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COURSE GUIDE

Introduction

Practical organic chemistry instruction has a psepbeyond the apparent one of providing practieahing
essential to the prospective chemist. In afforcamgopportunity for the student to become acquaintita a
number of representative organic compounds, toreeskeir special

properties and characteristic behaviours, and ve same experience with the methods of handlingnttseich
work forms asupplement to a lecture course (CHM 102 — IntroahycOrganc Chemistry 1) which is essential
to a full understanding and appreciation of thgestbWith thought and study, much information melyag the
general theory of the carbon compounds can be gamehe organic laboratory, and there is in additample
opportunity for acquiring manipulative skill andxtierity. Organic compounds present such an integsirray
of properties and reactions, and the methods ofipuktion are so ingenious, that work in the organi
laboratory is usually found to be a stimulating exgnce.

Organic chemistry can be fun, and hopefully thidl Wwe proved to you in this course. The work insthi
laboratory course will teach you a lot. The per$aaisfaction that comes with performing an exmpent
skilfully and successfully will be great. To geetmost out of this laboratory course, you shoulivestto do
several things.

First, you must read carefully the safety tipshat beginning of the material. Secondly, you neednitderstand
the organization of the course material and hows® it effectively. Thirdly, you must try to undensd both
the purpose and the principles behind each expatily@u do. Finally, you must try to organize youme
effectively during the lab period.

Course description

Experiments in this course are coordinated withléature topics in CHM 102. This course will introxé you
to various techniques used in the organic laboyaasr well as synthetic procedures and some metbbds
identification and purification of organic compowsnd

The contents of this course material illustrate ontgnt concepts and principles in general orgahanustry.
Three basic goals guided the development of aleexgents in this material: (1) the experimentssiitate the
concepts learned in the classroom; (2) the expatisnare clearly and concisely written so that sttslevill
easily understand the task at hand, will work witlnimal supervision because the manual providesigimo
information on experimental procedures, and wilbbé to perform the experiments in a 2-1/2 hohotatory
period; and (3) the experiments are not only sing@monstrations, but also contain a sense of desgoin
addition, laboratory safety tips as well as comratoratory techniques are explored.

Module 1 consists of four units that introduce youaboratory safety rules and a series of detailsttuctions
and explanations dealing with the basic laboratecyniques of organic chemistry.

Module 2 contains experiments that introduce yothttechniques used in the isolation and purificabf
organic compounds

Module 3 consists of experimental methods for teéegnination of physical constants (e.g., meltiogf) of
organic compounds.



Module 4 is devoted to experiments that illustiatportant organic reactions.

What you will learn in this course

The main purpose of an organic laboratory course isach you the techniques necessary for a peisaling
with organic chemicals. You will also learn the Heiues needed for separating and purifying organic
compounds. You will learn how to identify unknowwonegpounds; the experiments are only the vehicles
learning these techniques.

Besides good laboratory techniques and methodarofing out basic laboratory procedures, otherghiyou
will learn from this laboratory course are:

* How to take data carefully

* How to record relevant observations

* How to plan for the isolation and purification aftstances
* How to work safely

» How to solve problems and think like a chemist.

Course Aims

The aim of this course is to introduce you to tregarity of techniques used within an organic latongaand to
demonstrate how these techniques are used whencpout organic experiments.
The course is also aimed at familiarizing studevith the main techniques encountered in organiecnisiey
lab such as extraction, recrystallization, simpié &actional distillation, identification of funonal groups,
conduct chemical reactions. Emphasis is placedemheory of these techniques.

Objectives

Specific objectives are stated at the beginningespective units in the course material. Howeviter @oing
through the modules, you should be able to:

* Apply the basic safety rules in the organic chemisstboratory

* ldentify and use the common laboratory apparatasdsquipment

» Demonstrate the basic organic laboratory techniques

» Design and perform experiments for the isolatiot purification of organic compounds

» Design and perform experiments for the determimatiophysical constants of organic compounds
e Carry out simple experiments illustrating the idigeg and reactions of organic compounds



Working Through This Course

The course is written in four modules subdividetb imarious units. It is required that the learnieidges the
units in details and attends laboratory sessioBeaappointed time and venue.

Course Materials

ltems to be made available to each learner are:

1. Course Guide
2. Study Units in three modules

Lists of reference materials and texts for furtteading have also been given at the end of eath uni

Study Units

The followings are the units contained in this caur

Module 1

Unit 1: Safety in the laboratory

Unit 2: Common laboratory apparatus
Unit 3: Basic laboratory techniques
Unit 4: Weighing in the laboratory

Module 2

Unit 1: Distillation — Separation of a mixture

Unit 2: Purification — Recrystallization of benzaicid

Unit 3: Extraction — Determination of distributiaoefficient

Module 3

Unit 1: Measurement and density

Unit 2: Micro Method Determination of Boiling Poiof Hydrocarbons
Unit 3: Melting point determination

Module 4

Unit 1: Structures of Hydrocarbons - Experimentwitodels

Unit 2: Reactions of Hydrocarbons - Properties laeatification of Hydrocarbons

Unit 3: Alkene Synthesis from Alcohol - PreparatmiCyclohexene From Cyclohexanol

Sources of Information

http://swc2.hccs.edu/pahlavan/
Arthur Vogel, “Vogel's Practical Organic Chemistry™ ed., Longman Inc., New York, 1978.

Fessenden, R.J; Fessenden, J.S and Landgrebe, Qdganic Laboratory Techniques."2ed.
Brooks/Cole Publishing Company, 1984.

Steere, N.V.Handbook of Laboratory Safety. 2" ed. CRC Press, Cleveland, Ohio, 1971.
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Green, M.E. and Turk, ASafety in Working with Chemicals. Macmillan, New York, 1978.
Williamson, K.L, Macroscale and Microscale Organic Experiments, 3 ed. Houghton Mifflin
Company, Boston, 1999.

Website:_http://blogsciencestuff.blogspot.com
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2.0. OBJECTIVES
3.0. MAIN CONTENT
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4.0. SUMMARY
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MODULE 1
UNIT 1 - SAFETY IN THE LABORATORY

7.0. INTRODUCTION

Organic chemistry is an experimental science. Quietstanding of organic chemistry is mainly thaultesf
laboratory observation and testing. For this reatios laboratory is an important part of a studestiucation
in organic chemistry.

Because of the nature of organic compounds, thantegchemistry laboratory is generally more dangsro
than the inorganic chemistry laboratory. Many origaompounds are volatile and flammable. Some ease
chemical burns; many are toxic. Some can causedantpge, some can lead to cirrhosis of the lived,some
are carcinogenic (causing cancer). Yet organic @stengenerally live as long as the rest of the jaimn
because they have learned to be careful. When mgriki an organic laboratory, you must always thimk
terms of safety.

8.0. OBJECTIVES
After studying this unit, you should be able to:

» See the laboratory as a new and potentially hamardovironment and understand safe practice.
» Discuss the need for specialized apparatus fonaimelling of chemicals and materials.
» learn laboratory safety rules and the necessipradticing these rules in the laboratory

9.0. MAIN CONTENT

9.1. Personal safety
9.1.1. Using Common Sense

Most laboratory precautions are nothing more th@mrmoon sense. The laboratory is not a place forepday.
Do not work alone in the laboratory. Do not perfanmauthorized experiments. Do not sniff, inhaleicto or
taste organic compounds, and do not pipette themmdayth. Wipe acids and bases. Neutralize resichikéd
acid with sodium bicarbonate and spilled base withte acetic acid. Do not put dangerous chemisalhe
waste crock — the janitor may become injured. Dopoar chemicals down the sink — the environmelit bvei
injured. Instead, use the containers provided fi@nacal disposal.
When working in the laboratory, wear suitable diogf Jeans and a shirt will rolled-up sleeves, gusbber
lab apron or cloth lab coat, are ideal. Do not wearr best clothing —laboratory attire usually acegi many
small holes from acid splatters and may also devaldistinctive aroma. Loose sleeves can sweeksflasm
the laboratory bench, and they present the addedrdhaf easily catching on fire. Long hair shoukl tked
back. Broken glass sometimes litters the floor dalaoratory; therefore, always wear shoes. Sandads
inadequate because they do not protect the femt $plls. Wash your hands frequently, and alwayshathem
before leaving the laboratory, even to go to tis¢ reom.
Because of the danger of fires, smoking is proédiin laboratories. Because of the danger of chedmic
contamination, food and drink also have no placghm laboratory. On the first day of class, faniha
yourself with the locations of the fire extinguishefire blanket, eyewash fountain and shower.
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9.1.2. Safety Glasses
Chemicals splashed in the eyes can lead to bliis¢itiesrefore it is imperative that you wear safgsses, or
better yet, safety goggles. Wear them at all tineegn if you are merely adding notes to your latooya
notebook or washing dishes. You could be an innogeim of your lab partner’s mistake, who might
inadvertently splash a corrosive chemical in yavedion. In the case of particularly hazardous ipalations,
you should wear a full-face shield (similar to aldeg’s face shield).Your instructor will tell youhgn this is
necessary.
Contact lenses should not be worn, even underysgfasses. The reason for this rule is that corlaatdes
cannot always be removed quickly if a chemical gdts your eye. A person administering first aidviegshing
your eye might not even realize that you are wgadantact lenses. In addition, “soft” contact lensan
absorb harmful vapours. If contact lenses are absglnecessary, properly fitted goggles must benwAlso
inform your laboratory instructor and neighbourattynou are wearing contact lenses.

9.2. Laboratory Accidents
9.2.1. Chemicals in the Eyes

If a chemical does get into your eye, flush it wgéntly flowing water for fifteen minutes. Do nay tto
neutralize an acid or base in the eye. Becauseeohatural tendency of the eyelids to shut whenetloimg is
in the eyethey must be held upon during the washing. If there is no eyewash fountain in the laboraterpiece
of rubber tubing attached to a tap is a good suibstiDo not take time to put together a fountaiypou have
something in your eye, however! Either splash ygel @gaeld open) with water from the tap immediat@iylie
down on the floor and have someone pour a gem#darstof water into your ey&ime is important. The sooner
you can wash a chemical out of your eye, the lessiamage will be.
After the eye has been flushed, medical treatmerstrongly advised. For any corrosive chemicalhsas
sodium hydroxide, prompt medical attention is ingpee.

9.2.2. Chemical Burns
Any chemical (whether water-soluble or not) spilledo the skin should be washed off immediatehhwsibap
and water. The detergent action of the soap andngéhehanical action of washing remove most subssance
even insoluble ones. If the chemical is a strond ac base, rinse the splashed area of the skim lai$ and
lots of cool water. Strong acids on the skin usually cause a pastfoying. Strong bases usually do not cause
pain, but they are extremely harmful to tissue. &p&/wash carefully after using a strong base.
If chemicals are spilled on a large area of theybedash them off in the safety shower. If the clheals are
corrosive or can be adsorbed through the skin, vencontaminated clothing so that the skin can bshiéd
thoroughly. If chemical burns result, the victinostd seek medical attention.

9.2.3. Heat Burns

Minor burns from hot flasks, hot tubing, and theelare nt uncommon occurrences in the laboratdrg. anly
treatment needed for a very minor burn is holdingnider cold water for 5 — 10 minutes. A painkijilotion
may then be applied. To prevent minor burns, ke@aiaof inexpensive loose-fitting cotton glovesyour
laboratory locker to use when you must handle leakbrs, tubing or flasks.

A person with a serious burn, as from burned chaghis likely to go into shock. He or she shouldntede to
lie down on the floor and kept warm with the fidarket or with a coat. Then, an ambulance shouldatied.
Except to extinguish flames or to remove harmfi@dnafcals, do not wash a serious burn and do notap}
ointment. However, cold compresses on a burnedvaitelelp dissipate heat.
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9.2.4. Cuts
Minor cuts from broken glassware are another commeurrence in the laboratory. These cuts should be
flushed thoroughly with cold water to remove angrriicals or sliver of glass. A pressure bandagebeamsed
to stop any bleeding.
Major cuts and heavy bleeding are a more serioutemahe injured person should lie down and be kepm
in case of shock. A pressure bandage (such asdfodtiean dish towel) should be applied over the wadoand
the injured area elevated slightly, if possible.a&nbulance should be called immediately.

9.2.5. Inhalation of Toxic Substances
A person who has inhaled vapours of an irritatingoxic substance should be removed immediatelyesh
air. If breathing stops, artificial respiration sid be administered and an emergency medical \ehballed.

9.3. Laboratory Fires
9.3.1. Avoiding Fires

Most fires in the laboratory can be prevented keyuke of common sense. Before lighting a matchuands,
check the area for flammable solvents. Solvent &iare heavier than air and can travel along a benhbr a
drainage trough in the bench. These heavy flammfaohes can remain in sinks or waste baskets fos.day
While it is indeed true that a flammable solverddd not have been discarded in the sink or wass&dd, it is
always possible that some inconsiderate fool hase dgn. Therefore, do not discard hot matches, @ven
extinguished, or any other hot substance in sinkgaste baskets.
Whenever you use a flammable solvent, extinguisfiaahes in the vicinity beforehand. Always cap\soit
bottles when not actually in use. Do not boil ailaynmable solvents from a mixture except in the éumood.
Place solvent-soaked filter paper in the fume htwdry before discarding it in a waste containeill&d
solvent should not be allowed simply to evapor#te. solvent is spilled, clean it up immediatelythvpaper
towels which should be placed in the hood to dry.
Solvents should never be poured into a drainagggkr@gwhich is for water only). Because of enviromtaé
concerns, solvents should be disposed of only mtatoers provided for solvent disposal. In genetfase
disposal containers are located in the fume hodldenaboratory.

9.3.2. Extinguishing Fires
In case of even a small fire, tell your neighbaioréeave the area and notify the instructor. A Gomfined to a
flask or beaker can be smothered with a watch gittge beaker placed over the flaming vessel (bt to
drop a flaming flask — this will splatter burninguid and glass over the area). All burners inwiognity of a
fire should be extinguished, and all containerBashmable materials should be removed to a safeeplacase
the fire spreads.
For all but the smallest fire, the laboratory shiohe cleared of people. It is better to say loutiGiear the
room,” than to scream “Fire!” in a panicky voicéybu hear such a shout, do not stand around toveeé is
happening, but stop whatever you are doing an # wainediately and purposefully toward the nearéssarc
exit.
Many organic solvents float in water; therefore avamay serve only to spread a chemical fire. Some
substances, like sodium metal, explode on conté#tt water. For these reasons, water should notubeéc
extinguish a laboratory fire; instead, a carborxiie or powder fire extinguisher should be used.
If a fire extinguisher is needed, it is best toacléhe laboratory and allow the instructor to hantle
extinguisher. Even so, you should acquaint younséh the location, classification and operationtioé¢ fire
extinguish the first day of class. Inspect the fdinguishers. Find the sealing wire (indicatirmtt the
extinguisher is fully charged) and the pin thaised to break this sealing wire when the extingrishneeded.
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Fire extinguishers usually spray their contentdhvgteat force. To avoid blowing flaming liquid abdbken
glass around the room, aim toward the base anldetgitle of any burning equipment, not directly tahée
fire. Once a fire extinguisher has been used, litrvaéied recharging before it is again operable.rétoee, any
use of a fire extinguisher must be reported tank&uctor.

9.3.3. Extinguishing Burning Clothing
If your clothing catches fire, walk (do not run)tte shower if it is close by. If the shower is netr, lie down,
roll to extinguish the flames, and call for help.
A clothing fire may be extinguished by having thexgon roll in a fire blanket. The rolling motionimportant
because fire can still burn under the blanket. Wefels can be use to extinguish burning clothindoukned
person should be treated for shock (kept quietvearan). Medical attention should be sought.

9.4. Handling Chemicals
9.4.1. Acids and Bases

To prevent acid splatterg)ways add concentrated acids to water (never add water to acids). Concentrated
sulphuric acid (HSQy,) should be added to ice water or crushed ice Isecaiithe heat generated by the mixing.
Do not pour acids down the drain without first titg them (by adding them to large amounts of wWaded
then neutralizing them. Strong bases should alsdilbeed and neutralized before discarding. If yplash an
acid or strong base on your skin, wash with plahtfnounts of water, as described in the sectionhemical
burns. Concentrated hydrochloric acid (HCI) anctiglkacetic acid (CECOOH) present the added hazard of
extremely irritating vapours. These two acids stidaé used only in the fume hood.
Sodium hydroxide (NaOH) is caustic and can eat alagg tissues. As a solid (usually pellets), & i
deliquescent; a pellet that is dropped and ignevigidform a dangerous pool of concentrated NaOHkRip
spilled pellets while wearing plastic gloves or Uging a piece of paper, neutralize them, and thesh fthe
neutralized mixture down the drain with large antswof water.
Agueous ammonia (“ammonium hydroxide”) emits ammadiNH;) vapours and thus should be used only in
the fume hood.

9.4.2. Solvents
Organic solvents present the double hazard of flahility and toxicity (both short-term and cumula&jy

» Diethyl ether (GHsOC;Hs) and petroleum ether (a mixture of alkanes) até kery volatile (have low
boiling points) and extremely flammable. These swbsents should never be used in the vicinity of a
flame, and they should be boiled only in the hood.

» Carbon disulphide (G which is now rarely used in the organic labonatas uniquely hazardous. Its
ignition temperature is under 160, the boiling point of water; therefore, fires aasult even from its
contact with a steam pipe.

* Benzene (6Hs) is flammable and also extremely toxic. It canabsorbed through the skin, and long-
term exposure is thought to cause cancer. BenZemddsbe used as a solvent only when absolutely
necessary (and then handled with great care talambalation, splashes on the skin, or fire). Instno
cases toluene can be substituted for benzene. Wgthaoluene is flammable, it is less toxic than
benzene.

* Most halogenated hydrocarbons, such as carborchédrade (CCl) and chloroform (CHG), are toxic,
and some are carcinogenic. Halogenated hydrocariemnsto accumulate in the fatty tissues of living
systems, instead of being detoxified and excretseanost poisons are. In repeated small dosesatiey
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associated with chronic poisoning and damage tditbeeand kidneys. If either carbon tetrachlormte
chloroform must be used, it should be handled enftime hood.

Because of the dangers inherent with all organiieesits, they should always be handled with resggalvent

vapours should not be inhaled, and solvents shoeNdr be tasted or poured on the skin. Wash amglsgs on
your skin immediately with soap and water. Keepraol bottles tightly capped. Always heed precaustitm

avoid fires.

9.4.3. Symbols used to convey information about chemicals:

o= Y

Flammable Corrosive Explosive Oxidising (helps otténgs to burn)

Harmful or irritant Environmental hazard

10.0. SUMMARY

Standard safety practices are an essentigl qfa all laboratory operations. The chemioafsployed in
the laboratory can be flammable or irritating, andny possess known or as yet undetermined toxic
characteristics.

Accidents in the chemistry laboratory can &eoided if you enter the laboratory propepyepared

for the experiment, if you use common sense ictieg to unexpected situations, and if you rigittilow
basic safety rules that are enforced to ensure yersonal safety.

11.0. TUTOR-MARKED ASSIGNMENTS
1. Give reasons for the following safety rules:
Contact lenses should not be worn in the laboratory
A chemical spill on the skin should be washed athwvater, not with solvent
Solvents are not to be poured into the drainagegtro
Water should not be used to extinguish laboratoeg f
To dilute concentrated sulphuric acid, we pountbiice instead of simply mixing it with water.

coooTp

2. What should you do in each of the following circuamees?
a. Your neighbor splashes a chemical into his or lger e
b. A strong acid spills onto your hands
15



c. Your neighbor’s clothing catches fire
d. Your neighbor’s flask catches fire.

3. What are the principal hazards of each of the valg solvents?
a. Carbon disulphide
b. Diethyl ether
c. Benzene
d. Carbon tetrachloride.

4. According to the dress code, what should you we#hne laboratory?

12.0.REFERENCE AND OTHER RESOURCES
. Fessenden, R.J; Fessenden, J.S and LandgrebeOdganic Laboratory Techniques™2ed.
Brooks/Cole Publishing Company, 1984.
. Steere, N.V.Handbook of Laboratory Safety. 2" ed. CRC Press, Cleveland, Ohio, 1971.
. Green, M.E. and Turk, ASafety in Working with Chemicals. Macmillan, New York, 1978.
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UNIT 2 - COMMON LABORATORY APPARATUS

1.0. INTRODUCTION

This section of this course provides an ihicdion to various pieces of equipment - glasswand
non-glassware - that are used in the laboratory.

Laboratory glassware refers to a variety of equipinéraditionally made of glass, used for scieatifi
experiments and other work in science, especiallychemistry and biology laboratories. Some of the
equipment is now made of plastic for cost, ruggednand convenience reasons, but glass is stdl fasesome
applications because it is relatively inert, traargmt, more heat-resistant than some plastics appimnt, and
relatively easy to customize. Borosilicate glassesoften used because they are less subjectrroahstress
and are common for reagent bottles. For some ajalits quartz glass is used for its ability to witimd high
temperatures or its transparency in certain paftshe electromagnetic spectrum. In other applicegtjo
especially some storage bottles, darkened browamdzer (actinic) glass is used to keep out muchhefliV
and IR radiation so that the effect of light on ttentents is minimized. Special-purpose materiatsadso
used; for example, hydrofluoric acid is stored asdd in polyethylene containers because it reaitksghass.
For pressurized reaction, heavy-wall glass is ieegdressure reactor.

There are many different kinds of laboratory glam®mMtems, the majority are covered in separatelestof
their own; see the list further below. Such glagswia used for a wide variety of functions whicltlude
volumetric measuring, holding or storing chemicals samples, mixing or preparing solutions or other
mixtures, containing lab processes like chemicattiens, heating, cooling, distillation, separasioncluding
chromatography, synthesis, growing biological org@as, spectrophotometry, and containing a full antipl
vacuum, and pressure, like pressure reactor. Wiharse, laboratory glassware is often held in plate
clamps made for that purpose, which are likewisached and held in place by stands or racks. Aspafct
laboratory glassware which may be common to sekandbk of glassware are described in this unit.

