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College.
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staff and student assistants who participated in photography and other tasks integral to the construction of this lab manual. This
manual was made possible by the Academic Senate for California Community Colleges Online Educational Resource Initiative
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The following labs require special attributions:

Lab 16: The title "A Taste of Genetics", Figure 2, and procedure are taken from the lab developed by Embi Tec and used with
permission

Lab 17: ELISA and Lab 20: Good Manufacturing Practices were originally developed by the Southern CA Biotech Center at
Miramar College and is provided as an OER resource to support biotechnology education.

Lab 21: Biofuel Project was created by the Department of Energy-funded Great Lakes Bioenergy Research center (DOE

BER Office of Science DE--FC02--07ER64494) and is available at www.glbrc.org/outreach/educa...2e-converting- cellulosic-
biomass-ethanol
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A detailed breakdown of this resource's licensing can be found in Back Matter/Detailed Licensing.

This page titled Licensing is shared under a license and was authored, remixed, and/or curated by LibreTexts.


https://bio.libretexts.org/Bookshelves/Biotechnology/Lab_Manual%3A_Introduction_to_Biotechnology/00%3A_Front_Matter/04%3A_Licensing

LibreTextS"
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1.1: Lab Safety and Laboratory Notebook

Learning Objectives

Goals:

e Understand the importance of a well-kept notebook.

e Learn how to enter information and maintain a legal scientific notebook.

e Familiarize students with basic safety rules.

e Allow students to become familiar with the safety equipment in the laboratory.

Student Learning Outcomes::
Upon completion of this lab, students will be able to:

e Record information into a notebook in a legally acceptable format.
e Format a table of contents.

e Make appropriate corrections to their notebook.

e Engage in good laboratory practices.

e Properly use Personal Protective Equipment (PPE).

¢ Identify the location and proper use of emergency equipment.

e Recognize the meaning of common laboratory safety signs.

e Interpret data on the safety diamond.

Introduction

Regardless if you work at a biotechnology company or in an academic research lab, keeping a lab notebook is a requirement. The
Food and Drug Administration’s (FDA) handbook states, "if it isn't written down, it wasn't done." The lab notebook is considered a
legal document and can be used in court to settle patent disputes or to report a specialist’s finding in paternity suits or criminal
cases. Often times, the lab notebook is used as a starting point for other scientists who work in the lab. Lab notebooks are always
maintained for the following reasons:

e To record the steps an individual has carried out and to document their observations

e To establish ownership in case of a patent dispute or other legal issues

¢ To establish guidelines used to evaluate the process in which a product was made and to evaluate the product itself
e To follow the production of a product through the manufacturing process

e To create a contract between a company and consumers and/or between a company and regulatory agencies

o To demonstrate a procedure was done correctly

e To develop, follow, and evaluate standard operating procedures (SOP)

Without documentation, even quality work is worthless. In the event of an experiment failing, the documentation allows for a
scientist to review their protocol and make adjustments for future experiments. As stated above, in industry, lab notebooks are
legal documents. They are used to determine product quality, patent rights, and liability. Notebooks are always treated as if they
will be used in court because the consequences of not doing so could be devastating to a company.

Part I: Setting Up a Legal Scientific Notebook

A notebook should contain what equipment and materials were used and what steps were followed to show that the equipment
and materials were validated before use. In case of an audit by government regulatory agencies, a company must be able to
produce documentation that proves that they are following Good Manufacturing Practices (GMPs). If they find that a notebook
was missing information or was not legible, then the company may be fined or held liable for damages in a product lawsuit. The
importance of a well-kept notebook cannot be emphasized enough.
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Guidelines for Setting Up a Legal Scientific Notebook

*For the purpose of this course, pages suitable for a lab notebook are included in the appendix. Your instructor may direct you
to print a specific number of pages and bind them with staples along the long left edge to serve as a low-cost substitute for an
official bound notebook.

1.
2.
3.

N O

S.
10.
1.

12.
13.
14.

15.

Obtain a bound notebook, such as a composition book. Spiral notebooks are not acceptable.
Use only blue or black pen to make entries. NO PENCIL ALLOWED.
Label the outside of your notebook with the information:

G A\
LAB NOTEBOOK

You.r Nawmwe

INTRO TO BIOTECH LA®B

Professor’'s Name

Sewester/Year
- %

Figure 1. Lab notebook cover setup: Row 1: Name, Row 2: Intro to Biotech Lab, Row 3: Professor's Name, Row 4: Semester/Year.

Make pages 1-4 the Table of Contents. Write “Table of Contents” at the top of each of these pages. Record the title of each
lab or entry and the page number for each.

Each page in the notebook must be numbered. Number each page of the notebook in the upper corner with the first page of
the notebook being “page 1.” The back of the first page will be “page 2" and so on.

Record the date of each entry at the top of each page.

Sign and date the bottom of each page.

For each experiment (or activity) that you perform, you should include the purpose for the experiment, the materials and
methods you use, any data tables, figures or graphs properly labeled with a title, and a conclusion.

Do not erase errors. Just draw a single line through an erroneous entry, then add your initials. Enter the correct entry nearby.
Never leave blank spaces. Draw a diagonal line through all open or blank space.

If an entry continues on a different page, include “go to page ____" on the bottom right hand of the page to let the reader
know where the rest of the information is located.

Graphs and other small sheets of paper can be pasted into the notebook using a glue stick.

Always include enough details for someone else to successfully duplicate the work you have recorded.

Label all figures, tables and calculations. Figures should be labeled on the bottom left and tables are labeled on the top
left.

Never remove pages from your notebook.

Activity: Analysis of Sample Lab Notebook Entries

aprwd o

Using blue or black pen complete steps A-E of the “guidelines for setting up a legal scientific notebook.”

Enter a title in your lab notebook page (and in Table of Contents) as “Analysis of Sample Lab Notebook Entries.”

Label the top of page 5 Lab A: Analysis of Sample Lab Notebook Entries.

Each student should obtain a copy of the “Sample student notebook entries.”

Review each of the three samples by yourself. You may choose to use the notebook scoring rubric provided in the appendix
of this manual. Once you have reviewed the entries you can discuss your opinions with your group members. Make a list of
what the student did well and what the student could have improved upon.

Draw 3 tables into your notebook, one for each student entry you will be evaluating.
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Score: ____/ 10 pt

Table 1. Review of Sample Lab Notebook: Entry #1

What did student do well? Improvements Needed?

7. If you were grading these lab entries, what categories/criteria would you use to assign points? If you were the grader, what
overall score (out of 10 points) would you assign the samples?

Part II: Lab Safety

Introduction

Laboratory safety involves all the measures taken by the laboratory worker, laboratory owner, institution and regulatory agencies
to eliminate potential harm to human health and well-being. Although steps are taken to reduce risks in the workplace, safety is a
matter of personal responsibility. A biotechnology lab may have several safety hazards that must be known and understood by
all students or employees working in the lab. It is the responsibility of each person in the lab to know and follow basic laboratory
safety rules, to understand how to safely operate equipment, understand the hazards of materials they are working with and to
work to reduce potential risks. In the event of an accident, it is critical to know the location and use of emergency equipment.
Having this knowledge should help to prevent accidents and minimize damage that might occur in the event of an accident.

A. Laboratory Safety Equipment
Draw Table 2 in your lab notebook. Fill in the location of the following lab safety items:

Table 2. Laboratory Safety Equipment and Location

Safety Equipment Location

Telephone and Campus Emergency Number

Fire Alarm

Fire Extinguisher

Eye Wash

Shower

Glass Waste Container
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Safety Equipment Location

Biohazard Waste Container

Lab Coats

Goggles

Gloves

Disinfectant

First Aid Kit

Broom and Dust Pan

Emergency Class Evacuation site

Laboratory Safety Guidelines and Contract

General Rules

e No guests are allowed in the lab.

e Know emergency procedures, use and location of emergency equipment (emergency exits, fire extinguishers, fire blanket,
eye wash station, first aid kit, and broken glass container).

e In case of fire, evacuate the room and assemble outside the building.

¢ Report all accidents, no matter how insignificant they appear, to a laboratory supervisor

e Be aware of your surroundings and potential dangers created by others.

Personal Protection

e Do not smoke, eat, drink, chew gum, or apply cosmetics in a laboratory.
e Wear protective clothing such as long pants, closed-toe shoes, a lab coat, and goggles.

e Tie long hair up or behind the shoulders. Do not wear long, dangling jewelry or scarfs.

¢ Dispose of gloves in the laboratory trash. Do not wear lab coats and gloves into public areas. You will need to dispose of
gloves and take off your lab coat before leaving the lab.

e Cover cuts or scrapes with a sterile, waterproof bandage before entering a lab.

e Wash skin immediately and thoroughly if contaminated by chemicals or microorganisms.

e Wash your hands regularly, with soap and water, especially after working with bacteria.

e If you are pregnant or ill, please let your lab instructor know immediately.

e Let your lab instructor know before leaving the classroom.
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Handling Chemicals

e Keep all containers capped with the appropriate lid. Clearly label items produced in the lab.

e If a chemical is splashed into the eyes or skin, flush for 15 minutes.

e Clean up spills and broken glass immediately. Use broom and dustpan to pick up broken glass.

o Keep chemicals away from direct heat or sunlight. Keep containers of alcohol, acetone, and other flammable liquids away
from flames.

e Read labels carefully. Be aware of hazardous chemicals and precautions for safe use.

e Follow instructions about proper disposal of lab reagents.

Handling Equipment

o Keep your work area clean and clutter-free.

e Be aware of your potential impact on others.

o Notify lab supervisor of malfunctioning equipment.

e If you do not know how to use an instrument or equipment, then do not touch it.

¢ Do not use laboratory equipment without first receiving instruction in its use.

o Keep balances clean and dry, always use weigh paper/boats.

e Never leave heat sources unattended. Be careful when using hot plates or burners. Note that there is often no visible flame,
glow or sign that objects are hot.

I have read the lab safety guidelines, found all lab safety equipment, and understand the procedure about emergency
class evacuation. I will conduct myself in a safe and conscientious manner and take proper care in the use of all lab
equipment.

Signature Date

B. Lab Safety Video

1. While watching the lab safety video, take notes on as many safety hazards as you notice.
When the video is over, discuss the hazards you observed with your group and what can be done to work safely using good
laboratory practices.

3. Make Table 3 in your notebook and organize your observations.

Table 3. Laboratory Hazards and Corrections

Laboratory Hazard Observed Correction/Good Laboratory Practices (GLP)

C. Chemical Hazards Labeling Activity

Hazard Communication Standard (HCS)

A quick assessment of a chemical’s hazards is visible on its container on a Hazard Communication Standard (HCS) label. HCS
labeling does not replace the more detailed Safety Data Sheet (SDS) but rather gives the following information in brief:

¢ Name, Address, and Phone Number of Responsible Party (i.e., the manufacturer or distributor)

e Chemical Identification - chemical name and code or batch number that matches the information found in Section 1 of the
chemical's SDS

e Signal Word - "DANGER" for more severe hazards or "WARNING" for less severe hazards

e Hazard Statements - a brief description of the hazard(s)

e Precautionary Statements (optional) - prevention, response, storage, and disposal

e Hazard Category Numbers 1-4 (optional) - "1" for the most severe hazard to "4" for the least severe
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e Pictograms

Pictograms are red-bordered, diamond shapes that frame a black graphic on a white background, and these symbols depict the
type of hazard(s). HCS labels are required by the Occupation Safety and Health Administration (OSHA) and are standardized,
having been adopted from the Globally Harmonized System of Classification and Labeling of Chemicals (GHS) set by the United
Nations.

HCS Pictogram Guide

Pictogram Hazard Class Hazard Type Example Signal Word & Hazard Statement

Flammables Physical DANGER

Self-Reactives Heating may cause a fire
Self-Heating

Pyrophorics

Emits Flammable Gas

Organic Peroxides

Explosives Physical WARNING
Self-Reactives Fire or projection hazard

Organic Peroxides

Gases Under Pressure Physical WARNING
Contains gas under pressure;

may explode if heated

Corrosive to Metals Physical DANGER
Corrosive Health
Causes severe skin burns and eye damage
‘WF T Skin Corrosion/B °
—— in Corrosion/Burns
Eye Damage
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Pictogram Hazard Class Hazard Type Example Signal Word & Hazard Statement
Oxidizer (gases) Physical WARNING
Health
Oxidizers (solid or liquid) May intensify fire; oxidizer
Acute Toxicity (fatal or toxic) | Health DANGER
Fatal if swallowed
Carcinogen Health DANGER
Mutagenicity May cause cancer
Respiratory Sensitizer
Reproductive Toxicity
Target Organ Toxicity
Aspiration Toxicity
Irritant (skin and eyes) Health WARNING
Other
Dermal Sensitizer Causes skin irritation
Acute Toxicity (harmful)
Narcotic Effects
Respiratory Tract Irritation
Hazardous to Ozone Layer
(optional)
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Hazard Class

Pictogram

Hazard Type Example Signal Word & Hazard Statement

(optional label) Environment. WARNING

Environmental Toxicity Toxic to aquatic life

Aquatic Toxicity

Procedure

1. Walk around the room and locate two items that display the Hazard Communication Standard label.
Draw a sketch of the pictogram in your lab notebook and carefully copy the chemical identification information of the
reagent that it is describing.

3. Write down the label's signal word and any hazard statements, and comment on the characteristics and hazards of the two
items.

