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PREFACE

Many high school chemistry texts present organic chemistry
by covering the main topics from many different fields. JIreatment
in tkis manner tends to cover a large field, but many of the basic
fundamentals are passed over lightly. 4it is felt that by teacning
organic chemistry based on the chemistry of digestion that a more
inspiring approach can be achieved.

Chemistry taught in this manner has been used in a physical
science course at Eastern illinois State College very successfully
for the past five years.

This paper adapts the same approach to high school chemistry.
This material was used in a chemistry course in 1994 at Pleuasant
Hill high school. It is felt that the results indicate its
success also on the high school level.
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ORGANLIC CHLWISTKY
What is organic chemistry?

Organic chemistry deals with the study of the properties and
reactions of all compounds containing carbon. <The number of these
compounds is very large. uore than seven hundred thousand different
compounds have been isolatew and new ones are produceda from plant and
animal products that were formerly regarded as wastes.

The human body is composed principally of organic compounas,
minerals and water. ULiost of our foods are organic compounds. The
digestion of these foods by the body involve reactions of organic
compounds. To have an understanding of tie chemistry of digestion
it will be necessary to understand the basic principles of organic

chemistry.

The properties, and the great number, of carbon compounds make it
convenient to set aside organic chemistry as a separate course of
study. Because of their properties, special laboratory technigues
are required for handling these compounds. xalmost all organic compounds
are combustible, and many are very inflammable. At room temperatures,
most organic compounds are very unreactive. <This property enables
us to use o0il in preventing the rusting of metal tools. iost
organic compounds, in comparison to inorganic compounas, react at a very
slow speed, some requiring many hours, even with selectea catalysts
and high temperatures, to react.

This difference in speed of reaction arises from the fact that
organic chemistry deals with molecules that are unionized or only
partially ionized. This characteristic is due to the covalent bonds
of most organic compounds.

What are covalent bonds?

Atoms in order to form the valence shell of an inert gas can
share electrons. This results in the formution of covalent linkages
or bonds. In the simplest possible instance, two hydrogen atoms can
Pool their lone electrons in forming the hydrogen molecule.

Hn + )4° - 4921+

By sharing electrons each hydrogen atom acquires a helium shell of
two and a stable molecule is formed. <They are held together in a
molecule through attraction for and by the shared pair of electrons.

lilectron sharing is of fundamental importuance in organic
chemistry because it is the process by which carbon regularly enters into
chemical combination. <The atom of carbon has four valence electrons
and in almost all carbon compounds, carbon will complete its outer
orbit by forming four covalent bonds.
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What are hydrocarbons?

The hydrocarbons are the simplest of the organic compounds. ihey
are composed of only two elements, hydrogen and cariton. <+the number
of hydrocarbons is very large and constitute a very important division
of organic chemistry. 4in food chemistry they are important because
they are tlie stepping stones from which the aluehydes, amines, alcoiiols,
and acids are proeduced. All ot these compounas are founa in algesieu
food.

in organic chemistry the molecular tormula, (Ukg,, tells us
absolutely nothing about ivhe arrangement of the aivoms within the
moiecule. 4t is usual to employ suvructural rormula to illustrate
organic molecules. ZXor example in the simple hydrocarbon molecule,
methane, a neutral carbon atom can share its four electrons in its
outer orbit with four hydrogen atoms.

H A
H:C s H OR H—C— H
H H

Structural formulae are also important because many of the
hydrocarbons can form isomers. These are coapounds that have the
same number of carbon and hydrogen atoms, but instead of forming a
straight chain molecule, side branches are formed. 4an example of

this behavior can be seen by studing the straight chain ana the
isomer form of butane.

-
B H-C-H
H-G-¢-C-C-H I
—H M H A H-C-C-G-H
H H o H

N- Butane 150 - Buta»ne

The most important source of hydrocarbons is natural gas and
petroleum. uiethine, ethune, propane, anda butane are all found in
natural gas. Other important hydrocarbons include gasoline, kerosene,
lubricating oils and greases. These last hydrocarbons are all
obtained by the fractional distillation of c¢rude oil.

The concept of a definite molecular structure is fundamental in
the study of tne compounds of carbon. The molecule of methane is
not flat, with the carbon ana hydrogen atoms lying in a plane, us
illustrated above. Instead, the four hydrogen wtoms are so situatea
that the lines drawn from them to the carbon zatom make equul angles in
sSpace. iloleculur moaels are very helyful in grasping this funduaental
idea of the definite structures of orguanic molecules. ZXollowing are
illustrated the three dimensional drawings of methane ana etaane.
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Ethane

The hydroxyl derivatives of the hydrocarbons.