2.0. OBJECTIVES
After studying this unit, you should be able to:
» Be familiar with the apparatus and equipment usdtie study of chemistry, and their correct use
» Classify each piece as apparatus for measuringaioamg, supporting, delivering liquid, heating,
testing, etc.

3.0. MAIN CONTENT

3.1 Glassware
Glass equipment can be divided into those with ggeglass joints and those without. New techniquds
glassworking and the employment of glassesh wa very low expansion have allowed the mass
production of really interchangeable, standarditageound-glass joints. Therefore standard-tapesumgd-
glass joint equipment is strongly recommended. dot,f apparatus for a range of experiments can be
assembled quickly and easily from relatively fewsibatems and there is no need to utilize corksutaber
bungs. The advantages of this are:

. corrosive liquids and solids are easily manipulated

. no impurity is introduced from reaction with corks rubber bungs (this prevents contaminating
the reaction products with impurities);

. all joints are interchangeable and a good “fitassured (this is very advantageous in assembling

apparatus that have to work under reducing pregsure
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. Apparatus may be rapidly assembled.

In the use of ground-glass joints some precauti@esl to be observed, such as cleaning the joirdghenuse

of a little grease or a thin Teflon sleeve. The alision of standard taper joints are designated by a
number that refer to the external diameter of tmalker end of the cone (in millimeters) and thegkbnof

the ground zone (also in millimeters).

Common glassware without ground-glass joints camegdly be used in the chemical laboratory. Thenmai
glassware without glass joints are illustrateéiimure 1.

(d)
(a) (b) (c)
(e) ()
Figure 1: Common glassware without ground-glass joits

Notes: (a) Erlenmeyer flask and (b) beaker, usedeimporary storage or transfer of materials; (rinel, for
transfer of liquids and solids, and for filtratio@d) Buchner funnel, which is made of porcelain da$ a
perforated porcelain plate to support a filter papad is used in conjunction with a suction fla@;graduated
cylinder, for measuring liquids by volume; (f) gueded pipette, for accurate measurement.

At last vacuum desiccators are available to remwmater or solvents of relatively low boiling poindteering
to solids, under reduced pressure at room temperaiuto keep anhydrous compounds. The reagerthe
bottom of the desiccators naturally depends tbe exact nature of the substance to dsorbed—
water or organic solvent—or the acid or basicoragenerated during the drying process.

1.Test Tube 3
2.Test Tube Rack ﬁ Test Tube Holder

Reagent Bottle E’—J Beaker
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Figure 2: Some laboratory apparatus
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3.1.1. Flasks
Theerlenmeyer flask is the favourite for general use. The taperedalpns you to fit other pieces of
glassware as needed and makes it harder to slofhn@webntents. The flat bottom allows it to stampdon the
desk top, and straight sides make it easy to saapa solid product

B

?‘

The round-bottom flask is preferred if you are planning to heat a sohlutio boiling, as in a distillatianits
geometry favors uniform heating and helps minintiEesplashing associated with boiling. It may belHar a
student to discern the benefit of using the prdlaek in a distillation, but it is always considdrbad form to
use an I‘Er‘lenwer for such a purpose.

3.1.2. Funnels
TheBuchner funnelis used in vacuum or suction filtration in orderseparate solids from liquids. This is used
with a piece of filter paper covering the holes.tWe filter paper with the solvent you are usiogcteate a
seal before filling it with the solution to be &hed. Sometimes you must press the funnel downtbettop of
the vacuum flask to create a good seal. Other timken you have a mushy, damp product, it can toelpave
the funnel in place and continue to pull air threuguntil the product dries slightly.
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Thelong stem funnelcan help you pour anything neatly, but it is oftjgalar convenience when working with
volatile solvents. You will find that volatile sants, because of their low surface tension, arte qasy to
splash and spill. It is very convenient to use @&l when measuring out these solvents because iheo
glassware washing cost associated with using st. \#ave the funnel in the air and the solvent esaporate,
leaving the funnel completely clean.

The separatory funnel is used to separate two immiscible liquids. Tylycayou will shake the two liquids
together to allow a solute to pass from one todtiher. The liquids are then allowed to separatethedower
liquid layer can be carefully drained out the bottAlways close the stopcock on the funnel befdhad it,
and always hold on to the stopper when you shakéutimel.

3.1.3. Condensers
Theair condenseris mainly used as a fractionating column in daiibn setups. It can be left open or packed
with material which could serve as plates for corsdion of the vapour in fractional distillation
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Thelie-big condensercools the vapour causing it to reliquify and disethis condensate to the receiving flask.
The most common type of condenser is the waterjacktype shown. The water supply is connectethdo t
condenser with rubber hoses. The water flows indher hose connection (most remote from the ¢asion
flask) and out the upper hose connection. Durirgdistillation of very high boiling liquids, it isommon
practice to cool the condenser with air insteadwater. The thermal shock to glassware from a large
temperature difference between cold water and &pour can crack the glassware

3.1.4. Other glassware
A drying tube is used to exclude moisture from an experimemlpduring an operation such as refluxing or
distillation. It is packed with a suitable dryingemt (or dessicant) such as granular aluminaastjel, calcium
sulfate (Drierite) and calcium chloride. The dryitudpe is filled by tamping a plug of dry cottongiass wool
into the bottom opening, adding the dessicant asdrting another plug of cotton or glass wool tevent
spillage

Thewatch glassis used to hold solids when being weighed or arted. They should never be heated.
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3.2. Other Apparatus and Equipment
3.2.1. Clamp and clamp holders
There are several styles of clamp and clamp holtte&as can be used to support glassware on ringistan
Usually these can be adjusted to accommodate agig.arake a little time to see how they work. Obgious
indicator of whether a student has everything udetrol is the appearance of the apparatus.isf gtamped
skew to the ring stands and benchtop, it not oobk$ bad but it may not work well. You should adtqs
clamps to your work, not vice-versa.

3.2.2. Bunsen burner
The Bunsen burner is an important heat sourceh®faboratory. The burner hasi@edle valvelocated in its
base, and this valve controls the amount of gaswiiaenter thechimney via thegas inletto be mixed with
oxygen from the atmosphere. Air enters at theobotof the chimney through thar vents, which can be
enlarged by turning the chimney.
Bunsen burners are used for heating and exposngsito flame. They have many more uses than al#iat, p
but do not replace a hot plate.

3.2.3. Others

Crucible
Crucibles are used to heat small quantities to kegly temperatures.

23



Evaporating dish
The evaporating dish is used to heat and evaphgaids

Mortar and Pestle
The Mortar and Pestle are used to crush solids poteders for experiments, usually to better dissdive
solids.

Tongs
Tongs are used to hold many different things suchasks, crucibles, and evaporating dishes whewy éne
hot.

4.0. SUMMARY

A study on common laboratory apparatus is veryuldef both scientists and up-and-coming scientisis-
and-coming scientists will find this useful wherames to getting to know their way around the Tdie study
is also very useful when it comes to passing exasnshemistry exams; particularly at an earlierestagd to
examine the student to ensure they know how andhwdese the apparatus, in a safe and sound mdrorer.
the experienced scientist, the study serves asod gay to refresh one’s mind on the uses of thiemiht
apparatus.

5.0. TUTOR-MARKED ASSIGNMENTS
1. What is the most common laboratory apparatus giggwenty-five common laboratory apparatus with
their uses.
2. What are the classifications of laboratory appa2®u
3. What do you use to measure mass?
(a) Graduated cylinder (b) Ruler (c) Balance
6. In what unit do we measure length?
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(a) inches (b) feet (c) metres
7. When measuring a liquid you use a u @0 should put it on a flat surface and get at
level to read it properly.
(a) Beaker, desk (b) Triple Beam Balance, elevdt®dsraduated cylinder, eye

6.0. REFERENCES AND FURTHER READING
« Williamson, K.L, Macroscale and Microscale Organic Experiments, 3 ed. Houghton Mifflin
Company, Boston, 1999.
* Website:_http://blogsciencestuff.blogspot.com
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UNIT 3 - BASIC LABORATORY TECHNIQUES

7.0. INTRODUCTION
Basic laboratory techniques in chemistry have asemsal place in the training of a chemist. Theyvte
a good background for experimental skills and fdosequent independent research.
By assembling suitable apparatus, you can carryreacttions from starting materials to pure products
Sometimes these operations require particular &bor reactors that work in well-defined operation
conditions. At the end of the reaction, differdathniques are needed in order to separate theigisod
from the reaction mixture, and then the final coomb will need to be purified by means of specific
operations. The separation of reaction produstsobtained by techniques such as extractiaith
solvents, crystallization, and distillation. Thesethods, which are almost standardized, are often ble a

to purify organic compounds by separating the imi@s. Chromatographic
methods are very effective in separating more cermplixtures.

8.0. OBJECTIVES
After studying this unit, you should be able to:

* ldentify the importance of studying the basic chenyilaboratory techniques
» Identify 10 basic laboratory techniques in orgarhiemistry
* Explain the significance of the basic laboratoightaques

9.0. MAIN CONTENT
Basic Laboratory Techniques

9.1. Measuring Volume

9.1.1. Medicine Droppers.
A satisfactory, but often rough, method of estimgtvolumes, the dropper is calibrated by counting t
number of drops it produces to make up a milliliter

9.1.2. Beakers and Flasks
The volume on the side of the beaker or flask Iy arrough approximation at best. Use this methalgl tor
crude estimates of volume.

9.1.3. Volumetric Glassware

This is the most precise and accurate method otsfearing and delivering liquids. It is importaihtat the
volumetric glassware be extremely clean before aselirt and other chemicals will not only reduceggsion

due to improper draining but also can contaminhte éxperiment. The best time to clean glassware is
immediately after its use. Special cleaning sohdiare available, but soap, warm water, and a pfakbwed

by thorough rinsing-first with tap water and therhwsmall amounts of distilled water-is often sttgory.

No drops of distilled water should adhere to thdame of clean glassware. To dry, the glasswarevisrted
onto a paper towel. Do not wipe or air-blow dry dogossible contamination.

In determining the volume of all volumetric glasseat is important to understand how to read tieaiscus.
The meniscus is the apparent downward curvatutieeoliquid mainly due to surface tension. It is essary to
read the bottom of the meniscus with the eye hatado this surface. If it is not read at eye leeeror in the
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reading will result. Proper lighting is importauat $ee the meniscus clearly. To enhance the meniaarsall
white card with a 1 x 1.5 black rectangle in therdo one-third of the card is placed behind thesylase. The
card is slowly raised until the reflection of thiadk rectangle on the meniscus is seen. The bottbthe
meniscus is now readily visible against the whaeKkground.

a. Graduated cylinders are the most commonplace measuring instrumentthe laboratory. A tall
cylinder with a small diameter will be more accertitan a short one with a large diameter.

b. Burettesare constructed so that it is possible to measwiledaliveraccurate volumes. To clean a burette,
clean with a soap solution. If a burette brushsisdube sure not to scrape the sides of the bwvattevith the
metal handle. Rinse the soap solution from thettriseveral times through the stopcock, first wath water
and then with several small portions of distilledtar. Be sure to roll the burette in a near hotiaon

position to thoroughly wet the entire surface @& ttass.

To activate the burette, close the stopcock and add a smdibpoof titrant (3-5 mL). Tilt the burette to a
nearly horizontal position and roll the burettetisat the rinse comes in contact with the entireerrsurface.
Drain this material through the burette tip intvaste beaker. Repeat this procedure three times.

To fill and operate a burette, close the stopcouk avith a funnel, fill the burette to just abowe tzero mark.
Be sure the burette is vertical and does not sfapen the stopcock briefly to remove any air bublaad
drain the titrant to some point below the zero m&&cord the starting volume and perform the tdaratBe
sure to record the final volume. When the titratisriinished, drain the excess titrant and ringe lthrette
with a small amount of distilled water two to thteaes. Clean it if necessary.

c.  Volumetric pipettes, properly manipulated, can deliver volumes rekabb one part per thousand.
Graduated pipettes are not capable of such precisiom.pipetting a liquid, oral suction must never be
used.

Keeping the pipette tip under the surface of tig@itl and, using a pipette bulb, draw the liquid\abthe
graduation mark. Slowly squeeze the release buttdevel off the amount. Any drops adhering to ltoétom
of the tip should be removed before delivering tbkime. Hold the pipette vertically and let theuiid) drain
for 20 seconds after the liquid has been delivettezlfip is then touched to the wall of the receivde liquid
in the tip of the pipette must not be removed;kralion of the pipette has allowed for this.

d. Volumetric flasks are used to prepare solutions of a specifiedcentration. In making a solution the
solute is placed in the flask first. Then a smatloant of the solvent is added and the flask is nagsly
shaken to dissolve or mix the solutions. Care shtwal taken as the flask and solution may get veagmw
Never use your fingers to cover the opening at the Tyre will be an appropriate sized stopper to Asel
more solvent to just below the fiducial mark, step@mnd shake again. Let the flask come to roonpéeature
and then fill the flask to the fiducial mark andgper. Invert the stoppered flask several timethdooughly
mix contents. Clean the glassware when finished.

9.2. Glass working

9.2.1. Cutting Glass Tubing
Make a scratch across the glass tubing atléstred location with a single stroke of a triargudlle. Place a
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drop of water on the scratch with your finger. Tthbing must always be held in a towel while pressar
being applied to prevent injury to the hands. Plaogh thumbs close together on the side of thentubi
opposite the scratch, and snap the tubing in attre away from you and others against the pressttke
thumbs.

9.2.2. Fire Polishing Glass Tubing
All edges of glass tubing must be fire-polishedrdand off the sharp edges. Hold the sharp edgdbeof
tubing at an angle in the flame and rotate thenmhintil a bright yellow color is imparted to tharhe. Be
sure to avoid over heating the glass tubing.

9.2.3. Bending Glass Tubing
Attach a wing top to the burner to spread the fladwd a piece of tubing horizontally in the uppertpm of
the flame and slowly rotate to ensure uniform hmgatiContinue rotation of the tubing until it becarsoft.
Smoothly bend the glass tubing and allow it to acooh fire resistant surface.

9.3. Separating Liquids and Solids

9.3.1. Decanting
Allow the solid to settle in the beaker or testedulbhen transfethe liquid, or supernatant, with the aid of a
stirring rod. Hold the stirring rod against the tp the beaker and pour the liquid down the rodictvhs
touching the inner wall of the receiving vessel.tbis slowly so as not to disturb the settled solid

9.3.2. Gravity Filtration
Fold a piece of filter paper in half; refold to it 10° of a90° fold; tear off the corner unequally, and open.
Place the folded filter paper snuggly into the feiniMoisten the filter paper with the solvent beimged and
press the filter paper against the funnel s top twbrm a seal. Hold a stirring rod against tipedf the beaker
and pour the liquid down the rod, which is touchihg inside of the funnel. The funnels tip showdcdh the
inside wall of the receiving vessel to reduce dplasg Never fill the funnel more than two-thirds full.

9.3.3. Vacuum Filtration
A Buchner funnel fitted with a rubber stopper isdrtedinto a suction flask. The side arm of the flask is
connected to a safety trap, which in turn is coteteto the water aspirator by a short piece ofqumestubing.
Filter paper, slightly smaller than the funnel deder, is placed over the holes and moistened Wwélsblvent.
Turn the aspirator on full.

9.3.4. Centrifugation
Whenever the centrifuge is used it must be balamcatimay become damaged. To do this fill, an identical
tube with the same level of water in the positigpasite the mixture to be separated. Close thercaowve set
the machine in motiorkeep the cover closed and your handaway from the top of the centrifuge while it
is rotating.

9.4. Transferring Liquids
When the reagent is being transferred from a radgattle, remove the glass stopper and hold it betwthe
fingers of the hand used to grasp the reagentebbdldiver lay the stopper on the desktop; impurities may be
picked up and contaminate the solution. Hold tireirsgy rod against the lip of the reagent bottlel @our the
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liquid down the rod, which is touching the innerlmaf the receiving vessel. This prevents splashamngl
losses of reagent down the side of the boMlever transfer more liquid than is necessary aeger return
unused portions to the reagent bottle.

9.5. Testing Gases for Odour
An educated nose is an important and useful agseave in the laboratory. It must be used with icaut
because some gases are toxic or just irritdater hold your nose directly over the vessel from which
gas is coming from. Rather, fan some of the vafmwsird your nose.

9.6. Testing with Litmus
To test the acidity/basicity of a solution withnliis paper, insert a stirring rod into the solutithdraw it,
and touch it to a litmus paper that is resting ociean, inverted watch glassever place the litmus paper
directly into the solution.

9.7. Keeping Samples Dry
Materials may absorb water if left exposed to tire Ehis is to be avoided, especially if the sampfe
material is to be weighed precisely. The desiccitohe container to keep samples dry. It cont&8nerite
as a drying agent; blue Drierite turns pink wheis o longer effective.

9.8. Heating
Many of the operations carried out in a laboratexperiment require heating. Although there are mooee
methods available, reaction conditions and chemacal physical properties of the materials makeagert
heating methods preferable to others. Since magnic compounds, especially the commonly used stdve
such as hexane and ether, are flammable, a flasnelethod is generally preferred.
A steam bath is often used to heat solutions thatielow about 90C, or to heat a mixture to approximately
100°C. The laboratories are supplied with steam frooemtral boiler and in this case use of the steatih ba
eliminates the hazards of a flame. Connect therst@@e to the top inlet on the bath. The bottonreink
attached to a hose, which drains into the sink. ayer that condenses in the bath while you'regugimill
drain out. Usually, steam baths have concentrigsrias covers. You can control the "size" of theh liat
adding or removing rings.

9.8.1. Steam bath
A steam bath is often used to heat solutions thatbelow about 90C, or to heat a mixture to approximately
100°C. The laboratories are supplied with steam frooemtral boiler and in this case use of the steatih ba
eliminates the hazards of a flame. Connect thersté@e to the top inlet on the bath. The bottoneink
attached to a hose, which drains into the sink. ayer that condenses in the bath while you'regugimvill
drain out. Usually, steam baths have concentrigsrias covers. You can control the "size" of theh liat
adding or removing rings.
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9.8.2. Hot water bath
The hot water bath is a useful device for heating at temperaturesvdl00 degrees Celsius - simply a beaker
or steam bath full of hot water, sometimes from fednecet will be hot enough or it might be necesdarfeat
the water on a hot plate. A steam bath or hot waaén should be used with flammable substances evieen
possible

9.8.3. Sand bath
A sand bath is a convenient source of heat fororscale reactions. A sand bath warms up much mowdys
than a steam bath. Unlike the hot water and stesthspa sand bath can provide temperatures thgé faom
near room temperature at the surface up to 20@deyd above, deep in the sand.

[ 47%

9.8.4. Oil bath
An oil bath provides an even source of heat whesgerature can be closely controlled. A simpléath can
be made by heating a dish of oil on a hotplate. tEhgerature of the oil can be monitored by a tloeneter. It
IS most suitable, in combination with a hotplate, Heating something at a high temperature (depgnah the
oil used) or at constant temperature for an extenadeiod of time. The disadvantage of an oil batthe long
time required to bring it to the desired tempematigplattering if it gets contaminated with wated &he
possibility of spilling the hot oil
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9.8.5. Hot plate
The hot plate can be used as a source of heandstto be rather inefficient due to poor contattvieen the
top of the hotplate and the bottom of the flaskd @nakes a while to warm up. A hotplate is mostful when
something must be heated for a long time, and \ithesed with an oil bath.
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9.8.6. Heating mantle
A useful source of heat for reactions, especialherg temperatures over 100 are required, is theeating
mantle. The heating mantle used in these laboratoriesistsnof a ceramic shell with embedded electric
heating coils. The ceramic bowl will accommodateskis with volume capacities up to 250 mL. With Kkas
smaller than 250 mL, the mantle can be used asrdrath or a sand bath, usually the latter. A sraajér of
sand in the bowl will serve as a medium for conthgcheat to the reaction flask. The heating maistisafe,
because it does not produce flames. It is rapice @wist be careful, however, not to overheat thdirigea
mantles. Heating mantles must be used with variaatesformers.

9.9. Refluxing
Reflux is the process of boiling reactants whilatowally cooling the vapor returning it back teetflask as a
liquid. It is used to heat a mixture for extendestigds and at certain temperatures. The reflux rapys is
shown below. A condenser is attached to the boflask, and cooling water is circulated to condeeseaping
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vapors. One should always use a boiling stone @nagnetic stirrer to keep the boiling solution from
"bumping.”

If the heating rate has been correctly adgydtee liquid being heated under reflux will trawelly partly up
the condenser tube before condensing. Below théesmation point, solvent will be seen running biatk the
flask; above it, the condenser will appear dry. Bbandary between the two zones will be clearly aeated,
and a reflux ring or a ring of liquid will appedrere. In heating under reflux, the rate of heashguld be
adjusted so that the reflux ring is no higher thathird to a half the distance to the top of thedemser. The
temperature of a reaction in a refluxing mixturd Wwe approximately the boiling point of the solversed for
the reaction

=i — waler.oul

condenser

reflux ring
101 in

bailing fask

9.10. Filtration

Filtration involves the separation of insolubleidahaterials from a liquid. In this operation, tiguid passes
through a porous barrier (sintered glass or fiigoer) and the solid is retained by the barriee [iduid can be
made to pass through the barrier by gravity alemeyhich case the procedure is called a gravityatiion.
Alternatively, the liquid can be caused to passugh by a combination of gravity and air pressech an
operation is called a vacuum or suction filtration.
A piece of filter paper and a conical glass furieesupport it are all that are required for gradittyation. In
order to maximize the rate at which the liquid flowhrough the filter paper, the paper should bdefdlas
indicated by the steps shown below:

. The folded paper is then dropped into the funnel.