Chemical Hazards and Waste Disposal

Laboratory waste must be disposed of safely and appropriately. Labs must be aware of the school, state and federal guidelines
for waste disposal. Many chemicals can NOT be poured down the sink. Be sure you know which chemicals are hazardous, require
special storage and must be placed into properly labeled waste containers kept in fume hoods until sent to the proper hazardous
waste disposal. Know which materials are considered biohazards and the proper area or container to place them so they can be
autoclaved.

Table 4. Medical and Biohazardous Waste Treatment and Disposal Chart, U. California

Required Treatment

Type of Waste Definition

Chemical Waste

Solid Biohazardous
Waste

Any solid, liquid, or gaseous material generated
in the laboratory that poses a danger to human
health or the environment.

This will vary depending on the chemical. The
institution you are in will have specific
requirements to meet regulatory code. The aim
is to reduce hazards and minimize
environmental impact. Follow your instructor’'s
directions.

Materials such as pipettes, petri dishes, or other
culture flasks disposable or glass that do not
contain liquid but were in contact with cultures
of cells or human or animal-derived materials.

Disposable waste is placed in red biohazard
bags. Treat and replace bags when they are
halfway full. Reusable glass materials must be
placed in autoclavable trays. To treat waste, the
autoclave must be properly loaded and set for a
minimum temperature of 121°C (250°F) for 60
minutes at 15 psi. Autoclave tape must be placed
on the bag or tray to indicate it has passed
through the cycle. Material should be autoclaved
as soon as possible, but at a maximum of 7 days
after it is generated
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Type of Waste Definition Required Treatment

Liquid Biohazardous | Broth cultures or cell culture media or Decontaminate using 18% bleach solution for a
Waste contaminated liquid media. minimum 2 hours contact time. Dispose down
the drain with water.

Alternatively, racks of used culture tubes can be
autoclaved using the same temperature and
time indicated above but set for a slow exhaust
liquid setting. Use autoclave tape as above.
Treat waste as soon as possible but not longer
than 7 days post generation.

Sharps Waste Any object that is capable of piercing or Place in the marked sharps container.
damaging human skin that is contaminated with
chemical, or biohazardous waste e.g., scalpels, | Remember that broken glass that is not
blades, needles, broken glass, etc. contaminated will have a separate disposal

container within the laboratory.

D. National Fire Protection Association (NFPA) Hazard Rating System

The National Fire Protection Association (NFPA) Hazard Rating System was designed for emergency workers such as fire
responders to be able to swiftly get basic information about the hazards of a chemical from a simple label. The diamond-shaped
label is divided into four color-coded squares, and inside each square is printed a ratings code or number from 9-4, with "®" as
the least severe hazard to "4" as the most severe.

Inside the red square, the number indicates the flammability rating; blue indicates the health hazard rating; yellow indicates the
chemical's instability; and the white square indicates any special hazards.

NFPA HAZARD RATING SYSTEM GUIDE

Will not typically Stable even under
burn NFPA Haza rd Labe' o fire conditions.
Ignites only after Normally stable
considerable 1 except under high
preheating temperatures
Ignites after moderate Violent changes at
preheating or at high 2 high temperatures
ambient temperatures and pressures
. May explode at high
Ignites at almost any Y exp g
temperature 3 temperatures or
with shock
Vaporizes at normal May explode even at
temperatures and 4 normal temperatures
pressures and pressure
No health hazards
beyond normal Acl D | Acidic
combustible material
Exposure can cause "
significant irritation ALK Alkaline
Intense or continued
exposure can cause COR Corrosive
incapacitation or injury
Short exposure can " .
A Biological -
cause serious or BIO " gd “. OX | oxidizer
i azar
ermanent injun
. - Radioactive Reacts Violently
Very short exposure POI | Poisonous RAD W or Explosively
can be fatal .
with Water

PROCEDURE

1. Walk around the room and find a label with the NFPA safety diamond. Read the explanations in the table above. Write down
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the chemical name and draw its NFPA diamond.

2. Think of a chemical used in a lab or find a second container without an NFPA label already affixed and then write down its
name. Use an internet or in-class resource to draw that chemical's NFPA ratings.

3. Compare the NFPA 704 label with OSHA's Hazard Communication label from the previous activity. How are they the same?
How do they differ? What are the pros and cons of each type of label?

E. Safety Data Sheets (SDS)

A Safety Data Sheet (previously called Material Safety Data Sheet) for each chemical is required by the Occupational Safety and
Health Administration (OSHA). Sections 1-8 contain information about the identification, hazards, composition, safe handling
practices, and emergency control measures. Sections 9 through 11 and 16 contain technical and scientific information, such as
physical and chemical properties, stability and reactivity, toxicology, and exposure control.

Draw table 1.3 in your lab notebook and answer the following.

Using the SDS for sodium hydroxide provided to your group, determine what should be done in the event that the reagent: a) got
on your skin b) splashed into your eyes c) was inhaled

Table 5. Safety Procedures for Sodium Hydroxide (NaOH)

Adverse Event Response

a) NaOH in eyes

b) NaOH on skin

c) NaOH inhaled
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F. Science Laboratory Safety Signs

Table 6 Write the meaning of each symbol.
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Study Questions

NP ON

@

Review lab safety signs and know their meanings.

What are the types of PPE required in a laboratory?

How should you dispose of glass waste?

How should you dispose of biohazard waste?

What should you do if a chemical gets in eyes?

Given a laboratory hazard, be able to describe the correction of GLP needed in the lab.
What do the 4 diamonds in the NFPA represent?

Why must a scientist keep a lab notebook?
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9. Inindustry, a lab notebook is a legal document. What can it be used to determine?
10. What is GMP?
11.  What are the Do’s and Don'ts of keeping a legal notebook?

Puzzle: Lab Safety and Lab Notebooks

Terms

Alkaline, Biohazardous, Broom, Contents, Corrosive, Diamond, Flammability, Four, Glass,
Health, Instability, Laboratory, Legal, Manufacturing, OSHA, Oxidizing, PPE, Sharps, Special
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Puzzle: Lab Safety and Lab Notebooks

CEITTT]

o

g

AN

‘m ‘ fiT ‘

FITTTTT

[TT]

\

ST

CI T T
CLITTITITI [T]

CLLI L]

ACROSS

1. broken test tubes and beakers should be placed in the ___
waste container

7. hazard that the yellow color on the NFPA sign indicates

8. governmental agency that regulates chemical safety data
sheets

9. broken test tubes/beakers should be swept with a ___ and
dust pan

10. COR on the NFPA sign
12. instrument used to write in a scientific lab notebook

13. used razors, scalpels and needles should be placed in the
___waste container

14. SOP stands for Standard Procedures

15. rating number for the most dangerous hazards in the
NFPA sign

16. ALK on the NFPA sign
17. GLP stands for Good ____ Practices
18. GMP stands for Good ____ Practices

19. hazard that the blue color on the NFPA sign indicates

DOWN

2. the lab notebook is considered a ___ document and can be
used in court

3. abbreviation for Personal Protective Equipment

4. shape of sign that lists the chemical ratings from the
National Fire Protection Association

5. hazard that the white color on the NFPA sign indicates
6. table found at the front of a scientific lab notebook

9. type of waste containing recombinant DNA and tissue
culture dishes

11. OX on the NFPA sign

15. hazard that the red color on the NFPA sign indicates
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Image Attributions:

e Flammable substances sign via Wikimedia Commons; public domain
e Explosive substances sign via Wikimedia Commons; public domain

e Gas pressure hazards sign via Wikimedia Commons; public domain

e Corrosive substances sign via Wikimedia Commons; public domain

e Oxidizing substances sign via Wikimedia Commons; public domain

e Toxic substances sign via Wikimedia Commons; public domain

e Health hazard sign via Wikimedia Commons; public domain

e Hazardous substances sign via Wikimedia Commons; public domain
e Environmental hazard sign via Wikimedia Commons; public domain

e Eyewash sign via Wikimedia Commons; public domain

¢ Emergency shower sign via Wikimedia Commons; public domain

e Fire blanket sign via Wikimedia Commons; public domain

e Fire extinguisher sign via Wikimedia Commons; public domain

¢ Ionizing Radiation sign via Wikimedia Commons; public domain

e Laser Radiation sign via Wikimedia Commons; public domain

e Explosive substances sign via Wikimedia Commons; public domain

¢ High Voltage sign via Wikimedia Commons; public domain

¢ No eating or drinking sign via Wikimedia Commons; public domain

e Nonpotable water sign via Wikimedia Commons; public domain

e Do not enter sign via Wikimedia Commons; public domain

¢ No smoking sign via Wikimedia Commons; public domain

e Corrosive Substances sign via Wikimedia Commons; public domain

e Poisonous substances sign via Wikimedia Commons; public domain
e Oxidizing material sign via Wikimedia Commons; public domain

e Highly flammable substances sign via Wikimedia Commons; public domain
e Emergency call button sign via Wikimedia Commons; public domain
e First Aid sign via Wikimedia Commons; public domain

e Automated heart defibrillator sign via Wikimedia Commons; public domain
e Ionizing radiation sign via Wikimedia Commons; public domain

e Use protective eyewear sign via Wikimedia Commons; public domain
e Use protective handwear sign via Wikimedia Commons; public domain
e NFPA 704 warning sign sign via Wikimedia Commons; public domain
e Health Hazard sign via Wikimedia Commons; public domain

This page titled 1.1: Lab Safety and Laboratory Notebook is shared under a Public Domain license and was authored, remixed, and/or curated by
Orange County Biotechnology Education Collaborative (ASCCC Open Educational Resources Initiative).
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1.2:

Metrics and Measurements

Learning Objectives

Goals:

Review the metric system.

Learn to convert between metric units.

Use various instruments found in the biotechnology lab.
Measure mass and volume with precision and accuracy.

Pipet with precision and accuracy.

Learn how to use a micropipette to measure very small volumes.

Student Learning Outcomes:

Upon completion of this lab, students will be able to:

Convert between metric units for mass, volume and size.

Use a gram balance to obtain the mass of an object.

Make accurate and precise measurements with a graduated cylinder and serological pipette.
Calculate percent error for a given measurement.

Read, set, and operate a micropipette.

Determine which pipette should be used to measure a specific volume.

Determine how accurately you can measure with each micropipette.

Part 1: Metrics

Introduction to Metrics

Working in a biotechnology lab requires knowledge of the metric system. The metric system uses standardized units of
measurement for length, mass, and volume, ensuring measurements are reproducible and easily made. Appropriate instruments
are used to make these measurements. For example, balances measure mass in grams and graduated cylinders measure volume

in milliliters.

The metric system has base measurements. The meter is used to measure distances; the liter measures volume; and the gram
measures mass. A measurement must always consist of a number and a unit, for example, 2 m, conveys the length is twice that
of the base unit of length, the meter. The abbreviations are permitted when expressing measurements. The metric system allows
for easy conversion between units as everything is base 10. This means you will either multiply or divide by ten as you convert
from one unit to another. For example, one decameter is 10 times larger than a meter. Therefore, you need 10 meters to equal a
decameter. A kilometer is 1900 times larger than a meter. Therefore, you need 1000 m to equal one kilometer.

Base Units of Measure

e Length: meter (m)

e Mass: gram (g)

e Volume: liter (L)

e Time: seconds (s)

e Temperature: Celsius (C)

©@®
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Metric Prefixes

Prefix Multiplier Scientific Notation
Kilo- k 1,000 103

102
Hecto- h 100

101
Deca- da 10

base (m, L, g)

One 1 10

107!
Deci- d 0.1=1/10

1072
Centi- c 0.81=1/100

1073
Milli- m 0.901=1/1,000

1076
Micro- u 0.900001 =1/1,000, 000

Converting Metric Units

Memorize the table above and know how to use metric prefixes. You can use the helpful mnemonic below.

Mnemonic for remembering metric conversions

Mnemonic

King Henry Usually Drink Chocolate
Prefix

Kilo- Hecto- Deca- Base units Deci- Centi- Milli- Micro
unit

k h da m,L, g d c m il

When you are converting a smaller unit to a larger unit, you move the decimal point to the left the appropriate number of steps.
Keep in mind each time you move the decimal point you are dividing by 10.

When you are converting from a larger unit to a smaller, you will move the decimal point to the right. This means each time you
move the decimal point you are multiplying by 10.

Steps for Converting Metric Units

1. Write down the number you are converting for example (180 cm). Then right in the decimal point. It is always right after the
ones place to the right of the number.
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100 = 100

2. If you want to convert 180 cm to meters (m) you would now look at your chart and determine how many “steps” you have to
move the decimal to the right or left. From centimeter to meter you have to take 2 steps to the left. That means you must
move your decimal 2 places to the left.
100. cm = 1.00 meters

Metric Conversion Practice
Using the steps above, complete the following problems in your lab notebook.

50 mm=Xcm
50 cm = X km
700 mL=XL
30 m=Xpum
3dm=Xm
15 kg =X cg
55L=XmL
52 mg = X ug

NGO, ON

Part 2: Measuring Using the Metric System

A. Taking Linear Measurements with a Ruler

Linear measurements in science are in metric units. The basic unit is the meter (m). The rulers you will be using today are
centimeter (cm) rulers. There are 190 cm in a meter. If you look at the ruler, you will see 10 hatch marks between each centimeter
marking. Each hatch mark represents a millimeter (mm). There are 10 millimeters in a centimeter.

INCHES

METRIC CENTIMETERS
1 2 3

Figure 1. Ruler: centimeter scale bottom. Inch scale top.
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Figure 2. diameter of washer, measured in a straight line across the center of the washer from outer edge to outer edge.