An important group of compounds cun be obtained from the
hydrocarbons by replacing one of the hydrogen atoms by another wutoa
or group of atoms. In general, though, the hydrocarvons are relatively
inert. Methane and ethane do not react with many of the common
laboratory reagents. But under suitable conditions, oxidation
reactions can take place. If a carbon is oxidizea in a hydrocarbon,
an alcohol is formed.

H I—'l

H - C':" H oxidation o H-c -0
\ Ge Cavrhomn t_'_'
!

The two most common zlcohols are methyl and ethyl alcohol. wethyl
alcohol, commonly called wood alcokol or metaanol, has many uses as a
solvent of other orgaunic compoundas. It gets its name because of the
similarity of its molecular structure to methane. &thyl alcohol or
ethanol, the hydroxyl derivative of ethane, is commonly called grain
alcohol. It is also used as a solvent in both the home and industry.

Methane and ethane can form only one alcohol each, but the other
hydrocarbons, because of longer carbon chains, can form more than one
alcohol. These different forms are called isomeric forms. For
example propane can form two alcohols. uenerally as the number of carbon

and hydrogen atoms increase, the number of isomeric alcohols will
likewise increase.

o4 MR
CHsOH CaHsOH IH-C-C-C-OH H-C-C-C-H
HOH H oH H

Meﬁlano/ Ethanol )’)—Pnpp‘// Akohol )so-f’roP’f/ Aleonol
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A1l the alcohols that have been discussed have only one hydroxyl
roup . in their molecular structure. OUther alcohols can be forumed
ghich‘contain more than one hydroxyl group. £Zxamples of this are
ethylene glycol, used as an antifreeze, and glycerol that is found

in fats.

H o HooH o H
Hem - b b &
oH oK oH Ok OH

Fihylene Glycol Glycevo)

Alcohols, because of the presence of the hydroxyl group, have
properties which are very similar. In alcohols, though, the hydroxyl
group does not behave as the hydroxyl group found in an inorganic base.
In KGE, for example, an electrovalent bond exists between the potassium
and the hydroxyl group. The potassium atom releases its one valence
electron completely to the oxygen of the hydroxyl group. As a result,
& base will ionize in water to give a metal ion and hydroxyl ion. This
can be shown by the ionization of potassium hydroxide. It is because
of this ionization that a base will change red litmus paper blue and
neutralize acids.

KOH == K, OH~

If the hydroxyl group is attached to a non-metal, an entire
different set of properties result. In an acid such as nitric acid,
an electrovalent bond is found between the oxygen and hydrogen.
Oxygen can take hydrogen's lone electron. This will cause a positive
center to be formed around hydrogen and a negative center around oxygen.
As a result, hydroxyl groups attached to non-metals tend to give off
hydrogen ions. This enables acids to change blue litmus paper red
and to neutralize bases.

)
- Os
* e [-251
o
H 20 eNS
G_M [- X+ ou

Alcohol does not resemble either acids nor bases in their
chemical behavior. This is due to covalent bonds, the sharing of
electrons, that are found in most organic compounds. A4lcohols in
their chemical behavior resemble water.

In water, the electrons are not shared egqually between the oxygen
and hydrogen atoms. Oxygen because of its electronegative
characteristic can attract the shared electrons. &8y doing so a
positive center is formed around the hydrogen atoms and a negative
center is formed around the oxygen atom. These centers have magnet=-
like properties which enable water to form hydrates, to convert acid
anhydrides to acids and for the association of water molecules.

+ - +,..° * -
H+ R e e
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Alcbhol, because of its resemblence to water, can react with
metals, such as sodium to form salts. 4 typical reaction can be shown

by reacting sodium with ethyl alcohol.

H H ol o ‘
2H-¢—C "+ H + Na ——5 aH-C-C-0-Na +Ha
Mo H 7 Sedinm Erhoxs de

Alcohols differ from the hydrocarbons because they can be reaaily
oxidized by solutions of chromic acid or potaussium permanganate. The
oxygen from KifnOy will attack the carbon-hydrogen bond, forming a
carbon-hydroxyl bond. If the two hydroxyl groups are on one carbon
atom, an unstable condition exists. Water can separaie as shown below
and an aldehyde will be formed.

H A . .
H'é-/O\H _____,Q,Ozvs) - ({l ~o\H] —> FI-C=O F H.C

H IR o I:"

Faw"o’ﬂa,ld&h ffu.’—‘ LN

What are the aldehydes?