. The funnel is best supported in an iron ring, asashin the figure.

. The material to be filtered is poured into theefilpaper cone, in portions if necessary.

For smaller amounts, as in microscale worRasteur dropping pipette can be used insteadeofldss
funnel, and a tiny piece of cotton or glass woashmd down into the narrow part of the tip can sewehe
filter.
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Folding of filter paper for gravity filtration:

(a) Fold the filter paper circle (11 cm diameterhalf

(b) Crease the half to divide it into eight pieqséd sections; it is easiest to make the creaségeinumerical
order shown below.

(c) Turn the piece over and pleat it into a farfdigling each pie-shaped section in half in theaio® opposite

to the previous creases
(d) Pull the two sides apart

ja) ik ek idd

9.11. Heating of the Reaction Mixture
Several methods of heating are commonly encounteretie laboratory, but the ready flammability of a
wide range of reagents, coupled with their volgtilialways requires vigilance when heating. Fors¢he
reasons open flames represent an obvious hazardiobumetal surfaces can also give rise to dangerou
situations.
These can normally only be used for heating aquesmlstion in open vessels. When heating beakers,
flasks, or flat-bottom vessels with a burner, wyyguze should be placed between the vessel antathe.f
This serves both as a support and as a mean @rsisg heat. Burners can also be used fatilldiion
and reflux procedures involving high-boiling-pbimaterials, but in these cases care must be téken
ensure that no flammable vapors come into contabttive flame.

9.11.1. Heating Baths
For temperatures up to 100 °C a water bath or stéath is generally employed, although water
condensing can be a problem if it is necessarynBure anhydrous conditions within the reaction. &vat
placed in the vessel, which is heated by meanshefffame. For this reason it may be used for non-
inflammable liquids or for refluxing of low-boilirgoint products, but in this case the presence péled
flame introduces considerable risks of fire. Thesghs are normally equipped with a series of
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overlapping concentric rings, which can be remoteedive the right size of support for the particwassel
being heated.

If the laboratory is equipped with a steam servitejs convenient to have a series of steam baths.
Alternatively, if the laboratory has no externagasnh serviceto avoid naked flames, an electrically heated
bath may be utilized and fitted with a constantlesdevice. A resistance connected to temperatgelator
heats water in the bath.

For temperatures above 100 °C, oil baths are giyersed. The bath can be heated with a heatimgeeke
or on a hotplate. Medical paraffin, glycerol, lic oil, and cottonseed oil may be employed; it deljgeon
the work temperature. Silicon oils carry a low riskinflammation, do not give off unpleasant odoasd
have a long service life. Synthetic thermal liquade mainly produced on a hydrocarbon basis anibigxh
low viscosity within the recommended working tengiare range. Mineral oil is mainly used for thghi
temperature range. Unpleasant odors are kept iaienam.

The silicon fluids are probably the best liquids ¢ baths, but they are very expensive for genasa. On
the other hand, these fluids can be heated to @5®°C without loss or discoloration.

In modern equipment, an immersion heating circuleanounted onto the rear panel of the bath vessel
Figure a below). This combines a heater, a temperatontrol, and a circulating pump for temperature
uniformity throughout the bath, which is of grediwantage in temperature control. It can be movedfr
one vessel to another and can be used with any Tdr&k heater and control sensors are sometimetetbca
underneath the bath, thus guaranteeing easy ctganin

Heated baths feature external parts to circulageflthd to an external system. Heating circulai@igure b)

are mainly used for temperature controlling extersgstems, such as densitymeters, reaction vessels,
autoclaves, and viscosimeters. Powerful pumps @eo\good heat exchange and optimum temperature
accuracy.
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Schematic (a) heated bath and (b) heated circulatdrath

Higher temperatures may be obtained with the supgfas bath of fusible metal alloys (e.g., Rose'stah 2
parts of Bi, 1 part of Pb, and 1 part of Sn, meltpoint 94 °C; woods metal: 5 parts of Bi, 2 pat$b, 1
part of Sn, and 1 part of Cu, melting point

71 °C; and a mixture of Pb (37%) and Sn (63%), imglpoint 183 °C). These metal baths should not be
used at temperatures in excess of 350 °C owindh¢orapid oxidation of the alloy. Metal baths arkdsat
ordinary temperatures, and for this reason thekfland the thermometer should be removeadn fiibe
bath before the latter solidifies.
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9.11.2. Electric Hot Plates and Electric Heating Mantles
These items of equipment may also be employed @atimg, although their use for several tasks (e.qg.,
distillation) is to be discouraged.
The hot plate/magnetic stirrer is a single devita tan heat liquids and stir them with a magnsrcing bar.
One knob controls the rate of stirring and anottwrtrols heating. A stirrer hot plate keeps theutsoh at a
constant temperature while stirring. The built-nmagnetic stirrer permits efficient agitation of ragBscous
solutions by adding an appropriately sized magn&tircer bar to the liquid in the container. Itdesigned
for heating flat-bottomed vessels, such as flagkkleeakers, in a temperature range from
40 °C to 200 °C. Round-bottomed flasks may be lieatng a stirrer hotplate by immersing the flaslai
flat-bottomed oil bath. The flat, exposed surfatéhe hotplate, designed for transferring heatdlgpimakes it
extremely dangerous when hot.
The electric heating mantel is a very convenientho of heating, especially for temperature abod@ 1
°C. It consist of an electric resistance embeddétiin a hemispherical knitted mantle, so that Heat
supply is as close to the flask to be heated
as possible. Electric mantels are designed onlyh&ating round-bottomed flasks and can accepts& ha
particular size.
All heating mantels are particularly vulnerablesallage of liquids, and with constant use this t@nbare
the wires within the heating element.

9.11.3. The Bunsen burner
A Bunsen burner, named after Robert Bunseis a common piece of laboratory equipmtrdt produces a
single open gas flam&vhich is used for heating, sterilization, and boistion.
The device in use today safely burns a continutregs of a flammable gasuch as natural gdsvhich is
principally methangor a liquefied petroleum gasich as propanéutane or a mixture of both.

The hose barb is connected to a gas nozzle onattmdtory bench with rubber tubing. Most laboratory
benches are equipped with multiple gas nozzlesexird to a central gas source, as well as vacunogen
and steam nozzles. The gas then flows up througlbdke through a small hole at the bottom of theeband

is directed upward. There are open slots in the sidthe tube bottom to admit air into the stream the
Venturi effect and the gas burns at the top of the tube ondeedyiby a flame or spark. The most common
methods of lighting the burner are using a matich spark lighter
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How to use a Bunsen burner
i.  Connect the Bunsen burner to a gas tap using a piewbber tubing.
ii. Close the needle valve (counter clockwise with éum standing position) and the air vent (turimctey
clockwise until closed)
iii.  Open the gas valve.
iv.  Open the needle valve 1-2 full turns (clockwisapnight position), listening for the sound of esngas.
v.  Using the striker, light the burner.
vi.  The flame of the Bunsen burner should be yellowieredular in shape.
vii.  Open the air-hole slowly. The color of the flantcges to blue.
vii.  When not using the Bunsen burner for a while, ctbgeair-hole. This will change the blue flame back
to a yellow flame. The yellow flame is the safdgnfie.
iX.  Never leave the flame unattended
X.  Turn off the gas valve after use.

CAUTION: It is possible for the burner to strike back anditvéurning in the stack or hose. Turn off the giathe outlet valve, let the
burner cool, then close the air vent and repedigthing procedure.

TO ADJUST THE FLAME:

1. Use the needle valve to attain a yellow flame apprately 7.5 cm (3 in.) long.

2. Open the air vents by turning the chimney couritekevise until the flame loses its yellow color aféhnges to a pale blue.

3. Igleduce the gas flow with the needle valve untilfids@e is about 2.5cm (1 inch) long high with atidig inner cone of a deeper
ue.

TO TURN OFF THE BURNER:
Turn the handle on the gas outlet valve until teégpendicular to the outlet nozzle.

9.12. Cooling of the Reaction Mixtures

9.12.1. Methods of cooling
It is often necessary to cool a reaction, partitylahen a reaction is rapid and highly exothernosicwhen an
intermediate formed in a reaction is thermally labTemperatures near’@ can be maintained by the use of
an ice-water bath. Temperatures down to aboufG26€an be maintained by the use of ice-salt batlmsdd by
the addition of salt (sodium chloride) to ice. Laviemperatures can be maintained by the additiciryice
(solid carbon dioxide) to various solvents, Veryltemperatures can be maintained by the use oidliqu
nitrogen (b.p. -196C).
The addition of dry ice or liquid nitrogen to anglveent must be carried out with caution; the additcauses
excessive bubbling by the evaporation of gaseotsonadioxide or nitrogen. The dry ice or liquidrogen is
slowly added to the solvent contained in a wide-thauacuum flask or any other suitably insulatedtamer
until a slush is formed. Additional quantities afydce or liquid nitrogen are added to maintain #hesh.
Solvents of low flammability are recommended foe ussuch cooling baths, although some of the msstul
cooling baths employ highly flammable solvents lbseaof the desired accessible temperatures and due
precautions must be exercised.
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Bath TemperaturéC) | Bath Temperaturé'C)
Liquid nitrogen | -196 Acetone/CO =77
Isopentane/B | -160 Ethanol/CQ -72
Pentane/M -131 Chloroform/CQ -61
Isooctane/M -107 Diethyl carbitol/CQ -52
Methanol/N -98 Acetonitrile/CQ -41
Toluene/N -95 Carbon tetrachloride/GQ -23
Ethyl acetate/h | -84 Ethylene glycol/C® -15

Caution must also be used in the used of liquicbgén in that if the cooled system is not protedtech the

air, liquid oxygen (b.p. -176C) may be condensed in the apparatus which on warmiay result in the
formation of very high internal pressures. Usefoinbinations of coolant and solvent are listed ia thble

above.

Sometimes a heated circulator is combined with faigezator unit. Powerful, quiet- running cooling
compressors cool them. Refrigerated circulatord anyostats are mainly used when below-ambient
temperatures must be reached or maintained or uthienwished to cycle between two temperatures at a
control rate. Refrigerated circulators and cryasteature a wide temperature range (i.e., —90 °Q5M
°C). They are especially suited for controllingpen and closed circuits due to their ewgly
powerful pressure/suction pumps.

These coolers are suitable for individual coolipglecations:

. for cooler smaller volumes down to —90 °C,
. for removing reaction heat, and
. for replacing tap-water cooling.

The lowest reliable temperature depends on thetiqyarh liquid, the type of liquid and its viscogjtand the
bath insulation.

9.13. Stirring
Most of the chemical reactions need stirring to & reagents or to aid heat transfer. There ae® tmain
ways to agitate a mixture: by hand, with a magnsticrer, and with a mechanical stirrer; but when a
constant stirring is needed for a sustained peacstjrrer motor should be used. Magnetic stirhag many
applications, but the most important is probablgiag in closed systems. Magnetic stirrers areydasuse,
and have the advantage that they are often comhimiida hotplate. Hot-plate stirrers allow you teelp
solutions at a constant temperature while stirring.
A rotating field of magnetic force is employed taduce a variable-speed stirring action. The priecipf
magnetic stirring is shown in Figure a below. Thiering is accomplished with the aid of a small matic
bar—coated with Teflon or Pyrex—that is availabievarious sizes and forms depending on tbkime
and the viscosity of the liquid. Although baagnets can be obtained with several sorts of rapatinly
Teflon-coated stirrers are universally useful (Segire b).
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There are two types of magnetic stirrers: mechamicd electronic. Most manufacturers of magnetioess
use a mechanical approach. They use steel andralomior the structural material, and outdated magho
of controlling the speed. Adjusting the stirringesg with a mechanical stirrer is fairly inaccurate.

Electronic controls allow the stirrer to controktBpeed with greater accuracy, and if the motounging at
the maximum operating speed with a load, and thd Is suddenly removed, the circuitry will not alldhe
motor to increase in speed, which would damageutté It is advantageous to stir in two directiotws
obtain homogeneous results. This cannot be dorreantiechanical stirrer.

Liquid behavior is important to consider when yagim a mixing project. If the reaction mixtueevery
viscous or heterogeneous—with a large amount opeswded solid—the magnetic stirrer motor, with its
relative low torque, will not be suitable for therpose, and in these cases a mechanical stirreidshe
used.

The stirrer is simply attached to a motor by a ifdex connection made out of a sort of pressurengbA
typical collection of mechanical stirrers is illceed in the figure below. The stirrer—either radpaddle—
may be made of glass, metal, or Teflon, dependmthe characteristic of the liquid to be stirred.

L | g ||
oy i ]
2

<™ ]

| S|

| —d iy

% | - L

% . J‘_, el

| | ] &=

-%7& Hia.--b‘ L I

Several useful types of mechanical stirrer

Proper selection of a suitable motor and type iofestrequires that you know certain applicationiafles:
. Container volume;

. Liquid viscosity (the viscosity of most liquidsris inversely with temperature);
. torgue requirements (the rotation force requirethe mixer measured in Ibs*ft or
N*m);
. Horsepower (hp) requirements (the efficiency rezpiof the mixer motor with regard to torque

and to rotation speed); and
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. Rotational speed (measured in rpm).

The effect of the liquid’s viscosity can presenblgems when the liquid is subjected to a force fdb@nt
types of liquid display characteristics when forcapplied. The most common types of viscous ligaice:

. Newtonian liquids: viscosity remains constant regardless of changsebear rate or agitation. Liquids
displaying Newtonian behavior include water, hy@mbons, mineral oil, and syrup.

. Pseudoplastic liquids: viscosity decreases as shear rate increasesinibat viscosity may be
sufficiently great to prevent mixing. Typical pseydastic liquids are gels and latex paints.

. Dilatant liquids: viscosity increases as shear rate increases.rdligean bog down and stall after
initially mixing such liquids. Dilatant liquids imede slurries, clay, and candy compounds.

. Thixotropic liquids: viscosity decreases as shear rate or agitatioreases, but when agitation is

stopped or reduced, hysteresis occurs and visciogitgases. Often the viscosity will not returnthe initial
value. Thixotropic liquids include soaps, tars, etafle oils, inks, glue, and peanut butter.

10.0. SUMMARY

The study of chemistry requires a student to explmany diverse laboratory exercises. Even though th
experiments may be diverse, they usually involweilar laboratory techniques. A student completimg a
introductory chemistry course should have an undeding of basic chemistry laboratory techniqueareas

of measuring, mixing transferring, separating, imggatetc.

11.0. TUTOR-MARKED ASSIGNMENTS
1. Why is it necessary to use a wire gauze on anrrgpnwhen using a beaker/flask to heat or boll
liquids? what would you use to secure the beakesi{ffrom falling?
2. What does a yellow flame in the bunsen burner atéi2 how can this be corrected?
3. Why use a funnel to transfer large volume of ligin@m one container to another?

12.0.REFERENCES AND FURTHER READING
1. Gelosa, D and Sliepcevich, AChemical laboratory techniques' in "The World of Chemistry”, ed. S.
Carra in Encyclopedia of Life Support Systems (ES)L®Peveloped under the auspices of the
UNESCO, Eolss Publishers, Oxford,UK, [http://wwwissonet]

2. Brewster R., Vanderwerf C.A., and McEwen W.Bnitized Experiments in Organic Chemistry.

Fourth Edition, 577 pp. New York: D. Van Nostrand Co. 1977. [Asatile and flexible manual of
organic chemistry featuring a rich variety of telséxperiments.]
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UNIT 4 - WEIGHING IN THE LABORATORY

7.0. INTRODUCTION

The world of weighing scale is very fascinating antkresting. These did not come to existence ogbtn
They have evolved from a barter system where wvete absent compared to the modern day standatusn W
the standard units were accepted by businessesgameinments across different regions, an industrial
revolution was set to begin and everyone benefriad that. Today the old age classical weighindeschave
become obsolete but they served the humanity fong@time. In the modern times, one can see thghuaj
scales ruling the industrial and domestic space.

8.0. OBJECTIVE
After studying this unit, you should be able to:

. Identify different equipment used in laboratory ghang
. Differentiate between a to top-loading balance ama@nalytical balance
. Carry out simple weighing experiments in the labama

9.0. MAIN CONTENT

9.1. Types of weighing balances
Here is a list of different products that one mkrsiw about.
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1. The conventionalvooden or iron scalewas the oldest weighing machine invented by maoonsisted of
two containers attached to each other through laysystem. These weighing scales were meant faredtic
purposes and they often reported wrong measuremiéntsis more of a weighing balance than a weighing
scale.

2. The next stage was tlspring balance A spring connected to a fixed and rigid systerat thhas used to
weigh mass of objects by hanging them with thengprihe spring will develop tension in it and itlweflect
a standard value on the rigid body attached fohie value will reflect the weight of the objectstandard unit
of mass. Precision and accuracy were still misgirpis case.

®, Q
I
5

3. The moderrigital weighing scalesare the third kind of weighing machines inventeda. These are the
products that are electronically operated and dispésults very precisely. They have many typegestand
weigh ranges. Broadly, they can be categorized twin categories namely Industrial Scales and Damest

Scales.
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4. Hydraulic Scalesare used mainly in the laboratories and industmmtis. It made use of liquid displacement
technique to weigh the mass of heavy objects. Toeco placed on the top of weighing panel displabes
liquid and the volume change indicates the weidlthe object.

Today, the weighing scales have changed a lot @weuurse of time. Most of the modern invented egeipts
are precise, accurate and minimize the errors wigighing. These weighing machines constitute eftebnic
circuits, digital chips, electronic sensors andiorosensors. They are portable, lightweight ang éasperate
and even an unskilled person can operate theseasevi

9.2. Weighing
When mass amounts are specified in chemical proesdthe following terms are commonly used:
a. "Weigh out about 2 g of ...... " This statememtans that you are required to weigh an amount of

approximately two grams. The accuracy to which thé&ss amount needs to be known is not high antbthe
loading balance will suffice.

b. "Accurately weigh out about 0.2 g of ...." Thtatement means that you should, with the aidetialytical
balance, weigh out an amount that is close to Qlugyou must know the exact amount to an accuohcy
0.1 mg. Note that this does noean that you must weigh out exactly 0.2000 gaAmunt between 0.1900 g
and 0.2100 g is perfectly acceptable. However, yaust know the exact amount to the nearest tenth of
milligram. When weighing out triplicate samplessitnot necessary that all three weights be exaledysame,
indeed, it is poor procedure to attempt to do so.

In this unit, you will be asked to make a varietyweighings. It is important for you to realize tvitvhat sort of
accuracy these weighings should be made. Deperafinthe desired accuracy you should use the proper
balance to make your weighings. There are two tgbpé&slances available to you in this course:

A. The Top-Loading Balance
The top-loading balance digitally displays a massdimg, in grams, to 2 decimal places. The unceytan a
single reading on the top -loading balance is @.05

B. The Analytical Balance

The analytical balance is more accurate than thddading balance. Its digital display gives masgrams, to
4 places after the decimal. The uncertainty imglsireading on the analytical balance is ~ 0.0Q02og will
use this balance if the experiment calls for adeunaeasurement of mass. Never use the analytitahd®if
the top-loading balance will do. The analyticaldmaes are usually located in the “BALANCE room” af
laboratory.

9.3. WEIGHING ON AN ANALYTICAL BALANCE
Weighing is a frequent step in analytical procedurand the balance is an essential piece of lafgrat
equipment in most analyses. In spite of this, wieiglis a common source of error that can be diffitudetect
in the final analytical results. The procedure désc here applies directly to electronic balandhsrefore,
certain portions of the procedure are not appleablother types of balance. The weighing procedarebe
separated into three basic steps: planning, chgtkimbalance, and weighing the material.

9.3.1. Planning
The initial step is to assemble the proper equignserch as containers for weighing, receiving vissserceps,
pipettes, spatulas of proper size, and so fortle timtainers of size such that the loading capadfitihe
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balance is not exceeded. Make sure that the cemtaselected to receive the weighed material @&ncand
dry. Assemble the necessary chemicals if solut@nseagents are required. Preparation of the nadteribe
weighed is often necessary. The material may reqgrinding or drying. Some materials may have besated
or stored in a refrigerator. Materials must be rduo the temperature of the balance before thewaighed.
To avoid condensation of moisture, refrigeratedemalls must be allowed to come to room temperatefere
the container is opened.

9.3.2. Checking the balance
In the next step it is important to remember thatess the balance is checked before each weigipamtion
is performed, errors can easily occur, resultindaimlty analytical data. The balance user shouleckhthe
Balance Environment, Calibration, and Balance Uagaties. Do not assume that the balance has ledeim |
the proper operating condition by the previous user

9.3.3. Balance Environment
The balance is placed in a suitable location witificgently low levels of vibration and air currert must have
a constant electrical supply. The balance anduh®snding work area have to be kept neat and lidg.good
practice to use a camel's hair brush or its egentalo dust the balance pan before any weighingssto
remove any materials that may have been left byptiegious operator. [NOTE—Individuals must clean up
debris, dispose of any spilled materials or papad remove the vessels and apparatus used in mtiaeng
measurements.] When a balance is moved, it musalloeved to adjust to the temperature of its new
environment and be recalibrated.

9.3.4. Calibration

If necessary, turn on the power, and allow thermao equilibrate for at least 1 hour before peolagg with
the calibration. (Microbalances may require up4d®urs to reach equilibrium). If the balance poh&s gone
off and then has come back on, as in a power outagtin types of balance may display a messatjeating
that the balance must be calibrated before a waggls made. If the operator touches the balancetbar
message may be cleared and the balance may dsptag; however, the balance will not give the adrre
weighing until it has been calibrated. Electronmalgtical balances have an internal calibratiortesysbased
on an applied load. The calibration applies foraheent ambient temperature.