Materials

e 5-6 washers of various sizes
e Centimeter ruler

Procedure

Obtain 5 washers from your instructor.

. Order the washers on a piece of paper from the smallest diameter to the largest, labeling them #1-5.

3. Using a centimeter ruler, record the diameter of each washer in centimeters. See Figure 2 for and image on how to measure
the diameter.

Record your results in Table 1.

Convert all your washer diameter measurements to millimeters and meters. Record in Table 1.

6. Keep your washers in order as you will be using them later.

N =

ok

Results
Draw the following table in your lab notebook including the title of the table.

Table 1. Diameter Measurements of Washers with Unit Conversions

Washer # Diameter of Washer (cm) Diameter of Washer (m) Diameter of Washer (mm)
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Washer # Diameter of Washer (cm) Diameter of Washer (m) Diameter of Washer (mm)

B. Taking Mass Measurements with an Electronic Balance

Weight measurements in science are also in metric units. The basic unit is the gram (g). The electronic balances you will be using
today are gram balances. The model you will be using will accurately measure to 8.81 gram. There are 1000 grams in a kilogram.
One of the most common units used is the milligram (mg). There are 1000 milligrams in a gram. If you need a very small amount
of something, you measure it in micrograms (ug). There are 10° pg in a gram. Some conversions are indicated below:

1000 g = 1 kg

19 =1000 mg

19 = 1,000,000 pg (106 ng)
1 mg= 1000 ug

Materials

e 5 washers of various sizes that were previously measured.
e Gram balance

Procedure

1. Press the on button and wait for the balance to display zeros on screen.

2. If the screen doesn’t display zeros, press the “zero” or “tare” button.

3. Once the machine displays zeros (0.90 g), place your washer on the center of the platform.
4. Wait for the scale to achieve a stable reading (numbers are not fluctuating).

5. Record your mass in grams in Table 2 for each washer starting from smallest to largest.

Results

1. Draw the following table in your lab manual including the title.
2. Record your results in grams (g) and then convert those masses to kg and mgs.

Table 2. Weight Measurements of Washers with Unit Conversions

Washer # Diameter of Washer (cm) Diameter of Washer (m) Diameter of Washer (mm)
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Washer # Diameter of Washer (cm) Diameter of Washer (m) Diameter of Washer (mm)

C. Volumetric Measurements

The metric unit for volume is the LITER (L). There are 1000 milliliters (mL) in one liter. Another common unit in volume is the
microliter (uL). There are 186 pL in one liter and 1000 pL in one milliliter. Some common conversions are shown below:

1L =1000 mL
1L = 1,000,000 pL (106 pL)
1 ml= 1000 pL

You will need to become familiar with the different types of instrumentation and glassware that you will be using throughout this
semester. Today, we will focus on glassware and devices that measure larger volumes of liquid. You will also determine when a
particular device is appropriate to use based on the volume that you are dispensing. The types of measuring devices are very
different if you want to measure and dispense a liter vs. a milliliter!

Graduated Cylinder

You will use this to dispense large volumes that are more than 1® mL. You will be using various size graduated cylinders, ranging
from 20mL - 2000 mL (2L), in this class.

Serological Pipet

These pipettes accurately dispense volumes of 1ImL to 1®mL and can be used for volumes up to 58 mL. You will be using mostly
5mL and 1®mL serological pipettes in this class.

Figure 3. Graduated Cylinders
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Figure 4. Serological Pipettes

Figure 5. Beakers

Materials

e 1-50 ml beaker

e Squirt bottle with diH20

¢ 1-50 ml graduated cylinder

e 1-gram scale

e 1-5 mlserological pipette

e 1 pipette pump or electronic pipet aide

Procedure

Graduated Cylinder Measurements

1. Draw a table 3 in your lab manual as shown on the following page.
2. Obtain a 50 mL beaker. Weigh and record the weight in grams on Table 3 under “Weight of container”. This is the container
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10.

you will use to weigh your water. It is not what you will use to measure in this experiment.

The target amount of water you will be measuring using a graduated cylinder is 42 mL. This has been recorded in Table 3.
Using a squirt bottle, squirt 42 mL of water into a graduated cylinder. Be sure to read from the bottom of the meniscus.
Pour the 42 mL from the graduated cylinder into the weighed beaker.

Weigh the beaker with the water and record on Table 3 under “weight of container and water.”

Determine the weight of the water and record as “weight of water only”.

Convert this weight to mL. Water has a density of 1g/mL. Because water has a density of 1g/mL, then the number g=mLs
(50ml=50g) Record this number as “actual volume dispensed”.

Determine the % error for each of your measurements as follows:

\[" id="MathJax-Element-5-Frame" role="presentation" style="position:relative;"
tabindex="0"> % Error = [(Target amount of water - Actual volume dispersed) / Target amount of water] * 190 \]" id="MathJa
If you are not with in an error range of +/- 5% then try again.

Serological Pipet

1. Dry the 50 ml beaker you used previously. You already weighed this container in the previous exercise. Write the weight of the
2. Obtain a 5 mL serological pipet and a pipet pump. Put on the pipet pump. Do not shove the pipet way up into the pump. Use tr
3. Dispense the water into the weighed beaker dialing in the opposite direction. To get the last bit out of the pipet, quickly dial or
4. Dispense the 3.6 mL into the weighed beaker and determine its mass (g). Record this value in your table as “weight of containe
5. Determine the weight of the water and record. If you accurately dispensed 3.6 mL, the weight difference should be very close t
6. Convert the weight to mL and record.

7. Determine the % error as described in the previous section and record on Table 3.

8. If you are not with in an error range of +/- 5% then try again
Results

Table 3. Determining the Accuracy of Measurements of Water Volumes

Attempt

Device used Target volume dispensed (mL) Weight of container (g) Weight of container a
trial #1

50 mL graduated cylinder 42
trial #2

50 mL graduated cylinder | (if needed) | 42

5 mL serological pipet 3.6

5 mL serological pipet (if needed) | 3.6

trial #1

trial #2

D. Accuracy and Precision

When making measurements, both precision and accuracy are extremely important. Precision of a measurement refers to the clos

Precision can be affected by the measuring instrument. If a student uses a thermometer calibrated to the nearest degree to measu

Accuracy, however, is dependent upon both the precision of the measuring instrument and the technical skills of the individua

To calculate the “mean” or “average”, you will add all the measurements and then divide by the number of measurements. For exe
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Materials

e 1-50 ml beaker

e Squirt bottle with diH20

e 1-25 ml graduated cylinder

e 1-gram scale

e 1-10 ml serological pipette

e 1 pipette pump or electronic pipet aide

Procedure
1. Obtain a 50 mL beaker. Place the beaker on the scale and hit “tare.” This will cancel out the weight of the beaker.
2. Obtain a second 50 mL beaker and use it to measure 10 mL of deionized water. Pour the measured 10 mL of water into the 50
3. Dispose of the water in the beaker that is on the scale. Dry the beaker between measurements. Repeat steps 1-3 for a total of £
4. Obtain a 25 mL graduated cylinder and measure 10 mL of deionized water. Pour the measured 10 mL of water into the 50 mL t
5. Dispose of the water in the beaker that is on the scale. Repeat steps 4-5 for a total of 4 trials using a graduated cylinder to me:
6. Obtain a 10 mL serological pipet and measure 18 mL of deionized water. Pour the measured 10 mL of water into the 50 mL be
7. Dispose of the water in the beaker that is on the scale. Repeat steps 6-7 for a total of 4 trials using a serological pipet to meas
8. When finished, dump out all the water and place your used glassware on the cart in the front of the room.
9. Determine the average and the range for your data for each measuring device and record in table 4-6.

10. Record your averages for each measuring device in Table 2.1-2.6 for the class data.

11. Record your ranges for each measuring device in Table 2.1-2.7 for the class data.

Results

Table 4. Actual Volume Dispense for 4 trials (mL)

Measuring Device to Measure 10 mL 1 2 3 4 Average Range

beaker

Graduated cylinder

Serological pipet

Table 5. Class Average Actual Volume Dispensed for 4 Trials

Measuring Device to Measure 10 mL 1 2 3 4 Class Average

Beaker

Graduated cylinder

Serological pipet
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Table 6. Class Range of Actual Volume Dispensed for 4 trials (mL)

Measuring Device to Measure 10 mL 1 2 3 4 Class Range

Beaker

Graduated cylinder

Serological pipet

Conclusion
Use your data and the questions below to write your conclusion in your lab notebook

For the volume measurements, which glassware used to measure 1® mL was the most precise?

Which measuring device was the least precise? Explain in detail why you think that particular device is the most precise.
For the glassware used to measure 10 mL, which instrument was the most accurate?

Was the instrument that was most precise the same one that is the most accurate?

Why or why not (in your answer be sure to include which measuring device was the most precise and which one was the most a
What can contribute to a larger % error when making a measurement? If you had to repeat a measurement in Table 3, be sure

OO, WON

Study Questions

1. Convert the following:

a. 345mL=Xul

b. 0.34 dag = X kg

c. 5.2km=Xmm
2. Which equipment would you use to measure 1® mL, 5 mL, 1 mL?
3. Be able to calculate your percent error.

This page titled 1.2: Metrics and Measurements is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Orange
County Biotechnology Education Collaborative (ASCCC Open Educational Resources Initiative).

©® 27 (1.2.19)


https://bio.libretexts.org/Bookshelves/Biotechnology/Lab_Manual%3A_Introduction_to_Biotechnology/01%3A_Techniques/1.02%3A_Metrics_and_Measurements
https://creativecommons.org/licenses/by/4.0/
https://www.ocbiotecheducation.org/
https://www.ocbiotecheducation.org/
https://www.asccc.org/directory/open-educational-resources-initiative-oeri

LibreTexts"

1.3: Micropipetting

Learning Objectives

Goals:

e Use various instruments found in the biotechnology lab.

e Measure volume with precision and accuracy.

e Pipet with precision and accuracy.

e Learn how to use a micropipette to measure very small volumes.

Student Learning Outcomes:
Upon completion of this lab, students will be able to:

e Make accurate and precise measurements with micropipettes and serological pipettes.
e Calculate percent error for a given measurement.

e Read, set, and operate a micropipette.

e Determine which pipette should be used to measure a specific volume.

e Determine how accurately you can measure with each micropipette.

Introduction to Micropipetting:

The ability to measure very small amounts, microliters (ul), of liquid chemicals or reagents is a fundamental skill needed in the
biotechnology or research lab. Scientists use a device called a micropipette to measure these very small volumes with accuracy.
This activity introduces the technique of micropipetting. Remember, as with all fine motor skills, this new skill will require practice
and determination. Be sure to operate the micropipette slowly and carefully.

Part I: Choosing and Setting the Micropipette

o ———Plunger———

__—Tipeject buttan

~valume adjustment

-
Volume readout =~

_ ———~Tipeject shaft

PP
hf - ipattachment =5
E e

Figure 1. Labeled parts of a micropipette, front and back.

There are several sizes of micropipettes used in the biotechnology lab. Today, you will be using the P-1000, P-200, and P-20.
The P-1000 measures volumes between 100-1000 pl, the P-200 measures volumes between 20-200 ul, and the P-20 measures
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volumes in the 2-20 ul range. It is important to always pick the correct micropipette for the volume to be measured.
Looking at Figure 3.1, you can see that each micropipette has a similar but different display window. For the P1009, the red
number indicates the thousands place, followed by the hundreds, tens, and the ones displayed as small vertical lines. Each line

represents 2 pl. The P-200 is reads differently. The display from the top down reads, hundreds, tens, ones, and the vertical lines
are considered 0.2 pl. Finally, the P-20 can be read from the top down tens, ones, and the red tenths.

P-1000 P-200

0.170 mL 170.0 pL 17.0 pL

Figure 2. Reading a micropipette at various sizes.

A. Choosing your Micropipette

For each amount listed below, indicate the correct micropipette needed to measure the volume accurately then set the pipette to
the indicated amount and show your partner.

Table 1. Pipette Size Choice

Amount Pipette Needed Partner Observation

1. 567 ul:

2.160 ul:

3.700 ul:

4, 25 pl:

5.15 pul:
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B. Setting your Micropipette

Materials

P-20 micropipette

P-20 tips

Waste container

Tube of red dye in tube rack
Laminated sheet for pipetting

Procedure

'y

Each student will load 5, 10, 15, and 20 ul of red dye onto the laminated sheet.

2. Locate the p-20 and set the dial to 5 pl.

3. Hold the micropipette in your dominant hand, and gently but securely place the end of the micropipette into the proper size
tip. Once the tip is on, be careful not to touch the tip on anything! If your tip touches the bench, lab coat etc. eject the tip
into the waste container and get a new clean pipet tip.

4. With your other hand, open the cap of the tube of red dye and bring the tube of red dye to eye level,

5. Push the micropipette plunger down to the first stop and hold your thumb in this position.

6. Place the pipet tip into the red dye solution.

7. Gently release your thumb from the plunger to draw fluid into the tip.

8. Confirm that the tip has liquid and that no bubbles are present within the tip.

9. Close the tube of red dye and place back in tube rack.

10. Gently touch the tip to the center of the circle labeled 5 pL and slowly push all the way down (to second stop) on the plunger
to dispense the liquid.

11. Repeat this process for the remaining volumes.

12. Be sure to watch your groupmates to provide feedback and help with their technique.
Results

Take a picture or draw a picture of your spots and include this in your lab notebook as Figure 1. Make sure the figure has a title.

