  

¶ The quick release connector needs to fit tightly in the tubing but it is not necessary to insert it 

completely. It just needs to be tight enough that the connector doesn't easily come out.  
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Tip 2 ï Time management 

¶ Although 10 minutes is recommended  as the length of time for data collection, potometer runs 

may be shortened to 7 minut es if a clear trend is observed in this time.  

¶ For the whole -plant method, sufficient data could be collected in 48 hours rather than 72 hours.  

While 72 hours is recommended, if time is limited,  the opportunity for student -designed inquiry 

should not  be abandoned. 

Tip 3 ï Whole-plant transpiration method 

The Initial Investigation provides students with data from a whole -plant transpiration experiment. 

Students may choose this method for their student -designed experiments. The following procedure 

was used in the PASCO trial to collect the sample data provided.  

a. Saturate the soil of the plant with water the day before beginning the experiment. If flowers are 

present, remove them  as well as any dry leaves.  

b. Using the sensor extension cable and stoppers, su spend the weather 

sensor in the EcoChamber container.  

c. Create a display of one or more of the relevant weather sensor 

measurements and reduce the sample rate. One sample every 

30 minutes or once per hour will provide sufficient data.  

d. Remove the plant  sample from its packaging and p lace the root ball 

(including soil) of the  plant into a plastic bag  (or use plastic wrap) . Seal 

the bag or plastic wrap around the stem of the plant so that the leaves 

remain uncovered .  

e. Measure and record  the initial mas s of the plant, including the plastic.  

f. Place the plant inside the EcoChamber  container  and secure the lid  as 

shown.  

g. For control conditions, the holes of the EcoChamber container were left 

open. For the humid condition, water was added to the bottom of the 

chamber to a depth of 1 cm, and all holes of the chamber were sealed 

with rubber stoppers.   

NOTE: For other conditions tested in PASCO trials (such as the room 

temperature versus warm temperature trial) the holes of the chamber were left open.  

h. Record the final mass of the plant and plastic bag together after 48 or 72 hours. Calculate the 

percent change in mass to normalize any difference in starting mass between the plants.  

i.  Determine the total leaf surface area for each plant and compare the percent change in mass  

per cm2 for each plant and condition to determine relative rates of transpiration.  
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 Tip 4 ï Leaf surface area 

The Initial Investigation uses the same plant sample for the control and humid conditions, 

eliminating the need to ònormalizeó data by determining the surface area of the leaves. However, the 

various student -designed experiments will likely need to take into account leaf surface area to 

provide a valid comparison between experimental groups. In the PASCO trials, leaf surface  area was 

determined by mass, following the procedure below. A leaf tracing method could also be used, but is 

not described here.  

a. Remove all of the leaves from the plant sample and find the collective mass of the leaves.  

b. Cut five 1 -cm2 pieces from t he leaves and find the collective mass of the five pieces using a 

centigram balance. Obtain the average mass/cm 2. 

c. Knowing the mass per cm 2 of the leaves and the total mass of all the leaves, calculate the total 

surface area for the plant:  

2

2

total mass
total surface area (cm )

mass/cm
=  
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Initial Investigation 

The Initial Investigation is designed to familiarize students with the equipment and techniques 

necessary to design their own experiment. If students are comfortable with probeware, and have a 

strong understanding of the  concepts, this section may be removed, placing more responsibility on 

the students for developing an experiment.  

From the student handout: 

1. Put on your safety goggles.  

2. Use the two 3 -finger clamps to attach the barometer (low -pressure sensor) and weat her sensor to 

the base and rod stand. Connect the sensors to your data collection system using extension 

cables.  

3. Create a graph display of Barometric pressure versus Time. If possible, set the sampling  rate to 

one sample every 30 seconds. If your data collection system allows for an automatic stop 

condition, set the stop time for 10 minutes.  

NOTE: The units for barometric pressure default to inHg (inch of mercury) on the data collection 

system. These units can be changed within the system to the SI unit kPa (kilopascals).  

4. Create one or more displays for R elative humidity (%) and Temperature (°C); these 

measurements are detected by the weather sensor and provide information about the 

microclimate surrounding the plant sample in the invest igation.   

SET UP THE POTOMETER 

The diagram below illustrates the potometer, the apparatus that will detect transpiration in the plant sample.  
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5. To set up the potometer, perform the following steps using a large bucket or tub of water.  

a. Check that one  end of the plastic tubing extends 3 ð5 cm past the stopper. Submerge the 

entire length of tubing in the tub of water.  