The aldehyde obtainec from methyl alcohol is formaldehyde. It is
a colorless liquid which is soluble in water and has a very sharp odor.
It has many uses in industry for preparing bakelite and many other
useful products. Formaldehyde is also used as a germicide, a deodorant,
and as a preservative.

Formaldehyde is just one of the many alaehydes that ¢ an be
prepared by oxidizing alcohols. If ethyl alcohol is oxidized, acet-
aldehyde will be formed.

y
HooH A
H-¢~C-on Ll > H-G-G=0 o+ Hal
- =
/9&6-‘%0./0(5}1«16/";

Another important series of organic compounds can be formed in
which one of the hydrogen atoms of an alcohol is replaced by a methyl
group or a similar group. This series of compounds are cualled the
ketones. The simplest ketone is called acetone.

e - Prass §auze C=o =+ 2
//‘A T —C""W“— } o T ,//
. N ﬂ o 500 o Hj\_,.

H <

loo- Propy ! Alcokol Acetone
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‘fne functional group of the aldehydes is the C‘ C)\group’
Vfgﬁj reactivity of this group that gives both the aldehydes and the
is s their chemical properties. The shift of the electrons in this

f@::goga toward the electron hungry oxygen. because of this shift, oxygen
%:ca:ns a negative center and carbon a positive center. -
Nom-metals or negative groups can be substitutea for o + A%
oxygen. Because of the great number of react}ons that — ‘.-—aécoo

the aldebydes can take part in, they are considered /-]

very important for the synthesis of other compounds.
An gldehyde can be further oxidized by mild oxidizing agents.
Oxygen can gain possession of the electrons shared by carbon and

hydrogen, and a carbon-hydroxyl bond is formed. The formation of this
bond produces a new group of compounds called acids.

What are the acids?

The two most common organic acids are formic and acetic acids.

+ _o H , o
H-C-oH &L H-C T oH H-C-C~0HEE H-4-CZoH
H . . H i _

Fowmic Acid Aeceltic Neird

Acetic acid is probavbly the most important of all orgunic acids. 4in the
home this acid is found in vinegar. Vinegar is egual to a 4» acetic
acld solution. If these acids are further oxidized, they will

decompose into carbon dioxide and water.

®
—~
H-CZop s COa+ +Ha0
Fovmic Acid
WVhat is the function of the digestive system?

This section is primarily to acquaint the reader with the different
parts of the digestive system and to indicate the general process of
digestion. The specific chemistry of the various foods and their
digestion will be covered in later chapters.

Food that is taken into the mouth, and then it must pass thru
the esophogus to the stomach. Z¥rom the stomach the food passes into
the small intestine where digestion is canpletea. To aid the body
in the digestion of food, the digestive glands of the body produce
enzymes.

iThe function of the digestive system is to break the large, complex
water insoluble food particles up into small, water soluble particles
that can be absorbed and used by the body cells.
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Questions
1. Vbat is organic chemistry?
3, What is the name of the simplest organic compound?

Be 6ompare the combustibility and speed of reaction of organic and
inorganic compounds.

4. Why do organic compounds generally react slower than inorganic
compounds?

5. What are covalent bonds?

6. Why are the hydrocarbons so important in our study of digestion?
7 What is the importance of structural formula? |
8. What are isomeric forms of compounds? Give examples.

9. ﬁthane is the name of an alcohol, aldehyde or hydrocarbon?

ll. Does an alcohol ever have more than one OH in its formulaf

12. ﬁow can‘a alcohol be formed from methane?

13. Alcohol resembles what common compound? |
l4. What group of compounds are formed when an alcohol is oxidizeu?
15. What aldehyde is formed when ethanol is oxidized?
16. Oxidizing the aldehydes results in the formation of what compounds?
17, What is the functional group of acids?
18. Show by formula the complete oxidation of a hydrocarbon.
19. What are the most common organic acids?

20, What is the general function of the digestive system?



Cnapter 11 Puge 8

DIGESTiION OF FATS

Why are fats important?

The fooes we eat are composed of carbohydrates, proteins and
Fats. Of these three, the fats wil; proviae more energy per gram
tnat the others. One gram of fat will p;oducg about 9.4 calories
of heat, but the carbonydrates and proteins will produce only
about 4 calories of heat per gram. The fats constitute a very important
and concentrated source of energy.

Fat is a part of every living cell in both plants and animals.
Our supply of fats come from eating these fat containing substances.
Some of the sources include peanut oil, soy bean o0il, butter, lard,
cod liver oil and cocoanut oil.

What is the composition of fats?