9.3.5. Balance Uncertainties

Drift Reduction - Drift is one of the most commamaegs, and it is also one of the easiest to redwediminate.
Balance drift can be present without the operdbeiag aware of the problem. Check the sample, denbe,
and the laboratory environment for the followingises of errors, and eliminate them:

e A balance door is open.

e Temperatures of the balance and the material todighed are not the same.

e The sample is losing or gaining weight.

e The balance has been recently moved but has notdbesved to equilibrate to

its surroundings or has not been recalibrated.

e Air currents are present in the laboratory.

e Temperatures in the laboratory vary.

e The balance is not properly leveled.

e Laboratory operations are causing vibration.

e Hysteresis of the mechanical parts occurs duringhueg.
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9.3.6. Rules for Weighing

e Do not handle objects to be weighed with bare hadde tongs or paper towels if no appropriate tongs
are available.

e Never weigh chemicals directly on the balance pa& a glass container or weighing paper or filter
paper.

« If you spill a chemical on the top -loading balanclean it immediately. Never spill chemicals iresithe
analytical balance enclosure. Keep the weighingntdea and weighing pan clean.

» Before using the balance, be sure that the paleasclf it is dirty report it to your instructathen brush
it off with the brush provided.

e Do not overload the balance. The maximum capaditiie@top -loading balance is 620 g. The maximum
capacity for the analytical balance is 110 g.

e Do not weigh hot or cold objects on the balancet ¢tgects will give erroneously low readings due to
buoyancy of hot air, while cold objects will givegh readings.

» Check to be sure that the balance is level. levellif the bubble in the Level Indicator is in tbentre
while the balance is “OFF”. Your instructor may dd¢e adjust the leveling Feet.

9.3.7. Weighing by difference to overcome the problem ofddance calibration errors
How accurate are your balance readings? There wgaydfor you to know. In order to overcome the peoi
of inaccurate readings due to lack of calibratiomiscalibration, chemists designed a method calleidhing
by difference. It does not matter how far off eaehding of your balance is if you weigh your samipje
difference.
Example: Weighing a solid sample by difference frarbeaker: To find the mass of the sample in tladkdre
first the empty beaker is placed on the balanceth@dnass is read. Then the solid is added to ¢hkdr and
the mass of beaker with solid is read. The masiseo$olid sample is the difference between theraolings.
Notice that the weighing pan of the analytical bakis enclosed in glass. This glass case is dasignprotect
the balance from temperature fluctuations and @irents that cause the balance to drift - thathis,digital
display continues to change in one direction (uplamn). To make sure that the temperature of thenahe
balance does not change, keep your hands (whiclvaraer than the air in the balance) out of thda=suce as
much as possible, and keep the balance doors closed

Using Balance 1, a calibrated balance, the follgwirasses are recorded:
Mass of Empty Beaker 24.7423 g

Mass of Beaker + Solid 26.7587 g

Mass of sample: 26.7587g — 24.7423 g = 2.0164 g

Using Balance 2, an uncalibrated balance (all regedare low by 0.5000 g) the following masses ecended:
Mass of Empty Beaker 24.2423 g

Mass of Beaker + Solid: 26.2587 g

Mass of sample: 26.2587g — 24.2423 g = 2.0164 g
Does it matter which balance, 1 or 2, you choosesta?
Explain:

Throughout the weighing process you should prdteetobject you are weighing from coming in contaith
your hands by handling it with a paper towel.
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9.4. Sample Weighing Experiment

3.4.1. Using the Top-loading balance
1. Get a numbered metal block from the side beRekord its number on the Report Sheet.
2. Locate the top-loading balances in your lab.
3. Check the balance for dust or chemicals, brgsbfhany that you see.
4. Check the balance level. Look for the Level ¢adior at the back of the balance. The bubble shoilieh the
centre of the circle. If it is not, ask your ingitor to level the balance for you. Students showltlattempt to
adjust the level themselves.
5. Turn the balance ON. Wail until it displays “0.§", and then place your metal block on the pan.
Read the balance and record the mass directlyyantioReport Sheet. (USE INK!)
Remember, if you record a datum incorrectly on yeport sheet, just cross it
out with a single line and write the correct vahext to or above it.
6. Turn off the balance. Please always remembemiooff the top -loading balance when finished.
7. Using the same metallic block, repeat stepsuksHig two other top-loading balances.

3.4.2. Using the Analytical balance
1. Get a numbered metal block from the side beRekord its number on the Report Sheet.
2. Locate the analytical balances in your lab.
3. Check the balance for dust or chemicals, brgsbifhany that you see.
4. Check the balance level. Look down through tlssytop to the floor of the balance. The levelliudpble is
visible through a hole in the floor. If the bubldenot centred, ask your instructor to level th@abee for you.
Students should not attempt to adjust the levehtadves.
5. Push the ON button. Allow the balance to catdarafter about 5 seconds, it will display “0.0000g
The balance is now ready to be used. If the baldoes not read zero, push the T (tare) button.bEth@nce
should read 0.0000 g.
6 Slide open the door and carefully place the ni#talk on the centre of the pan to avoid corned leaors.
7. Close the balance door and after about 5 seaeadsand record the mass of the metal block on Report
Sheet. (Remember: all data must be recorded in)INK.
8. Carefully remove the object and close the dian push the “OFF” button.
9. Repeat steps 2 to 8 using two other differeatyaical balances to find the mass of the same Ininbbak.
Record your data on your Report Sheet.

3.4.3. Weighing by difference using the Tare function ofhe Analytical balance
1. Clean the outsides of three 125 ml Erlenmeysk8. Make sure the Erlenmeyer flasks are compléis
on the outside. Label the flasks: 1, 2, and 3 hting the numbers on the white patches on the flask
Reminder: Throughout the weighing process you shpubtect the Erlenmeyer flasks from your hand$ it
paper towel.
2. Take the following items with you to the weighiroom: Erlenmeyer flask #1, Report Sheet, pen.
3. Turn the analytical balance on and allow itablrate.
4. Once it reads 0.0000g, place flask #1 on thaneal pan and close the balance door.
5. Push the T (tare) button and the display widdr®.0000g, even though the flask is on the balgace
Report this reading as the Initial reading on y@ort sheet.
6. There is some NacCl in a plastic weighing boatt ne the analytical balance. Use the long-hangliedtic
spoon provided to carefully transfer, without spdl a small amount of NaCl into flask #1. Tap tandle of
the spoon with your finger to get it to fall out thfe spoon. Continue to add NaCl a little at a tumnél the
display reads approximately 0.3 g. Close the ba&atw@or and record the reading on your Report Sheet.
Remember that the analytical balance reads anddsheueported to 4 decimal places.

45



7. When you are finished, remove the Erlenmeyakflalose the balance door, touch the tare barttirerthe
balance off.

8. Repeat steps 1 through 7, weighing samplesmitah3 g into each of the remaining flasks, #2 #8d

9. Wash your Erlenmeyer flasks (do a final rinsthwieionized water) and store them for your nelxtdariod.

3.5. REPORT SHEET
EXPERIMENT: Weighing
DATA:

A. TOP-LOADING BALANCE

Metal block #
Readings: 1. 2. 3.

Instructor’s initials

B. ANALYTICAL BALANCE
Readings: 1. 2. 3.

Instructor’s initials

C. WEIGHING BY DIFFERENCE USING THE ANALYTICAL BALANCE.

Sample #1 Sample #2 Sample #3

Initial reading

Final reading

Calculated mass of NaCl sample

10.0. CONCLUSION

By carefully following the procedures outlined aboVaboratory personnel will eliminate many errtrat
might be introduced into weighing procedures. Hosvewt is important for each balance to be serviaed
calibrated regularly by a specially trained intéroa external service person. The balance shouldebted
using appropriate weights traceable to standaidizaNo repairs should be made to any balance lygpran
other than a qualified maintenance person.

11.0. TUTOR-MARKED ASSIGNMENTS

1. If you weigh an object whose mass is about 13 g, many significant figures will there be in its rsas
if you weigh it on the top-loading balance?

2. If a procedure tells you weigh the sample accuwyatghich balance would you use, the analytical or
the top-loading balance?
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An analytical reads to 0.1 milligram. How many gsais that?

a s

6. If a procedure tells you to “Add about 3 g of ammoom sulfate” which balance would you use, the
analytical or the top-loading balance?

8. If a procedure tells you to “Weigh to the nearesith of a gram about 3 grams,” which balance would
you use, the analytical or the top -loading bal&nce

9. If a procedure says “Weigh accurately about 0.8ndiich balance would you use, the analytical or the
top-loading?
10.

11.The vessel to be weighed should be placed (ofidcstde, or in the centre) of the balance pan.
12.

13. After heating a sample in a dish should you wetgmmediately to save time or should you allowoit t
cool completely before weighing it?
14.

15.During the same experiment, one must be carefalMtays use (the same, different) balance.
16.

17.To avoid the errors in mass due to the use of bakathat are not calibrated, one should weigh by a
method called...
18.

19.1f you weigh a hot object on the balance, will teading be higher, the same, or lower than it el
after it cools to room temperature?
20.

21.1f you weigh a cold object on the balance, will teading be higher, the same, or lower than it bell
after it warms up to room temperature?
22.
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MODULE 2

Unit 1
Distillation — Separation of a Mixture

Purpose:
» To purify a compound by separating it from a notatite or less-volatile material.
* To separate a mixture of two miscible liquids (lagithat mix in all proportions) with different
boiling points.

Equipment / Materials:

large test tubes(3) test tube rack (1) 10-mL grestliaylinder 50-mL round bottom flask
clamp (1 or 2) heating mantle condenser (1 or 2) erniometer

ringstand glass adaptor Grease rubber tubing (2)
boiling chips thermometer adaptar ~ 50- mL round drotflask unknowns ( A and B)
Discussion:

Distillation is one of the oldest and still mosthwmon methods for both the purification and the tdieation
of organic liquids. It is a physical process useddparate chemicals from a mixture by the diffeeeim how
easily they vaporize. As the mixture is heated, tdraperature rises until it reaches the temperattirne
lowest boiling substance in the mixture, while tither components of the mixture remain in theigioal
phase in the mixture. The resultant hot vapourgsms®o a condenser and is converted to the liguich is
then collected in a receiver flask. The other congmts of the mixture remain in their original phasgil the
most volatile substance has all boiled off. Onlgrtldoes the temperature of the gas phase risas g it
reaches the boiling point of a second componetitarmixture, and so on.

The boiling point of a substance—determined byiltisbn—is a useful physical property for
the characterization of pure compounds.

At any given temperature a liquid is in equilibriumith its vapour. This equilibrium is described the
vapour pressure of the liquidhe vapour pressureis the pressure that the molecules at the sudatee
liquid exert against the external pressure, whichsually the atmospheric pressure. The vapouspress a
very sensitive function of temperature. It does inctease linearly but in fact increases exponéytaith
temperature. The vapour pressure of a substangalsodoubles for every increase in 10 °C, Figure 1.
When the vapour pressure of the liquid equals pgptied pressure, the liquid boils. Thiise boiling point of
a liquid is the temperature at which the vapousguee equals the applied pressure. fidwenal boiling point
of a liquid is the temperature at which the vapmassure of a liquid equals atmospheric pressuagnil

The boiling point of a liquid is a measure of itdatility.
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Yapor Pressure vs Tem perature of Waler

Vapor Pressure (kPa)
-
o
s

O 20 40 &0 a0 100 120 140

Temperature, “C

Fig. 1: Vapour pressure dependence on temperaturef water

The successful application of distillation techr@guepends on several factors. These include fieeetice in
vapour pressure (related to the difference in tbding points) of the components present, the siz¢he
sample, and the distillation apparatus. Distillatrelies on the fact that the vapour above a liquigture is
richer in the more volatile component in the liguite composition being controlled by Raoult’s law:

In an ideal solution the partial pressuRn) of componentA at a given temperature is equal to the

vapor pressur&? of pureA multiplied by the mole fraction @& (Xa) in solution.
Consider an ideal solution éfandB:

ny Np
XA_—nA+nB'XB_—nA+nB' and X, + Xg =1
na and ng represent the number of moles of components A and B
Py = X,P), Pg= XgPg  andPr (total vapour pressure)Rx + Pg
This relationship, derived from Raoult’s law, ¢apable of describing the boiling point behaviodr o
compound A in a mixture of compounds under a vardtdifferent circumstances. The boiling pointtbé

solution is reached whd?y is equal to the pressure applied to the surfatkeo$olution.
There are two major types of distillation are tocbesidered:

Simple Distillation

Used frequently in the organic chemistry teachatzg|Figure 2. It is often consideredhen:
c. the liquid is relatively pure to begin with (e.gg more than 10% liquid contaminants)
d. essentially a pure material is separated from avodetile or from a solid contaminant
e. the liquid is contaminated by a liquid with a bigipoint that differs by at least 70°C

Simple distillation involves a single equilibratitetween the liquid and vapour. This distillatigrreéferred to

as involving one theoretical plate.
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Fractional Distillation
The principle of fractional distillation is based dhe establishment of a large numbsr theoretical

vaporization-condensation cycles (theoretical glatéhe apparatus of a simple distillation is miedif by
inserting a fractionating column between the datdn flask and the distillation headkigure 3. The
fractionating column provides a large surface arewhich the initial distillate is redistilled ancbndensed
again. This process continues as the vapours psthel column until the vapours finally make it irttoe
condenser. These vapours and the final distillalecantain a greater percentage of the lower bgiliiquid.
Continuous repetition of the redistillation proc@sdractional distillation gives good separatidntioe volatile
liquid components.

A simple distillation apparatusKig. 2) is less efficient than fmactional distillation apparatusKig. 3), but is used
to purify materials containing only small amountsnopurities with much higher or lower boiling pao#n

water out .
water in

'3
[LTHIRRIE AR IA R ] - .

Fig. 2: - The apparatus used in simple distillation Fig. 3: - The apparatus used in fractional ditillation

Not all mixtures of liquids obey Raoult’s law, suciixtures; callechzeotropes mimic the boiling behaviour of
pure liquids. These mixtures, when present at §peconcentrations, usually distil at a constantlibg
temperature and cannot be separated by distillaEigamples of such mixtures are 95% ethanol-5% wage
78.1 °C).

To understand the nature of simple distillatiorgcfronal distillation and azeotropes, we need kK lat
vapour/liquid diagrams for pairs of solvents. Thapd below (Fig. 4) shows such a diagram for twesus,
A and B. A is the lower boiling material. The battmf the graph shows the liquid state and the tofhe
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graph shows the vapour state. The area in betweetwb curves shows what is happening in the @igoh
column. If we start with a mixture of A and B thairresponds to the dashed white line on the graphtlze
letter C1 (concentration 1), (The mixture is vaped (distilled) follow the horizontal blue line urt reaches
the vapour curve. This is concentration C2 in tlagihm. This process has improved the concentratiok,
the lower boiling component. The material is thendensed. Follow the white vertical line down te tiguid

curve.
T A
100 50 o

Temperature

N
L
I
]
u
]
[
(]
I
i

o 50 1o
Yo B
If this was simple distillation, we could stop nolvcan be seen that the purification effectedhsy/simple

distillation of such a mixture of volatile liquids very imperfect.

However, in fractional distillation the distillatioprocess continues. The condensed material isrizaplo
again. Follow the blue horizontal line across frdme liquid curve at C2 to the vapour curve. Theye i
another improvement in the concentration of theelolaoiling component A. The vapour is condensednaga
Follow the white vertical line down to the liquidrwe.

This number of times that the process of vapowratind condensation occurs depends on the efficiehc
the distillation column. The more efficient thetdiation column, the more times this happens dmal gurer
the final product will be.

With azeotropes, the vapour liquid curves are detli and have a point where the vapor curve maets t
liquid curve. This point is called the azeotropénpo

Baling Point

TIoo%s R 5 O
oeb Compositicn ToO%E
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Example (1)
Calculate the mole fraction of each compound inxdure 95.0 g ethanol, GICH>OH and 5.0 g water.
Answer

n(ethanol) = n, = 9:,_2 = 2.07 mole ethanol n(water) = n,, = % = 0.28 mole water
n(total) = n = n(ethanol) + n(water) = 2.07 + 0.28 = 2.3&en
X (mole fraction of ethanol) X, = %= % =0.88
t .
X (mole fraction of water) %,, = 2= 228 —0.12

Example (2)

Given the following mole fraction and vapour prassufor miscible liquids A and B, calculdtee composition (in
mole percentage) of the vapour from a distillingideal binary solution at 158C and 760 mm Hg, for the
solution.

Answer

Xa = 0.40, P? =1710 mmHg

Xg = 0.60, P? =127 mmHg

Poal = Pa+Ps = Xa P2 + Xg.PS = (0.40 x 1710) + (0.60 x127) = 760 mmHg
% A= C20X1719 y 10095 = 90%

% B= COX12 L 100% = 10%

In this experiment you will perform sevedistillations. You will compare distillations of mixture of
methanol and methylene dichloride using the glasswat-up for aimple distillation and one foifractional
distillation . You will also measure the boiling point-range &r unknown compound and use this information
as an aid in its identification from Table 1 of piide substances. Pairs of students will perfors eélkperiment.
Each paimwill conduct either the simple distillation procedwor thefractional distillation procedure.

Results will be shared between two groups, soahatyone has data for both simple and fractiorstlli@ition.

Also remember methanol and methylene dichlorideflaremable. Never add boiling chips to hot liquidda
never distil the flask to dryness. Some organic poumds form peroxide, which explode upon drynes$ an
concentration. All glassware must be clamped icgla

Substance Boiling Point (OC) Substance Boiling Point (OC)
Pentane 36.1 Methanol 65
Hexane 69 Ethanol 78-79
Toluene 111 Propanol 97-98
Octane 125.7 2-Propanol (isopropano§2-83
Methyl acetate 57 Water 100
Tetrahydrofuran 65 t-Butyl alcohol 83
1-propanol 97 Cyclohexane 80.7
3-Ethylpentane 93.5 Methylene dichloride 40
2,2,4-Trimethylpentane 99.2 Bromoform 146-150
Acetone 56- 57
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EXPERIMENT — Distillation of a Mixture

Experimental Procedures

Place 30 ml of an unknown liquid mixture (15 ml Al% ml B) that is to be purified by simple distiitan
and for which the boiling point range is to be det@ed.

Assemble the assigned distillation apparatus (®naplfractional). Transfer the unknown liquid tdb@ mL
round bottom flask (this will be the distilling poAdd one boiling stone, and proceed to distil lijaid into a

10 mL graduated cylinder (this will be the rece)ve&Zheck the position of the thermometer (the hofilihe
thermometer must be below the arm of the distilatiead) and make sure that the bottom of thdliligtpot
touching the heating surface of the heating mar8elcurely attach a piece of condenser tubing td eac
condenser outlets. Securely connect the other etitedwater in” tubing to the water jet in the kitor hood).
Place the other end of the “water out” tubing ie #ink (or back of the hood). Plug in the heatirantie and
before heating your distillation apparatus or tagnon the water for cooling the condenser, have jahoratory
instructor check your distillation apparatus.

After your laboratory instructor has checked yopparatus, slowly turn on the water for condensed, lzegin
heating. Adjust the heating mantle to maintaingilthtion rate of one drop per second. As the Iobailing
component is distilled, the boiling point of thextuire in the distillation flask will increase.

Record the temperature after the first drop iseotid and again after every 2 ml of distillateaBected. After
the 10 ml of distillate has been collected, you Wwdve to empty the graduated cylinder into a telse as it
fills. Cover and label the test tube first fractimomponent A)KEEP IT .

Collect the next 10 ml of distillate, again recoglithe temperature after every 1 ml of distillsddter the
second 10 ml of distillate has been collected, wduhave to empty the graduated cylinder into st tebe as it
fills and DISCARD IT in organic waste container.

Collection of last portion of distillate should d¢ome until the temperature remains constant.dfdlstillation
flask is approaching dryness, remove the heat sdaormediately and after cooling, transfer the tag and
any remaining liquid from the flask to the thirégtéube (component BKEEP IT .

Determine the boiling point range of the first fian of the collected liquid and the third portiohthe collected
liquid. Identify the unknowns by their boiling pésnusing the possible boiling points of compounds.

Construct a table like that given below, to rectrd temperature at the distillation "head" as ectiom of

volume distilled. You will record your data in repéorm. Plot distillate temperaturg(.'() vs. volume of distillate
(ml) collected for the mixture with and without tiractionating column and use a graph sheet tarméte the
boiling points of the two compounds in the mixtared identify the compound in the mixture. Both s#tdata
will be plotted on the same graph, using differgmhbols (colours). Label the two curves.

Volume distilled (mL) O| 2| 4| 6| 8| 1012|14
Temperature®C, simple or fractional
Volume distilled (mL) 16/ 18| 20| 22| 24| 26| 28| 30
Temperature®C, simple or fractional
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Separating a Mixture by Distillation
REPORT SHEET

Name

Instructor Date

Volume distilled (mL) O| 2| 4| 6| 8| 1012|14

Temperature®C, simple or fractional

Volume distilled (mL) 16/ 18| 20| 22| 24| 26| 28| 30

Temperature®C, simple or fractional

point of the first compound (A): C
range

Literature boiling point of the first compound (A): C
range
Observed boiling point of the second compound (B): °c
range
Literature boiling point of the second compound: (B) °c
range
|dentity of Mixture
Compound A is Compdiis
(name) (name)

Pre-laboratory questions - Due before lab begins.

1.
2.

3.
4.

