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1.0 INTRODUCTION

Scientific research and investigations will be ittld value without good field and laboratory
work. These investigations are normally carried thubugh the active use of processes which
involves laboratory or other hands-on activitieany devices and products used in everyday life
resulted from laboratory works. They include cagieas, plastics, radios, televisions, synthetic

fabrics, etc.



2.0 OBJECTIVES

Upon completion of studying this unit, you shouldble to:

1. Define the meaning of laboratory
2. List different types of laboratories
3. Identify different types of laboratory equipmen

3.0 MAIN BODY

3.1  Whatis a Laboratory?

A laboratory informally, lab is a facility that prmles controlled conditions in which scientific
research, experiments, and measurement may bermedo It is a place equipped for
investigative procedures and for the preparatioreagjents, therapeutic chemical materials, and
so on. The title of laboratory is also used fortaier other facilities where the processes or
equipment used are similar to those in scient#fimkatories. These notably include:

the film laboratory or darkroom

the computer lab

the medical lab

the public health lab

Scientific laboratories can be found in schools andersities, in industry, in government or
military facilities, and even aboard ships and speaft. A laboratory might offer work space for

just one to more than thirty researchers depenalinigs size and purpose.



Labs used for scientific research take many formsabse of the differing requirements of
specialists in the various fields of science. A $iby lab might contain a particle accelerator or
vacuum chamber while a chemist or biologist migb¢ @ wet laboratory. Scientists in other
fields will use still other types of laboratorid3espite the great differences among laboratories,
some features are common. The use of workbenchesumtertops at which the scientist may
choose to either sit or stand is a common way sumencomfortable working conditions for the
researcher, who may spend a large portion of hieesrworking day in the laboratory. The
provision of cabinets for the storage of laborateqguipment is quite common. It is traditional
for a scientist to record an experiment's progiasa laboratory notebook, but modern labs

almost always contain at least one computer watikstdor data collection and analysis.

3.2 Laboratory equipment

Laboratory equipment refers to the various toold equipment used by scientists working in a
laboratory. They are generally used either perfamexperiment or to take measurements and
gather data. Larger or more sophisticated equipnsegénerally called a scientific instrument.
These include tools such as Bunsen burners, anthsompes as well as specialty equipment
such as operant conditioning chambers, spectropteitas and calorimeters. Another important

type of laboratory equipment is Laboratory glas@aarch as the beaker or reagent bottle.

Laboratory glassware refers to a variety of equiptngaditionally made of glass, used for
scientific experiments and other work in sciencgpeeially in chemistry, biochemistry and
biology laboratories. Some of the equipment is moade of plastic for cost, ruggedness, and
convenience reasons, but glass is still used foresapplications because it is relatively inert,

transparent, more heat-resistant than some plasficdo a point, and relatively easy to



customize. Borosilicate glasses—formerly calledeRyrare often used because they are less
subject to thermal stress and are common for rédgeties. For some applications quartz glass
is used for its ability to withstand high temperagior its transparency in certain parts of the
electromagnetic spectrum. In other applicationpeeislly some storage bottles, darkened brown
or amber (actinic) glass is used to keep out miicheoUV and IR radiation so that the effect of

light on the contents is minimized. Special-purposaterials are also used; for example,

hydrofluoric acid is stored and used in polyethgl@ontainers because it reacts with glass. For

pressurized reaction, heavy-wall glass is usegressure reactor.

Laboratory glassware include: Beaker, Buchner fyrBgrette, Cold finger, Condenser, Conical
measure, Cuvette, Dropping funnel, Eudiometer, §yasge, Graduated cylinder, Pipette, Petri

dish, Pycnometer, Separatory funnel, Soxhlet etdra@Vatch glass.

Flasks: Buchner, Erlenmeyer, Fleaker, Florencepi®éRound-bottom, Schlenk, Volumetric

Tubes: Boiling, Ignition, NMR, Test, Thiele, Thistl

Others: Agar plate, Aspirator, Autoclave, Biosafetypinet, Bunsen burner, Calorimeter, Chemo
stat, Colony counter, Colorimeter, Laboratory cénge, Crucible, Fume hood, Homogenizer,
Hot air oven, Incubator, Magnetic stirrer, Micropep Microtiter plate, Picotiter plate, Plate

reader, Retort stand, Spectrophotometer, Stirodg Thermometer Vortex mixer, Wash bottle.
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Modern biochemistry laboratory Showing a fume cugdpheated water bath and glassware
(Retrieved from "http://en.wikipedia.org/wiki/Laboratory equipment")

Three beakers, a conical flask, a graduated cylindend a volumetric flask (Retrieved from
"http://en.wikipedia.org/wiki/Laboratory glassware")




40 CONCLUSION

In conclusion the student should have learnt wHabaratory is and different type of laboratory
equipment.

5.0 SUMMARY

A laboratory is a place equipped for investigafwecedures and for preparation of reagent.
Laboratory equipment is the tool and equipment lseskcientists working in a laboratory.

In this unit, you learnt

1 the meaning of a laboratory and there are mdifgreit types of Laboratories

2 different laboratory equipment and glassware

6.0 TUTOR-MARKED ASSIGNMENT
1. What are laboratory glasswares?
2. List three types of flasks

3. Mention five laboratory equipment, which are matde of glass.

7.0 REFERENCES/FURTHER READING
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1.0 INTRODUCTION

Scientific research and investigations will be ittld value without good field and laboratory
work. These investigations are normally carried thubugh the active use of processes which
involves laboratory or other hands-on activitieany devices and products used in everyday life
resulted from laboratory works. They include cagieas, plastics, radios, televisions, synthetic

fabrics, etc.



2.0 OBJECTIVES
At the end of this lesson student should be fanuka with laboratory safety and the do and

don’t of the laboratory

3.0 MAIN BODY

3.1 Safety

Safety is freedom from harm or accident. Laboratafety may appear at first sight to be a dull
subject but experience has shown that our studants majority of staff and untrained
technicians in the science and science-relatedptiiee do not understand the importance of
safety and safety practices in the science classayal laboratory.

In some laboratories, the conditions are no morge@us than in any other room while in
many labs, hazards are present. Laboratory hazaelss varied as the subjects of study in
laboratories, and might include poisons; infectiagents; flammable, explosive, or radioactive
materials; moving machinery; extreme temperatutasers, strong magnetic fields or high
voltage. In laboratories where dangerous conditiomght exist, safety precautions are
important. Rules exist to minimize the individuai'sk, and safety equipment is used to protect

the lab user from injury or to assist in respondmgn emergency

3.2 Lab Safety Rules:

Lab safety rules are guidelines designed to helpkgou safe when experimenting. Some
equipment and chemicals in a biochemistry laboyataran cause serious harm.
It is always wise to follow all lab safety rulesolt forget, the most helpful safety rule is to use

plain old common sense. The following lab safetgsiare a sample of the most basic rules that
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should be followed when in biochemistry lab. Mosbdhemistry labs have the safety rules
posted in the lab and your instructor will moselik go over them with you before you begin

working.

3.2.1 Be Prepared:

Before you enter a biochemistry lab, you shouldolepared for and knowledgeable about any
lab exercises that are to be performed. That mgansshould read your lab manual to know
exactly what you will be doing. Review your biochstry notes and relevant sections in your
biochemistry book before your lab begins. Make syo&t understand all procedures and
purposes, as this will help you understand thealtivities you will perform. It will also help

you get your thoughts organized for when you hawerite your lab report.

3.2.2 Be Neat:
When working in a biochemistry lab, make sure yeefkyour area neat and organized. If you
happen to spill something, ask for assistance vahesming it up. Also remember to clean your

work area and wash your hands when you are finished

3.2.3 Be Careful:
An important biochemistry lab safety rule is to dereful. You may be working with glass or

sharp objects, so you don't want to handle themiessly.

3.2.4 Wear Proper Clothing:
Accidents do happen in a biochemistry lab. Somemeteds have the potential to damage
clothing. With that in mind, you want to make stinat the clothing you wear is something you

could do without if it becomes damaged. As a preeauwearing an apron or lab coat is a good



idea. Laboratory coats are not status symbol itaant to protect the wearer from chemical
splashes and infectious material. Cotton is beteterial for a better lab coat than nylon as it has
a greater absorptive capacity and is generallygtasi to chemical splashes. You will also want
to wear proper shoes that can protect your feease something gets broken. Sandals or any

type of open-toed shoes are not recommended.

3.2.5 Be Cautious With Chemicals:

The best way to remain safe when dealing with chalsiis to assume that any chemical you
handle is dangerous and handled accordingly. Be wgoum understand what type of chemicals
you are using and how they should be properly fehdf any chemical comes in contact with
your skin, wash immediately with water and inforouylab instructor. Wear protective eyewear

when handling chemicals.