The fats and oils of our food are esters of fatty acids and
glycerol. Isters are formed by the reaction between an organic
acid and an alcohol. A simple ester that can be formed in the
laboratory is ethyl acetate.

If these foods are liguid at room temperature, tiey are callea
oils; but if they are solid, they are called fats. 4s they occur
naturally, they are mixtures of triglycerides of various fatty acids.
The three fatty acids of a fat may be either all alike, two alike,
or all different. The examples below will indicate the differences.

v L0 2Y
Ho C—0—C7= CyyHss Hz?“o~c_4w5sz H;ifa—cwcu%ﬁ;
4,0 (,D ‘9(}
Hal -0 -c7— CjyHazg Jlal~0-C -5 H3a 11,C-0 C%-C )=
/O ) _ /t/‘ 5‘;(‘)
H;(Z~O-C’-C,-) )"/_3_5 /1. C-C-C - C/) /‘/5‘5 /7’;8“ C ¢ ’C/) H:_i

5».777;9/6 mixed /W:i@d

Glycerol is the alcohol portion of fats. 1t is a colorless,
syrupy liquid at room temperatures, and is migcible in water. The
structural formula shows it to be a derivative of the hydrocarbon
Propane, with a hydroxyl group on each of the carbon atoas.

S M -
e C—=C = = H
oH oM < H
Many of the fats and oils of our foods can be formed in the
laboratory by use of butyric, palmitic, oleic, and stearic acids.

These all have the same functional group and therefore will have
Properties very much alike and similar to other organic acids.
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and oleic acid are liquids at room temperature, and the

Butyrie :

,ggfz two, because of long chains of carbon atoms, are solids.

In the table below is a list of the four common fatty acids and their
triglycerol ester.

Butyric‘acid Czlip COh Glyceryl tributyrin
?alﬁitic acid C,phiz1 COGH Glyceryl tripalmitin
Oleic acid Cy #Hiz3COtL Glyceryl triolein
Stearic acid Gy 7Hz5CO0E Glyceryl tristearin

By the use of the general formula for three carboxylic acids and
glycerol it is possible to show how a fat and o0il molecule can be

formed.

40 f’ -l
R-¢C ——F H)O ——(i-,_H R*C’—zo—cl'l—-H
/,D _— /O
R-¢c —-—@7—! / 5)0’— Cg-/—l ':__:t::%. Q-c’_.(),c,ﬁ-}"f‘H‘;O
29 S—T i 2 ’
R‘ﬁ/"'f()’H M0 MCl\,~H R-C - O,C}_H
H H

How is a ester formed? Fat ov O,/ Molecw fe

To show how esters are probably formed, ethyl alcohol and acetic
acid will be utilized. These are simpler molecules than those taking
Place in fat formation is a plant or animal, but the same forces will
be acting in both the simple and complex ester formation.

To show how esters are formed, Lowry's explanation will be
followed. If concentrated sulfuric acid is addea to a mixture of
ethyl alcohol and acetic acid, an ester will be formeu. Evidence of
its formation can be notec by « characteristic fruity odor. Sulfuric
acid acts as a catalyst in this reaction.

/OH “ /0/1:9
HsC—C e20¢ -+ H — = Hzl-C :0:; H

o

+ T+

The hydrogen from sulfuric acid will approach the relative negative

oxygen of the carboxyl group of acetic acide The pair of electrons

between the carbon and oxygen atoms is attractea by the approach of

hydrogen. This leaves the carbon atom more electropositive than in

the usual acetic acid molecule. The electropositive carbon atom can
then attract the negative region of the ethyl alcohol.
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oH D e
HaC —— C s & o Hs === H3C-C%0C,Hs 1,0
283 EMy/ Acefarte
- H+

In this intermediate condition water can split off and an ester
molecule is formed. The water molecule is made up of the hydroxyl
group from the organic acid and a hydrogen from the alcohol. The
hydrogen, attached to the organic acid, returns to the sulfate ion
to form the original sulfuric acid.

The same type of reaction takes place in the synthesis of
fats and oils in a plant or animal cell. bBut instead of just one
acid and one alcohol reacting, three organic acias and one alcohol
will combine to form just one ester.

What are the general properties of fats?

The glycerides of the lower fatty acids are slightly soluble
in water, but those of the higher fatty acids are insoluble. The
tri-glycerides are all soluble in hot ether, chloroform, ethyl and
methyl alcohol. In the laboratory, hot ethyl alcohol is one of the
best solvents for extracting fats or oils from animal or plant
tissues.

The presence of color, odor and taste in the tri-glycerides
found. in nature is due to foreign substances either mixed or dissolvea
in the fat or oil. Yor example plant pigment is responsible for the
color of butter and stored animal fat.