Conclusion

1
2.
3.

Observe if your spots were similar in size to your groupmates.
Which volume had the most variability?
What could have contributed to your spot being too large or small?

Part II: Pipetting Practice

A. Microplate Art

Materials

p20 pipette (1)

p200 micropipette (1)

P-20/P-200 tips

Microplate art set (design cards, colored dyes, and 96-well microplate) (1)
Analytical or electronic balance

Procedure

1.

Obtain a 96-well microplate, a design card, and tubes of colored dyes.
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Write the Microplate Art Design number in your lab notebook.

Using the gram balance, obtain the weight of your 96 well microplate and record in your notebook.
Using the p200 micropipette with tip, dispense 50 pl of dye into the wells written on the design card.
Once you have finished pipetting, weigh your completed microplate, and record in your lab notebook.

akrwpn

Results

Be sure to record your weight in grams of your microplate pre/post pipetting in your lab notebook.

Using these values, calculate your percent error of the microplate you just created. Include the calculation in your lab
notebook.

3. Take a picture of your microplate design and include this in your lab notebook.

N o=

CONCLUSION

1. Was your percent error below +/- 5%? If your percent error was above this range, elaborate on the potential causes.
2. Did your pattern look correct? How could you avoid errors in the future?

B. Micropipette Practice Matrix

Materials

e p20 pipette (1)

e p200 micropipette (1)

e 1.5ml microfuge tubes (3)

e Permanent marker

e Analytical or electronic balance

Procedure
1. Label three microfuge tubes: 1, 2, 3,

2. Weigh each tube before placing any liquid inside.
3. Draw table 2 in your lab notebook and use it to record your data.

Results

Table 2. Calculating Accuracy for Micropipetting

Weight of tube (g) Weight of tube + Theoretical Actual weight of % Error
dye (g) weight of dye dye
1
2
3

4. Deliver the volumes indicated in Table 3 into each of the 3 labeled tubes.
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Table 3. Volumes to be Pipetted into each Tube

Micropipette Red Dye () Blue Dye (ul) Green Dye (ul)

1 P1000 210 435 332
2 P200 110 153 67
3 P20 15 17 10

5. Weigh each tube after pipetting.

6. Determine the theoretical weight of the dye using the information about the weight of a mL of the dye solution at room
temperature provided by your instructor.

7. Determine the % error for each tube.

Conclusion
Based on your data comment on the following in your lab notebook:
1. Which micropipette gave the most precise measurement?

2. Which micropipette gave the most accurate measurement?
3. What may have contributed to higher percent errors?

Study Questions

1. Convert the following:

o 345mL=______ ul
o 054mL=______ ul
o 52L=_______ mL
2. Which micropipette would you choose to measure 550ul? 17ul? 167ul?
3. Make 3 suggestions that other biotechnologists can use to improve micropipetting accuracy.

4. Assuming that the density of water is 1 gram per milliliter, how much should 550 uL of water weigh?
o 17 pL of water?
o 167 uL of water?

5. What is the formula to calculate percent error?

6. What is the maximum volume you can set for each micropipette (P-1000, P-200, P-20)?

This page titled 1.3: Micropipetting is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Orange County
Biotechnology Education Collaborative (ASCCC Open Educational Resources Initiative).
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1.4: The Scientific Method

Learning Objectives

Goals:

o Utilize the steps in the scientific method to design, collect and interpret scientific data.
Student Learning Outcomes:
Upon completion of this lab, students will be able to:

¢ Formulate a hypothesis based on an observation.

e Design their own experimental method including proper controls.

e Collect results and describe colony growth (morphology) present.
e Determine if data collected supports their hypothesis

INTRODUCTION

Microbes are all around us. In this lab, you will be introduced to this as well as to the scientific method. Throughout the semester,
you will learn how to aseptically work with bacteria; meaning learning how to culture bacteria without contaminating yourself and
keeping a pure sample of bacteria free from other unwanted bacteria. During this lab exercise, you are going to swab an area
of your choice to see what bacteria and/or fungi are present there. You will also test the effect of some disinfectants on the
bacterium Escherichia coli (E. coli) Using the scientific method, you will design an experiment, collect data, and interpret your
results.

The scientific method is a generalized tool used to aid in asking and answering a scientific question by making observations
and performing experiments. There are steps that are generally followed when conducting and designing an experiment. First, an
initial observation is made. An observation can involve noting any event (a pattern, an action, a behavior, or a reaction). After
making an observation, a question can be asked about the event. Once a question is asked, then research regarding what is
already known relating to this question (finding background material) can be discovered to better understand the observation.
This background information typically comes from publications in scientific literature, such as journal articles and reviews. Once
the background information is understood, a hypothesis can be formed. This gathering of information and its application to a
solution is an example of inductive reasoning. The hypothesis is then either supported or rejected depending on the analysis
of the results of well-designed experiments. Each experiment needs dependent and independent variables. The value of the
dependent variable is determined and is a function of the independent variable. In an ideal experimental setup, the independent
variable is something over which we have some control and changes in some predetermined way, while changes in the dependent
variable are observed and measured. A hypothesis must include both of these variables. A hypothesis can be generated by
creating an “if-then” statement. For example, “If I treat cancer cells with drug x then they will die. “

Part I: Disk Diffusion Method to Evaluate Disinfectants

For this portion of the lab, you will be provided the protocol/instructions but you will choose the substances to test. You will
develop and test your hypothesis.
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Figure 1. Forceps with sterile disk.

Materials

e 1 culture of E. coli

e sterile swabs (1 swab needed per plate)

e sterile absorbent paper disks

e sterile water (negative control)

e 10% bleach (positive control)

o 30% hydrogen peroxide (positive control)

e 4 test disinfectant solutions

e 1 petri plate (containing sterile nutrient agar)

Method
1. Plan your experiment. In addition to the controls, which solutions would you like to test?
2. Answer parts A, B, and C below to help with your planning.

3. Dip the sterile swab into the E. coli solution then spread it over the entire surface of the NA plate by rubbing the swab over

the entire surface. You want to coat the entire surface with the bacteria so do not leave spaces that have not been in contact

with the swab. Be careful to only open the lid of the plate enough to work (like a clamshell). If you open the lid all the way, you
risk contaminating the surface with unwanted bacteria/fungi from the environment.

Dispose of the swab in the appropriate waste container.

5. Using sterile forceps (tweezers) dedicated to the solution to be tested, dip sterile disks one at a time into the following
solutions and place them onto the agar surface that has been inoculated with E. coli. Be sure not to allow the tweezers
themselves to come in contact with the agar because that will cause them to become contaminated with bacteria.

6. Include all answers to your questions in your lab notebook along with your procedure for testing the disinfectants.

e

Observation

e Based on your experience and observations, which solutions do you think will inhibit the growth (or kill) E. coli the most?
Which solutions are you interested in testing?

Hypothesis

e Based on your observations, write the hypothesis you wish to test.
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Experimental Design

Work with your group to write a protocol for your experiment based on the questions below. Start with the instructions
and insert the necessary details such that a person with no knowledge of your project would be able to read your
protocol and fully understand what to do.

1. Based on your hypothesis, which solutions will have the largest zone of inhibition around the disks?

2. What will you include as your experimental controls? (Which solutions WILL or will NOT inhibit the bacteria)?

3. How will you set up your experiment? (I recommend writing a map on your plate on the agar side where you will place the
disks and then making a key to the map in your lab notebook).

Example Protocol

1. On the bottom of your NA agar plate (the side with the agar, NOT the lid!!), label the plate using a permanent marker with
your initials, “Biotech Lab”, the date, E. coli test, and where you are placing each disk.

2. Take the sterile swab and dip it in the E. coli culture. (Don't place the lid for the E. coli on the desk or it will now be
contaminated!) Place the labeled plate on the desk in front of you with the lid side of the plate up. With one hand, open the
lid (only open it a little bit so that you can have access to the agar; think of a clam shell) and use the swab to spread the
bacteria all over the plate. Make sure to move the swab around to cover the entire plate.

3. Cover the plate with the lid and discard the swab in the appropriate waste container

4. Using dedicated forceps, dip a sterile paper disk into a solution to be tested and then place the disk onto the
E.coli-inoculated surface. Open the plate like a clamshell each time you place a disk then close the lid immediately when
finished.

Figure 2. Zone of inhibition

5. Place plate in a 37°C incubator, with the agar side up. (note: you can place it into the same 32°C incubator as the next

experiment)

The plate will grow in the incubator for 48 hours.

7. When incubation is complete, measure the diameter of any zones of inhibition using a millimeter (mm) scale. Report data in
the table below.

o

Results
1. Remove your plates from the incubator. DO NOT OPEN THE PLATES!

2. Take a picture of your plates and include them in your lab notebook. Be sure to clearly label each portion of the plate.
3. Make the following table in your notebook and record your data.
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Table 1. Comparison of Zones of Inhibition for Tested Solutions

Solution Tested Diameter of Inhibition Zone (mm)

Conclusion

1. Which solution did you use as a negative control? Did this control provide the expected result?
2. Based on your observations, which solution had the greatest effect on the E. coli? Which has little or no effect?

Part 1I: Environmental Sampling

For this portion of the lab, you will develop and test your hypothesis as well as design the method to test it.

Materials

e 1tube of sterile water
e sterile swabs (1 swab for each sample to be collected)
e Luria broth (LB) or nutrient agar (NA) plates (1 plate for each sample to be collected)

Method

1. Working with your group, determine your experimental design for this lab.
2. Complete parts A, B, and C below to help with your planning.
3. Include all answers to your questions in your lab notebook along with your procedure for collecting your samples.

Observation

e Based on your observations of the world around you what surfaces do you think are most “dirty” or “clean”? Which surfaces
are you interested in testing?

Hypothesis

e Based on your observations write the hypothesis you wish to test in your lab notebook.

Experimental Design

1. Based on your hypothesis, how many surfaces/samples will you test?
What will you include as your experimental control?
3. How will you perform your experiment? (I recommend dipping your sterile swab into the sterile water and then swabbing your
sample).
How long and in which pattern will you swab your samples? (roll, zigzag, etc.)
5. How many plates will you need and how will you section them? (you can use a sharpie to label the bottom of the plate and
draw sections if needed).

A

Based on these questions: Work with your group to write a protocol for your experiment. Include enough detail that a
person with no knowledge of your project would be able to read your protocol and fully understand what to do. Below is
a general protocol for this Lab to help you get started.
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Example Protocol

1. On the bottom of your NA agar plate (the side with the agar, NOT the lid!!), label the plate using a permanent marker with
your initials, “Biotech Lab”, the date, and where you are choosing to swab.

2. Take the sterile swab and dip it in the sterile water (don't place the lid for the sterile water on the desk or it will now be
contaminated!). Then touch the wet swab to whatever surface you would like to test in order to pick up the bacteria. Place the
labeled plate on the desk in front of you with the lid side up. With one hand, open the lid (only open it a little bit so that you
can have access to the agar; think of a clam shell) and use the swab to spread the bacteria all over the plate. Make sure to
move the swab around to cover the entire plate.

3. Cover the plate with the lid and discard the swab.

4. Place plate in a 32°C incubator, with the agar side up. (Some organisms in the environment do not grow well at 37°C.)

5. The plate will grow in the incubator for 48 hours.

Results

1. Remove your plates from the incubator. DO NOT OPEN THE PLATES!
2. Take a picture of your plates and include them in your lab notebook. Be sure to clearly label each portion of the plate.
3. Make tables 2 and 3 in your notebook; record your data.

Table 2. Comparison of Bacterial Colony Growth on Open Surfaces

Sample Collected Number of Colonies Present

Table 3 Morphology of Colony Growth on Open Surfaces

Sample Collected Morphology of Colonies Present

Use the image below to help you describe the morphology of the colonies present on your plates.

m 2 @ Rk M o

punctiform circular filamentous irregular rhizoid spindle
. - dh adin, —
Elevation : ' _
flat raised convex pulvinate umbonate crateriform

Margin S S oy R

entire undulate lobate erose filamentous

Figure 3. Morphologies of colony growth [by Madeco (CC-BY-SA) via Wikimedia Commons].
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Figure 4. Nutrient agar media plate with various colony types growing on it

Conclusion

1. Based on your experimental data, which surfaces had the most bacterial/fungal growth?
2. Which surface had the most diverse number of bacteria/fungi?
3. Based on your observations, what types of bacteria/fungus do you think were present on your plate?

Study Questions

What are the steps of the scientific method?

Be able to write a hypothesis based on a given observation.

What is the purpose of an experimental control?

What is the definition of an independent variable? A dependent variable?

Why do we incubate plates upside down?

Why do we label the agar side of the plate?

What is the purpose of incubating the plates?

What is the purpose of the LB or NA in the plate?

Given a set of data, be able to formulate a conclusion based on the results given.

VEPNOORWN

This page titled 1.4: The Scientific Method is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Orange County
Biotechnology Education Collaborative (ASCCC Open Educational Resources Initiative).
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1.5: Microscopy

Learning Objectives

Goals:

e Properly use and care for a sensitive scientific instrument.
e Learn the techniques required to prepare cells for viewing with a microscope.
e Gain a sense of the size of cells.

Student Learning Outcomes:
Upon completion of this lab, students will be able to:

e Identify the parts of a microscope and their functions.
e Properly carry, use, and store a microscope.

e Prepare a wet mount slide.

e View and focus specimens under a microscope.

e Determine total magnification of a specimen.

e Locate a specimen if given a slide.