3.2.6Wear Safety Goggles:
Safety goggles are not stylish and can fit awkwent your face, but they should always be
worn when you are working with chemicals or anyetyyd heating apparatus since workers are

especially vulnerable to splashes from reagents.

3.2.7 Wear Gloves:
Heavy duty gloves must be worn when handling coreosubstances such as strong acids or
alkalis. Light weight disposable gloves should bermvduring weighing and handling of

chemicals to avoid the risk of absorption throuugg skin.



3.2.8 Locate Safety Equipment:

Be sure you know where to find all safety equipmerthe biochemistry lab. This includes such
items as the fire extinguisher, first aid kit, beok glass receptacles, and chemical waste
containers. Also be sure you know where all thergemy exits are located and which exit
route to take in case of an emergency. The follgweiymbols represent some of the safety signs

used in the laboratory:

-—
L
- =
Sign for combustible Sign for corrosive Sign for toxic chemicals Sign for environmental
material material hazard
Sign for eyewash . . - . . . , _
Sign for live electricity Open Flame Prohibited Sign Sign for fire extinguisher

station

99

LT

Sign for nonpotable Sign for explosive Sign for materials that can be Sign for Inflammable

water material recycled material

(Retrieved from: http://chemistry.about.com/od/liesdfety/ig/Laboratory-Safety-Signs/)

3.3 Biochemistry Lab Don'ts:
There are several things in a biochemistry lab yoatmust always avoid. Here are a few major

laboratory do nots.



Do Not

« eatordrink in the lab

- taste any chemicals or substances you are workitig w
« use your mouth for pipetting substances

- handle broken glass with bare hands

« pour chemicals down the drain without permission

- operate lab equipment without permission

« perform your own experiments unless given permissio
- leave any heated materials unattended

« place flammable substances near heat

« engage in childish antics such as horseplay orkgran

3.4 Have a Good Experience:

Biochemistry lab is an important aspect of any beistry course. In order to have a good lab
experience, make sure that you follow these labtgaifiles and any instructions given to you by

your lab instructor.

3.5 Laboratory Housekeeping

Housekeeping is important in any work area. A cleaall-maintained work area improves
safety by preventing accidents and can enhanceovkeall efficiency of work performed.
Keeping things clean and organized helps providefar laboratory. Keep drawers and cabinet
doors closed and electrical cords off the flooratmid tripping hazards. Keep aisles clear of
obstacles such as boxes, chemical containers, thed storage items that might be put there

even temporarily. Avoid slipping hazards by clegnup spilled liquids promptly and keeping
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the floor free of stirring rods, glass beads, stwppand other such items. Never block or even
partially block the path to an exit or to safetyugnent such as a fire extinguisher or safety

shower.

Make sure that supplies and equipment on shelvegida sufficient clearance so that fire
sprinkler heads operate correctly. There shallogoany storage within 18 inches of a sprinkler

head.

Put ordinary wastepaper in a wastepaper basketatedgeom chemical wastes. Broken glass and
other sharp items shall be disposed off in rigigngiure-resistant containers to protect persons
collecting the waste materials. Needles and sysittigat are not contaminated may be sealed in a
rigid, puncture-resistant container and placed iregular waste receptacle. When discarding
empty boxes or other containers bearing hazardaderrals labels, the labels shall be defaced or
removed before disposal. Contaminated boxes oraswrs shall not be disposed of in the
regular trash. Chemical wastes and unwanted chésrsball be disposed of promptly and not

left to clutter a laboratory.

3.5.1 Washing and drying of glassware in the labotary

Clean glassware is essential in biochemistry. greblem is that the tolerance for shmutz varies
with the work you are doing, and sometimes a sigedibes not know how important clean
glassware is to an experiment until it has failed/hen cleaning laboratory glassware, wear
appropriate gloves that have been checked for tmat®les. Avoid accumulating too many

articles in the cleanup area around the sink; spacesually limited, and piling up glassware
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leads to breakage. Do not clean food containeessimk that is used for cleaning contaminated

glassware.

Many fingers have been badly cut by broken glass fglassware that was intact when put into
the sink water. Handle glassware carefully and watat for broken glass at the bottom of the

sink. A rubber or plastic mat in the sink will hetpnimize breakage.

3.5.2 How to Clean Laboratory Glassware
Cleaning laboratory glassware isn't as simple ashimg the dishes. How glassware is washed
depends on what is in it and how it will be usedt, there are some general instructions that will

handle many of the situations.

3.5.3 Cleaning Basics
It's generally easier to clean glassware if youitdoght away. When detergent is used, it's
usually one designed for lab glassware, such asinaog or Alconox. These detergents are

preferable to any dishwashing detergent you mightan dishes at home.

Much of the time, detergent and tap water are aeitbquired nor desirable. You can rinse the
glassware with the proper solvent, and then finiglwith a couple of rinses with distilled water,

followed by final rinses with deionized water.

3.5.4 How to Wash Out Common Lab Chemicals
Water Soluble Solutions: (e.g., sodium chloride or sucrose solutions) Ri8sé times with

deionized water then put the glassware away.
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Water Insoluble Solutions: (e.g., solutions in hexane or chloroform) Rins8 #mes with
ethanol or acetone, rinse 3-4 times with deioni@ter, then put the glassware away. In some

situations other solvents need to be used fomtialirinse.

Strong Acids: (e.g., concentrated HCI or,$0,) under the fume hood, carefully rinse the
glassware with copious volumes of tap water. RBdetimes with deionized water, then put the

glassware away.

Strong Bases:(e.g., 6M NaOH or concentrated NBH) under the fume hood, carefully rinse
the glassware with copious volumes of tap watems®i3-4 times with deionized water, then put

the glassware away.

Weak Acids: (e.g., acetic acid solutions or dilosaf strong acids such as 0.1M or 1M HCI or

H.SOy) Rinse 3-4 times with deionized water before pgtthe glassware away.

Weak Bases: (e.g., 0.1M and 1M NaOH and:8H) Rinse thoroughly with tap water to remove

the base, then rinse 3-4 times with deionized wagéore putting the glassware away.

The deionized water rinse should form a smoothtsivben poured through clean glassware. If

this sheeting action is not seen, more aggressaming methods may be needed.

3.6 General Cleaning Tips
The key to cleaning is doing it a timely mannettihg dirty glassware sit for long periods of

time guarantees a harder cleaning job.

17



*Disassemble your apparatus as soon as possilee yafti are finished with it. Remove all
stopcocks and stoppers from addition funnels, s¢pgr funnels and the like. Ground glass
stopcocks and stoppers will freeze in place ifaiarteactants (e. g., bases) were used in them.
Triple rinse all surfaces with an appropriate sotvi® remove traces of solvents and reaction

mixtures, place the rinses in the appropriate westéainer.

*Separate glassware that must be quantitativegncfrom that which does not. In this way you

do not waste time trying to quantitatively cleaamits that do not need to be.

*Graduated cylinders, beakers, Erlenmeyer flaBlusettes and pipettes that were only used to
dispense or store reagents generally only neecettriple rinsed with a compatible solvent
followed by tap water and a final DI water rinsiegdésired. Air dry on a drying rack. In some

cases you may need to be more thorough, as dedtrédbaw.

*Blchner funnels, etc. should be rinsed with apregriate solvent to remove substances that
are clinging to them. Running solvent through tHeankwards using gravity (never use vacuum
to speed up this process!) can help remove cons&imimfrom the inside of the funnel and from

the surface of fritted funnels. Follow this by tapter and DI water rinses and air dry.

3.6.1 General Cleaning Procedure for Quantitativel\Clean Glassware
The following steps should be followed for glasssvéor which a simple solvent rinse is not
sufficient. If you need quantitatively clean ghlasse, these should be the first steps toward this

goal, and more aggressive cleaning methods magchared (vide infra).
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*Degrease your glassware’s ground glass joints ipyng them with a paper towel soaked in a
small amount of ether, acetone or other solvent WTWON! wear appropriate gloves and

minimize your exposure to the vapors).

*Place the glassware in a warm concentrated agusaution of Alconox, or other detergent,

and let it sit for several minutes.

*Scrub. Be sure that your brush is in good shaderé scrubbing (not rusty, bristles are not

matted down); replace it if necessary.

*Rinse thoroughly with tap water and give a finate with DI water.

The water will sheet cleanly off the glass, ifstquantitatively clean. If water does not sheet off
the glass, and you desire the glassware to be itatargly clean, first repeat the above soaking
and scrubbing steps. If, after a second cleanig o solid still adhere to the glass, or if these

clearly a greasy residue on the glass, more aggeesstion must be taken.