WVhat are the chemical properties of fats and o0ils?

The hydrolysis of an ester, which is the reverse of esterification,
will yield an alcohol and in the simple ester, such as ethyl acetate,
only one acids The two products of hydrolysis of ethyl acetate are
ethyl alcohol and acetic acid. This reaction can either be catalyzed
by an acid or a base. 4cid hydrolysis probably proceeds in a manner
similar to the reverse of esterification. 4in the boay though,
hydrolysis takes place in the alkaline medium of the small intestine.

Since fats and oils are hydrolyzed in an alkaline medium in the
body, let us consider the hydrolysis of ethyl acetate in dilute
sodium hydroxide. The ester molecule, contains an uneven distribution
of electrons and protons, which results in two rather marked electro-
positive and electronegative regions.

Hj C—cC —‘OCJ-Hfi
.1-
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The first step in hydrolysis 1is the addition of the hydroxyl group to
the carbonyl carbon aton. The addition of the hydroxyl group.tgnds to
weaken the carbon-ethoxyl bond. The carbonyl carbon, by acquiring a
gshare of the electrons of oxygen, will cause a cleavage of the C-Ok
bond. Sodium will be attracted to.the negative oxygen and hydrogeq
will move to the ethoxy group. This forms ethyl alcohol and a sodium
galt or soap. It is in this stage that fats can be absorbed by tae

blood Btrean.

—

. g D
HyC— C— ocaHs + 7 (0H ) == héCAf%szc»Hﬁ I
TR | ‘(f>
O

40
/3 C—-C0nm + CaMHs0

Hydrogen can also be added to unsaturated fatty acids, that is
an eater in which the Ch::CH group is found. Oleic acid is an
example of a unsaturated fatty acid. As hydrogen is aadea, the fats
become more gaturated and the melting point is increased. 1t is by
the addition of hydrogen that many cooking oils can be changed to
lard like products, which are more useful to the house wife. Uleo
manufacturers also utilize this principle in making margarine.

How are fats and oils digested in the body?

The digestion of fats and oils in the human body takes place
primarly in the small intestine. The process is mainly one of
hydrolysis, similar to the basic hydrolysis of ethyl acetate. Iats
are hydrolyzed to alcohol and organic acid salts. For example,
glyceryl tristearin is hydrolyzed to glycerol and sodium stearate.

In these primary forms the fats can be absorbed into the blood stream
and utilized by the body.

In order for the fats to be used to good advantage they must be
a liquid or at least soft. The humin body temperature of 98.6
degrees will soften most fats. I1If the fats remain in a solid
state, they can not be readily emulsified and may escape digestion.
In the following table the melting points and the percent of
several common fats and oils utilized by the body are shown.

B it sreop et e e e e dere————— - s
I s Rt e

Substance Melting point Percent absorbea
Stearin 60 degrees %o
Lard 34 degrees 97%
Mutton fat 49 degrees 93

Olive oil 0 degrees 98
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An emulsion is a colodial dispersion of a liquid in another
1iquid. The liquids are insoluble in each other so that a true
solution is not formed. A kerosene and water emulsion, made by
ghaking the two liquids together, will not remain in solution but
will separate into layers of water andhkerosene. if an emu131f1ng
agent is added the keroseme droplets will not separate out, but will
remain dissolved in the water medium. blle-of the d1ges§1v§ tract
is an example of an emulsifing agent. It will cause a liquid fat
to form an emulsion with water. This hustens digestion because it
jpcreases the surface area of fats so they can be much easier split

by enzymes.

Enzymes are substances that will cause fats to undergo
hydrolysis. These can not continue to catylize hydrolysis because
of a slight decomposition which make them enactive. The enzyme that
effects the digestion of fats is produced in the pancreas. This
gland and all digestive glands are greatly influenced by the
presence of food materials in the digestive organs.

The fats after they have been hydrolyzed are absorbed into the
lacteals, where the glycerol and acid salts are resynthesized into
fats. The lactealsu arry the fats to the muin artery and from there
to the various parts of the body. There they are either stored or
oxidized for energy.



Chapter II Page

1.

2
3.
4.
5.
6.
7.
B.
9.
L0,
l1.
2.
L3.

L4.
5.

ks,

Questions

Compare the calories of heat produced by fats, carbohydrates
gnd proteins.

What is the difference between fats and oils?

0f what two things are fats composed? |

What is the formula of glycerol?

Name four fatty acids.

Using a general formula show the probable formation of a fat.
What is an ester? Give an example.