The normal boiling point of cyclohexane is 82® What is the vapor pressure of cyclohexane &%

A mixture of two miscible liquids with a widely dédrent boiling point is distilled. The temperaturkedistilled
liquid is observed to plateau and then drop befigsieg again. Explain the temperature drop.

What effect would a decrease or increase in bamen@essure have on the boiling point?

If a mixture distilled rapidly, the separation t§ compound is poorer than if the mixture is distilslowly.
Explain.

A chemist has a small amount of compound ( b.p5:°C6) that must be fractionally distilled. Yet, the
Chemist does not want to lose any of the compoarebtd up on the column. What should the chemi8t do
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Post-laboratory questions -Due after completing the lab.

1.

w N

One mole of compound A, with vapor pressure 400 rgraHSOOC, mixed with 3 moles of compound B,
with vapor pressure 480 mmHg at 80 to form a homogeneous solution. What is the vapessure of

mixture at 56°C?

Why should a distilling flask be filled not lessath1/3 filled or more than 2/3 full?

A 50% aqueous solution of ethanol (50 ml totaldistilled and collected in 10ml fractions. Predice
boiling range of each fraction.

Fractions| Vol. Collected (mL)| Temperature®C) predicted
1 10 78

2 20 78

3 30 78 — 100

4 40 100

5 50 100

What is the mole fraction of each component if §.6f benzene (§Hg) is dissolved in 4.6 g of toluene
(C7Hg)?
Define the following terms

a. Reflux

b. Dalton’s law

c. Raoult’'s law
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Unit 2
Purification — Recrystallization of Benzoic acid

Purpose:

a) To purify samples of organic compounds that argls@lt room temperature
b) To dissociate the impure sample in the minimum arhofilan appropriate hot solvent

Equipment / Materials:

Hot plate digital scales 50 mL beaker impure benzoic acid
Bichner funnel Mel-temp apparatpusveighing paper benzoic acid

tubing (hose) stirring rod boiling stones (chipsge

25 mL graduated cylinderspatula filter paper

125-mL Erlenmeyer flask rubber

Discussion:

The products of chemical reactions can be impuretrification of your products must be performedrémove by-
products and impurities. Liquids are customarilyified by distillation, while solids are purifiedy recrystallization
(sometimes called simplyctystallization™).

Recrystallization is a method of purifying a solitlhere are two types of impurities: those motalde in a given solvent
than the main component and those less solubleéhgle are any impurities that have the same djubis the main
component, then a different solvent needs to beatjo

When organic substances are synthesized in theakmoy or isolated from plants, they will obviouslgntain impurities.
Several techniques for purifying these compoundse Haeen developed. The most basic of these teomitpr the
purification of organic solids is recrystallizatiomwhich relies on the different solubilities of stds in a solvent.
Compounds, which are less soluble, will crystalfiegt. The crystallization process itself helpshe purification because
as the crystals form, they select the correct nubdsc which fit into the crystal lattice and igndhe wrong molecules.
This is of course not a perfect process, but isdoerease the purity of the final product.

The solubility of the compound in the solvent usadrecrystallization is important. In the idealseathe solvent would
completely dissolve the compound to be purifiedhigh temperature (usually the boiling point of $wvent), and the
compound would be completely insoluble in that eotvat room temperature or at z& In addition, the impurity either
would be completely insoluble in the particularvewit at the high temperature, or would be verylselin the solvent at
low temperature. In the former case, the impuriyld be filtered off at high temperature, whilethe latter case the
impurity would completely stay in solution upon tag. In the real world, this will never happen anedrystallization is a
technique that has to be practiced and perfected.

Regardless of crystallization method, the purityhaf solid can be verified by taking the meltingnpo

A good (suitable) recrystallization solvent willsdblve a large amount of the impure compound apeéeatures near the
boiling point of the solvent. Small amount of corapd being purified should remain in solution at leemperatures,

between approximately 25 and °&. Low solubility at low temperatures minimizes #taount of purified compound that
will be lost during recrystallization.
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A suitable recrystallization solvent should alsgobetially volatile in order to be easily removedrh the purified crystals.
The solvent should not react with the compound d@urified and it should have the boiling pointd»elthe melting
point of the compound being purified, in order teyent the compound from melting before dissolvioiling out). In
selecting a good recrystallization solvent one &halso consider flammability, toxicity, and expens

In selecting a solvent consider that “like likdeeli. Polar compounds dissolve polar compounds amdpolar compounds
dissolve non-polar compounds. The most commonly vserystallization solvents are presented in tiiewiing table.

solvent formula polarity boiling point (°C)
water HO very polar 100

ethanol CHCH,OH polar 78

methanol CHOH polar 65
dichloromethane Cicl, slightly polar 40

diethyl ether (CH3CHy),0 | slightly polar 35

Organic compounds with one polar functional groongd a low number of carbon atoms such as methathainel, and n-
propanol are highly soluble (miscible) in water.e$l alcohols form hydrogen bond with water dueh&o golar —OH
functional group. As the number of carbons per pélactional group increase, solubility decreasdse solubility of
alcohols with four to five carbons is given in floowing table.

alcohol Formula Solubility (g/100 ml HO)
n-butanol | CH;CH,CH,CH,OH 8

n-pentanol CHCH,CH,CH,CH,OH 2

n-hexanol CHCH,CH,CH,CH,CH,OH 0.5

n-pentanol CKHCH,CH,CH,CH,CH,CH,OH 0.1

Compounds with six or more carbons for each palaug will not be very soluble in polar solvents il be soluble in
non-polar solvents such as benzene and cyclohexane.

If a single solvent cannot be found that is suéalolr recrystallization, a solvent pair often us€tle solvents must be
miscible in one another. Some commonly used solyaits are water-ethanol, acetic acid — water, redbetone.

Typically, the compound being recrystallized wik Inore soluble in one solvent than the other. @dmpound is

dissolved in a minimum amount of the hot solvenvhich it is more soluble.

The following formulae are used in solubility prebis:

solubility in cold solvent
Y x 100%

0 i —
b lossin cold solvent solubility in hotsolvent

massecovered

% recoveryof solid = mx 100%
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Example (1)

The solubility of solid “X” in hot water (5.50 g/00ml at 100°C) is not very great, and its solubility in cold tem(0.53
9/100 ml at @C) is significant. What would be the maximum théioed percent recovery from crystallization of 5Qof
solid “X” from 100 ml water? Assuming the soluti@nchilled at ¢°C.

Answer

) solubility in coldsolvent
% lossin cold solvent = —— X 100%
solubility in hotsolvent

% lossin cold solvent = g'—:§x100% = 9.64%

) massecovered

% recoveryof solid = ———— x100%
masdissolved

(550-0.53)

=50 x100% =90.4%

% recoveryof solid =

Example (2)

The solubility of compound “X” in ethanol is 0.80mer 100 ml at 0C and 5.00 g per 100 ml at°@8 What is the
minimum volume of ethanol needed to recrystallizZ2a00 g sample of compound “X"? How much wouldds in the
recrystallization, that is, would remain in theatsblvent?

Answer
Volumeof ethanolneededt78°C = %Oc?;’ x100ml = 240ml
mi
Massof sampleremainingin thecold solventat0 °C = 100mI x0.80g =19¢

or

%loss= c: x 100% = 16% = 1200 16% = 1929

The actual laboratory we will do is the recrystation of benzoic acid from water using the tempeeagradient method.
Benzoic acid is not very soluble in cold water, ibu$ soluble in hot water. The purpose of thipeniment is to learn the
technique of recrystallization by purifying benzaitd.
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EXPERIMENT — Recrystallization of Benzoic Acid

Experimental Procedures

Using a weighing paper, weigh out about 1.00 gimptire Benzoic acid for recrystallization” and tséar it to a 125-ml
Erlenmeyer flask. Add about 20 ml distilled watesjng a graduated cylinder, to the flask and bthegmixture to the
boiling point by heating on a hot plate, while ritig the mixture and boiling gently to dissolve beitc acid completely.

(Fig. 1)
Erlenmeyer

flask 0O

benzoic acid

/ solution
u hot plate

(¥ ¥

Fig. 1: Dissolving benzoic acid

Remove the flask from the hot plate and examinestthation. If there are particles of benzoic astitl undissolved, then
add an additional amount of hot or cold water irabimcrements and resume heating the solutione dthjective is to
dissolve the entire solid in only as much as hatear boiling solvent (water) as is necessary.n®toadd too much water
or the solution will not be saturated and the yielgurified benzoic acid will be reduced. Keepliag water in small
amounts (several drops at a time from a Pasteettpjpuntil all of the benzoic acid is dissolvedi &ne solution is boiling.

If the solution is completely clear (though not eesarily colourless) and no solid benzoic acidisble, then add
additional 10-15 ml water to the mixture and plt#ue Erlenmeyer flask on a countertop where it naft be disturbed and
cover with an upside-down small beaker (to prevrst contamination). Allowing the flask to coolslg will give the
best-shaped crystals after about 5-10 minutesryHtallization does not occur after 10 minutesage the sides of the
flask above the level of the solution with the ghend of a glass rod hard enough to audibly sctékelnterior surface of
the flask. This may dislodge some undetectabl@flstnystals that will drop into the solution anskeed" the solution,
helping to induce crystallization. A seed crys@h serve as a nucleation point for the crystdilbmgprocess. Cooling the
solution in an ice bath may also help at this point

When the crystals have formed completely (may meguice bath), collect your solid chemical by seftup a vacuum
(suction) filtration on a properly fitted filter par in a clean Buchner funnel apparatus as deschigeyour instructor.

(Fig. 2)
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benzoic acid

— -

vacuum(suction)

filtrate

Fig. 2: Buchner funnel and sutflask

Pour the chilled mixture into the Buchner funndieTwater should filter quickly - if not, check feacuum leaks. Get all
the crystals out of the flask using a spatula iorist) rod. Rinsing with 1 or 2 ml afold water helps get the crystals out
of the flask, and rinsing helps remove impurities.

Let the aspirator run for a few minutes to staridaying the crystals. Then use a spatula taHit filter paper and crystals
out of the Buchner funnel, then press them as digassible on a large clean paper towel (hand difgw them to dry
completely, and transfer the dry sample to a priglwveveighing paper. Determine the weigh the DRYstals of
recovered benzoic acid.

Calculate the percent recovered using the followinigien formula and determine the melting point of yowrystallized
benzoic acid.

Mass of benzoic acid obtained after recrystallization

% R d= 100
% Recovere Mass of benzoic acid before recrystallization *

Note: Submit product to the instructor in a properly labelled container.
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Data and Results (Recrystallization)
REPORT SHEET

Name

Instructor

Date

1. Sample name

2. Data on the impure Benzoic acid
a. Mass of the benzoic acid + weighing paper
b. Mass of weighing paper

c. Mass of impure benzoic acid

3. Data for recrystallized benzoic acid
a. Mass of recrystallized benzoic acid + wghing paper
b. Mass of weighing paper
c. Mass of recrystallized benzoic acid
d. Calculation of percentage recovery
(show calculation)

e. Melting point of recrystallized benzoic aci

f. Structural formula of the benzoic acid
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Pre-laboratory Questions - Due before lab begins.

1.

2.

What is the ideal solvent for crystallization gbarticular compound? What is the primary considenaih choosing

a solvent for crystallizing a compound?

Impure benzoic acid was dissolved in hot water. ddrgainer of solution was placed in an ice-watghbnstead of
being allowed cooling slowly. What will be the résaf cooling the solution in this  manner?

Outline the successive steps in the crystallizatiban organic solid from a solvent and state thgpgse of each
operation.

Compound X is quite soluble in toluene, but onigtly soluble in petroleum ether. How could thesévents be
used in combination in order to recrystallize X?

0.12 g of compound “Y” dissolves in 10 ml of acetat 25°C and 0.85 g of the same compound dissolves inl10 m
of boiling acetone. What volume of acetone woulddzpiired to purify a 5.0 g sample of compound?

Post-laboratory Questions -Due after completing the lab.

Give some reasons why Suction filtration (vacuusripibe preferred to gravity filtration.
A student recrystallized some impure benzoic aoitl igolated it by filtration. He scraped the pwrfibenzoic acid
off the filter paper after it had dried and took timelting point as a test for purity. He was swwgatithat most of the
white solid melted sharply between 121 and°C2But that a small amount remained unmelted even at
temperatures above 2 Explain this behaviour.
What does the term “oiling out” mean? How can orevent oiling out?
What are the purposes ik following in recrystallization of solids?
) boiling stones II) actiealt carbon ) seed crystals —

Give one reason why we cannot reuse boiling chips?

0.12 g of compound “Y” dissolves in 10 ml of acetat 25°C and 0.85 g of the same compound dissolves inl10 m
of boiling acetone. If 5.0 g of compound “Y” wer be recrystallized from 75 ml acetone, what wél the next
maximum amount of “Y” that will be recrystallized?
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Unit 3

Extraction
Determination of Distribution Coefficient

Purpose:
a) To purify samples of organic compounds that argls@t room temperature
b) To dissociate the impure sample in the minimum amob@ian appropriate hot solvent

Equipment / Materials:

Separatory funnel burette spatula

125 ml Erlemeyer flask burette clamp Benzoic acid solution

10 and 50 mL graduated cylinderang& ring stand| 0.1 M NaOH (or 0.02 M) solution
50 and 100 mL beakers funnel methylene dichloride

Discussion:Crystallization, purification, and isolation (maxgly be restricted to a solid) are insufficiemays
to separate mixtures of compounds. Extractionasrétovery of a substance from a mixture by brigginnto
contact with a solvent, which dissolves the desimederial. Partitioning is the separation betweea distinct
phases (immiscible liquids) and also called frawiceparation.

Like recrystallization and distillationextraction is a separation technique frequently employed he t
laboratory to isolate one or more components fromixure. Unlike recrystallization and distillatipit does

not yield a pure product; thus, the former techegymay be required to purify a product isolateeXtyaction.

In the technical sense extraction is based on theiple of theequilibrium distribution of a substance
(solute) between two immiscible phases, one of Wwigcusually a solvent. The solvent need not beaireg p
liquid but may be a mixture of several solventa@olution of some chemical reagent that will reeith one

or more components of the mixture being extractedotm a new substance soluble in the solution. The
material being extracted may be a liquid, a safida mixture of these. Extraction is a very genenajhly
versatile technique that is of great value not anlghe laboratory but also in everyday life.

Extraction is a convenient method for separatingr@anic substance from a mixture, such as an agueo
reaction mixture or a steam distillate. The extacsolvent is usually a volatile organic liquidattcan be
removed by evaporation after the desired compdm&nbeen extracted.

The extraction technique is based on the factithatsubstance is insoluble to some extent in tmmiscible
liquids, it can be transferred from one liquid e other by shaking it together with the two liqui&or example,
acetanilide is partly soluble in both water andyk#tther. If a solution of acetanilide in watersisaken with a
portion of ethyl ether (which is immiscible with tea), some of the acetanilide will be transferredte ether
layer. The ether layer, being less dense than wséparates out above the water layer and cannbevesl and
replaced with another portion of ether. When thigurn is shaken with the agueous solution, moetaadide
passes into the new ether layer. This new layerbearemoved and combined with the filBy repeating this
process enough times, virtually all of the acetdaitan be transferred from the water to the ether.
As we stated above, the substance being extractgdhb@ a solid. Extractions of this type will not be
conducted here, but they are probably already @aytour own experience. The brewing of tea from tea
leaves (or the tea bag that combines extraction fdindtion) and of coffee from the ground bean are
excellent examples of the extraction of a solidtom& with a hot solvent (water).
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In the laboratory one of the more important appioe of the extraction process has been its usenimve an
organic compound from a solution when distillatismot feasible. Extraction is accomplished by shgkhe
solution in aseparatory funnelwith a second solvent that is immiscible with tre in which the compound is
dissolved, but dissolves the compound more rea@y liquid layers are formed, and the layer thed most of
the desired product in it can be separated fromother. Sometimes not the entire product is extchah a
single operation and the process must be repeaissl @ twice more to assure a clean separatidrasitbeen
found that when two immiscible solvents are shakegether, the solute distributes itself betweemtlie a ratio
roughly proportional to its solubility in each. Thatio of the concentration of the solute in eaolvent at

equilibrium is a constant called thestribution ratio (d) or partition coefficient (K q).

The larger the value of & the more solute will be transferred to the ethiéin each extraction, and the fewer
portions of ether will be required for essentiabmplete removal of the solute.

_ [solutd, C,  my/V,
97 [solutday Caq  Mag/Vaq
Where o and aq refer to the organic (ether) an@@uagilayers, respectively; ang emd mq are the masses
in grams of material dissolved in each respecayeil.

Co = concentration of organic solution ang,€ concentration of aqueous solution

Example (1)
At 20 °C, only 0.24 g of an organic acid “A” dissolveslioO ml of water, but 2.70 g of tlame acid dissolves
in 100 ml of ether.

a) calculate the value of partition coefficient.
Answer
_ [solutd, C,  my/V,

= ———= —=
[solutday Caq  Mag/Vagq

K — my/Vo _ 2.70g/100ml _ 1195
47 myy/Vag  0.24g/100ml

b) Calculate the percentage of extraction if 0.12 gad extracted in 100 ml of aqueous solution.
Answer

_ Xo/100 . _ Xo
d= S1z1000 & 1125= 535
o = 1.35 g (acid extracted in organic phase)

Xiotal= Xo+ Xoq = 1.35g + 0129 = 1479

] Xo 1.35
% Extraction= X x100% = 147 Xx100% = 92%
total .

c) Calculate the volume of ether required to extr&6&®f a 3.00 g sample of acid “A” in a 100 ml
agueous solution.

Xo=(85%)x3.00g = 255¢9
Xag=3.00 g — 2.55g = 0.45 g remained in aqueousisalu
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Answer
255V,
1125= 0.45/100

\6 =51 ml

d) Calculate the total amount of acid extracted byabie extraction of 50 ml ether in each extraction
part (c).
Answer
First extraction (first 50 ml ether)
Xo1/50
1125= ——
Xw1/100
Xo1/50
(3.00—-X_,)/100
Solving for X,

Xo1=2.55 g &cid extracted in first extraction), i.é';—gx 100% = [J[1. 1%

1125=

Xw1 = 3.00 g — 2.55 g 9.45g(acid remained in aqueous solution after firstaotion)

Second extraction(second 50 ml ether)

Xo2/50
11.25 = Xo2/50
X2/ 100
Xg2/50
1125= o2/
(0.45— X_,)/100
Solving for Xy,

Xo02=0.38 g &cid extracted in second extraction)
Xo (total) = Xo1 + Xo2=2.57 g + 0.38 g = 2.95 g (acid extracted dutirggT™ and the a extractions)

. 293
- 0f — 0,
|.e.,3.00x 100% = 0. 1%

Xwz2 =3.00 g—-2.93 g $9.07 g(acid remained in aqueous solution after secongetibn)

Or use the following formula:

% Extraction= [1 - ( Vag

n
—) ]x 100%. Whera is the number of extractions.
Vag+ Ka:Vo

Using this equation for the second extraction abaxehave:

. 100 2
% Extraction= [l — (m) ] Xx100% =97.7 %

Example (2)
Isobutyric acid has a solubility in water (at %5) about one-third of its solubility in diethgther; thus l§ =
3.0. Imagine 4.0 g of isobutyric acid dissolveagimixture of 35.0 ml of diethyl ether and 100.0ahivater.
a) What mass of acid is in each layer at equilibridtardirst extraction and second extraction?
b) Calculate the percentage extraction after secotrdation.
Answer
Solubility of butyric acid in water = X g/ml Soluky
of butyric acid in diethyl ether = 3X g/ml
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(a) First Extraction
Xo01/35 . Xo1/35
di=c— L&, 3= —————
Xw1/100 (4—X,1)/100
Solving, X1 = 2.05 g(extracted by diethyl ether after first extraction)
Therefore, X1 = (4 — 2.05) g =1.95 g(remained in water after first extraction).

(b) Second Extraction

_ Xg2/35
~ Xu2/100
3= Xo2/35
(1.95-X,,)/100
Solving for Xy,

Xo2 = 0.999 g (Isobutyric acid extracted in second extraction)
Xo (total) = Xo1 + Xo2=2.05 g + 0.999 g = 3.049 g (acid extracted dytire f'and the & extractions)

. 3049
Pl 0f — 0,
"e"4.ooX100A) (0. [1%

Extraction solvents

If a solvent is to be used to extract an organmound from aqueous mixture or solution, it musvioeially
insoluble in water, and it should have a low bglipoint so that the solvent can be more solubléhen
extraction solvent than in water, since otherw@ermany extraction steps will be required to remaef the
solute.

Ethyl ether is the most common extraction solvértas a very low boiling point (34.(?53) and can dissolve

a large number of organic compounds, both polar reodpolar. However, ethyl ether must be used with
great care, since it is extremely flammable andddn form explosive peroxides on standing.

Methylene Chloride (dichloromethane) has most efdtivantage of ethyl ether; in addition, it is flammable
and denser than water. However, it has a tendenfoyih emulsions, which can make it difficult tqoseate the
layers cleanly. Other useful solvents and theipprtes are listed in the following table. Variogiades of
petroleum ether (a mixture of low boiling hydroaamk) can be used in place of pentane.

From the foregoing discussions some of the desrgbbperties of an organic extraction solvent bexom
apparent:
I. It must readily dissolve the substance being etdthbut must not dissolve to any appreciable extent
the solvent from which desired substance is bexteted.
ii. It should extract neither the impurities nor oteebstances present in the original mixture.
iii. It should not react with the substance being etechc
iv. It should be readily separated from the desiredtedfter extraction.

Few solvents will meet all of these criteria, anddome cases a completely satisfactory solventatdrenfound.
Therefore, the scientist must select a solvenegyshat most nearly approaches the ideal.