3.6.2 Special Cases

Cuvettes: Generally, you only need to rinse a cuvette indppropriate solvent and wipe the
outside with a Kimwipe immediately after use. dhsething has adhered itself to a cuvette, it is
best to soak the cuvette in solvent first and geribx the solid off the side with a cotton swab.
Never use a brush on a cuvette! If this fails, ohéhe acidic cleaning solutions mentioned
above can be used (but never HF!). It is not renended that base bath be used on cuvettes,

because it tends to etch glass surfaces.
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Fritted Funnels: These can generally be cleaned by inverting alodvadg to solvent to flow

by gravity through the frit in reverse (do not wseuum to speed this process). Solvent can also
be pulled through the frit (in the normal direcfiamder vacuum. Recalcitrant gunk can usually
be removed by soaking in acid, followed by copidasing with water under vacuum. Because
HF and the base bath solution etch glass, theylédhmt be used on fritted funnels (a brief

exposure to a base bath is not usually fatal t@,ebfit prolonged soaking should be avoided).

Protein Contamination: Usually proteins can be removed scrubbing with rdetet, but

occasionally protein defies removal. In that eygat can proceed to the more aggressive acidic
solutions, or you can prepare a peptidase sol(taonenzyme that degrades proteins). The
enzymatic approach is a bit slower than the foremehods, but it is gentler and so can be used

in situations that the contaminated item is incotig&awith acid.

3.6.3 Washing Special Glassware
Burettes: Wash with hot "soapy” water using theebierbrush and lab detergent. Rinse with
TAP water three or four times. Rinse with deionizeater three or four times and put it away. If

the burette does not sheet properly, contact ywiructor for further washing instructions.

Pipettes and Volumetric Flasks: Pipettes and vottmiiasks are really good examples of items
that should be cleaned immediately after use. Tdaybe very difficult to clean later on. The
best that can be done with a dirty pipette or vdtrio flask is rinsing with "soapy" water,

solvents, water, acetone or deionized water asate&@bmetimes overnight soaking is required.

Glassware used for organic reactions: If the cdatare water soluble, rinse with water. If the

contents are ethanol soluble, rinse with ethanal #en water. If the contents are solvent
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soluble, rinse with the appropriate solvent, therse with ethanol and water. If it needs

scrubbing, scrub with hot "soapy" water and a brifsmore is needed, ask your instructor.

3.6.4 To Dry or Not Dry Glassware:

Not Drying: Normally you do not need to dry glassware. In fgmi should not dry glassware
with a paper towel or compressed air because itosiittaminate the glassware. If the item will
not be used till next week, put it away and letiitdry. If the next chemical you are going to put
in the glassware contains water, just leave thesglare wet (Assuming the water will not affect
the final concentration). If the next reaction Wik carried out in a solvent such as ether, rinse
with ethanol or acetone to remove the water and #ith the final solvent to remove the ethanol

or acetone.

Rinsing With The Reagent: An exception to leaving glassware wet is if the extra water will
adversely affect the concentration of the finauisoh. In that case it is best to triple rinse with

the final solution before filling the container. ¥Yatill don't need to dry it though.

Drying: If the glassware must be used immediategy\not have any solvent of any kind in it and
must be dry, rinse it with acetone two or threeeBnilrhe acetone removes the water and will dry
very quickly.

Wet glassware can be dried by 1) placing it ondheng rack (or invert on a paper towel), 2)
placing it in the drying oven (for items that arater-wet only, no flammable solvents) or 3)
rinsing with a solvent such as acetone, methanettmanol and then gently blowing compressed
air into the vessel until it is dry. The first rhetl is preferred for drying quantitatively clean

glassware (provided that the prongs of the dryaukare not inside the item, thus contaminating
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it). Volumetric glassware and cuvettes are nevdre@laced in drying ovens, even if they are
not quantitatively clean. The third method is gtable only when the compressed air supply is
known to be free oil and other contaminants. Aarahtive to blowing air into the item is to use

an aspirator, or house vacuum, to pull air intoitée.

4.0 CONCLUSION
With the tips on laboratory safety and housekeegituglent should have been equipped with

what it takes to work safely and efficiently in i@¢hemical laboratory.

5.0 SUMMARY

* Laboratory safety means freedom from harm or aatidéen working in the laboratory

* Laboratory safety rule are guideline design ttpheep one safe when experimenting.

* A clean well-maintain work area prevent accidantd enhance the overall efficiency of work
performed

* The way laboratory glassware is washed dependlwt is in it and how it we be used.

6.0 TUTOR MARKED QUESTION
1. Itemize some safety precaution to be taking inoghmemistry laboratory
2. What is safety equipment? Give two examples.

3. List three general cleaning procedure for quainely clean glassware

7.0 REFERENCE/FURTHER READING
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1.0 INTRODUCTION

Increased usage sometimes causes definitions tmmeetainted. In the laboratory, two terms
which are often used interchangeably are accuradypgecision, or inaccuracy and imprecision.
These, in fact, are different terms with very disti meanings. Knowing the true definition

influences upon, and importance of each is criticadhe development of a sound quality control
program in the laboratory. A sound quality conpobgram assures the reliability of your results
allows the interchangeability of results betwedrotatories, reduces the likelihood of expensive
repeat testing, and, in a worst case scenariodgmelvent failed inspection or the questioning of

vital research data.
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2.0 OBJECTIVE
At the end of studying this unit you should be abte
1. Explain the importance of accuracy and precigiameasurement in the laboratory.
2. You should be familiar with the different wayfsexpressing measurement in Sl unit of
mass, volume, amount of substance andantration
3. Report measured volume, mass, concentratioppmpriate number of significant figure
(that is appropriate to the level of psem or accuracy of the measurement)

4. You should be aware of error in all practical

3.0 MAIN BODY
3.1  Accuracy of measurement of liquid

In the fields of_scienceengineering industry and statisticsthe accuracy of a measurement

system is the degree of closeness of measuremeatguantityto that quantity's actual (true)

value The precision of a measurement system, alsodcedigroducibilityor repeatabilityis the
degree to which repeated measurements under uredhaunditions show the same results

Although the two words can be synonymaugolloquialuse, they are deliberately contrasted in

the context of the scientific method
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Feference value
Probahbility

ACCUracy
tlereity

B 111
Precision

Accuracy indicates proximity of measurement resutisthe true value, precision to t
repeatability or reproducibility of the measurem

A measurement system can be accurate but not prgeescise but not accurate, neither, or b

For example, if arexperimer contains a_systematic errathen increasing thsample size

generally increases precision but does not impraweuracy. The end result would be

consistent gt inaccurate string of results from the flawedezkpent. Eliminating the systema
error improves accuracy but does not change pogc

Therefore, the biochemists like all scientists sé®kobtain accurate measurements in

laboratory and also tpresent an accurate account of the experiment. Henvbefore dealin

with accuracy, it is as well to remind ourselveste# units and quantities used in biochem
experiments and to consider some simple calcula

3.1.1 Sl units
The SI units $yseme International d’U nit¢) based on metric system. These were approv
1960 by The General Conference of Weights and Measand are being adopted by scien

laboratories throughout the world. They arecoherentsystem of units so that if two it
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guantities are multiplied or divided, then the aesvs the unit of the resultant quantity. In this

way the number of multiple and submultiples of smibw in use will be reduced.

3.1.2 Basic units
The basic Sl units of quantity are the mole whinleg the amount of substance present in say, a
test tube irrespective of the present volume. tteiBne as the molecular weight of the substance

in gram =molecular weight in gram = 6X£QAvogadro’s number)

The term mole is also applied to other particlelefine composition such as atom, ions, or free

radical, as well as molecule.