NOTE: It is important to keep the plastic tubing submerged in a tub or sink while preparing 

the plant and tubing of the potometer.  

b. Fill the syringe with water and attach it to one end of the tubing. Push the plunger on the 

syringe to fill the tubing with water. Watch the open end of the tubing ñthe tubing is filled 

with water when air bubbles no longer exit the tubing. Keep the tubing submerged in the 

water.  

c. Holding the stem of the plant sample under water, use sharp scissors to cut the plant stem at 

a 45° angle. Immediately insert the cut end of the stem into the short section of the tubing 

that extends past the rubber stopper. The stem should fit tightly in the opening of the tubing.  

NOTE: If paraffin film or petroleum jelly is available, it can be used to help obtain an airtight 

seal. Use petroleum jelly carefully; it is difficult to remove from the tubing. Neither will create 

an airtight seal if the plant stem does not fit tightly in the tubing.  

6. To prevent water from spilling out of the tubing, hold the tubing in a òUó shape and remove the 

tubing and plant sample from the water. Place the stopper in the test tube clamp on the ba se and 

support rod and tighten the clamp to secure the stopper. Be sure the plant remains upright.  

7. Create a 2ð3 cm air gap at the other end of the tubing ñthe end that will connect to the 

barometer. Either flick the tubing or use a pipet to remove a smal l amount of water, creating the 

air gap.  

8. Insert the quick -release connector into the tubing far enough so it does not easily come out. 

Attach the connector to the barometer sensor  and twist it to complete the connection between the 

sensor and the tubin g.  

Check that your setup looks like the one illustrated on the previous page.  

¶ There must be an unbroken water column that extends from the water in the tubing to the 

water in the xylem of the plant sample in order for transpiration to occur. Any air bubbl es in 

the tubing or at the surface of the cut stem will affect the data . Additionally, an air gap is 

important to have near the barometer sensor to be able to detect the small changes in 

pressure that result from the movement of water from the tubing into the plant xylem and 

through its leaves.  

COLLECT DATA : NORMAL CONDITIONS  

9. Leave the potometer undisturbed for at least one minute before beginning data collection. Collect 

data for 10 minutes. Answer the following questions while you wait.  

 10. If transpir ation occurs in the plant sample, what will happen to the water in the tubing?  What 

will happen to the pressure in the tubing?  Explain your answer.  

As transpiration occurs, water will leave the plant through evaporation from the leaves. The water in the tubing will be pulled 

up into the plant to replace the water lost through transpiration. As the plant pulls water out of the tubing, the volume of the 

air gap at the end of the tubing connected to the barometer increases; the pressure in the air gap between the water column 

and the sensor will decrease. Because the tubing is air tight, as the volume of the air gap increases, the pressure exerted by 

the trapped air molecules in the gap decreases. Pressure and volume in a closed system have an inverse relationship. 
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 11. What will happen if the seal between the plant stem and tubing is not air tight?  

If air gets between the cut end of the plant stem and the water in the tubing, the air pressure inside the tubing will equal the 

air pressure outside the tubing. Additionally, any air bubbles in the system will break the water column and the plant will no 

longer be able to pull water through its xylem. In either case, transpiration can no longer be measured by the barometer. 

 12. Consider the microscopic structure of a leaf.  

a. Through which structures does water evaporate from a plant? Be as specific as you can in 

your answer.  

Water moves out of a leaf through stomata, small openings in the epidermis of the leaf. 

b. Do you expect that these structures are the same regar ding their location and density in the 

leaves of different plant species or do they vary? Explain your reasoning.  

Plants can adapt to environmental conditions that affect water loss by varying the density and location of their stomata. 

For example, plants adapted to drier conditions may have a lower density of stomata in order to prevent excess water 

loss. Plants such as cacti have reduced leaves (spines) with no stomata at all. Their stomata are located on the body of 

the plant. Plants that float on water may have stomata located only on the top of the leaves rather than underneath. 

(Most land plants have more stomata in the lower epidermis compared to the upper epidermis.)  

13. After data collection stops, keep the plant sample, sensors, and other potomete r components in 

place. Reset the pressure in the tubing by carefully twisting the quick -release connector to 

remove it from the sensor. Then reconnect it to the sensor so the tubing and sensor are once 

again connected.  

COLLECT DATA : ALTERED CONDITION  

14. Cover the plant sample and the weather sensor with a 

large, clear plastic bag. Mist the inside of the bag with 

water from a spray bottle and seal the plastic bag. Leave 

the system undisturbed for one minute and then begin 

data collection. Answer the follo wing questions while the 

system records data for 10 minutes.  

 15. What environmental condition(s) that can be measured 

by the weather sensor do you expect to change in the 

plant's microclimate as a result of the plant being 

covered with the misted bag?  