Introduction

In Biology, the compound light microscope is a useful tool for studying small specimens that are not visible to the naked eye.
The microscope uses bright light to illuminate through the specimen and provides an inverted image at high magnification and
resolution. There are two lenses that magnify the image of the specimen - the objective lens on the nosepiece and the ocular
lens (or eyepiece). To determine the total magnification of the specimen, you must multiply the objective lens magnification
with the ocular lens magnification.

Scientists and technicians often use light microscopes to study cells. Prokaryotic cells are very simple and lack a nucleus
or membrane bound organelles and are small in size. On the other hand, eukaryotic cells are more complicated in that they
contain a nucleus and many specialized organelles. A cell’'s structure dictates its function; thus, each eukaryotic cell looks very
different from the next. This is why a cardiac cell looks completely different from a neuron (brain cell).

It is very important to learn how to handle and use a microscope properly. Review the following rules and tips for using and
handling your microscope.
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Figure 1. Labeled parts of a microscope.

General Rules

e Always START and END with the low power lens when putting on OR taking away a slide.

e Never turn the nose piece by the objective lens.

¢ Do not get any portion of the microscope wet - especially the stage and objective lenses.
« Use only lens paper to clean microscope lenses.

Cleaning the Microscope

If needed, obtain a small square of lens paper (and ONLY lens paper) and gently wipe the microscope lenses directly across, in
this order:

1. the lower surface of all the objective lenses
2. the ocular lens
3. the condenser lens and the light housing

Part I: Finding the Letter

Materials

e Microscope

e Lens paper

e Letter “E” slide

e Stage Micrometer Slide

Procedure

1. Always use one hand around the microscope arm and one hand under the microscope base.

2. Carry it in a vertical position without swinging, tipping, dropping or bumping the microscope.

3. Place the microscope gently on the lab bench with the arm toward you. Never place the microscope near the edge, and never
slide it across the table.

Identify the following microscope parts with a partner. Check off each part as you go. If you are unsure about a
component, consult your instructor.
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e Eyepiece (ocular lens)

e Nosepiece Ring (turret)

e Objective Lenses (low, medium, high power)
e Stage

e Stage Controls

e Iris Diaphragm Condenser Lens

e Light Source

e Light intensity knob (rheostat)

e Coarse Focus Adjustment Knob

¢ Fine Focus Adjustment Knob

A

Carefully plug in and position electric cord to avoid tripping or having the microscope pulled off the table.

5. Turn on the microscope and rotate the nosepiece ring (turret) to snap the 10x objective lens in place. Do not use the
objective lens to rotate!

Turn the light control (rheostat) halfway to adjust the amount of light.

7. The total magnification you observe when looking through a microscope is the magnification of the ocular lens multiplied by
the magnification of the objective lens. Fill out Table 5.1 to indicate the total magnification achieved by each lens.

o

Table 1. Total Magnification Achieved Using Various Objectives Lenses of a Compound Light Microscope

Lens Name Objective Lens Ocular Lens Total Magnification

8. On the side of the microscope are two knobs, one on top of the other. The larger of the two knobs is the coarse focus
adjustment knob. Turn the knob so that the stage goes down as far as it can.

9. Clean all lenses with lens paper. Never use paper towels or kimwipes or shirt!

10. Obtain a letter “e” slide from your instructor. Draw the “e” in Table 5.2 as you view it with your eyes (not through the
microscope).

Table 2. The letter “e” viewed at different magnifications using a light microscope

Letter “e” as seen... Drawing

with the naked eye

100X total magnification

400X total magnification

1000X total magnification

1000X total magnification

In what direction does the “e” move (as you look into the
microscope), when you move the stage to the right?

11. Place the slide on the stage and secure it with the stage clip.

12. Use the coarse focus knob to move the stage as high as it can go.

13. Use stage adjustment knobs to center the “e” so that the light from the light source can pass through it.

14. Looking through the ocular lenses, lower the stage with the coarse focus adjustment knob until the “e” comes into view.
15. Use the fine focus adjustment knob to make the image as clear as you can.

16. At this point there are different adjustments you can make to improve the quality of the image:
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17.

18.

19.

27.

The rheostat on the side of the microscope controls the intensity of the light. If it is too bright or dim at any time, use this
knob to adjust the light.

The condenser will also adjust the light intensity. The condenser gathers and focuses the light to illuminate the specimen.
Only use this if the rheostat failed to improve your image. Move the condenser with the condenser adjustment knob so that
it touches the stage. Slowly lower it to improve lighting on your sample. Usually it should be about 2 inch below the stage.
The iris diaphragm adjusts the aperture of the opening and controls the amount of light that exits the condenser (or
illuminates the specimen). You can open and close this aperture, for most purposes it should be fully open, but sometimes
partially closing it will increase contrast in the image.

Draw the letter “e” as it appears through the microscope in Table 4-2. Note the change in orientation. Notice that the LEFT
eyepiece can be rotated, but the ocular scale (known as a reticle) stays in the middle of the ocular lens. Note that the RIGHT
eyepiece can be rotated, to move the position of the pointer.

Move the stage slowly to the right. Note what direction the “e” moves as you look through the microscope and record in Table
4-2,

Move the slide back to the left to re-center the “e”.

Once the “e” is re-centered and in focus, turn the nosepiece to the 40x objective lens and snap it into place. Use the fine
focus to make the image clear. Only if needed, make light adjustments with the rheostat, condenser, or diaphragm. Draw
everything you see through the microscope in Table 4-2.

Once the “e” is re-centered and in focus turn the nosepiece to the 40x objective lens and snap it into place. Use the fine
focus to make the image clear (NEVER use the coarse focus at this or any higher magnification or you risk snapping the slide
or worse, snapping the lens!!!) Only if needed, make any light adjustments with the rheostat, condenser, or diaphragm. Draw
everything you see in the microscope in Table 4-2. Answer the questions below.

To use the oil immersion lens, rotate the nosepiece BETWEEN the 40x and the 100x lenses so that the wand containing the
oil can reach the slide. Place a generous drop of oil on the slide and snap the 190x objective lens into place. The lens will
slide into the drop of oil.

Use the fine focus to make the image clear. Only if needed, make light adjustments with the rheostat, condenser, or
diaphragm. Draw what you see in Table 4-2.

NEVER return to the 40X objective lens after there is oil on the slide. If you are having trouble focusing using the oil
immersion lens, you must go back and use the 10x lens to re-center (turn the nosepiece so that the 40x objective lens is NOT
dragged through the oil on the slide). Then go directly back to the 180x lens. If this doesn’t work, the slide must be wiped
clean and you should start over.

When finished with the slide, lower the stage and remove the slide. (Do not lower the stage if you are going to view a different
slide). Clean the oil off the slide and return it to your instructor.

Part II: Diameter of the Field

Microscopes are for magnification of images too small to be seen with the naked eye. However, they can be used as a tool to
estimate the size of the object being viewed. In order to do this, you must know the diameter of each viewing field with each
objective lens. You can then estimate how much of the field your object takes in the field and compare this to the measured
diameter. For example, let’s say the diameter of field using the 40x objective lens is .18 mm. You then view an object using
that lens that takes up % of the field of view. You can then estimate that object is ¥ (0.18mm) long or 8.8025mm. To determine
the field diameter, you will use a stage micrometer slide, which is basically a very fine ruler (usually 2 mm) that is etched onto a
microscope slide.
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Procedure

MM

Figure 2. Stage micrometer

1. Obtain a stage micrometer slide. BE VERY CAREFUL. A stage micrometer slide is costly, so please treat it with respect! Place
the stage micrometer slide on the stage and focus on the millimeter markings using the 10x objective lens. Record the field
diameter in mm when you use this lens in Table 3.

2. Switch to the 40x objective lens and focus. Determine the field diameter in mm with the micrometer and record in table 3.
Repeat the same steps for the other objective lenses.

3. Convert the diameters to micrometers (uUM). All cell and organelle measurements will be done in uM. Clean the slide carefully

and place it back in its tray on the demo table.

Table 3. Determining the Field of View Using a Stage Micrometer

Lens Used Total Magnification

Diameter of Field (mm)

Diameter of Field in (um)

Part III: Making Wet Mounts

Materials

e Slides (in alcohol jar)

e Cover slip (in alcohol jar)

o Paper towels

e Tray or Beaker to wash slides

e Forceps

e Transfer pipets

e Knife and cutting boardToothpicks

©@®

Onion

Iodine (dropper bottle)
Methylene blue (dropper bottle)
Elodea Leaf (in beaker of water)
Pond water (in beaker)

20% salt water (dropper bottle)
Deionized water (dropper bottle)
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e Paramecium

e Spirogyra

¢ Human Blood Smear

e Human Sickle Cell Blood
e Amphibian Blood Smear
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Procedure

Human Cheek Cells

i -~ K
RN Y e

Figure 3. Human cheek cell at 400x zoom.

The human cheek is lined with epithelial cells. They will be used today for you to observe a eukaryotic animal cells and its
nucleus. You will scrape and stain a sample of your cheek cells with the dye methylene blue. The dye will allow you to clearly stain
the nuclei of the cells. Be careful with the dyes used for the wet mounts as they will stain your skin and clothes. Also, the slides and
coverslips you will use are stored in alcohol. Make sure to dry off the slides and coverslips with paper towels (not the expensive
lens paper) before preparing your wet mount slides.

ol wN

Get a dry microscope slide and cover slip.

Put a drop of methylene blue on the slide.

Gently scrape the inside of your cheek with a toothpick and swirl it in the dye on the slide.

Place a cover slip on the suspension and view at 1900X total magnification

Draw 1-3 cells large enough to show the detail that you see in your lab manual. Label its cell membrane, cytoplasm
and nucleus. Be sure to indicate the magnification used and specimen name. Also indicate the estimated cell size in
micrometers under your drawing. See the example (which is missing the labels).

Elodea Leaf Wet Mount

The cell membrane is not visible on the Elodea leaf because of its proximity to the much thicker cell wall. In order to view the
membrane, you will add salt to the Elodea. Water will flow out of the Elodea cells by osmosis, shrinking the cell membrane away
from the stiff cell wall (plasmolysis).

OarWN 4

Get a microscope slide. Place 2 drops of dI water on the left and 2 drops 20% salt on the right.

Obtain a leaf from a stalk of Elodea and cut the leaf in half. Place a half leaf in each solution.

Wait 3-5 minutes and then place a cover slip over each leaf (dab off excess water).

View at between 400X total magnification.

Look for cells that have undergone plasmolysis. If none are found, prepare the slide again.

Draw 2-3 connected cells large enough to show the detail that you see. Label the cell wall, cell membrane, cytoplasm,
and chloroplasts in your lab manual. Be sure to indicate the magnification used and specimen name. Also indicate the
estimated cell size in micrometers under your drawing.

©® 44 (1.5.6)



LibreTextS“

Figure 5. Elodea cells
undergoing plasmolysis at 400x

Onion Membrane Wet Mount

Onion bulbs are actually swollen leaves that form an underground structure. Although not a good source for viewing chloroplasts,
they are an excellent source for viewing eukaryotic plant nuclei.
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Figure 6. Onion cells at 400x

Get a dry microscope slide and cover slip.

Cut a tiny square of one layer of the onion. Use forceps to peel the thin, white, transparent membrane from the inner concave
side of an onion section (you only need a small piece, about the size of a pencil eraser) and place on slide. Try to smooth out
the transparent onion membrane as flat as possible.

Add a drop of iodine to the membrane and wait 30 seconds. Cover the membrane with a coverslip. Place the slide inside
folded paper towel and pat gently for 1 second to remove excess dye.

View at either 100X or 400X total magnification, so that you can see 2-3 cells.

Draw 2-3 connected cells large enough to show the detail you see. Label the cell wall, nucleus, and cytoplasm. Be sure
to indicate the magnification used and specimen name. Also indicate the estimated cell size in micrometers under your
drawing.

Pond Water Wet Mount

You will prepare a wet mount of one of the following protists that can be found in pond water: Euglena, Spirogyra, Paramecium,
and/or Amoeba.

Get a depression slide and dry it off. The depression slide has a curved indent in the middle of the slide, which allows the
living creatures to move around and not get squished.

Put a drop of methyl cellulose and a drop from the pond water or cultures.

Carefully put on a coverslip. If you have too much liquid on the slide, then gently use a corner of a paper towel to absorb the
excess liquid.

View at 190X or 400X total magnification.

Draw the organisms that you see. Be sure to indicate the magnification used and specimen name. Also indicate the estimated
cell size in micrometers under your drawing.

Prepared Slides

You will look at various prepared slides including Paramecium, Spirogyra, Human Blood Smears, Human Sickle Cell Red Blood
Smears, Frog Blood Smears, and possibly others. View under the microscope using the highest magnification for the best cellular
details and draw what you see. Be sure to indicate the magnification used and specimen name. Also, indicate the estimated cell
size in micrometers under your drawing.
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Figure 7. Specimens at 400x Magnification.From left to right: Spirogyra, Paramecium, Human Blood Smear, Human Sickle Cell.

Part IV: Lab Check-out

Check off each task when complete. The instructor must sign before storing your microscope.