1 mole of glucose (molecular weight 180) is 180g

1 mole of albumin (molecular weight 68000) is 68§@0 68Kg

There are seven basic units on which all otherbased and these are set out in the table shown

below:
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Table 2 Sl units

Physical quantity Name Symbol
Length Meter m

Mass Kilogram kg

Time Second S
Amount of substance Mole mol
Thermodynamic temperature Kelvin K
Electric current Ampere A
Luminous intensity Candela cd

3.1.3 Derived units:in addition to those above, there also a numbedesfved SI units
obtained by appropriate combination of these basits. For convenience, these derived units
are given special names and those which are likelye met in biochemical work are listed in

Table 2.2.
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Table 2.2: The special names and symbol of someedes| units

Physical quantity Name Symbol Units
Frequency Hertz Hz st
Force Newton N kg m's
Pressure Pascal Pa N m*
Energy or work Joule J N m
Power Watt w Jst
Electric charge Coulomb C As
Electric capacitance Farad F AsV?!
Potential difference  Volt \Y W A
Resistance Ohm Q VAl
Conductance Siemens S Q
Radioactivity Becquerel Bqg st
Absorbed dose of ~ Gray Gy J kg
irradiation

Customary Degree Celsius °c °C=K-273.15
temperature

3.1.4 Units in Conjunction with Sl units

There are some units used in biochemical work wiaoh likely to be replaced altogether

because of their convenience and it is probablethisy will continue to be used in conjunction

with Sl units for some time. They include: Litrg, (microlitre (ul), millilitre (ml); gram (g),

microgram (ug), milligram (mg) and minute, hour iyea
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3.2  Accurate Measurement of Solid

During the course of experimental exercise whicloives weighing and taking measurement,
any of these (volume, mass and length) and othexsamement cannot be carried out with
absolute precision or accuracy, there are inedgtahior or uncertainties. These error which arise
as a result of imperfection (not faulty apparatus) apparatus and/or inevitability of
experimenter, may be minimized by appropriate ahoicapparatus and the exercise of care on

your part. This is to; at least, increase your amwass of error in all practical exercise.

3.2.1 Sources of Error

No measurement taken in the laboratory is exactmahsurement are of limited accuracy and

are liable to error so the potential source ofrestmuld be appreciated.

An error is the amount of deviation from the truiedue and not a mistake on the part of the
worker. Errors arise from statistical variation amalve to be lived with although they can be
minimized by careful working. Mistakes on the othand are instances of human incompetence

which can and must be eliminated.

Human mistake These can arise from a badly designed experimbate insufficient control

is exercised. For example, in many biological ekpents the temperature and illumination of
the environment may have a profound effect on tystesn under investigation and should
therefore be carefully controlled. Experiment skobk planned in such a way that only one

variable is introduce at a time and all other faetifecting the experiment is kept constant.

A common source of human error arises from thelesseaeading of scale or meniscus when the

problem of parallax is not appreciated. For thigsmn many instrument incorporate a mirror
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behind the pointer so the true reading is obtaimdwn the pointer and its reflection is
superimposed. Some manufacturer overcomes thiggonoby giving a digital readout on their
instrument rather than a deflection on the scaleb#&bly one of the greatest source of human
error has been the careless reading of the menistagipette but this has now been eliminated

by the introduction of automatic or digital pipette

Limitation of Apparatus The limit set by accuracy of a particular pieceeqliipment is usually

known and is allowed for. These error are also kmand can be taken into account

Standards and Blanks To obtain as accurate a value as possible fronstmation, error must
be reduce to the minimum and this can be done bgfidaworking and the use of standard
solution. Standard solution of a substance to tienated should be included in any test, even
when calibrated equipment and standard reagenuseé.vavied obtained for the test solution
should fall within the range of the standard cuawel the value of the test can be read. Usually
only one standard is included for volumetric estiores or when a standard curve has previously

been constructed.

Blank solution should be included in any measuréamé&he same volume of distill water
replaces the substance to be estimated and thk isldahen treated in exactly the same way as
the test and standard. Any value obtain for thalbla, of course, subtracted from the value of
the test and standard in the final calculations;esthe blank value is due to the reagent used and
not the substance under investigation. The prdctised of blanks and standards is well

illustrated in the numerous colometric estimationhis volume.
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Random Error:  Finally there are random errors which are indraitly unpredictable. These
are seen when one individual carried out a numbeeterminations under identical conditions
and obtains a slightly different result each tieisTrandom error can be considerable reduce by
taking a large number of measurements and calogléie average value. For many purposes,
duplicate estimation are sufficiently provided #hés a good agreement between them, and this
is usually the situation for reading obtain in, sthe construction of a calibration curve. The
degree of agreement between replicate experimentsrin the precision. Precision does not
mean accuracy because an experiment may be pladiggaccurate due to faulty instrument or

technique.

3.3 EXPERIMENT

3.3.1 The calibration of laboratory pipette

The volume delivered by the pipette is determinevibighing the amount delivered and dividing
this by the density of the water at room tempegatur

Materials

1. Balance

2. Micropipette

3. Graduated pipette (5ml)

4. Distilled water

Method

@) Fill the graduated pipette to the 5ml mark, catgfulipe the end and allow the content to

drain into a weighed bottle. Carefully note the pemature of the liquid and calculate the volume
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delivered from the weight and density of water ledtttemperature. Repeat this 10 times and

tabulate your reading.

(B)  Set the micropipette to 100uL, draw distill eaup to the tip and pipette into a small
weighed beaker. Calculate the volume actually dedig as given above and repeat the

experiment with the same tip 10 times.

Accuracy and tolerant limit Determine the mean volume delivered and calculsestandard

deviation of the result. What value will you us€taterant limit’ for the pipette and why?

Low temperature Many biochemical experiment involve pipetting oéicold solution, so use
your calibrated pipette to deliver distill water@ic. calculate the auctual volume delivered as
before, compare this to the calibrated volume aldutate the error involve in pipette ice-cold

solution.

4.0 Conclusion

This study of accuracy of measurement must havegihe student the student the ability to:

i. explain the important of accuracy and precisiomeasurement

ii. Report and express measurement in Sl unit.

5.0 Summary

* Accuracy is the degree of conformity to the tuadue.

* The Sl unit is the system of unit based on medyistem.

* There are both basic and derive Sl units.
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* No measurement is taken in the laboratory is exatmeasurement are of limited accuracy.
6.0 Tutor marked assignment

1. Give the Sl unit of the following quantitieani, energy, force, length and electric current.
2. List the sources of error taking in the labonato

3. Mention two apparatus needed in the calibradidaboratory pipette.

7.0 Reference/further reading

Plummer, T. D.(1987) An introduction to Practicab&hemistry.5 Edition, McGraw-Hill Book
Company (UK) Limited. England.

JCGM 200:2008 International vocabulary of metrolegyBasic and general concepts and
associated terms (VIM)

John Robert Taylor (1999An Introduction to Error Analysis: The Study of @n@inties in
Physical MeasurementtIniversity Science Books. pp. 128-129.

Kaplan, Szabo, Clinical Chemistry: Interpretatiod & echnique.IN:
http://www.labautopedia.com/mw/index.php/Definingcaracy and precision
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UNIT 4 INTRODUCTION TO PHOTOMETRY AND COLORIMETRY

CONTENT

1.0 Introduction

2.0  Objective

3.0  Main body
3.1 Photometry
3.2 Photometric Applications
3.3 Introduction to Colorimetry
3.4  Experiment

4.0 Conclusion

5.0 Summary

6.0 Tutor- marked assignment

7.0 Reference

1.0 INTRODUCTION

Spectrophotometry is a technique involving the weieation of the amount of light that is

transmitted or absorbed by a substance at a giauelength. The ability of the molecule to

scatter or absorb light incident on it depend om phoperties. Colorimetry is the science and
technology to quantify and describe by the helpn@thematical models the human colour
percepts. As colour perception is a psychophysptednomenon, to understand colorimetric
methods it is right to overview first the physiolca basis of colour perception. From the point
of view of photometry one of the most importantexstp of colorimetry is the quantification of

the colour rendering properties of light sourceloGr measurement is performed by

spectrophotometric, spectroradiometric and trishimuneasurements.
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2.0 OBJECTIVE

At the end of this unit student should be able to:
1. Define Spetrophotometry

2. Explain Colorimetry

3. Explain Photometry

3.0 MAIN BODY

3.1 Photometry

Photometry concerns itself with visible light. \lil@ means as perceived by human eye so is tied
to the response of the human eye and its perceptiathis portion of the electromagnetic
spectrum. Photometry is the science concerned mvghsuring human visual response to light.
Because the eye is a highly complex organ, thisyi®#io means a simple task. It involves the

meeting of many disciplines: psychology, physiologryd physics among them.

Photometry can be said to have become a moderncsci@ 1924, when the Commission

Internationale de I'Eclairage (CIE) met to defime tresponse of the average human eye. The
Commission measured the light-adapted eyes ofablsizample group, and compiled the data
into the photopic curve. Simply stated, the cureeerls that people respond strongest to the

color green, and are less sensitive to the spesttegmes, red and violet.

The eye has an altogether different response inddr&-adapted state, wherein it also has
difficulty determining color. This gave rise to acend set of measurements, and the scotopic

curve.
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3.2 Photometric Applications

Photometry involves the measurement of electromtagmnadiation in terms of its capacity to
stimulate the human visual system, and to be pexdeas light. Different applications require
different types of measurements, and thereforderéifit types of photometric instruments

(photometers).