Describe esterification using ethyl alcohol and acetic acid.
What is an unsaturated fatty acid? Give an example.

What are the general properties of fats and oils?

Using ethyl acetate, show the hydrolysis of that ester.
What effect does bile have on fats?

Does the body temperature of 98.6 degrees have any effect upon
the digestion of fats?

What is an enzyme?
What enzyme is important for fat digestion?

What are the probable products of the digestion of glyceryl
triolein?

13
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DIGESTION OF CARbORYDRATLES

What is a carbohydrate?

Carbohydrates are compounds composed of careon, hydrogen ana
oxygen. In a carbohydrate the ratio between the hydrogen and oxygen
is 231, as in water. Sucrose, Cl2h22011’ is a common example

of a carbohydrate.

The human race consumes more carbohydrates in its food than
any other kind of food. Such basic foods as rice, wheat, corn,
and potatoes are predominately carbohydrate in nature. idost
plants can manufacture these by a process known as photosynthesis.
In this process carbon dioxide and water are combined in the presence
of sunlight to form sugar. Most animals, from which man obtains
much of his food protein, are either directly or indirectly dependent
upon plants for food. Animals use carbohydrates not only for energy,
but also in building the tissues of their body.

The two most important carbohydrates man uses as food are
sucrose and starch. These must be broken down by the digestive
system, into simpler carbohydrates, before they can be used by the
cells of the body.

What are the simple carbohydrates?

The very simple carbohydrates that can be proauced in the
laboratory are not found in foods. but from the study of these,
many of the important properties of the food carbohydrates can be
determined. These simple carbohydrates have properties which
resemble both alcohols and aldehydes. They contain a covalent bond
made up of a carbon atom and an electronegative oxygen atom in a
hydroxyl group. They resemble the aldehydes, by having a = C=0
gTr oup .

A simple carbohydrate can be prepared in the laboratory by
the oxidation of one of the hydroxyl groups in glycerine.

H H
H-C-04 l=o0
- C-0H —ded o a0+ g-CooH
)/ -?—Of/ /f,_clmpf/
/H 1
Glycerire ejvccpy/,ﬁ/deAydc.

Carbohydrates like the hydrocarbons, can also form isomers. The
type of isomer found in hydrocarbons is due to the rearrangement of
the carbon atoms in a molecule. The type of isomerism found in
carbohydrates is called optical isomerism. In this type of isomerism
gnly the atoms or groups attached to the central carbon atom is

Bvolved. The position of the hydrogen and the hydroxyl
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éféay'asédéiated with the central carbon atom is just reversed. Une

: S m: : i ¢ f L-glyceryl
the mirror image of the other as in the case ©
:ié:hgge and L-glyceryl aldehyde, shown below.
A "
ggzo G =c
14 -C-OH He-c-H
H C'."‘O/" H""(“,-OI"’
H -
D—qugewof/ A/dé)z“fd“— L-Gmcemﬂ A lde Aqde_

The simple sugars have all possible numbers of carbon atoms from
two to ten. Of these sugars the only ones which are important to
man are those containing six carbon atoms. These sugars are often
referred to as hexoses or sometime monosaccharides. They all have
the same general formula of CpligonOn, where (N) is the number of atoms.

Of all the monosaccharides that are possible, only two are
important in the study of digestion. These two are glucose and
fructose. Both are colorless, crystulline solids. They dissolve
readily in water and are thus able to diffuse through animul cell
walls. DNeither can be melted because they decompose \caramelize)
when heated.

Where is glucose found?

Glucose is wiuely distributed in both plant and animal materials.
It occurs in the sap of most plants and is especially abundant in
the juice of grapes. <Yor this reason it is callea grape sugar. It
can be manufactured in large guantities by hydrolysis of starch with
steam and dilute acid. DJuring digestion of both sucrose and starch,
one of the products formed is glucose.

What is the structure of glucose?

Ordinarily glucose is shown in a straight chain form, but it
ean also exist in a ring form. 7This ring form is possible because
of the free movement at the carbon to carbon bond and also the
free movement of the hydrogen from one oxygen to another. When
glucose is found in the ring form, it is generally in eqguilibrium
with the straight chain form. o

:ﬁ 4 L 4
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H-c-oH H CH yoCH H"?’OH
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The'ring form can be written in a straight chain form with a line
indicating the bond between oxygen and carbon. <This form is useda to

8how the close relationship between the ring form ane the straight
chain form.
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Glucose is also called an aldose sugar, because of the presence
n aldehyde group on the carbon atom at the end of the chain. it
is because of this aldehyde group that glucose has several properties
that are similar to.the simple al@ehydes, such «8 acgtalaehyae.