Some of the solvents commonly used for extractiggeaus solutions or mixtures include diethyl ether,
methylene chloride, chloroform, carbon tetrachleribenzene, n-pentane, n-hexane, and various mesxtir
saturated hydrocarbons from petroleum (petroledraretigroin, etc.). Each of these has a relatiValy boiling
point so that it may be fairly easily separatedrirthe solute by evaporation or distillation. Metblaand
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ethanol are not good solvents for extracting agsesmlutions or mixtures because of their solubilityvater;
however, if an aqueous solution can be saturatéd patassium carbonate without affecting the soletieanol
can be used to extract polar solutes from the isoiut

Solvent b.p. C) | D (g/ml) | Comments

Ethyl acetate 77 0.90 Absorbs much of water goatbige solvent

Ethyl ether 34.5 0.90 absorb some water, easy mawove; very flammable]
vapour should not be inhaled

Methylene dichloride 40 1.34 Good general solveaty to dry and remove; suspected
carcinogen

Chloroform 62 1.48 Can form emulsion easy to dry aemove; health
hazard; suspected carcinogen

1,1,2-trichlorotrifluroethane 48 1.58 Maybe substituted for carbon tetrachloride

(Freon TF)

Pentane 36 0.63 Easy to dry & remove; very flammabl

Hexane 69 0.66 Easily dried

Criteria for selecting an extracting solvent
I. It should be insoluble or slightly soluble with thelvent of the solution being extracted.

ii. It should have a favourable distribution coeffitidior the substance being extracted and an
unfavourable distribution.

iii. It should be able to be easily removed from theaex¢d substance after the extraction.
Since the removal is often by distillation, thevarit should therefore have a reasonably low
boiling point.

iv. It should be chemically inert to the extracted sambse, other components in the
mixture, and the solvent to the solution being aotid.

v. It should be reasonably safe to work with and nedlt inexpensive.

Use of the Separatory Funnel

The procedure in this experiment involves the Udte separatory funnel. It is important that yearh how to
use this piece of equipment properly, for an effitiseparation and for safety. It is made of thasg and is
easily broken unless handled carefully. Unfortulyate various student manuals you will find deptions of
ways of holding the separatory funnel. Probablyyiou there is some best method, depending on #eeddi
your hands, the strength of your fingers, your nardexterity, and the size and shape of the funhleé
following are important rules to observe.

1. Hold the funnel firmly but gently in both hands that it can be turned from the vertical to horizdnt
direction and back again easily and can be shaigemously while observing (2) and (3).

2. Keep the stopper tightly seated with one handldtraés, using the forefinger of that hand, theebak
the forefinger, or the palm of the hand.

3. Keep the stopcock tightly seated with the fingershe other hand in such a way that the fingers can
open and close the stopcock quickly to releasetbssure that may be built up from solvent vapaur o
evolved gases.
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The use of the separatory funnel is a skill andest learned by practice with an empty funnel wiiétching
your instructor demonstrate the technique. Twahsljgdifferent methods of handling the separatamrfel are
shown in the figure below. In the first method #tem of the funnel projects between the thumb astfinger
of the left hand (for a right-handed person). Ttogpesock is held in place and operated with the thamd first
finger. The stopper is kept in place by pressueera the base of the first finger of the right than

In the second method the stem of the funnel prejpetween the first and second fingers of theHaftd. The
stopcock is held in place by the pressure fromettfgsyers and is operated by them in conjunctioth e
thumb. The stopper is held in place by pressureagtne middle of the palm of the right hand. (Ejg

S
S % \ Shake
|II II D c ;

' ' A

.| |Shake

\[ ¥
éx,E]

U
|

Fig. 1: methods for holding and shaking the separaty funnel. Fig. 2: support and use of the garatory funnel.

Support the separatory funnel in a ring on ringn@dtaClose the stopcock and add the liquids to tinedl to be
separated. Insert the stopper, and immediatelyrtriie funnel.Point the barrel away from your face and

that of your neighbours. Open the stopcock to release the presswhich may have accumulated inside the
funnel (volatile solvents such as ether develogsittarable pressure).

Close the stopcock and, holding the funnel horiaibyitshake the funnel two or three times. Invég funnel
and release the pressure as before. Repeat thiesgraintil opening the stopcock causes no furthesspre
release. Close the stopcock and shake the funn2D tbnes. Replace the funnel in the holder (rimgrimg

stand) andemove the stoppeffFig. 2). Allow the liquids to stand until the kg have completely separated.
Draw the lower layer into a flask or beaker of mopize (Fig. 2).

Do not draw the liquid through the stopcock tooiahp Slow the flow carefully as the boundary betnethe
two layers approaches the stopcock. Stop the flohgoid completely just as the upper layer entiies hole in
the stopcock. Pour the upper laylerough the neck of the funnel into a second fladkever discard either layer

until you are absolutely certain which the proper layer to keep is. Usually, one layer will be an aquedasger or
solution, and the other will be an organic liquithe one of greater density will be at the bottom.

To check the identity of a layer, should you belaubt, withdraw a few millilitres of the lower layato a test
tube containing an equal volume of water. If thevdo layer in the separatory funnel is water or gonemus
solution it will be homogeneous (only one layef)tHe layer being tested is the organic layer, shenple
withdrawn will fall to the bottom of your test tulaed also form two liquid layers. In either evarturn the test
mixture to the separatory funnel.
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EXPERIMENT — Extraction, Determination of Distrib ution Coefficient

Experimental Procedures

Part 1 — Standardization of NaOH solution

Use a 10 mL graduated cylinder measure 10.0 mhefaicid solution and transfer the solution to a 425
Erlenmeyer flask. Add 2-3 drops of phenolphthakama titrate to the end point (light pink) with arstdardized
(= 0.1M or 0.02 M) sodium hydroxide solution. Recordeport form the number of millilitres of basejugred
to neutralize this volume of acid solution. Cal¢elthe molarity of the NaOH.

Discard the neutralized acid solution and rinserylmsks. REPEAT. (TWO TRIALS)

Part 2 — Single extraction
Use a 50 mL graduated cylinder to measure out @nse60.0 ml volume of acid solution and transfdoifour

separatory funnel. Add 10 ml of methylene dichlericCHCl,, to the funnel and extract according to the
procedure outlined in the part 1 of this experim&gparate théottom layer (organic phase) in a 100 mL
beaker and collect thmp layer (aqueous) into a 125 mL Erlenmeyer flask add 2-3 drops of indicator.
Record the volume of the sodium hydroxide solufiothe burette and titrate to the phenolphthaleid point
(light pink). Again record the volume of base regdiand calculate a — g below. Discard the neamtdlacid
solution and the methylene dichloride layer inte lrge bottle marketDrganic Waste".

NOTE: This lab has been modified in that methyldianloride is now used in place of ether as theaoig
phase. This avoids the problem of ether fumes aqlosions. However, the extraction with methylene
dichloride is not as clean because methylene dicldas more miscible in water than ether. As alltegyou
will find that your aqueous layer is cloudy aftetraction. You can still titrate the aqueous latgea light pink
endpoint.

Part 3 - Multiextraction

Repeat the procedure from Step 2, but this timeaeik50 ml of fresh acid solution with two 5 mirpons of
methylene dichloride. Separate the aqueous layerarflask and dispose of the organic layer. Tngie
agueous layer back into the empty, cleaned, sepgrainnel and extract it with a second 5 ml portiaf
fresh methylene dichloride. Separate the extraatpebous layer, add indicator as before and titcatbe end
point. Record the volume of standard base requareti calculate a — f below. Dispose of the orgaayei
extracts as directed and clean your separatoryefunn
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Data and ReSU|tS(Extraction of Benzoic Acid)
REPORT SHEET

Name

Instructor

Date

Part 1:

a.

b.

Part 2:

Part 3:
a.

b
c
d.
e
f.

Standardization of NaOH Solution

Volume of base required to neutralize 10.0 ml eftlenzoic acid solution:

Trial 1: ml Trial 2: ml Average: mi
Molarity of the NaOH solution:

(ml of base) (M of base) = (ml of acid) (M of acid) ml
Distribution Coefficient

a. Volume of base required to neutralize 50 ml of lmnacid solution after a single extraction with

10.0 ml of CHCl, ml
b. Moles of benzoic acid neutralized: (2a in 1L) (1b) mole
c. Grams of benzoic acid neutralized: (2b) (MW of bmozacid) g
d. Grams of benzoic acid originally present in 50 mildoe extracting with CHClo:  0.122 g
e. Grams of benzoic acid extracted in &b : (2d — 2¢) g
f. Percent of benzoic acid in extracted in4CHp : (2e/2d) x 100 %

g. Distribution coefficient ky = C Gq2 c12/CH20 : (2e/10 ml)/ (2¢/50ml
Multiple Extraction
Volume of base required to neutralize 50 ml of lménacid solution after two extraction with 5.0 ofl

CHoCl» each: ml

. Moles of benzoic acid neutralized: (3ain L) (1b) mole

. Grams of benzoic acid neutralized: (3b) (MW of b@ozacid) g
Grams of benzoic acid originalfyresent in 50 ml beforextracting with CH Cl, 0.122 g

. Grams of benzoic acid extracted in &p: (3d — 3c) g
Percent of benzoic acid in extracted in4Chp: (3e/3d) x 100 %

Calculate the mass of benzoic acid which would Xteaeted in two 5.0 ml extractions with GEl> based on
your Kq obtained in part 2
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Pre-Laboratory Questions - Due before lab begins
The distribution coefficient, K, is 10 for compoulid What mass of compound Y would be removed from
a solution of 4.0 g of Y in 100 ml water by a simgixtraction with 100 ml of ether?
Reconsider question 1 above; what mass of compdunduld be removed by two (double) extractions
using 50 ml of ether each time?
A student during an extraction experiment lostkrat which layer is the aqueous layer. How could th
student determine which layer is which by a simpit?
Why must the stopper be removed from the separ&tonel before the lower layer is removed?
An aqueous solution containing 5.0 g of solute @@ Inl is extracted with three 25 ml portion of tigt
ether. What is the total amount of solute that balextracted by the ether, K = 1.0?

Post-Laboratory Questions -Due after completing the lab

1. What are the advantages and disadvantages of etiagas a solvent for the extraction of organic
compounds?

2. What volume of an organic solvent must be usedfexied0% separation in one extraction when only
2.7 g of a certain compound dissolves in 100 miater? (K= 15)

3. What percentage of the organic compound could tevezed if two extractions were made, each time
using half of the volume calculated 27?

4. An organic compound can be extracted from a watgrlby an organic solvent more efficiently if the
water layer is saturated with an inorganic salhsag sodium chloride. This effect, called “saltmg”,
increase the participation coefficient in favouttloé organic compound. (explain)

5. The pain reliever phenacetin is soluble in colden&d an extent of 1.0 g/1310 ml and
soluble in diethyl ether to an extent of 1.0 g /20m
a) Determine the approximate distribution coefficimtphenacetin in those two solvents.

b) If 150 g of phenacetin were dissolved in 100 mivater, how much ether would be required
to extract 90% of phenacetin in a single extra&ion

c) What percent of the phenacetin would be extradbedaigueous solution in part (b) by two
25ml portions of ether?
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MODULE 3

Unit 1
Measurement and Density

Learning Objectives
After studying this unit, you should

* Become familiar with laboratory equipment and ghem®

* Begin to see the link between measurement and claéknowledge Begin to understand how scientists
communicate with significant figures Engage in momeasurement technique and the data collection
process

* Begin to make the connection between macroscogserghtions and the sub-microscopic level through
drawing

* Understand the concept of density and explore nastimr measuring density in the lab Begin to see th
power of a “class data set”.

» Experience the culture of teamwork and individ@ssiponsibility to a group.

Purpose

Section 1 — By calculating the density of a knowrbstance (water), determine the relative precisiod
accuracy of different glassware items.

Section 2 — Determine the density of a salt watdut®n using the most precise and accurate pidce o
glassware determined in section 1

Equipment / Materials:

Weighing balance Water Unknown metal cube

|oN

100 mL beaker Unknown liqui

100 mL graduated cylinderMetal cylinder

Introduction

The ability to make accurate and detailed obsesaatis crucial in science. This lab will focus amaqtitative
observations, more specifically, measurements. Asmement is defined by a number and a scale arume
scale used is often varied. Due to conveniencepiteic system is often used in many countries. digersal
scale, however, used by scientists is the Sl umithis unit, we will focus on making accurate ashetailed
observations in measurements using the metricraystgle obeying the laws of significant figures.

In addition to quantities defined by a single ugitantities can also be defined by a combinationnfs. One
such example is density. Density is merely one toagharacterize a substance. Density (d) is defaswethass
(m) per unit volume (V).
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Thus, units of both mass (i.e. g) and volume (nk) are necessary in order to determine density.

D=m/V

Examples

1. A cube of copper was found to have a mass of Ok§30Nhat are the dimensions of the cube? (The
density of copper is 8.94 g/cm3.)

Solution:

a) Determine the volume of the cube (note thatdwetbeen converted to g):

8.94 g/cm3 = 630 g / volume

volume = 70.47 cm3

b) Each side of a cube is equal in length, so talke root of the volume for length of cube side:

[cube root of] 70.47 cm3 =4.13 cm

2. A cube of copper was found to have a mass of OlgB30Nhat are the dimensions of the cube? (The
density of copper is 8.94 g/cm3.)

Solution:

a) Determine the volume of the cube (note thatdwetbeen converted to g):

8.94 g/cm3 = 630 g / volume

volume = 70.47 cm3

b) Each side of a cube is equal in length, so take root of the volume for length of cube side:

[cube root of] 70.47 cm3 =4.13 cm.

3. A graduated cylinder is filled to the 40.00 mL mavkh mineral oil. The masses of the cylinder befor
and after the addition of mineral oil are 124.96é8ngl 159.446 g. In a separate experiment, a malial b
bearing of mass 18.713 g is placed in the cyliradet the cylinder is again filled to the 40.00 mLrkna
with the mineral oil. The combined mass of the &aring and mineral oil is 50.952 g. Calculate the
density of the ball bearing.

Solution:
a) Determine the density of the mineral oil:

159.446 g minus 124.966 g = 34.480 g
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34.480 g/ 40.00 mL = 0.8620 g/mL

b) Determine the volume of the ball bearing:

50.952 g minus 18.713 = 32.239 g (this is the no&ssineral oil)

32.239 g divided by 0.8620 g/mL = 37.40 mL (thishs volume of mineral oil)

40.00 mL - 37.40 mL = 2.60 mL

c) The density of the ball bearing is 7.197 g/mhisicame from 18.713 g divided by 2.60 mL.

EXPERIMENT — Measurement and Density

Experimental Procedures
Part A, Density of liquids:

i) Density of water:

1. Collect about 100 mL of water in a beaker; letiit until its temperature is stabilized. Record its
temperature.

2. Weigh a clean, dry 10 mL graduated cylinder andneds mass.
3. Now add water from the beaker to the cylinder, sat the level is above 5mL, but below 10 mL and
record the volume accurately to the correct sigaiit figures.
4. Wipe off any water droplets adhering to the outsidevell as above of the water level inside.
5. Record the mass of the cylinder with water.
6. Now repeat step 2-4 two more times, each time widifferent volume, but still between 5-10 mL.
7. Now you have 3 sets of data, calculate the avellagsity of water at this temperature.
8. Calculate the % error, once you know the true vafugensity of water from literature.
experimentaValue— truevalue
% error= x 100%
truevalue

i) Density of an unknown liquid:

Start with another dry graduated cylinder and reff@Eamass and volume measurements (above stepwiih7
an unknown liquid (A, B or C assigned by the inston). Calculate the density of the liquid, ideyntif (after
discussing with the instructor), and calculate%herror.

Part B, Density of solids:

i) Density of an unknown metal cylinder:
1. Weigh the metal cylinder and record the mass. Adsord the cylinder number.
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2. Now measure its height and the diameter of thauldrchase to the correct significant figures, usang
ruler. Calculate the volume of the cylinder.

3. Alternately, you can also determine the volumehefmetal cylinder using volume displacement method
as described below:

4. Add water from the beaker to a 50 mL graduatechdgr so that the lever is between 25 and 30 mL and
record the accurate volume (significant figuresap.

5. Hold the graduated cylinder in an angle and slige metal cylinder gently through the side, without
splashing any water or breaking the glass cylinder.

You will see the level of the water inside the graigd cylinder has risen. Record the new volume now
(significant figures again). The difference in tr@ume levels gives you the volume of the metaingr

Now calculate the density of the metal from volufinoen 2 different methods.

i) Density of an unknown metal cube:
1. Weigh the metal cube and record the mass. Alsaddbe cube number.
2. Now measure its height and the width and deptheacbrrect significant figures using a ruler. Cédte
the volume of the cube and calculate its density.
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DATA and CALCULATIONS:

Part A : Density of liquids:
0] Density of water:

Temperature of water :

Mass of empty graduated cylinder:

Trial 1

Trial 2

Trial 3

Volume of water (mL)

Mass of water + graduate
cylinder (g)

d

Mass of water alone (g)

Density of water (g/mL)

Density from literature

% error

(i) Density of unknown liquid : (A/BIC)

Temperature of liquid :

Mass of empty graduated cylinder:

Trial 1

Trial 2

Trial 3

Volume of liquid (mL)

Mass of liquid + graduate
cylinder (g)

o

Mass of liquid alone (g)

Density of liquid (g/mL)

Density from literature

% error
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Part B, Density of solids:

Density of an unknown metal cylinder # :

Density from diameter and height measurement:

Mass of| Diameter| Height | Volume =| Density of| Density | % error
metal (cm) (cm) (cm3) | metal from
cylinder (g) (g/cm3) literature
(g/cm3)
Density from volume displacement:
Volume of water beforeVolume of water after Volume of metal Density of| %
dropping metal cylindefimmersing the metal cylindercylinder (mL) metal (g/cm3) | error
(mL) (mL)
i) Density of an unknown metal cube # :
Mass of| Depth | Height | Width Volume =| Density | Density | %
metal | (cm) |(cm) | (cm) (cm3) | of metal| from error
cube (g/lcm3) | literature
(9) (9/cm3)
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Pre-Laboratory Questions - Due before lab begins

You are given a bottle that contains 4.59 cm3 wfedallic solid. The total mass of the bottle is6#b.

g. The empty bottle weighs 14.23 g. What is thesdgrof the solid?

Mercury is traded by the “flask”, a unit that hamass of 34.5 kg. What is the volume of a flask of
mercury if the density of mercury is 13.6 g/ml?

Post-Laboratory Questions -Due after completing the lab

. A metal cylinder with 26.0 mm diameter and 75.0 imenght has a density of 8.60 g/mL . Calculate its
mass.

. A metal sphere weighing 18.48 g is added to 20.0®@hwater in a graduated cylinder. If the density
the metal is 4.50 g/mL, what will be new level adter in the graduated cylinder?

. In this experiment, could you have used volumeldgment method with water for finding the volume
of the wood cube, assuming the cube can fit intoctlinder? Explain why or why not.

. How will you find the volume of an irregularly shegbobject that would dissolve in water?
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Unit 2
Micro Method Determination of Boiling Point of Hydr ocarbons

Purpose:
a) To become acquainted with procedure in evaluatmgsigal properties such as boiling point and thee us

of boiling point in identifying liquid.
b) To determine the boiling points of various orgatdmpounds and to use these to identify unknowns.

Equipment / Materials:

Hot plate Closed end capillary tub&mall test tube Liquid organic compounds
Thermometer 400 mL beaker Beaker tongs
Discussion

The boiling point of a compound is the temperattrevhich it changes from a liquid to a gas. Thia {ghysical
property often used to identify substances or eckhhe purity of the compound.

It is difficult, though, to determinkoiling point. Usually, chemists can only obtain a boiling ranfja 2-3
°C accuracy. This is usually sufficient for mostsiséthe boiling point.

The boiling point of a liquid is an important phgai property. A liquid’s boiling point is the tenmag¢ure at
which its vapour pressure is equal to the atmospipeessure. Normally, the boiling point is measuat one
atmosphere (101 kPa or 760 mmHg or 760 torr). bikdting points, boiling points are characteristiopgerties
of pure materials. Boiling points are approximatedyated to molecular weights; the higher the maksc
weight, the higher the boiling point.

Boiling point is the temperature at which the vapoiessure of the liquid exactly equals the pressuerted on
it, causing the liquid to "boil" or change to thesgphase. For purposes of this laboratory expetirtenboiling

point of an organic liquid is themperature rangever which the state of the organic compound cearigpm

the liquid phase to the gas phase at 760 mm okpresWhile the boiling point is a characteristitygical

property of a compound, many compounds may havsaire boiling point.

The molecules of compounds that exist in the ligstate are relatively close together, comparechtésd of
gaseous compounds. The close proximity of moleduléke liquid state allows these molecules torantevia
non-covalent interactiongdipole-dipole, H-bonding, van der Waals forcdes)general, these interactions are
favourable and help to hold the molecules togeimer defined volume, but still allow free motion ‘tlow".
Conversely, molecules of a gaseous compound aré fauter away from each other and are not conftoeal
specific volume by non-covalent interactions (Hiy.If enough energy (often in the form of heatpisvided to
the liquid, the molecules begin to move away fraamheother by "breaking" the non-covalent forces tiadd
the compound in the liquid state.

Thus, the boiling point is the temperature ranger avhich enough energy is provided to a liquid coomm so

that its molecules can separate sufficiently tondfarm to a gaseous state by breakimmn-covalent
interactions. No covalent bonds are broken during a change fronetiquid phase to the gas phase.
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Fig.1: Phase Change from Liquid to Gas at Boiling?oint Temperature Range

The vapour pressure,vdpor , exerted by a liquid is directly proportional toe temperature. Thus if the
atmospheric pressuregR, is lowered, the temperature to which the liquidst be heated in order foyd8orto Pam

is lowered. The boiling point will change by approately 0.5°C for each 10 mm (20 mmHg) change in
pressure.