3.3 Introduction to Colorimetry

Many assays in biochemistry depend on measurindighé absorbed by a substance in the
visible or ultraviolet region of the electromageoespectrum. The estimation is based on
comparison of the light absorbed by substanceslutisn of unknown concentration with the
light absorbed by the same substance in solutioknotvn concentration. This method can be
used in estimation of coloured substance; and anbes, which absorb only in the UV, such as
protein and nucleotides; and colourless substaswes as sugars, which can undergo a series of
chemical reactions to give a coloured derivativeabBbly the most widely used method for
determining the concentration of biochemical commuisuis colorimetry, which makes use of the
property that when white light passes through aow@d solution, some wavelengths are
absorbed more than others; and the resultant cadodue to the light, which is transmitted.
Maximum absorption of coloured solutions occurshia regional opposite colour to that of the
solution. Many compounds are not themselves cothuyet can be made to absorb light in the
visible region by reaction with suitable reageftsese reactions are often fairly specific and in
most cases very sensitive, so that quantities demah in the region of millimole per litre
concentrations can be measured.

The following types of colorimeter are in use ibdaatories:
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1. The Eel spectra. The scale (0-100) it is apprately absorbance X 100 so divide your
reading by 100 to get approximate absorbance.

2. The spectronic 20. The scale reading 0-1 isbfs®rbance scale.

3. The Beckman 200. The scale reading 0-1 is teerbnce scale.

4. Spl01 spectrophotometer. The scale reading 0-2

The amount of light absorbed by a solution is gogdrby the factors of path length through
which the light travels and the concentration @& solution. These properties are formalized in

two laws namely Beer's and Lambert’s law.

3.3.1 Beer-Lambert’ law

When a rayof monochromatic light of initial intensity, Ipasses through a solution in a
transparent vessel, some of the light is absorbeatiat the intensity of the transmitted light | is
less thand There is some loss of light intensity from saatig by particles in the solution and

reflection at the interfaces, but mainly from alptimn by the solution. The relationship between
I and b, depends on the path length of the absorbing mediuand the concentration of the

absorbing solution, c. these factors are relateddardaws of Lambert and Beer.

Beer's law: This states that the absorption of a monochroniggic (uniform wavelength)
passing through an absorbing medium is directlyppriional to the concentration of the
absorbing molecules for a constant path length tfdresmittance decreases exponentially with
the number of absorbing molecules); mathematicallyesented as

| = 1,6 where k = constant for the wavelength
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Lambert's law states that when a ray of monochromatic light gadtrough an absorbing
medium, its intensity decreases exponentially asleéhgth of the absorbing medium increases
arithmetically and the light absorbed is independdrithe source of light. For example, if the
incident light is 100% and 50% of the incident tigh absorbed per unit layer, and then the
intensity of light will decrease as follows: 509592, 12.5% etc.
This is represented mathematically as

| = g™

Where | = path length

Beer-lambert’'s law: this state that when monochtamigght passes through a solution, the
amount of light transmitted decreases exponentiailly the increase in the concentration of the
solution and with the increase in the thicknestheflayer of the solution through which the light
passes. This is obviously the combination of besm@ Lambert’s laws.
This is mathematically represented as
Logd/li=ect =A=Logl/T

Wheree= Extinction coefficient or molar absorptivity

t= thickness of the absorbing mediurpath length

c= concentration in mol/dof absorbing species

The part of the light absorbed is referred to as “d@bsorbance” while the part transmitted is
referred to as the “transmittance”. Transmittanteig the ratio of intensities of the transmitted

light, | and the incident light,l
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Thus, Transmittance is given by

T=1l,
Transmittance is measured in percentage and VfaoiesO — 100%.
The absorbance is given by the negative logariththeotransmittance:

A=-Log T =log L/T =}/
The expression log/l is known as extinctiorg] or absorbance (A). The extinction is sometimes
referred to as the optical density (OD). Therefore,

e = kel

If the beer-Lambert law is obeyed and | is keptstant, then a plot of extinction against
concentration gives a straight line passing thraighorigin.
Some colorimeters and spectrophotometers havedatess a linear one of percent transmittance
and a logarithmic one of extinction. It is the éatscale that is related to concentration andds th
one use in the construction of a standard curveh \Wie aid of such a standard curve the

concentration of an unknown solution can easilgéiermine from its extinction.

3.3.2Application of Beer-Lambert’s law

The law is applied to quantitative measurementhi@ éntire region of the electromagnetic
spectrum although it is more extensively used inauiolet-visible spectroscopy. The law is
demonstrated by preparing a standard solution séraple, making serial dilutions of it and
measuring their respective absorbance. A calibmatiove is obtained by plotting a graph of this
absorbance against their concentrations. This gsduld be a straight line graph passing

through the origin.
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The plot of % absorbance against concentrationsgavaegative exponential curve (graph 4.1a)
thus this is the plot of absorbance against conaton (4.2b) that is used in the determination of
the concentration of an unknown solution. The slopehe calibration graph is equal to the

extinction coefficient multiply by the path lengthx ).

It should be noted that coloured solution havertbgin characteristic absorption spectra and
careful selection of the wavelength where maximinsogption occurs enable the mixture of two

coloured substance to be analysed .

3.3.3 Deviation from beer-Lambert’s law
Deviation from this law occurs if:
1. The concentration of the absorbing speciestistmcentrated! 10°M
2. The absorbing species are involved in ionizati@sociation, dissolution or solvation
with concentration or time.
3. If the wavelength of light used was not at theaption maximum of the solution and
4. When unabsorbed stray light passes througbptieal system.
When beer-Lambert’s law is not obeyed a plot obabsnce against concentration gives a non-

linear graph.

3.4 Experiment

The colorimetric estimation of inorganic phosphate

Principle

Most biochemical substance are colourless and ohnb@ analysed colometricaly after reacting

them with a specific chemical reagent to give abgolproduct. The point is illustrated in the
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measurement of inorganic phosphate, this is prgbabke of the commonest determination

carried out in a biochemical laboratory, and thedpction of a standard curve now prove useful

in feature experiments.

Inorganic phosphate react with ammonium molybdate an acid solution to form

phosphomolybdic acid. Addition of a reducing ageetiuces the molybdenium in the

phosphomolybdate to give blue colour, but doesaffett the uncombined molybdic acid. In this

method the reducing agent useg-isiethylaminophenol sulphate. The presence of coppte

buffer solution increases the rate at which thewotieveloped.

Material

1. Ammonium molybdate (50g/litre)

2. Copper acetate buffer pH 4.0 (dissolve 2.5¢pper sulphate (Cu6H,0) and 469 of
sodium acetate (GEIOONa.3HO) in 1 litre of 2 mol/litre acetic acid. Check tphel and
adjust the 4.0 if required).

3. reducing agent. (dissolve 20g pimethylaminophenol sulphate in a 100g/litre solution
of sodium sulphite (M&Gs;.7H,0) and make up to 1 litre). Store in a dark baitiél
required.

4, Trichloroacetic acid (100g/litre).

5. Stock phosphate solution containing 100 mg phosgus/100 ml. (dissolve 438 mg of
Potassium dihydrogen phosphate in watdrmake up to 100 ml). Store in the
refrigerator

6. Working phosphate solution containing 1 mg jposous/100 ml.(dilute the stock

solution 1 in 100ml with 50g/litre TCA)
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7. Colorimeter.

Method

Pipette 0.1-1 ml of the standard of phosphate antest tube, and, where necessary, add water to
bring the final volume to 1 ml. then add 3 ml ofpper acetate buffer, 0.5 ml of ammonium
molybdate, and 0.5 ml of reducing agent mixing tugihly after each addition. Allow to stand
for 10 min and read the extinction at 880 nm. Seablank by replacing the phosphate with 1

ml of 50g/litre TCA. Prepare a graph of the extimetagainst the concentration of phosphate.

When measuring the concentration of phosphatesoiwion containing protein, the test solution
is mixed with an equal volume of 20 g/litre TCAgetprecipitate centrifuged, and an aliquot of

the supernatant treated as above.

4.0 Conclusion

The student by now should be able to explain wpatsophometry is all about.

5.0 Summary

* Spectrophometer is a technique involving the dataation of the amount of light that is

transmitted or absorbed by a substance at a givawglength

* Photometry is the science involving or concerthwneasuring human visual response to light

* Beer-lambert’s law mathematically = Log/li=ect =A=Logl/T
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6.0 Tutor marked assignment

1. What is spectrophometry ?

2. List the factor that affect the amount of lighisorb by a solution
3. State Beer-Lambert’s law and state its mathaalagixpression.
7.0 Reference/further study

Plummer, T. D.(1987) An introduction to Practicab&hemistry.8' Edition, McGraw-Hill Book
Company (UK) Limited. England.