Returning Compound Microscope

e Rotate low power objective lens in position

e Use coarse focus to raise nosepiece to the top

e Remove slide from stage

e Be sure that the bar from stage clips does not stick out

e Turn rheostat to lowest before turning off the light

¢ Unplug and wrap power cord according to instructor’s instructions
e Carry microscope properly to cabinet and return to the correct shelf

Cleaning Wet Mounts

e Rinse slide in a beaker of water, remove and return cover slip and slide into the correct jars
e Put prepared slides back onto the correct tray on the demo table

e Tighten all reagent bottle caps.

e Clean up the demo table

o Wipe off all tables with wet sponge

Instructor Signature

Study Questions

On the next page, label the parts of the microscope and list their function.
How is a microscope properly carried?
How is the microscope properly put away?
What is the magnification power of:
o High-power objective lens?
o Medium-power objective lens?
o Low-power objective lens?
o Ocular lens?

PN o
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How is the total magnification of a specimen determined?

When the magnification increases, how does the size of the field of view change?

Why is it important to place the medium on a slide before selecting the specimen to be mounted?

Name one way to be sure the specimen will be found in the field of view when you change magnification.

What are the distinguishing characteristics of a plant cell versus an animal cell?

Knowing the size of the field of view using one of the three magnification lenses, be able to determine the size of a specimen
being observed.

@0 NG

Figure 8. Blank microscope to label parts.

This page titled 1.5: Microscopy is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Orange County Biotechnology
Education Collaborative (ASCCC Open Educational Resources Initiative).
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1.6: Spectrophotometry

Learning Objectives

Goals:

¢ Identify the main features on the spectrophotometer and define their functions.
e Use a spectrophotometer to obtain an absorbance spectrum.

Student Learning Outcomes:

Upon completion of this lab, students will be able to:
o Identify the parts of a spectrophotometer and their related functions.
e “Blank” a spectrophotometer.

e Obtain an absorbance spectrum for a molecule.
¢ Use the wavelength absorption scans to determine the dyes in colored skittles.

Introduction

Spectrophotometers are one of the most frequently used tools by scientists to determine both the presence and concentration
of dissolved chemicals. As radiant energy (visible light) strikes matter, molecules will absorb certain wavelengths of light
and transmit or reflect others based on the nature of their chemical bonds. For example, proteins and nucleic acids absorb
wavelengths in the visible light range of 248-300 nanometers (nm), pigments and dyes absorb light in the 400-778-nm range, and
other organic molecules absorb wavelengths above 770-nm. Each chemical has a distinctive atomic arrangement and bonding
pattern, and thus absorbs or transmits different wavelengths of visible light in a pattern that is unique for that chemical. This
unique pattern of light absorption and transmittance creates a “fingerprint” for that chemical. In this exercise you will determine
the unique “fingerprint” for a colored molecule and use a spectrophotometer to measure the concentration of a chemical in a
given sample.

oD
A

>\

260 280

Figure 1: Curve of light absorbance and transmission

Spectrophotometers are instruments designed to detect the amount of light energy that is absorbed or transmitted by molecules
dissolved in a solution. Since molecules have wavelengths unique to their structure, different chemicals and their concentrations
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can be identified based on their absorbance or transmittance.

Figure 2. Labeled parts of a spectrophotometer

A spectrophotometer is an instrument used for detecting the presence of any light-absorbing particles dissolved in a solution
and for measuring the concentration of those particles. A light source inside the spectrophotometer emits a full spectrum of
white light towards a compartment where a sample liquid is placed. The samples are prepared in cuvettes that are made using
specialized plastics or quartz so that they do not absorb any light and will not affect our measurements. Before the light passes
through the sample in the cuvette, an adjustable prism and diffraction grating filters the light so that only a single wavelength of
light can be selected and allowed to pass through the sample. All molecules differ in how strongly they absorb each wavelength of
light in the visible spectrum because of differences in their molecular structure and composition. This allows us to use a specific
wavelength of light to detect the presence of, and quantify, one molecular compound in a simple or complex liquid mixture.
Spectrophotometers are also calibrated by using a “blank” solution that we prepare containing all of the components of the
solution to be analyzed except for the one compound we are testing for so that the instrument can zero out these background
readings and only report values for the compound of interest.

Light passing through a sample solution will partially be absorbed by molecules present in the sample. The amount of light unable
to pass through a sample is measured as the absorbance value. Absorbance is directly proportional to the concentration of the
molecules and is measured on a logarithmic scale from ® to infinity. The amount of light that is not absorbed is transmitted
or passed through the sample. Compared to the amount of light entering the sample, the amount that exits is measured as a
percentage of the light transmitted. Percent transmittance is inversely proportional to the concentration of the molecules in the
sample and is measured on a linear scale from 0% to 100%.
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Figure 3: Light is absorbed and transmitted through the spectrophotometer cuvette and solution

A photodetector on the other side of the sample compartment converts the intensity of the light it receives into an electrical
signal. The instrument can then calculate and display the absorbance and % transmittance values by measuring the difference
between the intensity of light of the selected wavelength entering and exiting the sample.

The absorbance scale reflects the measurement of the amount of light absorbed and converted into absorbance (A) units by the
spectrophotometer. Absorbance units are calculated by using the following equation:

Absorbance(A) = log, (%)

where “T” is the decimal form of “%T"”

_%T
~ 100

If a solution containing a given dye is found to transmit 18% of the light when placed in a spectrophotometer, its absorbance
then would be calculated as follows:

Transmittance (T) = 10% = 10%/100 = 0.10

Absorbance (A) = log10 (1/ 0.10) = 1.0

Part I: Identifying Food Dyes in Candies

Many foods, drugs and cosmetics are artificially colored with federally approved food dyes (FD & C dyes). These dyes include
Red 40, Red 3, Yellow 5, Yellow 6, Blue 1, and Blue 2. Since each dye has an identifiable absorption spectrum and peak, a
spectrophotometer may be used to identify the types of FD & C dye used in a product.

Pigments may be extracted from foods and drinks that contain one or more of these dyes. An absorption spectrum of that extract
can then determine what dyes are in that food or drink by comparing the peaks of maximum absorbance with information in the
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table below. If the absorption spectrum of a food extract has a peak at 630 nm and one at 428 nm, you can assume the food
contains both Blue #1 and Yellow #5. The following table gives the wavelength of peak absorbance for each of these dyes.

Table 1. Wavelength of Maximum Absorbance of Commonly Used FD & C Dyes

FD & C Dye Name Wavelength (nm) of Maximum Absorbance
Blue #1 Brilliant Blue FCF 630
Green #3 Solid Green FCF 625
Blue #2 Indigo Carmine 610
Red #3 Erythrosine 527
Red #40 Allura Red AC 502
Yellow #6 Sunset Yellow FCF 484
Yellow #5 Tartrazine 428
Materials
e Spectrophotometer
e Cuvette
e Skittles
o KimWipes

e Test tubes

Procedure

A. Extracting Dye from Candy (Your Instructor will do this for you)

You will need one test tube and one cuvette for each color to be tested. Measure 4 mL water into one tube. Place 2-4 candies
of the same color in a test tube with the water. Gently swirl, and wait one minute. After, pour approximately 1 mL of liquid into a
microcentrifuge tube. Spin the microcentrifuge tube at max speed for 60 seconds. Make sure the centrifuge is balanced before
spinning. Transfer the clear liquid (supernatant) into a cuvette. Make sure to leave behind the particulates (pellet).

Absorption

300 350 400 4530 500 5530 600
Wavelength (nm)
Figure 4. Curve of absorbance

B. Measuring Absorbance with Spectrophotometer
1. Turn on the spectrophotometer. Let it warm up for 15 minutes.

2. Select wavelength scan.
3. Fill a cuvette 2/3 full with DI water to serve as the “BLANK” cuvette.
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4. Calibrate the Spectrometer

1. 1. Wipe the outside of the BLANK cuvette with a KimWipe
2. Place cuvette into the machine so that the clear portions of the cuvette are oriented left to right. (The light needs to pass
through clear area on cuvette).
3. Press "Zero"
4. Remove the blank.

5. Determine optimum wavelength absorbance and set up data collection mode.

1. Place a cuvette with a sample into the spectrophotometer

Press "read"

Set cursor mode to peak and valley under "Options" > "More" > "Cursor Mode"
Press the left and right arrows to the right of the graph to select the highest peak.

Record the wavelength and absorbance in Table 6.2.

i

6. Decide which dyes were used to make each color. Enter the Wavelength of that dye in the last column of table 6.2. Explain
your reasoning for each choice in your lab notebook.

Results

Table 2.

Color skittle Maximum Wavelength (nm) at Proposed Dye Wavelength (nm) of

Absorbance Maximum Absorption Maximum Absorption for
Proposed Dye

Red

Orange

Yellow

Green

Purple

Instructions for Cleaning Cuvettes
1. Discard solutions to sink
2. Rinse with tap water once

3. Rinse with DI water two times
4. Place in tube rack, allow to air dry

Study Questions

1. Name the parts of the spectrophotometer and identify their function.
2. What is the difference between % transmittance and absorbance?

©® 53 (1.6.5)



LibreTextS“'

3. How did you determine which wavelength was absorbed at the highest level? How is this process useful in determining the
identity of a molecule?
4. How do you clean a cuvette?

This page titled 1.6: Spectrophotometry is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Orange County
Biotechnology Education Collaborative (ASCCC Open Educational Resources Initiative).
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1.7: pH and Buffers

Learning Objectives

Goals:

e Accurately measure the pH of solutions using pH indicator strips and a pH meter.
e Create buffer solutions and test the effects of adding acid and base to each.

Student Learning Outcomes:
Upon completion of this lab, students will be able to:
e Describe the pH scale.

e Correctly use pH indicator strips and a pH meter.
e Explain the function and composition of a buffer.

Introduction

The pH of solutions is an important characteristic. Cells must maintain a constant pH so that the enzymes and processes taking
place inside the cells will continue as needed. Chemical and enzymatic reactions are typically dependent on a specific pH range.
Thus, it is important to understand pH and be able to determine the pH of various solutions.

Figure 1. The pH meter

The pH scale is a familiar concept for students who study science. The pH value of a solution reflects the relative concentration of
hydrogen ions (H+) or protons to the concentration of hydroxide ions (OH-) in a solution. Solutions with a pH value less than 7 are
acidic and those with a value greater than 7 are basic, or alkaline. The value 7 is neutral meaning the amount of H+ in a solution

is equal to the amount of OH- in a solution. Pure water H20, which can dissociate naturally into HY and OH™ ions, would have a
value of 7.

H,O = H" + OH"
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Table 1. The pH Scale

pH Classification

[H+] in mol/L [OH-] in mol/L

1.8 (\] 19714 Acidic

0.1 1 1973 Acidic
0.01 2 19712 Acidic
0.801 3 197" Acidic
1974 4 19719 Acidic
197° 5 197 Acidic
1978 6 1978 Acidic
197 7 107 Neutral
1978 8 197 Basic
197 9 197 Basic
19710 10 1074 Basic
19" 11 0.001 Basic
107 12 0.01 Basic
19713 13 0.1 Basic
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pH Classification

[H+] in mol/L [OH-] in mol/L

Basic
197 14 1.0

Pre-lab Reading Assignment:

Chemistry Review
In a chemical equation, variables that are surrounded by brackets “[“ and “]” are expressions of concentration, or the specific
amount of a molecule in a given volume of solution. For example, if you see “[H+]” in an equation, this is read as “the

concentration of hydrogen ion”.

The concentration of a solution is often expressed in units of moles per liter (mol/L). Just as one “dozen” represents a quantity of
12 items, one “mole” represents a quantity of approximately 6.822 X 1023 items.

one dozen molecules = 12 molecules
one mole of molecules = 602,200,000,000,000,000,000,000 molecules!

Note: “n” is used in equations to indicate a quantity measured in moles. For example if you see “nacig” in an equation, this is
read as “moles of acid”.

The term “Molarity” indicates that a solution’s concentration is in units of moles per liter. A one molar solution (1 M) contains one
mole of solute within each liter of that solution. Reagents used in the laboratory will often be labeled with their concentrations
expressed in terms of molarity.

The relative concentration of H+ or OH- may change very dramatically in solutions, so a logarithmic scale (called pH) instead

of a linear scale is used to express concentration. Equations 2 and 3 can be used to calculate the pH based on hydrogen ion
concentration or vice versa.

To calculate pH based on hydrogen ion concentration H*:

PH = -log [H*]

To calculate hydrogen ion concentration [H*] based on pH:

[H*] = 10PH

Buffers

A buffer is a mixture of a weak acid (HA) and its salt (e.g., NaA), and is sometimes referred to as a conjugate acid-base pair. As
mentioned above, buffers have a major role in stabilizing the pH of living systems. Vertebrate organisms maintain the pH of blood

using a buffer composed of a mixture of carbonic acid (H2CO3) and sodium bicarbonate (Na*HCO3"). The weak acid in this buffer
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is carbonic acid and the salt is sodium bicarbonate. When dissolved in water, sodium bicarbonate disassociates completely into

sodium ions (Na*) and bicarbonate jons (HCO3"). The HoCO3 is the conjugate acid of HCO3™ and the HCO3 is the conjugate base
of HoCO3 . Together, this conjugate acid-base pair functions as the bicarbonate buffer system.

Buffer systems are also of particular importance to experimental cell biology.

The pH of a buffer solution may be calculated as follows:

Equation 4

The pH of a buffer solution may be calculated as follows:

A

n
pH = pK, + log
NHA

Where pKj; = dissociation constant of the acid, na = initial number of moles of salt in the buffer, and nya = initial number of
moles of acid in the buffer.

If you know these values, it is possible to accurately calculate the pH of a buffer system before you create it!