Thus the change in b.p. &T, = (Puapour Pam) M (-

10mm

The corrected b.p. T = normal b.p. + ATp

Example
What will be the boiling point of ethanol at 700 fdgwhen its normal point at 760 mmHg is known to be
78.3°C?

Answer

ATy =220 w0510 = -3°C.

Tp =normal b.p. +ATp = 78.3°C + (-3OC) =75.3°C.

In theory when a liquid is at its boiling point, @should observe bubbles of vapour forming as itipad
changes to the vapour phase. However in practite,ig usually not the case. Typically the liquiecbmes
superheated as its temperature climbs above tleebiiling point commences. Then the solution subjden
“bumps” or boils with tremendous vigour, bumping thot liquid out of the container. Steps must tenato
guard against this process.

In order to promote smooth boiling, the solution t& stirred, or boiling stones (boiling chips) ¢enadded to
the liquid. These glassy type devices work by pimg a sharp surface upon which bubbles naturaltynf
which promotes smooth generation of bubbles (prelvemping and formation of large bubbles).

If the volume of the liquid is small, it is morewahtageous to use the micro method, as in thisrerpat.
However, if the volume of the liquid is large, isiling point can be determined by distillation.

Factors Influencing Boiling Point

Structural features of a compound influence thdéifgppoint by increasing or decreasing the molesuddility

to establish and maintain non-covalent interactittvad hold the molecules close together in theidicgiate.

The structural features of a compound that inflegnailing point are:

a) Polarity - Increased H-bonds, polar covalent bonds or forchalrges in a molecule tend to increase the
boiling point. More polar elements in a moleculerease the total number of dipole-dipole, ion-dgpol
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and/or H-bonding interactions. More energy (higheiling point temperature) is necessary to breaseh
interactions and allow the molecules to move awamnfeach other into a gaseous state.

b) Molecular Weight: Increased molecular weight increases boiling pomt.higher molecular weight
compound has more atoms that can be involved iacogalent interactions. The greater the numberooin
covalent interactions, the more energy (higherithgipoint temperature) that is necessary to braaknbn-
covalent interactions to transform the compoundftbe liquid phase to the gas phase.

f. Branching: Branching decreases boiling point. Branching blookslecules frompacking together too
closely. The closer the molecules are, the strotigemon-covalent interactions. Thus, molecules$ &na
forced to be farther away from each other due sndning have weaker non-covalent interactions. Less
energy (lower temperatures) is needed to indudeaaechange from the liquid phase to the gas &orded
compounds relative to straight chain compoundsy. (f&¢low)

M
AN

Straight chain Branched chain
Close packing allowed Close pacling hindered

Experiment - Micro Method Determination of Boiling Point of Hydrocarbons

Experimental Procedure
Place about 5 ml of the liquid is placed in a snedl tube. A capillary tube, sealed at one englased open-
end down into the liquid (Fig. 1). The test tubdiimly attached to a thermometer by means of d&eulband,

and this entire assembly is immersed in a watdr (@l bath for samples with boiling point highéan 100°C)
(Fig. 3). As the temperature is slowly increaseda@d evolution of bubbles from the end of theetdiegins.
Continue heating for about 5-10 seconds to be thateall of the air has been expelled from the Iy, and
the vapours of the liquid remains in the capilldRgmove the heat, but do not take the assemblypfowater
bath (or oil bath), and carefully watch the capylaBubbles continue to be seen until the pressxegted by the
vapour of the liquid becomes equal to the atmosplpeessure. As the temperature decreases, thddsubil
slow down and at some point, the liquid will risga the capillary. The boiling point of the samp@aeached
when the bubbles stops. Read the thermometer anddréhe temperature. The temperature observed thien
happens should be the observed boiling point oflithed. Compare your experimental result to therature
value (Table below) of the boiling point for thquid used. If your technique is good, your experitakvalue

should not differ from the known value (literatwalue) by more than 2-C. Repeat the procedure with the
known liquids. Each time you perform the procedym) must use a new capillary. It will also be resaey to
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allow the hot bath to cool at least 15 -#Dbelow the suspected boiling point before repgagwur experiment.

-

Test tube ————™

B UYL CT R SRUTY IR WL YT T AUV AT W

= .

Micrncubillm'}' In
Tube | |

|

+—— Heating
| i | bath

Test Tube Assembly T

Fig. 2: Small test tube and capillary, sealed at one end Fig. 3:Small Scale Boiling Point Apparatus

Table 1
Substance Boiling Point (°C) | Substance Boiling Point (°C)
Pentane 36.1 Methanol 65
Hexane 69 Ethanol 78-79
Heptane 98.4 Propanol 97-98
Octane 125.7 2-Propanol (isopropano§2-83
2-Methylheptane 117.7 Water 100
3-Methylheptane 119 t-Butyl alcohol 83
2,2-Dimethylhexane 106.8 Cyclohexane 80.7
3-Ethylpentane 93.5 Methylene chloride 39.8
Acetone 56- 57 Bromoform 146-150
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Fig. 4 - Boiling Point Apparatus Set Up
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EXPERIMENT - Boiling Point Determination
RESULT SHEET
Data and Results (Boiling Point)

Name

Instructor

Date

Part |. Boiling Points of known compounds

(Practice compounds)

B.P.°C (range) B.P.’C
Name of compound (Experimental) (Literature)
e ( - )
f - )
g - )
Part Il. _ Boiling Point of an unknown Sample

(Unknown)
Unknown Sample Number =

Boiling Point of unknown sample

Trial 1: - °c (range)
Trial 2: - °c (range)
Trial 3: - °c (range)

My unknown compound is

(name of compound)
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Pre-laboratory Questions - Due before lab begins

1.

o krwn

Which of the compounds, ethanol, §EH>OH, or methanol, CkDH, should have the higher
boiling point? Why?

How would the boiling point change if the atmosph@ressure increased or decreased?

What is the effect of a small amount of impuritytbe boiling point of an organic compound?

List five physical properties of organic compoutllst are often measured by organic chemists.
The boiling point of acetic acid is usually statede 118C. Isiit possible to have acetic acid boil at

90°C? Explain

Post-laboratory Questions- Due after completing the lab

c) What is the difference between evaporation and easation? Define each.

d) Boiling point determination can be used for sevpraposes. What are those purposes?
e) What effect on the boiling point is produced by:

a soluble non-volatile impurity, such as table salt
an insoluble foreign substance, such as sand

f) A liquid “X” has a normal boiling point of 75C. What will be the approximate boiling point of

the liquid at 800 mmHg pressure?

g) The density of a liquid whose boiling point is 68-& was determined to be 0.74 + 0.05 g/ml. What

is the liquid?
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Unit 3

Melting Point Determination

Purpose
» Determine the purity of a substance using meltioigtoas physical property

* ldentify an unknown compound using its melting poin
* ldentify an unknown compound using mixture meltoant
* Learn how to obtain an accurate melting point usimgel-Temp apparatus

Discussion

Identifying an unknown compound can be a tediowsex@acting task. In identifying a compound, a chs¢mi
often measures several physical properties (mefigt, boiling point, density, etc.) and obsereefew
chemical properties (reactivity, acidity, basicigtc.) of the compound. The reason for determisiengeral
chemical and physical properties of the compourttias it is quite possible for two different compaols to
have a few physical and or chemical propertiesommon; but it is highly unlikely for the two compus
to have very many identical physical and chemicapprties.

Useful physical properties that are often utilizegd chemists in identifying an organic compound uiie
colour, odour, physical state, melting point (M,Riling point (B.P.), density (d), infrared (IRpectrum,
nuclear magnetic (NMR) spectrum and ultraviolet jl$gectrum.

Physical constants are numerical values measuréitedime certain physical properties are obserdex.
long as the physical constants are determined wtdrdard conditions (temperature, pressure, #tey,are
invariant and, therefore, useful in helping to deiee the identity of unknown substances.

Chemists regard a table of physical properties @mgsical constants to be extremely helpful in idgimgy

unknown compounds. There are a number of referbno&s that contain tables of physical propertied an
physical constants of compounds. If the physicalpprties of an unknown compound are identical ® th
physical properties of a compound listed in thdesbthe two compounds are probably the same. Tdus,

colourless, liquid compound with a melting point505°C, a boiling point (at 760 mm) of 80°C, is likely to
be benzene, although we might want to make a feve mioservations to be sure.

It should be pointed out, however, that it is nosgble to accurately predict the physical propsrif
newly synthesized or isolated compounds. Thereftables of physical properties are only useful in
identifying previously known compounds. Howeverefus information as to the compound's identity &sd
purity can often be obtained from its melting point

The melting point of a solid is defined as theemperature at which the liquid and solid phases are
in equilibrium.

Thefreezing point of a liquid is the saméemperature as the melting point of its solid. However, frewyi
points are rarely measured in practice because dheynore difficult to determine. One reason fas ik
that solidification may not occur at the correcinperature due to the phenomenonsopercooling.
Supercooling occurs when a liquid is cooled beltsareezing point and does not solidify.

Determination of the temperature at which the sahd liquid phases of a substance are in equitibigi
tedious and time consuming; it is also quite diffiavith a small amount of sample. Thus, in prastimost
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melting points are determined as capillary melfwoints, which can be done quickly with a small antou

of sample in a capillary tube. éapillary melting point is defined as the temperature range over which a
small amount of solid in a thin walled capillaryb&ufirst visibly softens (first drop of liquid) arttien
completely liquefies.

A solid is said to melsharply if the melting point range is 0.5 - 1°%c (narrow melting point range). A
pure solid will generally melt sharply because theees of attraction between its particles are shme.
However, the presence of a foreign particle inyetat lattice interrupts its uniform structure ahd forces
of attraction are weakened.

An impure solid melts at a lower temperature andr@/wider range. Thus, a solid's melting poinissful
not only as an aid in identification but also asratication of purity.

Suppose two compounds X and Y have identical ngefimints of 131- 133C and appear to be identical. We
can easily determine whether or not X and Y reatly the same compound by mixing a small amount of Y
with X (or vice versa) and taking the melting paafithe mixture. (The melting point of a mixturecislled the
mixture melting point). If X and Y are the same compoundthe mixture melting point will be the same as
the melting point of pure X or pure ¥.X and Y are not the same compoundone will act as an impurity in

the other and the mixture melting point will be Envand more spread out (wide range 120-X2 this case)
than the individual melting points of pure X or puf.

It should be noted, however, that there is oneusgixture of two compounds, X and Y, which haswadr
melting point than any other mixture of the two gmunds. This particular mixture is called tbetectic
mixture. The melting point of the eutectic mixture is edltheeutectic point. A mixture whose composition
corresponds exactly to its eutectic mixture willvbaa relatively sharp melting point. Thus, thereais
possibility that a eutectic mixture could be migtakfor a pure compound. However, if a small amaifnt
either X or Y (assuming they are both known) iseatitlo the mixture, the melting point of the resuti
mixture will behigher and more spread out than the melting point of tlieatic mixture.

Some solids pass directly from the solid statdéogaseous state without first liquefying; thispdmenon is
called sublimation. The temperature at which sublimation occurs itedathe sublimation point. Other
solids decompose rather than melt. The temperatusbich a solid decomposes is ttecomposition point
While both sublimation points and decompositiomp®iare useful helping to identify compounds, regiils
very helpful in establishing the purity of a compdu

Some solids begin to "sweat" a few degrees bel@i thue melting points. Other solids suddenly rskiri
just before melting. Such shrinkage of a solid fdirated is callesintering.

Soluble impurities (that is, impurities that areluded within the crystal matrix) tend to lower tbleserved
melting point and broaden the melting point rarigsoluble impurities have no effect on the melfoaint.

MEL-TEMP OPERATING INSTRUCTIONS

CAUTION: Never assume the unit is cold! Wait for the heating block to cool if the temperature is not

<20° C below the melting point (m.p) of your compoundAllow the block to cool to room temperature if
you have no idea what the approximate melting pointoofr compound is.
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g. Set voltage to obtain the desired heating ratehatanticipated melting point rangéhe voltage
control controls the rate of heating, not the temperatur@he higher the setting, the faster the
temperature rise. Use the heating rate charts bé&bogelect the correct voltage and estimate the

amount of time to obtain a temperature within"@0of the melting point.

NOTE: It is always a good idea to determine theraxjmate value for the m.p in a literature
source prior to lab. If the approximate value ipassible to obtain, save time by first obtaining a
quick melting range, then repeat slowly with anotemple.

h. Obtain a sample or prepare a sample by packindlagptube 3-4 mm high with thoroughly dried,
finely powdered, densely packed sample. Largersdagamples will heat unevenly! Insert the loaded
m.p. tube in one of the (three) channels in thenopgeat the top of the unit.

i. Insert thermometer into thermometer well of instemin(bulb first).

J.  Turn on power switch, making sure that apparatuglugged in. Set the power according to the
heating rate chart (below).

k. Observe samples with the eye about 6" from lensn Town the voltage control to get e per

minute rise when you are within 20 of the melting range (see example below righ¢) pBtient!
I.  Record the temperatures of the meltiagge.

T1: Temperature at WhichSEldrop of liquid appears.
To: Temperature at which the last crygtat disappears.

=)

— thermometer

J;’(li\\{f.‘-’,’l}.’l{!FJ’

cyepicce 1 —=— melting-point tube

tube channels

heating control

Fig. 1. Mel-Temp apparatu's
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Set the voltage control to zero and turn off thev@oswitch when finished. Leave apparatus on laicbhe
until cool. Discard the sample in the glass dispbea.

Chart for setting the Mel-Temp melting point apparatus

selrng of apprdaratus
Y
i
T

2 1 1 T 1 1
50 100 150 200

anticipated melting point (°C)

Experimental Procedures

A. Preparing the Sample

Place a pea-size mound of one of the listed comg®on a piece of paper and grind it to a fine povudeng

a spatula. Use the spatula to push a small amduhéeolid into the open end of a capillary tubken drop
the capillary down several times to fill and pale& sample well to cause the solid to fall to thi#dmn. Repeat
this step until you have accumulated a sample 2n(An0.5 cm) high in the bottom of the tube (see F)g. 2

j24 ==

Fig. 2 — Preparing the sample Fig. 3 - Taking a Melting Point
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B. Taking a Melting Point

To record the melting point range of a compounidi tvfio capillary tubes each to a depth of 2 -4 im#ters
with the compound of interest. First, get a routgai of the approximate melting point range (seeJjigPlace
one of the tubes in the Mel-Tem apparatus and thséemperature a relatively fast rate, aboutQninute.
Record the range of temperature from the firstolesevidence of liquid (the sample appears moisg bny
drop of liquid is observed) to the complete liquéian of the sample.

Note the temperature at which the compound firgirizeto melt. Allow the melting point apparatusctmol
to about 20 °C below that temperature, and theerirtbe second tube. Raise the temperature mongdyslo
this time, at the rate of about 2 °C/min.

Note the temperatures at which: I. the first crigstaelt, and; Il. at which the sample has compjeteélted.
This is the melting point range. For example, a napge of 164-168 °C average of 166 °C indicates the
sample softened or began to melt at 164 °C andrdwadition to a liquid was complete at 168 °C.

C. Mixture Melting Point

Take approximately equal amounts of the two comgedar which you have already determined melting
points and grind them together very thoroughlypBre a capillary containing a sample of this mietas
described in Part B and determine its melting point

List of Melting Points for Standard Compounds
Compound M.P. degrees C
o-toluic acid 103-105
Acetanilide 113-114
Fluorene 114 -115
dl-Mandelic Acid 117-118
Benzoic Acid 121-122
2-Naphthol 121-122
Urea 132-133
trans-Cinnamic Acid 132-133
Benzoin 136-137
Maleic Acid 136-137
Vanilin 81-82
Cholesterol 148-150
Biphenyl 70-71
Phenylbenzoate 69-70
Benzhydrol 68 —69
Benzophenone 48- 49

D. Determination of the Identity of an Unknown

Obtain an unknown compound from your instructored@re two capillaries containing the unknown.
Determine an approximate melting point for it usthg first tube and a heating rate of 15-20 degpszs
minute. Then let the thermometer and Mel-Temp aparcool to at least 20 degrees below this apprate
melting point and use the second tube to obtaiacanrate melting point with a heating rate of naertban 3
degrees per minute.
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From the found melting point of your unknown, decidhich of the listed compounds it might possibéy b
There may well be more than one reasonable pasgibitrepare a mixture of your compound with the
compound that is the most likely of the possibleicés and take a melting point of t his mixturatdfmelting
point is the same as that of the unknown, it igljikhat your unknown and the compound with whiclu y
mixed it are the same. If the melting point of thixture is lower than that of the unknown, you ddqurepare

a mixture of your unknown with the next most likelyoice. You must continue to experiment until yave
found a substance that does not lower the meltmgt of your unknown. When you have confirmed the
identity of your unknown, record your findings Imetreport sheet.
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EXPERIMENT — Melting Point Determination

Name
REPORT SHEET
Instructor
Date
I. Melting Points of Pure compounds o o
M.P., C M.P., C
Name of compound (Experimental) (Literature)
h.
i
[Il. Melting Point of an Impure Substance
Melting Point of a Mixture of (a) and (b) °c
lll. Identification of an Unknown Solid from its &lting Point
Unknown Number =
M.P. of PURE unknown = °c
Trial 1:  M.P.of unknown when mixed with = OC
(name of compound)
Trial 2:  M.P. of unknown when mixed with = °c
(name of compound)
Trial 3:  M.P. of unknown when mixed with = °c

(name of compound)

My unknown compound is

(name of compound)
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Pre-Laboratory Questions - Due before lab begins

. List six physical properties of organic compounust fare often measured by organic chemists in
attempting to identify a compound.

. Melting point determination can be used for sevpuaposes. What are those purposes?

. Define the following terms:

melting point —

sublimation —

sintering —

eutectic mixture —

. What is the effect of a small amount of impuritytbe melting point of an organic compound?
. What is the difference between the capillary mglfioint and true melting point?

Post-Laboratory Questions -Due after completing the lab
1. What would be the effect on the observed meltingtagbsample were:
a) too small —
b) too large —
c) poorly packed —
d) heated too rapidly —
2. Some compounds sublime in the capillary and somerdpose before melting. How do you
determine melting point of these compounds?

3. A student was given a white solid for an unknowas.rhelting point range was 119 — 141
The student has previously worked with benzoic ,aarid had observed that it was a white

crystalline solid with a melting point of 19¢.

(a) Can the student conclude that the unknown is beramd on the basis of her work to this? Why
or why not?

(b) What additional experimental work should be doneeify this compound?

4. You and your lab partner take melting points ofshee sample. You observe a melting point of
101-107°C, while your partner observes a value IfJ-112°C. Explain how you can get two
different values with exactly the same sample.

5. An unidentified compound is observed to melt shagbl111 °C with the vigorous evolution of a
gas. The sample then solidifies and does not néiltthe temperature reaches 155 °C, at which
time it again melts sharply. Briefly explain thedeservations.
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Module 4
Unit 1

Structures of Hydrocarbons - Experiment with Models
Purpose

. Draw formulas for alkanes from their three dimenalanodels.
. Write the names of alkanes from their structuratfolas.

. Construct models of isomers of alkanes.

. Write structural formulas for cycloalkanes and la#tanes.

Discussion

The saturated hydrocarbons represent a group @nmgompounds composed of carbon and hydrogen.
Alkanes and cycloalkanes are called saturated lbgdoons because their carbon atoms are connected by
only single bonds. In each type of alkane, eacharaatom has four valence electrons and must alivays

four single bonds.

To learn more about the three-dimensional struatarepounds, it is helpful to build models usingafi-and-
stick model kit. In the kit are plastic (or woodemlls and sticks, which represent typical elementd
chemical bonds respectively in organic compounds.

Elements and bonds represented in the Organic Mod&it

Color Element Number of bonds
Black carbon 4
White hydrogen 1
Red oxygen 2
Yellow nitrogen 3
Green chlorine 1
Blue bromine 1

The first model to build is methane, @gH hydrocarbon consisting of one carbon and fgdirdgen atoms.
The model of methane shows the three-dimensiomglesta tetrahedron, around a carbon atom.
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CH, (methane)

H
H“””H
H

H
C4Hs (cyclobutane) Molecular formula

H H
| |
H—c —H H,C CH,
‘ ‘ CH,
H—?—f—H H,C CH,
H H
Structural formula Condensed formula Skeletal formula Empirical formula

To represent this model on paper, its shape iseflatd, and the carbon atom is shown attached to fou
hydrogen. This type of formula is called@mplete structural formula. However, it is more convenient to use
a shortened version calleccendensed structural formula. To write a condensed formula, the hydrogen atoms
are grouped with their carbon atom. The numberydfrdgen atoms is written as a subscript. The cotaple

structural formula and the condensed structurahiéda for GHg are shown below:

T
H—<|: ?-H CH, CH;  or CH,CH,

H H
Complete Structural formula Condensed Structural formula

Naming Alkanes
The names of alkanes all end withne The names of organic compounds are based onatmesof the
alkane family.

Name Formula Name Formula

Methane CHg Hexane CH3CH>CHoCH2CHoCH3

Ethane  CH3CH3 Heptane CH3CH2CHoCHoCHoCHoCH3

Propane CH3CH2CH3 Octane CH3CHCHCHoCHyCHoCHCHg
Butane ~ CH3CH2CH>CH3 Nonant CH3CH2CHyCHyCHoCH2CHCHoCH3
Pentane CH3CH2CHCHCH3 Decane CH3CHoCH2CHyCHoCHoCHCHoCHoCH3
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Constitutional Isomers

Constitutional isomers are present when a moledalanula can represent two or more different strcadt
(or condensed) formulas. One structure cannot lwerted to the other without breaking and forming
bonds. The isomers have different physical and atedmproperties. One of the reasons for the vastyaof
organic compounds is the phenomenorsarinerism.