Amadi, B.A., Agomuo, E.N. and Ibegbulem, C.O.(200R¢search Methods in Biochemistry

http://www.udtinstruments.com/products/photomepiotometry.shtml
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UNIT 5 STANDARD CURVE IN ABSORPTION SPECTRA
CONTENT

1.0  Introduction
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5.0 Summary

6.0  Tutor- marked assignment

7.0 Reference

1.0 Introduction

Several Biochemical assays employ photometric dguadine techniques to measure compound
that otherwise would not absorb light in ultraviolesible or near infrared region. Such assays
usually involve reaction of the type:

Colourless compound + colour forming » photometric colour proportion to
Being assays for reagent (s) amount of colourlessnpmund

2.0 OBJECTIVES

At the end of this study student should be able to:

1. Explain the meaning of a standard curve.
2. Prepare a standard curve.
3. Know how to use a standard curve.
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3.0 MAIN BODY
A standard curve is a quantitative research toolgthod of plotting assay data that is used to
determine the concentration of a substance, patlgiproteins and DNA. It can be used in

many biological experiments.

The assay is first performed with various known camirations of a substance similar to that
being measured. For example a standard curve @deiprconcentration is often created using
known concentrations of bovine serum albumin. Tésag procedure may measure absorbance,

optical density, luminescence, fluorescence, ratdiaigy, or something else.

Example: One assay for protein is called the Bradford gsgag a colorimetric assay. The
reagent Coomassie Brilliant Blue turns blue whelinds to arginine and aromatic amino acids
present in protein. The intensity of the coloubést measured at 595 nm, which is the maximum
absorbance (Amax) frequency of the blue dye, uaisgectrophotometer. In this case the greater

the absorbance, the higher the protein concentratio

These data are used to make the standard cuntgnglooncentration on the X axis, and assay
measurement on the Y axis. The same assay is tedarped with samples of unknown
concentration. To analyze the data, one locatesn#esurement on the Y-axis that corresponds
to the assay measurement of the unknown substagctbows a line to intersect the standard
curve. The corresponding value on the X-axis isdbrcentration of substance in the unknown
sample.

Generally, standard curve are derived from coloniimeassays involving the preparation of

series of reaction tubes of varying concentratibthe compound being assayed for and a blank
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tube (Containing all the compound expect for the compaubpeing assayed for). In addition, a
wide range of aliquot sizes are considered in aoletric assays. However the linearity of the
standard curve derivable from such assays is oaffegt for dilute solution (for which Beer’s
law holds) of the compound being assayed for. Stahdurve plot involve two variable the
magnitude of one of the variable (the dependenabha) is assumed to be determined by (i.e. is
a function of) the magnitude of the second (theepwhdent) variable, whereas the reverse is not
true. For example, the relationship between absadat 260 nm and concentration of DNA in a
solution, absorbance may be considered the dependamable and concentration the
independent variable. The independent variablelasteal up the abscissa (x-axis) and the
dependent variable on the ordinate (y-axis).

Such dependent relationships that follow straigied are term linear regression. Raw data for
the construction of standard curves are usuallyestddl to statistical regression analysis to
deduce line of best fit and eliminate errors. TdHer ensure reliability, reaction leading to the
data for construction of standard curves are chwig on the same day to eliminate error due to
delay of sensitive reagent on storage standardesuaxe useful in quantifying compound whose
initial concentration is unknown. Similar treatmeésntnormally given to the compound then the
concentration value is extrapolated from the steshdarve

The procedure outlined below would help you underdtthe preparation and uses of standard
curve for example:

Proteins which consist only of amino acids linkeddther by peptide bond do not absorb in the
visible region. In an alkaline solution of cuprions (biuret reagent) proteins give a purple
colouration. The reagent is named after the simmptempound, biuret, which will give this

colour reaction.
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Procedure

Prepare the dilution of the standard protein solu{il0 mg/ml) making up to final volume of
1ml with distill water. Prepare serial dilutions/Z11/4, 1/8, 1/16) of the protein solution x of
unknown concentration and take 1ml portions of ¢hddutions for development with the
reagent. Prepare reagent blank using 1ml of digéter.

Add 4.0ml of biuret reagent to the dilution of tstandard and unknown and to the 1ml of distill
water (reagent blank). Mix the solutions thorouglayd allow them to develop at room
temperature for 30 min. Measure the absorbancheofiéveloped solution at the wavelength of
maximum absorbance for this reagent i.e. 540 nmpirzg@ the spectrophotometer with the
reagent blank. Develop the standard curve using dbtained and determine the concentration

of the unknown.

4.0 Conclusion

Standard curves are used to determine the contientcd unknown substance.

5.0 Summary

* An example of a quantitative research tool is thed®rd

* In developing a standard curve assay measurein@iitted against concentration

* The concentration of the unknown is determinecekirapolation using the assay measured on

the standard curve.

6.0 Tutor marked question
1. What do you understand by absorbance opticaityén

2. What is the significant of the slope of a staddaurve
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3. In the world of absorption spectroscopy, what blank" and why is it necessary?

4. If you perform four two-fold serial dilutionghat will be the concentration of the final (most

dilute) sample relative to that of your stagtsample? Show your work.

7.0 REFERENCE /FURTHER STUDY

Plummer, T. D.(1987) An introduction to Practicab&hemistry.8' Edition, McGraw-Hill Book
Company (UK) Limited. England.

Layne, E. Spectrophotometric and Turbidimetric Melthfor Measuring Proteinklethods in
Enzymology 3447-455. 1957.

Stoscheck, CM. Quantitation of ProteMethods in Enzymology 1820-69. 1990.

Amadi, B.A., Agomuo, E.N. and Ibegbulem, C.O.(200R¢search Methods in Biochemistry.

"Bradford Protein Assay'Bio-Rad Quick Stalt Bradford Protein Assay Instructional Manual
http://www.bio-rad.com/cmc_upload/Literature/S5686I0065A. pdf
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UNIT 6 pH AND BUFFER SYSTEM
CONTENT
1.0  Introduction
2.0  Objective
3.0  Main body
3.1 Definition of pH and Buffer
3.2  Criteria for buffer
3.3 pH measurement
4.0 Conclusion
5.0 Summary
6.0  Tutor marked assignment

7.0 Reference

1.0 Introduction
pH and Buffer measurement are commonly used irheimecal assays . The pH is used to
measure the acidity or alkalinity of a solution. gHhot an absolute value but within a narrow

range.

2.0  Objective

At the end of this study student should be able to:
1. Define pH and Buffer solution.
2. Know the relevance and uses of Buffer system.
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3. How to calculate pH.

4. How to prepare a Buffer solution.

3.0  Main body
3.1 Definition
pH is strictly as the negative logarithm of the logkn ion activity, but in practice the hydrogen
ion concentration is usually taken and this isudglty the same as the activity except in strongly
acidic solution. Hydrogen ion concentrations angirely express as pH value.
pHog 1/[H] = -log [H']
Although pH is an expression of hydrogen ion antivitg (as measured by pH meters), no
distinction is usually made between ion activitylamoncentration. pH value offer a convenient
means of stating widely varying [Hin small positive number. The pH scale of 0-14 to
accommodates Honcentrations of 1 M to 1 x TOM. A pH value of 7 ([H] of pure water) is
considered the neutral pH. Increase ifi][{pH values smaller than 7) result in acidic cdioais.
The value of using pH can be seen in the case wfahublood which has an extremely low
hydrogen ion concentration:
Plasma Fi= 0.398 x 10 mol/litre
Plasma pH = -log (0.398 x 1p= 7.4
In the use of pH values, it is important to rementhat the numbers represent a logarithmic
function and that a decrease or increase of onemtie.g pH 7 pH 6, represents a tenfold
difference in [H]. Study the pH chart given below carefully. Ndtatteach decrease in pH by

one pH unit means a tenfold increase in the conao of hydrogen ions.
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Concentration of
Hydrogen ions
compared to distilled water

10,000,000

1,000,000

100,000

10,000

1,000

100

1410

1/100

141,000

110,000

1/100,000

141,000,000

110,000,000

(Source:Paul Decelles (20063taff.jccc.net/pdecell/chemistry/phscale.html

Examples of solutions at this pH

Battery acid, Strong Hydrofluoric acid

Hydrochloric acid secreted
by stomach lining

Lemon Juice, Gastric Acid
“Wineger

Grapefruit, Orange Juice, Soda

Acid rain
Tomato Juice

Soft drinking water
Black Coffee

Urine
Saliva

"Pure” water

Sea water

Eaking soda

Great Salt Lake
Milk af Magnesia

Armimonia solution

Soapy water

Bleaches
Oven cleaner

Ligquid drain cleaner

Figure 6.1: the pH of some aqueous fluids
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3.2 pH measurement

The most convenient and reliable method for meaguis by the use of a pH meter which
measures the e.m.f (electromotive force) of a comaBon cell formed from a reference
electrode, the test solution, and glass electredsive to hydrogen ion.