Among these properties, the most important are that it has both
reducing and oxidizing powers. if glucose is oxidized it will form
an acid and if reduced it will form an alcohol.

of a

How does fructose compare with glucose?

Fructose has many of the properties of glucose, but generally
it is_.considered less reactive. It is widely distributed in nature,
it nas the same general formula and it can exist in both the ring

and the strazﬁht chain formn. ‘ﬁ
H -G-oH H-C-oH
C=0 C,——OH
/40-¢_H — JHo-C— /1
H-g-on S HoEoH
H“C‘,—"OH H,.é-oH
-C= \
H 5;0/4 H-i—o
i

5’1'“2./9/)7" Chaim Foerm R\%f—, Form

In contrast to glucose, fructose is a ketose sugar, becdause
the >C:-0group is on the second carbon atom. <he location of this
group on the second carbon atom is typical of all ketone formations.
Fructose, though, is more reactive than most of the siuple ketones,
such as acetone. It is the reactivity that enables fructose to
reduce Fehling's solution. Fructose can be oxidizea to form an
acid and reduced to form an alcohol.

What are acetals?

In order to understand the chemical change of large molecules
when they react, it is an advantage to have a clear picture of the
same behavior of simpler molecules. 1Ihe characteristics of the
simpler molecules are very similar to the complex molecules.

The simple aldehydes and alcohols will react with each other to
form acetals. As in the more complex molecules it is the presence of
positive and negative centers that enable them to react. 1his
reaction takes place first with the formation of a hemiacetal, which
reacts further with a second molecule of alcohol to form an acetal.
This reaction is similar to the one involved in ester formation.

An explanation of this behavior can readily be seen by an
examination of the forces which cause acetaldehyde to react with ethyl
aleohol. 1In this reaction, the bond between the carbon and oxygen
in acetaldenyde is not an even sharing of electrons. Uxygen can
gain control of the shared electrons. This leaves a positive center
around the carbon atom and a negative center around the oxygen.

/ﬂ e o /T, Ceo
HyC— C 2:0O === /a0 — C;’ ek

Ee—es
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In ethyl alcohol, as in water, the tepaengy is for the hyd;ogen
to partially separate from the oxygen. This will produce a positive

and negative center as shown below. _
/O\
HsCa—OH =——— HesCa 4 H

When acetaldehyde and ethyl alcohol are mixed, there is a
tendency for the oxygen and the ethyl group of the alcohol to be
attracted to the positive carbon of the acetaldehyde. Dbecause of
the motility of hydrogen, it is easy for it to dissociate from the
ethoxy group and form a similar bond with oxygen. The result of
this attraction and dissociation is an intermeaiate compounc called

I-, —_‘Z Lo L :’ | ’ ) V; /:j
B s,
)
CoH s

HemilaceIal

The hemiacetal will immediately react with another molecule
of aleohol to form an acetal. Again it is the shift of the hydrogen
from the alcohol group to the hydroxyl group of the hemiacetal to
form water. DBy this shifting a positive center is formed around
the carbon atom of the hemiacetal and this can attract the negative
center of the alcohol.

"o e N %
prC — CE(5H) + ({5 o Ol e 130 + Hal = Lm0 He
! ~ - e

) S o
Acetal

The acetal formation is important because it can be used to
describe the forces that hold glucose and fructose together in a
sucrose molecule. It is this acetal formation that must be
hydrolyzed during digestion of carbohydrates.

How does glucose and fructose combine to produce sucrose?

'Ip the laboratory fructose will react with glucose under suitable
conditions to produce sucrose. it is the shift in the hydrogen from
one group to the hydroxyl of the other to form water, that leaves tie
relatively negative oxygen and two positive carbons combine to form
the acetal linkage. This linkage is the force that holas glucose
and fructose together in a sucrose molecule.
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Where do we get our supply of sucrose?

Sucrose, a complex sugar belonging to the disaccharides, can be
produced in ihe lavoratory as indicated atove. iut natural sources
are generally usea for preparing our supply of sucrose. it 1s
found most abundantly 1n sugar cane ana sugar beets. wost of
our supply o1r sugar cane 1s grown 1n Cuba,iiawaii, ana Puerto itico, but
some is grown in Louisiana and Florida. most of the sugar beets,
used for the production of sucrose, are grow#n in our wWestern states.

In the production of sugar the juices from both sugar cane ana
beets are refined by a procegs of evaporation, in which water is
driven off and the crystaline sugar remains.

What are ths starches?