By misting the air around the plant and trapping it inside the bag, the 

humidity in the enclosed space will increase.  

 16. The amount of water vapor in the air affects the water 

potential of the air. The rate of transpiration is directly 

related to the water potential difference between the 

leaves and the atmosphere.  

a. Based on your knowledge of water potential, how 

should the water potential of the air in the ònormal 

conditionó test compare to the water potential of the air surrounding the plant covered with 

the bag? 

Adding water to the air around the leaves raises the water potential of the air. The air around the leaves in the first trial 

had a lower water potential than the microclimate of the covered plant. 
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b. How does water potential relate to transpira tion? Predict whether or not you expect the rate 

of transpiration to be the same in both conditions? Explain your prediction.  

Water moves along a water potential gradient, moving from regions of high water potential to regions of low water 

potential. There is a gradient of water potential from the soil around the roots to the air around a plant. Water molecules 

in the air spaces of the spongy tissue within a leaf move into the air, since the air has a lower water potential than the 

leaf. The drier the air around the leaf, the lower the water potential of the air and water will evaporate more quickly. 

Therefore, the rate of transpiration should be less in the second condition in which the leaves are surrounded by wetter 

air.   

17. End data collection after 10  minutes. Print or sketch a graph of Barometric pressure versus Time 

to preserve a record of your data. Clearly label each run of data. Also, for each run, record the 

minimum, maximum, and average relative humidity (%) and temperature during each 10 minute  

period.  

 

 

 

 Transpiration under normal and humid conditions  

Environment Minimum 
Temperature 

(°C) 

Maximum 
Temperature 

(°C) 

Average 
Temperature 

(%) 

Minimum 
Humidity 

(%) 

Maximum 
Humidity 

(%) 

Average 
Humidity 

(%) 

Normal 

conditions 

(control)  

21.6 21.7 21.6 36.1 37.2 36.7 

Humid 

conditions  
20.9 21.3 21.1 67.7 75.0 71.5 

18. Create a data table to summarize the results for the two conditions and compare the rates of 

transpiration using the change in pressure/minute.  

Potometer: Comparing the rate of transpiration under normal and humid conditions  

Environment Initial 
Pressure 

(inHg) 

Final Pressure 
(inHg) 

Change in 
Pressure  

(inHg) 

Rate of 

Transpiration1 
(inHg/min) 

Rate of 

Transpiration2 
(inHg/min) 

Normal 

conditions  
30.79 27.75 ï3.04 ï0.304 ï0.294 

Humid 

conditions   
30.63 29.31 ï1.32 ï0.132 ï0.124 

1The rate was determined by dividing the overall change in pressure by 10 minutes. 
2The rate was determined by applying a linear fit to the data to find the slope of the line. 
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 19. Was your prediction correct? Explain any differences between the control data (normal 

conditions) and the data collected for the covered, misted plant (altered condition). Use data from 

both sensors to support your explanation.  

Answers will vary depending on the student's prediction. If the student predicted that the rate of transpiration under humid 

conditions would be less than the control conditions, the prediction is supported. 

The rate of transpiration in the control (normal) conditions was greater because humid conditions slow the rate of 

evaporation from a plant. Under the control (normal) conditions, the air around the leaves was measured at an average 

relative humidity of 36.7% while the average relative humidity of the leaves covered with a misted bag was 71.5%. The 

water potential of the air in the humid conditions was higher than under the control conditions. Since there was less of a 

gradient between the water potential of the leaves and that of the air, water evaporated more slowly in the humid conditions. 

The temperature for the control condition averaged 21.6 °C and averaged 21.1 °C for the humid conditions. As this is a 

small difference in temperature, we can conclude that humidity is the factor that affected the outcome. 

 20. Refer t o the table below, which shows data for a whole -plant transpiration experiment. The 

diagram illustrates the setup for the experiment.  

 

A weather sensor monitored the microclimate in each chamber. One chamber contained only a 

plant. The plant's root ball was sealed in plastic so that evaporation could only occur through its 

leaves. The other chamber was set up in the same way ñusing a plant of the same size and 

species as the first chamber, but it also contained a small amount of water in the bottom of the 

chamber and the holes of the chamber were sealed.  The mass of each plant was measured on the 

day of set up and again 72  hours later. External factors, such as the amount of daylight the 

plants received, were kept constant by placing the chambers side -by-side in the same location for 

the 72 hours.  

Table 1: Whole -plant ñComparing the rate of transpiration under normal and humid conditions  

Environment Change in Mass 
(g) 

Change in Mass 
(%) 

Total Leaf Surface Area 

(cm2) 

Chamber 1  ð0.69 ð0.7 183 

Chamber 2   ð22.42 ð21 175 