The pH measurement take place in two specific sfepsis the standardization of the pH meter
followed by the actual measurement. The pH metstasdardized by dipping its glass electrode
into buffer solution of pH 4 and pH 8 respectivelis is followed by rinsing it with deionized
water (distill water can be used) and drying of gtass electrode with clean wood or tissue
paper. The actual measurement is then done byrdjghe glass electrode into the test solution

and reading off the value.

Two types of pH meter (Retrieved from httd/wikipedia.org/wiki/PH_meter;
www.microscopesblog.com/2009/06/ph-meter.html respectively)
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3.3 Buffer system

A buffer is a solution of a particular pH that cagsist pH changes on the addition of acid or
alkali. Such solution is use in many biochemicaperxments where the pH needs to be
accurately controlled. Buffers are in fact mixtutgdswveak acid or bases and their salt. It is the
extent of dissociation that determines whether @d/laase is strong or weak. A weak acid is a
better buffer because it does not dissociate cdelglbut the strong acid dissociate completely.
Some common buffer mixture use in biochemical expent include, acetic acid-sodium acetate
(buffering range 3.5-5.5), mono- and disodium phase (buffering range 6-8), sodium
bicarbonate —carbonate (buffering range 7-9) ardd (krydroxymethyl) aminomethane or tris
(buffering range 7-9). In man and most other mamsmide plasma pH lies within the very
narrow limit of 7.35-7.45 at normal body temperatuir this pH value for some pathological
reasons fall to 7.0 or below, death assuredly woetdllt from acidotic coma and at pH 7.8 or
above death occur as a result of acute tetany.abligy of a buffer to resist change in pH is

referred to as buffer capacity.

3.4 Uses of pH and buffer solution

Most cells can actually function between very nartonit of pH and require buffer system to
resist to the changes in pH that would otherwiseupnén metabolism. The three main buffer
systems in living material are protein, bicarborete phosphate and the relative importance of

each dependsn the type of cell and organism

3.5 Principles of buffer preparation

There are basically two different approaches tqtieparation of any buffer:
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1. A situation in which both component of the caygte acid /base pair are accurately
weighed out separately to give the desired ratilvénHenderson-Hasselbalch equation and then
dissolve in the ionize water.

2. A situation in which both components are obtdiftem a predetermine amount (by prior
calculation) of only one component from which tleeend component is formed by addition of
an appropriate amount of strong acid or strong.lfaample calculation of method one is shown

below.

Question: To prepare 250 ml of 0.2M sodium phosphate buffepH 6.4, the following
chemicals are available: dibasic sodium phosphatobasic sodium phosphate and 0.129M
solution of NaOH. Assume that the pKpKay, and pKa of phosphoric acid are 2.12, 6.8 and
12.3 respectively. Molecular weights of dibasic amonobasic sodium phosphate salts are 142

and 138 respectively.

Calculation:
Dibasic sodium phosphate = NP0,
Monobasic sodium phosphate RaH,PO,
Since the pH of the buffer solution will are reguo prepare is 6.4 will shall be interested only

in the second dissociation of phosphoric acid desdrby the following equilibrium

H,PO, = HPO + H
Conjugate Conjugate
Acid base

From the Henderson-Hasselbalch

pH = + pKa +log [HPQ?]
HRP O]
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Substituting the value of the pH and pKaz into #gsiation will give:

6.4 = 6.8 +log[HPA]
HRPOy ]
i.e log[HPQ?] = -0.40 = (-1 + 0.6000)
HoPOy]
Hence [HP@]= antilog 0.6000 = 0.399
HoPOy]

Since log [HP@] is a negative number, the ratio  log [HPomust be
H2POy] [H2POy]

[HPO,*] = 0.398
[H2POy ] 1 not 3.98 or 39.8 etc.

Therefore

[HPO,?] = 0.398 x 0.2 mole/litre
1
Similarly

[HoPOy) = 1— X 0.2 molellitre

1.398
Since each of the anionic species HP® introduce into the solution in the form of & s&o
obtain the actual weight of each required to preplae buffer. We must make use of the given
molecular weight of the two sodium salt.
Weight of NaHPQ, required :%958 0.2 molesl/litre of buffer

0.0398 0.2 x 142 g/250 moles/litre of buffer solutier.02

1.398 1 4

Weight of NaHPO, = 1 x 0.2 x 138  2%Pmolel/litre of buffer = 4.29g.
1.398 4
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Therefore to prepare this buffer, weigh out 2.028laHPO4 and 4.29g of NalRrQ,. Mix both
salt in 250ml volumetric flask dissolve with abdl@Oml Of deionize water, and make up the
volume with water. Check the pH of the resultinguson and adjust with acid and base if

necessary.

4.0 Conclusior

« The pH meter should be standardized with a butikrti®n before use.
« Increase or decrease in pH can be very dangerdosiag in the case of plasma

5.0 Summary

* A buffer solution a particular pH usually resistd phanges

*Acute tetany and acidotic coma are death occuggias a result of fluctuation of the pH of
Plasma

*A pH scale is usually divided into 3 regions; acjcheutral and basic

6.0 Tutor marked assignment

1. Mention the 3 main buffer system in a living evél.

2. What is the hydrogen ion concentration of atsmhuwith a pH of:

a.3.25b.7.28c¢. 13.3

3. What is the pH of a solution with the followiftd™]:

a. 0.025M b. 0.15M c. 0.2M
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UNIT 7 QUALITATIVE AND QUANTITATIVE TESTS FOR AMINO  ACIDS AND
PROTEINS

CONTENT
1.0 Introduction
2.0  Objective
3.0  Main body
3.1  Definition of Proteins and amino acids
3.2  Qualitative Analysis of Proteins and Amino égi
4.0 Conclusion
5.0 Summary
6.0  Tutor marked assignment

7.0 Reference

1.0 Introduction
This lab presents the student with selected chémaeations of the proteins and some of the
amino acids which make up proteins. These compowanesessential components of living
organisms, including the human body, and the rafgests available shows how much time
scientists have devoted to this branch of bioldgibamistry.
2.0  Objectives
At the end of this study the student should be &bl

1. Define proteins and amino acids

2. Know the qualitative and quantitative testsgfmteins and amino acids
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3. To get familiar with amino acids as the buitglisiocks of proteins in the body.
4, To understand how twendyamino acids can produce proteins with very marked

differences in their physiaad chemical properties.

3.0 Main Body

3.1 Definition of Proteins and amino acids

Proteins are biological macromolecules of high ralier weight occurring abundantly in living
systems. Proteins contain elements like carbamogen, hydrogen and oxygen with some
uncommon ones like phosphorus and sulphur. A sipgiéein molecule is made of a large
number of amino acid molecules linked by peptidedsoby the removal of water molecules. A
complex array of protein is built from 20 aminodsciand the constituent amino acids that make
up a given protein molecule can be found from tleglpcts of its decomposition.

Proteins differ from each other according to theetynumber and sequence of amino acids that
make up the polypeptide backbone. As a result thaye different molecular structures,
nutritional attributes and physiochemical properti@mino acids on the other hand are organic
compounds that contain amino and carboxyl groupd,therefore possess both acidic and basic
properties.

Proteins are important constituents of foods foumber of different reasons. They are a major
source ofenergy as well as containing essential amino-acids, saghlysine, tryptophan,
methionine, leucine, isoleucine and valine, whicld @ssential to human health, but which the
body cannot synthesize. Proteins are also the majactural components of many natural foods,

often determining their overall textureg.,tenderness of meat or fish products.
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3.2 Qualitative Analysis of Proteins and Amino Acids

Experiment 1: Ninhydrin Test

Background: This test is widely used in biochemistry and ind@eience. Although compounds
other than proteins and amino acids also give pesieactions, standard procedures used in

analysis can make the reaction a positive testrfino acids and proteins.

Principle: Amino acids or proteins containingamino groups when heated with ninhydrin give
a characteristic lilac, violet, deep blue or puradour while amino acids containing imino

(-NH) group (proline and hydroxyproline) give dggellow colour with ninhydrin.

Materials/Reagents

1. Amino acids (0.1 mmol/litre aspartic acid, arge) leucine, and proline)
2. Acetate buffer (4 mol/litre, pH 5.5)

3. Ninhydrin reagent

4. Acetone

Procedure
Dissolve 3g of ninhydrin in 100ml of acetone tonothe ninhydrin solution. Add 0.2ml of
ninhydrin to 2ml of the test protein solution iest tube and boil in a water bath for 10 minutes.