The pKj of acetic acid (used in today’s experiment) is 4.75

To find the volume of the conjugate base or conjugate acid:

na = volume of conjugate base (mL) x x concentration of conjugate base (mol/L)

1L
100 mL

nHa = volume of conjugate acid (mL) x x concentration of conjugate acid (mol/L)

1L
100 mL

Use of pH Indicator Strips

The pH of a solution can be roughly approximated using strips of paper treated with color changing indicator reagents. The strips
are dipped into the solution to be tested for several seconds and then removed. The color of the indicator strip is then compared
to a reference chart, often printed on the side of the strip’s container. The reference color on the chart that most closely matches
the color of the reacted strip will have a pH value printed below it and that will be the approximate pH. One advantage to using
pH indicator strips is that they are relatively inexpensive, easy to use, and are adequate for determining pH where an error of +/-
1 pH unit is acceptable. A more accurate method of determining pH is to use a calibrated pH meter, which can determine the
exact pH to one or more decimal places depending on the quality of the device.

Use of a pH Meter

The pH meter measures the acidity of a solution. It is a scientific instrument that uses electrodes to measure the hydrogen ion
(proton) concentration of water-based solutions. Essentially, the pH meter is a voltmeter that will measure the difference between
two electrodes. The probe you place into the solution contains a reference electrode and a detector electrode. The reference
electrode is not affected by the solution being measured and is in contact with a solution of potassium chloride. The detector
electrode comes in contact with the test solution. The hydrogen ions in the test solution interact with the electrode and the
difference in electrical potential between the two electrodes is detected and reported as millivolts or converted to a pH value.

For accurate measurements, it is important to calibrate your pH meter before use with buffer solutions of known values. It is best

to calibrate your meter with buffer solutions that are near the anticipated or desired pH of your test solution. You should also blot
the probe with laboratory wipes in between solutions to avoid contamination but avoid rubbing. Rubbing the probe may cause a
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static electricity charge to build up on the electrode which will cause inaccurate readings to occur. Accidentally letting the probe
dry out will also cause it to stop working so always keep the end of the probe immersed in a holding solution when not taking
measurements. Remember to return it to the storage solution as soon you are finished with the experiment.

Calibrate the pH meter for pH 4, 7, and 10 before taking measurements. If calibrated properly, your pH meter should produce
measurements with an accuracy of +/- 0.06 pH units. Always test your meter after calibration using the standard buffers and
recalibrate the meter if necessary before proceeding.

Your instructor will demonstrate the proper calibration, care, and use of the meter. Be sure to take good notes!
Activity 1: Measuring pH

Materials
Per group of 4:

e 1Set of 4 unknown solutions (in 3® mL tubes with screw top lids)
e 1 container of pH indicator strips and color reference chart

e 1 pair of forceps

¢ 1 pH meter (calibrated - See instructor for directions)

Procedure
1. Obtain a set of unknown solutions from instructor.
2. Measure the pH of each solution using the pH indicator strips first. Hold the strips with the forceps. Use a new strip for

each solution!

3. Record your data in Table 1.

4. Measure the pH of each solution using the pH meter. Be sure to rinse the tip of the probe with DI water before putting
the probe into each sample! (Ask the instructor for instructions if you are not sure how to properly calibrate and
use the pH meter).

5. Record your data in Table 2.

Table 2. Measured pH values of Known Test Solutions

Unknown Solution pH value measured pH value measured Expected pH value
using indicator strips using pH meter (Ask Instructor)
A
B
(o
D

Data Analysis

e How do your pH indicator strip values compare to your pH meter values?
e Check your measured pH values with those of the other teams. Are your values similar?
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Check with your instructor to see what the actual pH values should be. How accurate were you?

Activity 2: Preparation of an Acetate Buffer

Materials

Per Class:

1 bottle stock solution of 8.1 M acetic acid (CH3COOH)
1 bottle stock solution of 8.1 M sodium acetate (Na*CH3C0O0O")

Per Group of 4:

6 clean 30 mL plastic tubes

2 clean 5 mL serological pipettes
2 pipette pumps (108 mL capacity)
1 Sharpie Marker

Procedure

1. Using a sharpie marker, label the two 3® mL tubes - one as “Acetic Acid” and the other “Sodium Acetate”. Fill each tube up
with the correct stock solution.

2. Using a sharpie marker, label each of the two 5 ml pipettes - one as “AA” and the other as “SA”". To avoid contamination, DO
NOT dip pipettes into stock solution bottles and ONLY use the designated pipette to transfer either acetic acid or sodium
acetate from your group’s labeled tubes.

3. Using a sharpie marker, label a clean 30 mL tube as “Buffer 17, another as “Buffer 2", the third as “Buffer 3", and the fourth
as “H20". Each student in your group will take one tube. If there are only 3 students, one of you can also take the “H20" tube.
Write your names into the first column of table 2 next to the tube(s) you will be working with.

4. Create the acetate buffers using your marked serological pipettes and the specified volumes of acetic acid and sodium
acetate in Table 2.

> Be sure to accurately pipet the volumes indicated to get good results! Review proper pipetting technique with
your instructor if necessary.
o For the “H20" tube, simply fill the tube about a third full with pure deionized water
5. Close the lids and gently shake each tube for about 20 seconds or more to mix the contents.
6. Measure the pH of each solution with the pH meter using proper technique and enter your measurements in table 2.

Activity 3: Effects of Adding Acid and Base to Acetate Buffer

Materials

Per Group of 4:

Everything From Activity (2 above)
30 mL dropper bottle of 8.1 M HCl (Hydrochloric Acid)
30 mL dropper bottle of 8.1 M NaOH (Sodium Hydroxide)

Procedure

—_

akrwn

Add a single drop of HCl to each of your team’s 4 tubes. Close the lids and gently shake the tubes to thoroughly mix the
contents.

Measure the pH of each solution and enter the pH values in table 4.

Continue adding drops of HCl according to the table, measuring pH, and recording values.

When you have completed Table 3, you will now start adding drops of NaOH (base) to your tubes according to table 5.

Be sure to shake the tubes to mix the contents thoroughly before measuring pH and entering the values in Table 5.

©® 60 (1.7.6)



LibreTextS“

6. Look at your results and compare the pH changes in your 4 tubes. What do you notice about the pH changes when you
compare them?
7. Compare your pH values to those of the other teams. Ask your instructor for the expected values.

Table 3. Experimental Acetate Buffers Mixing Chart

Student Volume of Acetic Volume of Sodium Measured pH Expected pH
Acid (mL) Acetate (mL) (Ask Instructor)
Buffer 1 5.0 5.0
Buffer 2 7.9 3.0
Buffer 3 3.0 7.0
H>0 None None

Table 4. Effect of Adding 0.1 M HCI (acid) to Acetate Buffers and Water

Tube pH after 1 drop HCL pH after 2 drops HCl pH after 3 drops HCL
added added added
Buffer 1
Buffer 2
Buffer 3
H20

Table 4. Effect of Adding 0.1 M NaOH (base) to Acetate Buffers and Water

pH after 1 drop pH after 2 drops pH after 3 drops
NaOH added NaOH added NaOH added
Buffer 1
Buffer 2
Buffer 3
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pH after 1 drop pH after 2 drops pH after 3 drops

NaOH added NaOH added NaOH added

H20

Study Questions

—_

What range of pH values indicates that a solution is acidic? Basic?

In general, how does the relative concentration of hydrogen ions [H+] compare to that of hydroxide ions [OH-] in a neutral,
acidic, and basic solution?

Based on your observations, how would you describe what a buffer does?

What factors determine the accuracy of a reading with a pH meter?

What is the pH of a solution that has a hydrogen ion concentration of 2.46 X 197° M?

What is the expected pH of a buffer made from 25.7 mL of 2.0 M Acetic acid and 0.8492 L of 8.90-M Sodium acetate?

N

oa Mw

This page titled 1.7: pH and Buffers is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Orange County
Biotechnology Education Collaborative (ASCCC Open Educational Resources Initiative).
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1.8: Serial Dilutions and Standard Curve

Learning Objectives

Goals:

e Prepare solutions starting with a solid.

e Perform a serial dilution.

e Use the spectrophotometer to measure the absorbance of solutions.

e Generate a standard curve and use the standard curve to determine the concentration of a solution.

Student Learning Outcomes:
Upon completion of this lab, students will be able to:

e Determine the mass of solute needed to make at %(w/v) solution.

e Make a buffer of the appropriate concentration.

e Make a stock solution of the appropriate concentration.

e Create a series of solutions of decreasing concentrations via serial dilutions.

e Use the spectrophotometer to measure the absorbance of a solution.

e Use excel and make a standard curve and use the R2 value to evaluate the quality of the standard curve.
e Use the standard curve to calculate the concentration of a solution.

Introduction

A Serial dilution is a series of dilutions, with the dilution factor staying the same for each step. The concentration factor is the
initial volume divided by the final solution volume. The dilution factor is the inverse of the concentration factor. For example, if
you take 1 part of a sample and add 9 parts of water (solvent), then you have made a 1:10 dilution; this has a concentration of 1/
10th (0.1) of the original and a dilution factor of 18. These dilutions are often used to determine the approximate concentration
of an enzyme (or molecule) to be quantified in an assay. Serial dilutions allow for small aliquots to be diluted instead of wasting
large quantities of materials, are cost-effective, and are easy to prepare.

) volumeinitial
concentration factor = ———
volume final
o 1
dilution factor = -
concentration factor

Answer available at the end of this section.

©@® 63 (1.8.1)



LibreTexts"

Sample

*Dilution tubes begin with 9mL. 1mL is added, mixed then 1mL is
transferred to next tube. The ending volume in last tube would be 10mL

Figure 1. A ten-fold serial dilution, which can also be called a 1:18 dilution, or a series with dilution factor of 10. To determine the concentration
at each step of the series, you divide the previous concentration by the dilution factor.
*Dilution tubes begin with 9-mL. 1-mL is added and mixed, then 1-mL is transferred to the next tube. The ending volume in the last tube would
be 10-mL

Key considerations when making solutions:

e Make sure to always research the precautions to use when working with specific chemicals.

e Be sure you are using the right form of the chemical for the calculations. Some chemicals come as hydrates, meaning that
those compounds contain chemically bound water. Others come as “anhydrous” which means that there is no bound water.
Be sure to pay attention to which one you are using. For example, anhydrous CaCly has a MW of 111.0 g, while the dehydrate
form, CaCly @ 2 HoO has a MW of 147.0 grams (110.0 g + the weight of two waters, 18.0 grams each).

e Always use a graduate cylinder to measure out the amount of water for a solution, use the smallest size of graduated cylinder
that will accommodate the entire solution. For example, if you need to make 50 mL of a solution, it is preferable to use a 50
mL graduate cylinder, but a 180 mL cylinder can be used if necessary.

e If using a magnetic stir bar, be sure that it is clean. Do not handle the magnetic stir bar with your bare hands. You may want
to wash the stir bar with dishwashing detergent, followed by a complete rinse in deionized water to ensure that the stir bar is
clean.

e For a 500 mL solution, start by dissolving the solids in about 400 mL deionized water (usually about 75% of the final volume)
in a beaker that has a magnetic stir bar. Then transfer the solution to a 5800 mL graduated cylinder and bring the volume to
500 mL

e The term “bring to volume” (btv) or “quantity sufficient” (qs) means adding water to a solution you are preparing until it
reaches the desired total volume

e If you need to pH the solution, do so BEFORE you bring up the volume to the final volume. If the pH of the solution is lower
than the desired pH, then a strong base (often NaOH) is added to raise the pH. If the pH is above the desired pH, then a
strong acid (often HCl) is added to lower the pH. If your pH is very far from the desired pH, use higher molarity acids or base.
Conversely, if you are close to the desired pH, use low molarity acids or bases (like 8.5M HCl). A demonstration will be shown
in class for how to use and calibrate the pH meter.

e Label the bottle with the solution with the following information:

> Your initials

o The name of the solution (include concentrations)
o The date of preparation

o Storage temperature (if you know)

o Label hazards (if there are any)
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Lab Math: Making Percent Solutions

Formula for weight percent (w/v):

Mass of solute (g)

x 100
Volume of solution (mL)
Make 500 mL of a 5% (w/v) sucrose solution, given dry sucrose.
1. Write a fraction for the concentration
w 5 g sucrose
5%(—) = —————— —
% ( v ) 100 m L solution
2. Set up a proportion
5 g sucrose _ ? g sucrose

100 mL solution 500 mL solution
3. Solve for g sucrose

5
T st 200 ML solution = 25, suerose

4. Add 25-g dry NaCl into a 580 ml graduated cylinder with enough DI water to dissolve the NaCl, then transfer to a
graduated cylinder and fill up to 500 mL total solution.

Activity 1: Calculating the Amount of Solute and Solvent

Calculate the amount (include units) of solute and solvent needed to make each solution.

A. Solutions with Soluble Solute and water as the solvent

How many grams of dry NaCl should be used to make 100 mL of 15% (W/V) NaCl solution?
How many grams of dry NaCl should be used to make 300 mL of 6% (W/V) NaCl solution?

How many grams of dry NaCl should be used to make 2L of 12% (W/V) NaCl solution?