H A branch to a three-carbon chain
| &~

H—cC—H

P vl
H—é:— T— T_ C—H H—c— (f_ ?—H
r|| H H IL r|| H H
n-Butane 2-Methylpropane

Cycloalkanes

In a cycloalkane, and alkane has a cyclic or ringtsire. There are no end carbon atoms. The stalctu
formula of a cycloalkane indicates all of the cartamd hydrogen atoms. The condensed formula grihgps
hydrogen atoms with each of the carbon atoms. Amatype of notation called thgeometric structurels
often used to depict a cycloalkane by showing dhly bonds that outline the geometric shape of the
compound. For example, the geometric shape of pyapane is triangle, and the geometric shape of
cyclobutane is square. Examples of the variousttral formulas for cyclobutane are shown below.

T T
H_T—C—H H,C CH,
H—C—?—H H,C —CH,
\
H
Structural formula Condensed formula Skeletal formula
Haloalkanes

In haloalkanes, a halogen atom such as chlorineof@romine (Br) replaces a hydrogen atom of &ara or
a cycloalkane.

Complete structural formula Condensed formula Name
H
H— (lt—CI CH.CI Chloromethane (methyl chloride)
¥
T
Br—(lz—C—Br BrCH,CH,Br 1,2-Dibromoethane
Lo

96



Experimental Procedures

Using an organic model kit, construct a ball-aridkstmodel of the following molecules. Draw the thre
dimensional shape of the molecules and write timepdete structural formulae and condensed formwaalf
the isomers if any. Be sure to name all compounds.

(D_Alkanes

A) Methane, CH

D) Butane, GH1g

(1) Cycloalkanes

G) Cyclopropane, §Hg

J) Cyclohexane, §H12

(1) Haloalkanes

K) 1,2-dichloropropane

N) 1,2-dichlorocyclopentane

B) Ethane, GHg C) Propane, €Hg

E) Pentane, §H12 F) Hexane, gH14

H) Cyclobutane, gHg I) Cyclopentane, §H1g
L) Bromoethane M) Dibromopropane

O) 2- methylpropane
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Pre-Laboratory Questions - Due before lab begins

m. How do you distinguish between molecular formulapeical formula (simplest), and
structural formula of benzene? (Draw structures)
n. How do you distinguish between geometrical andcstinal isomers? Give examples.
0. Why should the properties of structural isomerfedi
p. Draw skeletal formula for the following compound.
CH, CH,
“CH

CH,-CH-CH-CH_-CH,

ZH
5. Draw all possible cyclic isomers fopldg and name all isomers.

3

Post-Laboratory Questions -Due after completing the lab
j-Write the condensed structural formulas and naroeslf the constitutional isomers with the formula

CyHoBr.
k.  Write the correct names of the alkanes and cyctmadk
a) Ch- C (CHg)2 — CH(CH) CHg

b) m
c)
Br
7. Write condensed formulas for the followings:

2,3,3,4 —tetramethylnonane

1-butyl-4-methylcyclodecane

neopentane
n-butane and isobutane are constitutional isonvéhat is the boiling point of each compound?
Define geometrical isomers and give examples. giral formulas and names)

©
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Unit 2
Reactions of Hydrocarbons

Properties and Identification of Hydrocarbons

Purpose:

» To identify saturated and unsaturated hydrocarlbsirgy properties and reactions.
e Study substitution and addition reactions.

Equipments Materials

Test tube rack (1) Cyclohexane n-Hexane

Test tube holder (2)|] 0.50 % KMnQ Conc. HSO,

100 mL beaker Toluene BCCl, or Br,/CH,Cl,
Medium test tube (6) 10 % NaCO; | Unknown hydrocarbons

Discussion

The number of known organic compounds totals iheorillions. Of these compounds, the simplest types
are those that contain only hydrogen and carbom&td hese are known agdrocarbons. Because of the
number and variety of hydrocarbons that can ez@te means of classification is necessary.

One means of classification depends on the wayhitiwcarbon atoms are connecté&hain aliphatic
hydrocarbons are compounds consisting of carbakedi either in a single chain or in a branchedrchai
Cyclic hydrocarbons are aliphatic compounds that havbocaatoms linked in a closed polygon (also
referred to as aing). For example, hexane (single) and 2-methylpenthnenched) are chain aliphatic
molecules, while cyclohexane is a cyclic aliphabmpound.

e Al O

Hexane 2-Methylpentane Cyclohexane

Another means of classification depends on the ofg®nding that exists between carbons. Hydroagasbo
that contain only carbon-to-carbon single bondscatkedalkanes. These are also referred to saturated
molecules. Hydrocarbons containing at least onéoarato-carbon double bond are callaldenes, and
compounds with at least one carbon-to-carbon trijgad are calledlkynes. Alkenes and alkynes are
referred to asunsaturated molecules. Finally, a class of cyclic hydrocarbdingt contain a closed loop
(sextet) of electrons is calledomatic. With so many compounds possible, identificatibthe bond type is
an important step in establishing the molecularcstire. Quick, simple tests on small samples ctabksh
the physical and chemical properties of the comgeuny class.

Some of the observed physical properties of hydbmres result from the nonpolar character of the
compounds. In general, hydrocarbons do not mix withar solvents such as water or ethanol (ethyl
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alcohol). On the other hand, hydrocarbons mix watlatively nonpolar solvents such as ligroin (a tonig

of alkanes), carbon tetrachloride (GJlor dichloromethane (Ci€l;). Because the density of most
hydrocarbons is less than that of water, they flakt. Crude oil and crude oil products (home hegtbil
and gasoline) are mixtures of hydrocarbons; whelledpon water, these substances spread quicklygalo
the surface because they are insoluble in water.

The chemical reactivity of hydrocarbons is deteedimy the type of bond in the compound. Unsaturated
hydrocarbons (i.e., alkenes and alkynes) reacadaltion of reagents to the double or triple bonds. The

addition products become saturated, with fragmehtthe reagent becoming attached the carbons of the
multiple bond. Aromatic compounds, with a higherbom-to-hydrogen ratio than nonaromatic compounds,

undergosubstitution in the presence of catalysts rather than an adigaction.

1. Reaction with bromine.

Unsaturated hydrocarbons react rapidly vaitbmine in a solution of carbon tetrachloride oclojiexane.
The reaction is the addition of the elements oftine to the carbons of the multiple bonds.

Br
It B —— )\/
Br

Red Colourless
Br
Br
—_— + ZBr2 e )g(
Br Br
Red Colourless

The bromine solution is red; the product that h@skiromine atoms attached to carbon is colorldsss,Ta
reaction has taken place when there is a losslof rom the bromine solution and a colorless Solut
remains. Because alkanes have only single C- Cdbpresent, no reaction with bromine is observedl; th
red color of the reagent would persist when ad@eoimatic compounds resist addition reactions bezadis
their “aromaticity”:the possession of a closed |oop (sextet) of el ectrons which imparts extreme stability.
These compounds can react with brominereqtire the presence of a catalyst such as irlamgil or
aluminum chloride.

2. Reaction with concentrated sulfuric acid.
Alkenes react with coldoncentrated sulfuric acid by addition. Alkyl suifo acids form as products and

are soluble in HSQy; subsequent water work-up results in an “-OH” lo@ tnore substituted carbon (as
demonstrated in lecture).

OH
)\/ + Hs0, —29 o >§/

Saturated hydrocarbons are unreactive (additians@ir possible); alkynes react slowly and require a
catalyst (HSOy ); due to their inherent stability, aromatic compds are also unreactive.
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3. Reaction with potassium permanganate.

Dilute or alkaline solutions &MnQO4 oxidize unsaturated compounds. Alkanes and arcroathpounds
are generally unreactive. Evidence that a reattamnoccurred is observed by the loss of the paqite

of KMnOg4 and the formation of the brown precipitate mangardioxide, Mn@.
OH

3."X~ + 2KMnO, + 4H,0 —» 3)\/ + 2MnO, + 2KOH
Purple OH Brown

Note that the product fedr(which contains two “-OH” groups) is called gagil.

Experimental Procedure

Assume the organic compounds are highly flammadbge only small quantities. Keep away from open
flames. Assume the organic compounds are toxiccamdbe absorbed through the skin. Avoid contact;
wash if any chemical spills on your person. Haratiecentrated sulfuric carefully. Flush with wateamny
spills on your person. Potassium permanganate @omdile are toxic; bromine solutions are also cavens
Although the solutions are diluted, they may causas to the skin. Wear gloves when working witast
chemicals. Also consider the following:

1. The hydrocarbons hexane, cyclohexene, andnel(alkane, alkene and aromatic, respectively) are
available in dropper bottles.

2. The reagents 1% Biin cyclohexane, 1% aqueous KMp@nd concentrated430, are available in
dropper bottles.

3. Unknowns are in dropper bottles labeled A, B, andi&y may include an alkane, an alkene, and/or
an aromatic compound.

4.  Test tubes will be suitable for all the tests; tigroughly.

5. Dispose of all organic wastes as directed by th&utor.Do not pour them into the sink!

Physical Properties of Hydrocarbons

1. Water solubility of hydrocarbons. Label six test tubes with the name of the sulestéo be tested. Place
into each test tube 5 drops of the appropriate doatbon: hexane, cyclohexene, toluene, unknown A,
unknown B, and unknown C. Add about 5 drops of wdtepwise into each test tube. Water is a polar
solvent. Is there any separation of componentsZhVtdmponent is on the bottom; which component
is on the top? Mix the contents. What happens wherncontents are allowed to settle? What do you
conclude about the density of the hydrocarbonfdshtyydrocarbomore dense than water tess dense
than water? Record your observations. Save théstoss for comparison with the next part.

2. Solubility of hydrocarbons in ligroin. Label six test tubes with the name of sudbstance to be tested.
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Place into each test tube 5 drops of the apprepiigdrocarbons: hexane, cyclohexene, toluene,
unknown A, unknown B, and unknown C. Add about &pdrof ligroin dropwise into each test tube.
Ligroin is a nonpolar solvent. Is there a sepamtb components? Is there a bottom layer and a top
layer? Mix the contents. Is there any change inaihygearance of the contents before and after nitxing
Compare these test tubes with those from the pumeviiart. Record your observations. Can you make
any conclusion about the density of the hydrocasldoom what you actually see?

Chemical Properties of Hydrocarbons

Reaction with bromine. Results provided on data sheet.

Reaction with KMnOg4 (Baeyer’s test). Label six clean, dry test tubethwie name of the
substance to be tested. Place into each test tdb@pS of the appropriate hydrocarbon: hexane,
cyclohexene, toluene, unknown A, unknown B, andnamkn C. Carefully add (dropwise) 1%

aqueous KMn@ solution; after each drop, shake to mix the sohgi Keep count of the number
of the drops needed to have the colour of the pegam@ate solution persist; do not add more
than 10 drops. Record your observations.

Reaction with concentrated H>SO4. Label six clean, dry test tubes with the naafethe
substance to be tested. Place into each test tdb@pS of the appropriate hydrocarbon: hexane,
cyclohexene, toluene, unknown A, unknown B, andnamkn C. Place all of the test tubes in an
ice bath. Wear gloves and carefully add (with shgki3 drops of cold, concentrated sulfuric
acid to each test tube. Note whether the solutamldecome homogeneous or whether a color is
produced. (The evolution of heat, the formatioradiomogeneous solution, or the appearance
of a color is evidence that a reaction has occuriRecord your observations.

Unknowns. By comparing the observations you made for yoknewns withthat of the known

hydrocarbons, you can identify unknowns A, B, andRecord their identities on your data
sheet.
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Data and Results (Properties of Hydrocarbons)

REPORT SHEET

Physical properties of hydrocarbons

Solubility: Does the hydrocarbon mix with the solvesdiuble, or not mix with solventinsoluble?
Use the observations you make for the solubilistge@and determine whethiére hydrocarbons are
polar or nonpolar substances.

Density: For water, is the densityreater than water (sinks) dess than water (floats)#or ligroin,
can you tell anything about the relative densities?

H,0 Ligroin

Hydrocarbon Solubility Density Solubility Density

Hexane

Cyclohexene

Toluene

©

Unknown A

Unknown B

Unknown C
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Chemical properties of hydrocarbons(note results for bromine test are provided)

Hydrocarbon

Bromine Test

KMnO4 Test

H,SO, Test

Hexane

Cyclohexene

Toluene

©

Unknown A

Unknown B

Unknown C

Unknown A is

Unknown B is

Unknown C is
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Pre-Laboratory Questions - Due before lab begins

1. Draw skeletal (line —bond) structures for the faliog compounds.
cyclohex
cyclohexane ene toluene

2. What are the general formulas for alkanes astbalkanes?

Alkanes cycloalkanes

3. Write equations for the reaction of 1-butene wité following reagents.

a) Bro/CHoClo

C) KMnOg/ hot

4, How could you distinguish octane from 1-octene Isynaple chemical test?

5. What would you expect the difference between redygtof the following pairs? Please explain

your answers

a) hexane and Cyclohexane b) hexane and cyclohexene
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Post-Laboratory Questions -Due after completing the lab

Below are four organic compounds. The reagent shswadded to the compound. Based on your studies in
this lab, determine the products (if any) that gbould observe when the reactants below are mixed
together:

A X + Br, — =

B. O + KMnO, ——»
H,O
C. + H,S0, ——»
NS .

— -
D. + KMnOo, ——=

2. A student has two compounds in two separate bditiesvith no labels on either one. One is an

unbranched alkane, octanegtG g); the other is 1-hexene §B12), an unbranched alkene. Based on your
observations in this experiment, tell what you dti@bserve via the following tests:

Octane 1-Hexene
A. | Water solubility
B. | Ligroin solubility
C. | Density versus water
D. | Bromine test
E. | Permanganate test
3. An unknown compound, believed to be a hydrocarbbawed the following behavior: no heat

or color appeared when sulfuric acid was addednpeganate solution remained purple; and the reat col
of bromine solution was lost only after a catalyas added. From the compounds below, circle the ONE
that fits the observations.

/V\OR:iOR@OR@
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Draw condensed structure formulas for the followdegnpounds.

cyclohexane cyclohexene toluene

Write equationrs for the reaction of cyclohexenthwihe following reagents:
a. Bro/CH>Clo

b. KMnO4/cold

How could you distinguish 1-octanol from 1-octdryea simple chemical test?
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Unit 3
Alkene Synthesis from Alcohol

Preparation of Cyclohexene From Cyclohexanol

Purpose:

4, Preparation of an alkene by dehydration (elimimatd water) of an alcohol in the presence of
an acid catalyst.

5. Calculation of percentage recovery of product.

6. Test for purity and identification of alkenes

Equipment:

10-mL graduated cylinder Condenser Glass adapjor (2

Round bottom flask (25 mL, 50 mLL)Thermometer Rubber tubing (2)

Heating mantle Thermometer adaptd@srease

Chemicals:

Cyclohexanol Phosphoric acid (85 %)10 % NaCOs;

Br,/CCl, 0.5 % KMnQ Drying agent (CaG)

Discussion:

Dehydration is an elimination reaction of an aldofde elimination reaction involves the loss of @Hl
from one carbon and an H from an adjacent carbeerdl, this amounts to the elimination of a molecu
of water, resulting in a pi-bond formation of akeale or alkyne. The loss of water from a molecsle i
called dehydration. In many cases alcohol dehyainatequires an acid catalyst and heat. Phosphoidc a

(H3POy) and sulfuric acid (RISOq) are the most commonly used acid catalysts.

When more than one elimination product can be fdrrttee major product is the more substituted alkene
- the one obtained by removing a proton from thgaaht carbon that has fewer hydrogens (Recall
Zaitsev’s rule). The more substituted alkene isrttagor product because it is the more stable alkeme

it has the more stable transition state leadintsttormation.

Dehydration of 2-methyl-2-butanol produces primarily 2-methyb@tene, a tri-substituted alkene, rather
than2-methyl-1-butene, a di-substituted alkene:
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CH, CH, CH,

| HyPO, |
—_ _
CH,CCH,CH, T CH,CH=CHCH, + CH,=CCH,CH; + H,O
I
OH >85% <15%

Alkenes can be hydrated (water molecules addettheipresence of an acid catalyst:

The hydration of an alkene is the reverse of theé-eatalyzed dehydration of an alcohol:

RCH,CHR dehydration

| hydration
OH

RCH=CHR + H,0

To prevent the alkene formed in the dehydratioctrea from reforming back the alcohol, the alkea@a c
be removed by distillation as it is formed, becaiideas a much lower boiling point than the alcohol
Removing a product displaces the reaction to tgjiet.r(Recall Le-Chatelier’s principle).

In this experiment, Cyclohexanol is dehydratedytahexene according to the following reaction:

OH H,PO,
—>
Heat
b.p. = 160 - 161 °C b.p. = 83 °C

Because the OH group is a very poor leaving granmlcohol is able to undergo dehydration onlysif i
OH group is converted into a better leaving group.

One way to convert an OH group into a good group {grotonate it.

* In the first step of dehydration reaction, protematchanges the very poor leaving group —OH into a
good leaving group —Oﬂ

* In the second step, water departs, leaving behoatt@zocation.

« In the third step, the base H$Qemoves a proton from the carbon adjacent to thsitipely

charged carbon, forming an alkene and regenertdiegcid catalyst $S0Oy.

Because the cyclohexene has lower boiling point tha cyclohexanol, the cyclohexene can be didtille
as it forms.

Mechanism:
s -

. H" HSQO o -H.O
e o o
- 161ch Step | H Step Il
MW = 100 g mof He—o
d=0.96 g mt

Step |||H- e HSO,

() v

b.p. = 83°C
MW = 82 g mof
d=0.81gmk
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The reaction is conducted in a distillation appssaf\s the reaction mixture is heated, the lowdlirzp

products (cyclohexene, b.p.ckia and water, b.p. = 10%3) distill out and are collected in the receiving
flask. Any unreacted cyclohexanol (the startingemat) and Phosphoric acid (the catalyst) areifethe

distilling flask because of their high boiling ptB'r(16fC and 215c, respectively). However, since a
small amount of phosphoric acid still appears i rdceiving flask, the product is washed with agqgeo
sodium carbonate to neutralize the acid. Cyclohexgmsoluble in water and thus is not lost dutimeg
washing with aqueous sodium carbonate solution. |asietraces of water are removed from the crude
cyclohexene using anhydrous sodium sulphate (avkéth forms a hydrate).

Experimental Procedure

Step | - Measure 10 mL of cyclohexanol into 50.0 mL roubdttom flask. Carefully add 3 mL of 85%

phosphoric acid; EPQy, the boiling chips, and mount the flask for simplstillation (see Fig. Below:
either use column packing or low hold-up packirgpwly heat the mixture until it comes to a gertutal.
After 10 minutes of gentle boiling, increase thathaufficiently to cause distillation (the temperat of the
distilling vapor should not exceed 180) and collect the distillate in a cooled 25 mLmdwbottom flask as
areceiver.

thermometer

thermomater adapter

weire ar K N —
rubber band .'J.:-..

heating mantle

50
receiving flask| 400 m_
<2 @
| <>

z ; suppor

Laboratory display of distillation
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To the distillate, add 1 mL of 10% sodium carborstkition, NaCOgs, to neutralize any traces of acid,
which have being carried over. Transfer the liquich separatory funnel, add 5 ml of cold water fIstlie
mixture gently, and drain off the lower aqueouslay

Pour the upper organic layer into a small, dry 30 Bnlenmeyer flask, and dry it over anhydrous caici
chloride (add about on tea spoon) for 5 to 10 n@suwtith a cover.

Step Il (ask instructor if necessary)- Decant the dried cyclohexene into a small disglliflask, add a
boiling stone, attach the flask to a simple distillatiosessbly, and distill carefully. Collect the material

distilling at 80 to 85C. Determine the weight of the product and caleuthe percentage yield.

Step Il — Use 5-10 drops of product in two small test tudned test with drop-wise bromine (decoloration)
anddrop-wise potassium permanganate (dark brown ptatp for purity and identification of alkene.
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Alkene Synthesis from Alcohol
Data and Results

REPORT SHEET Name

Instructor

Date

Reaction Equation

Amount of reactant (cyclohexanol) used

Theoretical number of moles cyclohexanol mole
(calculation)

Theoretical number of moles cyclohexene mole
(calculation)

Amount of product theoretically obtainable g
(calculation)

Actual yield

Percentage yield %

(calculation)
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Pre-Laboratory Questions - Due before lab begins

1. Define the following terms Dehydration —
Catalysis —
Chaser solvent -

2. What is the function of each of the following reatgein this experiment:
phosphoric acid; anhydrous sodium sulphate; sodiarbonate solution, and
saturated sodium chloride solution.

3. Outline the mechanism for the dehydration of 2-mlefrchohexanol
Name or draw the structure, whichever is appropriaf each of the followir
compounds.
a. cyclohexene b. GHCH,-CH=CH, c. 2-methyl-1-pentane
d. CH;-CH,-OH  e. cyclopentanol

Post-Laboratory Questions -Due after completing the lab
1. Outline mechanism for the dehydration of 1-methylytlohexanol.

2. What is the major disadvantage of using concemtraelphuric acid (or
hydrochloric acid) rather than 85% phosphoric acd the dehydration of
alcohols?

3. Why is the receiving flask supposed to be keptanduring the preparation of
cyclohexene?

4. If 0.138g of cyclohexene @E10) was obtained from 0.240g of cyclohexanol
(CeH120), what is the percentage yield of cyclohexene?

5. Complete each of the following reactions by drawihg structures of the organic
products.

H,O*

_——
a heat
Br,

OH
H,SO,
c >
: heat
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