The presence of lilac (blue or purple) colour con§ the presence of a protein with amino

group.

Experiment 2: Biuret Test for Protein
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Background: Biuret is a compound obtained when a protein igdteto 108°C. It reacts with

copper sulphate in alkaline solution to give a @iaiolor with an absorption maximum at 550
nm. This compound has given its name to the c@action which was also found to occur with
other compounds-those having two or more amide pgroar peptide bonds joined directly

together, or through a single atom of carbon apgén.

Principle: The biuret test is a chemical test used for detgdtie presence of peptide bonds. In
the presence of peptides, a copper (ll) ion formmket-colored (purple) complex in an alkaline
solution. The violet coloured complex formed betwé®e amide group (-CONH) in proteins and

the copper Il ions in CuSQ@orm the basis of this test.

Materials/Reagents
Protein sample
Sodium or potassium hydroxide

Aqueous copper (Il) sulfate

Procedure: An aqueous sample is treated with an equal volafr2 strong base (sodium or
potassium hydroxide most often) followed by a fenwpd of aqueous copper (Il) sulfate. If the

solution turns purple, protein is present.
Xanthoprotein reaction

Principle: This reaction is specific for cyclic amino acidsck as phenylalanine, tyrosine,
tryptophane and histidine. Aromatic amino acidsctreaith HNGO; yielding a yellow

nitrocompound, which changes color to orange iralale medium owing to the formation of
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salt. Reaction of concentrated nitric acid with sosubstituted aromatic rings gives a yellow

color (Xanthos = yellow in Greek).

Materials
Amino acid (tryptophan, glycine, tyrosine)
Concentrated nitric acid (HN¢p

Sodium hydroxide (NaOH)

Procedure

Set up test tubes as follows: In one tube put pglad tryptophan solution, in another 2 drops of
unknown compound, in another 2 drops of glycineismh, and in another about 5 mg tyrosine
powder. Then with great care, add 1.0 mL concesdratitric acid (HNQ) to each test tube.
Hold the tubes so that they do not point at yoargyone else. Heat the tubes gently in a water
bath until they boil. Cool the tubes slowly and atieé 4% NaOH, drop by drop, until the
solutions are alkaline. Did any color change tpkee before the alkali was added? What was

the final color of each of the solutions?

3.1 Quantitative Analysis of Proteins and Amino Acids

Experiment 1: Ninhydrin Test

Principle: Ninhydrin (triketohydrindene hydrate) reacts witamino acids between pH 4 and 8
to give a purple-coloured compound. Not all amimids give exactly the same intensity of
colour and this must be allowed for in any caldgolat The amino acids proline and

hydroxyproline give a yellow colour, so these aad at 440 nm.
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Materials

1. Amino acids (0.1 mmol/litre aspartic acid, arnge) leucine, and proline)
2. Acetate buffer (4 mol/litre, pH 5.5)

3. Ninhydrin reagent

4. Ethanol

5. Spectrophotometer

Procedure: pipette 2 ml of the amino acid solution into a tedte and add 2ml of the buffered
ninhydrin reagent. Shake vigorously for 30 secdondsxidize excess hydration. Heat in a boiling
water bath for 15 minutes. Cool to room temperatatel 3 ml of 50% ethanol, and read the
absorbance (extinction) at 570 nm after 10 min.upethe appropriate blanks and compare the

colour equivalence of the amino acids investigated.

Experiment 2: Biuret test

Principle: The Biuret reaction can be used to assay the ctratie®m of proteins because peptide
bonds occur with the same frequency per amino iactte peptide. The intensity of the color,
and hence the absorption at 540 nm, is directhp@mtmnal to the protein concentration,

according to the Beer-Lambert law.

2NH,.CO.NH, — NH2.CO.NH.CO.NH + NHz

In spite of its name, the reagent does not in daatain biuret ((HN-CO-) ,NH). The test is so

named because it also gives a positive reactitmetpeptide bonds in the biuret molecule.

Material

1. Protein standard (%omg albumin/ml). prepare fresh
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2. Biuret reagent. (Dissolve 3 g of copper sulpli@eSQ.5H,0) and 9 g of sodium tartrate
500 ml of 0.2 mol/litre sodium hydroxide; add 5f potassium iodide and make up to 1 litre
with 0.2 mol/litre sodium)

3. Water bath at 3T

Procedure: make a serial dilution of the standard protein soitu(e.g. BSA) in the range of O-
10 mg/ml. this is done by measuring the BSA inrdngge of 0.0, 0.1mg, 0.2mg, 0.3mg, etc. and
with 0.2N of NaOH making them up to 1ml. add 3mBuadiret reagent into each of the test tubes,
mix and warm for 15 minutes at 7 and then cool. Measure the absorbance of eaehatu40

nm. Add 3ml of Biuret reagent into 1ml of each mown protein solution. Use the method
above for the standard on the protein solution. ddeathe absorbance at the same wavelength
(540 nm) and extrapolate form a prepared standardecthe concentration of each unknown

protein solution.

Spectrophotometric Protein Assays

This exercise introduces students to four methofl determining protein concentratic
absorbance at 280 nm, and the biuret, Lowry, aradiiérd assays. (I haven't yet incorpor:
the BCA assay; I'm trying to balance thoroughneg available time.) The goals of t
exercise are to let students see and evaluate tbesmonlyused assay methods. | use just
proteins, bovine serum albumin (BSA) and gelati®ABis fairly expensive, but 100 g (o
$100) lasts many years. Egg albumin would workpbphdy, but it seems if | just stare at it
long, it coagulates, whereas BSA forms a clear, stadligtion. | prepare solutions of BSA ¢
gelatin at 0.1, 0.2, 0.3, 2, 4, and 6 mg/mL in waiée latter three are for the biuret assay

the former are for the rest. The assay proceduseasafollows:
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Biuret: Mix 0.50 mL of protein with 2.50 mL of biuret remgt and measure the absorbanc

540 nm.

A>go Measure the absorbance of 1 mL at 280 nm.

BIURET REAGENT : stirring, 300 mL of 10% (w/v) NaOH to 500 mL of solutior
containing 0.3% copper sulfate pentahydrate ant E@dium potassium tartrate, then dilut
one liter. The reagent is stable for a few monthisniot a year. Adding one gram of potassiu

iodide per liter and storing in the dark makegabge indefinitely.

The reagent can be used either qualitatively ontiagively. In a typical reaction, one volur
of sample is mixed with two to five volumes of reay the optimal ratio depends dhe
maximum protein concentrations you want to be #&blesolve. The presence of protein gi\

a violet color with maximum absorbance around 558-6m; we typically read absorbances at

Lowry: Mix 0.25 mL of protein with 2.5 mL of Lowry reagef. After 10 minutes, add O..

mL of Lowry reagent 2 and mix well immediately. &ft30 minutes, measure the absorban
750 nm (if you're using a Spectior20 with a normal phototube, 750 may be too 1&®f) nn

gives lower absorbances but works okay).

Bradford: Mix 0.25 mL of protein with 2.5 mL of Bradford rgant and measure tl

absorbance at 595 nm.

All series should include a zero protein (watehetreagent blank). The students shadd
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their instruments withthe reagent blanks. This is especially importarthwhe Bradford asse
for which the reagentlank has quite a high absorbance (>0.5). Two gbihactical concerr
with the Bradford assay are its great sensitiotgeétergent (tubes must be rinsed very well)

the fact that it stains the cuvettes blue.

After plotting their data on separateaghs for each assay, students are asked to evalaet
method by the criteria of convenience (how easit t® do?), sensitivity (how well does
detect small amounts of protein; for example, wimatss of protein is needed to give
absorbance of 0.),? generality (how consistent are the results amtmg two differen

proteins?), and linearity (does it give a straigia plot of absorbance vs. protein?).

4.0 Conclusion

« The pH meter should be standardized with a butikrti®n before use.

+ Increase or decrease in pH can be very dangerdosiag in the case of plasma

5.0 Summary

* A buffer solution a particular pH usually resistd phanges

*Acute retany and acidotic coma are death occuggras a result of fluctuation of the pH of
plasma

*A pH scale is usually divided into 3 regions; dcjcheutral and basic

6.0 Tutor marked assignment

1. Mention the 3 main buffer system in a living erél.

2. What is the hydrogen ion concentration of atsmhuwith a pH of:
a.3.25 b.7.28 c.13.3
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3. What is the pH of a solution with the followifteg]:

a. 0.025M b. 0.15M c. 0.2M
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