How many grams of dry NaCl should be used to make 300 mL of 25% (W/V) NaCl solution?
How many grams of dry NaCl should be used to make 250 mL of 14% (W/V) NaCl solution?

agrwd o

B. Solutions with Insoluble Solutes in Cold Water

Calculate how to prepare 200 mL 1.2% (w/v) agarose in 1X SB buffer, given dry agarose and SB buffer.
Calculate how to prepare 300 mL 2.5 % (w/v) agarose in 1X SB buffer, given dry agarose and SB buffer.
Calculate how to prepare 50 mL 1.5 % (w/v) agarose in 1X SB buffer, given dry agarose and SB buffer.
Calculate how to prepare 60 mL 0.8 % (w/v) agarose in 1X SB buffer, given dry agarose and SB buffer.
Calculate how to prepare 150 mL 1.8 % (w/v) agarose in 1X SB buffer, given dry agarose and SB buffer.

arwd o
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For dry chemicals that cannot dissolve in cold water (such as agarose and gelatin), pour the dry solute directly into an
Erlenmeyer flask, measure the total volume of solvent in a graduated cylinder, then add the total volume of solvent into flask.
Microwave the solution as recommended until solute is dissolved.

Part I: Solution Prep of 30-mLs of 13.6% Sodium Acetate

Sodium Acetate Buffer solutions are inexpensive and ideal to practice your skills. Your accuracy can be verified by taking a pH
reading.

MATERIALS

Reagents

e Sodium Acetate (Trihydrate) solid
e DIH20
e Stock bottle of verified 1 Molar Acetic Acid solution

Equipment

e pH meter

e Stir plate

e Electronic balance and weigh boats

e 50-mL graduated cylinder

e 50-mL conical tubes (Falcon tubes)

o P-1000 Micropipettes with disposable tips (or 5 mL Serological pipettes with pumps)

Calculations

e Calculate the amount of sodium acetate needed to make 30 mL of 13.6% sodium acetate solution.

Procedure

Make sure to wear goggles and gloves.

Measure _______ g of solid sodium acetate in a weigh boat on an electronic balance.

Transfer the sodium acetate into a 50 mL conical tube.

Add about 20 mL of DI water into the conical tube.

Secure the cap on the tube and invert to mix the contents until the solute is completely dissolved.
Pour out all of the solution into a 50 mL graduated cylinder.

Add DI water to bring the total volume to 30.0 mL.

Transfer all of the solution back into your 50 mL conical tube and secure the cap.

Invert the tube several times to thoroughly mix the contents.

Label the tube with contents (13.6% Sodium Acetate), initial, and date.

@O0PNOO P WON

—_

Verify your work by creating a buffer solution

Pipette exactly 5.0 mL of your sodium acetate solution into a clean 15 mL conical tube (or 25 mL glass test tube).
Pipette exactly 5.0 mL of 1M acetic acid solution into your conical tube (or 25 mL glass test tube).

Secure the cap on the conical tube (or a piece of parafilm over the test tube opening).

Invert several times to thoroughly mix the 18 mL of solution into an acetate buffer.

Measure the pH of the test buffer solution using a calibrated pH meter.

If you were accurate in all of your work, the test buffer should have a pH of 4.75 (+/- 0.06).

Check in with your instructor and report the pH of your test buffer.

NOO,WN
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8. If your test buffer pH is within the expected range, then congratulations! You have verified that the sodium acetate
solution you made earlier has a concentration of 13.6%. Give your 50 mL tube of remaining sodium acetate solution to your
instructor to save for use in a future lab.

9. If your test buffer pH is far outside of the expected range then something went wrong during the preparation of your
sodium acetate solution and you should mark the tube with an “X” and give it your instructor to set aside.

Part 1I: Preparation of a Standard Curve

In this part of the lab, we will be preparing solutions of known concentrations. These then will be used to create a standard curve.
Standard curves (also known as calibration curves) represent the relationship between two quantities. The standard curve will be
used in part 3 of the lab to determine the concentrations of unknown solutions of methylene blue.

Materials
Reagents

e Stock 1% (w/v) methylene blue solution - (500 microliter (uL) aliquots in 1.5 mL microcentrifuge tubes)
e DIH0

Equipment

e P-20 Micropipettes and disposable tips
o P-1000 Micropipettes and disposable tips
e Spectrophotometer

Glassware

e 10 mL serological pipettes and pumps

¢ 1.5 mL microcentrifuge tubes

e 15 mL plastic conical tubes with screw-top caps
e 50 mL plastic conical tubes with screw-top caps

Calculations

1. Calculate the volume of stock 1% methylene blue solution needed to make 40 mL of 8.0005 % methylene blue solution.
2. This new percentage concentration is equivalent to 5.0 micrograms per milliliter (ug/mL) and will be the concentration of
our working solution for the next 2 parts of the lab exercise.

Procedure

Prepare Stock Solution of Methylene Blue
Prepare 40 mL of 5.0 ug/mL Methylene Blue Working Solution

Make sure to wear goggles and gloves.

Very accurately pipette 40.0 mL of DI water into a 58 mL conical tube.

Very accurately micropipette ________ uL of 1% stock methylene blue into the DI water in your tube.
Secure the cap on the tube and invert repeatedly to thoroughly mix the solution.

Label your tube as “5.0 ug/mL Methylene Blue”, your name, and date.

S

Prepare Known Concentrations of Methylene Blue Working Solution via Dilution
Prepare 80% Methylene Blue Working Solution

1. Pipette 8.0 mL of 5.0 ug/mL methylene blue working solution into a 15 mL conical tube.
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2. Pipette 2.0 mL DI H20 into the tube to make 10.8 mL of total solution.
3. Seal the tube and invert repeatedly to mix.
4. What is the concentration of your new solution? Label the tube _______ ug/mL methylene blue.

Prepare 60% Methylene Blue Working Solution

1. Pipette 6.0 mL of 5.0 pg/mL methylene blue working solution into a 15 mL conical tube.

2. Pipette 4.0 mL DI H20 into the tube to make 10.0 mL of total solution.

3. Seal the tube and invert repeatedly to mix.

4. What is the concentration of your new solution? Label the tube _______ ug/mL methylene blue.

Prepare 40% Methylene Blue Working Solution

1. Pipette 4.0 mL of 5.0 ug/mL methylene blue working solution into a 15 mL conical tube.

2. Pipette 6.0 mL DI H20 into the tube to make 10.0 mL of total solution.

3. Seal the tube and invert repeatedly to mix.

4. What is the concentration of your new solution? Label the tube _______ ug/mL methylene blue.

Prepare 20% Methylene Blue Working Solution

Pipette 2.0 mL of 5.0 ug/mL methylene blue working solution into a 15 mL conical tube.
Pipette 8.0 mL DI H20 into the tube to make 10.0 mL of total solution.

Seal the tube and invert repeatedly to mix.

What is the concentration of your new solution? Label the tube _______ pg/mL methylene blue.

PN~

Measuring Absorbance of Methylene Blue Working Solutions

Turn on the spectrophotometer and let it warm up for at least 10 minutes.

Place 1 mL of DI water into a clean cuvette. This is your blank.

Place 1 mL of your methylene blue solutions into clean cuvettes. These are your samples.
Set the wavelength of the spectrophotometer to 664 nm.

Place the blank into the spectrophotometer.

Press the “Zero” button and wait for the Absorbance to read “0.00”

Take out the blank and set aside.

VEPNOORWN o

Repeat with each sample and record into lab notebook

Results

Complete Data Table 1. based on your results. Put in your notebook
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1 Concentration Absorbance

2 0.10% 1.53

3 0.05% 0.765

4 0.025% 0.3825

5 0.0125% 0.19125

6 0.00625% 0.095625

7 0.003125% 0.0478125

8 0.0015625% 0.02390625

Figure 1. Completing the Excel table

Note this is an example: do not use these values for your concentration or absorbance

Table 1. Absorbances of Methylene Blue at Various Concentrations

Percentage of Working Solution Conc. Methylene Blue Concentration (pug/mL) Absorbance @ 664 nm

100% 5.0

80%

60%

40%

20%

Making a Standard Curve
1. Enter the data into Excel in adjacent columns.

2. Select the data values with your mouse. On the Insert tab, click on the Scatter icon and select Scatter with Straight Lines and
Markers from its drop-down menu to generate the standard curve.
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Standard Absorbance Curve of Cu?*
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Figure 2. An example of a standard curve

1. To add a trendline to the graph, right-click on the standard curve line in the chart to display a pop-up menu of plot-related
actions. Choose Add Trendline from this menu. Select “display equation on chart” and “display R-squared value on chart”.
Ideally, the R2 value should be greater than 0.99.

Use the equation to determine the concentration of the sample solution by entering the absorbance for y and solving for x.
3. Print the standard curve and add to your notebook.

N

Part 11I: Determining Concentrations

Serial dilutions are quick way of making a set of solutions of decreasing concentrations. In this part of the lab we will make a
series of dilutions starting with the Methylene Blue solution prepared in part 2 of this lab. Then, we will us the spectrophotometer
to determine the absorbance of each solution. Once we know the absorbance, we will use the equation from your standard curve
prepared in part 2, to determine the actual concentrations of each of your solutions.

Materials
Reagents

o 5.0 ug/mL Methylene Blue Working Solution
e DIH20

Equipment
e P-20 Micropipettes and disposable tips
o P-1000 Micropipettes and disposable tips
e Spectrophotometer

¢ 5 mL serological pipettes and pumps
e 15 mL plastic conical tubes with screw-top caps

Preparation of Methylene Blue Solutions

Using the remainder of your 5.0 pg/mL methylene blue working solution from part 2, perform a set of 1:2 serial dilutions to make
the following concentrations of the solution (50.0 %, 25.0 %, 12.5 %, 6.25 %, 3.125 %, and 1.5625 %).

Diagram of 1:2 Serial Dilutions

In your notebook, draw a diagram showing the serial dilutions for the 6 methylene blue solutions you are preparing. In the
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diagram, indicate the volume being withdrawn from the concentrated solution, the volume of water added, the concentration of
the new solution, and the total volume.

Procedure

Preparation of Methylene Blue Concentrations via Serial Dilutions
Making 1:2 dilutions

e Pipette 5.0 mL of the 5.0 ug/mL methylene blue working solution into a 15 mL conical tube.
¢ Pipette 5.0 mL of DI water into the tube for a total of 18 mL of solution.

e Cap and mix well.

e Label this tube “50.0% MB”

Making 1:4 dilution
e Pipette 5.0 mL of the 50.8% MB solution into a new 15 mL conical tube.
e Pipette 5.0 mL of DI water into the tube for a total of 1® mL of solution.
e Cap and mix well.
e Label this tube “25.0% MB”

Making 1:8 dilution
e Pipette 5.0 mL of the 25.0% MB solution into a new 15 mL conical tube.
e Pipette 5.0 mL of DI water into the tube for a total of 1® mL of solution.
e Cap and mix well.
e Label this tube “12.5% MB”

Continue with this process to make the 1:16, 1:32, and 1:64 serial dilutions.

Write the procedures you used to make the solutions in your lab notebook.

Measuring absorbance

1. Follow the procedures in part 2 to prepare the spectrophotometer
2. Measure the absorbance values of the diluted solutions
3. Record the absorbance values and concentrations in your lab notebook in a table as shown below.

Data Table 2

Dilution % of Working Absorbance @ 664 nm Methylene Blue Conc. (pg/mL)
Factor Solution
Concentration
1:2 50.0%
1:4 25.0%
1:8 12.5%
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Dilution % of Working Absorbance @ 664 nm Methylene Blue Conc. (pg/mL)
Factor Solution
Concentration
1:16 6.25%
1:32 3.125%
1:64 1.5625 %
Calculations

Use the equation from your standard curve in part 2 and the absorbance values of your solutions from Part 3, to determine the
actual concentration of your solutions.

Study Questions

1.

Describe how you would prepare 50.0-mL a 0.18% NaOH solution. In your description, include a calculation and step by step
procedures including glassware.

It is common for solutions that are used often in a lab (or which are time consuming to prepare) to be intentionally prepared
to be many times more concentrated than needed. For example, if a 1.36% sodium acetate is often used in the lab, then the
13.6% sodium acetate solution prepared in part 1 can be labeled as “10X” sodium acetate solution because the concentration
is 10 times greater than needed. This way, you can save on storage space for the solution and you can quickly and easily
dilute any desired amount of this to the correct concentration right before use.

Describe how you would prepare 100.0 mL of 10X sodium acetate solution. In your description, include a calculation and
step by step procedures including glassware. Make sure to include steps to verify your solution by checking the pH.
Describe how you would prepare 1800.0 mL of 1X sodium acetate solution from the 10x sodium acetate solution prepared in
the questions above. In your description, include a calculation and step by step procedures including glassware.

Using a serial dilution, describe how you would prepare 10 mL of a 1%, 0.1% and 0.01% solution of NaOH. The stock solution
of NaOH is 18%. Draw diagram as part of your description.

Using the standard curve below, calculate the concentration of an unknown solution if its absorbance is 8.55.
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Standard Absorbance Curve of Cu?*

y=6.107x+ 0.090
R*=0.993

Absorbance (483nm)

0 0.05 0.1 015 0.2 0.25

Concentration of Cu®* (mhM)

Figure 3. A standard absorbance curve of Copper II
7. Evaluate the quality of the standard curve above by using the R2 value.

Answers

This page titled 1.8: Serial Dilutions and Standard Curve is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by
Orange County Biotechnology Education Collaborative (ASCCC Open Educational Resources Initiative).
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1.9: Biomolecule Detection

Learning Objectives

Goals:

¢ Employ indicators to discover characteristics of a solution.
e Use indicators to determine contents of an unknown solution.
e Employing positive and negative controls to validate a test.

Student Learning Outcomes:
Upon completion of this lab, students will be able to:

e Describe the properties of some important biomolecules.

e Explain important characteristics of proteins and carbohydrates.

e Perform