Starches are the most complex of the carbonydrates and are
often referred to as polysaccharides. Cereal grains and potatoss
are composea principally of starch., The starch foune in our food
is contained in granules. Granules from different fooa have
different shapes and sizes. oy studing these granules unaer a
microscope, it is possible to identify their source.

What is the structure of starch?

From various observaiions oif the chemical behzvior of starch the
following structure is welieved to represent a starch molecule.

CHaOH \ CHOH | CHaOH
Cooc O i QA — -
N H o (H/ “r RS O
X C—o-| & mo—| - o’
"N\ A N N, oo
AT 2 %\o H H oH H OH
H oH H OR - H OH H N

Until recently it was believed thaut the sturch molecule consisted of
twenty four to thirty glucose units joined together as shown above.
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The exacf'number of chains composing the starch molecule is unknown,
but it is likely that the molecule contains several hundrea glucose
units rather than just twenty four or thirty.

Vhat are the properties of starch?

Because of starches high molecular weight it does not give a
true solution in wsater. 1t does though give colloidal dispersions.
When iodine is added to a starch dispersion a eecp bliue color is
produced- This is the b.isis of a very sensitive test for eitier
gtarch or iodine.

In tie study of carbohydrate chemistry it is often importunt to
xnow if a free aldehyde group is present. This group is found in
voth glucose and fructose, but not in either sucrose or starch. VWhen
gither of these lust two carbohydrates are hydrolyzed, free aldehyde
groups are formed. They will then give a positive test to Fehling's
golution. The Fehling's test is designed to sho# the presence of «
free aldehyde group. In this test blue Cu#+ ions are reduced to
Cu+ ions. A change in color results, «hich inaicates the presence of

a free aldehyde group.
How is starch hydrolyzeu?

The commercial hydrolysis of starch is usually carried out in
the presence of very dilute hydrochloric acid ana steam. After the
hydrolysis has proceeaed to the desired stage the acid is neutralized
and the solution is evaporated to give a thick syrup. Corn syrup
is prepared in this way. It is composed of glucose and several other
monosaccharides.

In the digestion of starch by the body, the acetal linkage is
hydrolyzed by enzymes and converted into simple sugars. The end
product of this digestion is always glucose.

Where does the digestion of carbohydrates take place?

A1l of the chemical digestive process is of one kind. The
complex food stuff is broken into simpler parts by hydrolysis of the
acetal linkage. This action is speeded by the presence of enzymes
and an alkaline condition.

Digestion of carbohydrates begins in the mouth with the hydrolysis
of starch into simple sugars. The enzyme, ptyalin found in saliva,
aids in this hydrolysis. You for example can detect a sweet taste by
&llowing a cracker to dissolve in the mouth; indicating starch is being
converted to a simple sugar. The action of ptyalin continues until
it is stopped by the hydrochloric acid in the stomach. The
hydrochloric acid is neutralized in the small intestine, so that
the enzymes of the pancreatic gland can continue to digest carbohydrates.

Sucrose, starch and other members of the complex sugars are
hydrolyzed in the small intestine by the action of amylopsin, Sucrose
is converted into water soluble glucose and fructose and starch to
glucose. The digested products of carbohydrates are absorbea into the
blood stream, where they are either burned for energy, or stored in
some part of the body.
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kuestions

1., What is a carbohydrate? Give examples.

"How can a simple carbohydrate be made in a laboratory?

What is an optical isomer? Give example.
By what two nuames can a carbohydrate with six carbon atoms be callea?

Where is glucose found?

‘Write the formula of the two forms of glucose?

What enables both fructose and glucose to redﬁce Pehling's solution?
How are acetals formed®? Write equation.

What is a hemiacetal? |

How does glucose and fructose combine to proauce sucrose?

Why are starches called polysaccharides? |

How can starch be identified? |

What are the properties of starch?

How is starch hydrolyzed?

How are starches digested in the human body?
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DIGESTION OF PROTLINS

wWnat is the nature of proteins?

-Proteins are the third class of foods. These important
organic substances are found in all living things and they are the
principle nitrogen containing substances of the human body. iost
proteins contain about 15 to 16 percent nitrogen and this nitrogen
is almost wholly in the form of a substituted amino group (ik,).
The characteristics of proteins are determined in most cuses éy the
presence of this group. It is necessary in the study of protein
digestion to know the properties of ammonia.

What are the properties of ammonia?

Ammonia is composed of one atom of nitrogen and three atoms of

hydrogen. The structure of ammonia, at the right of page, ¥
indicates that reactions can take place at two points. oo
The most important reactions of ammonia centers H e 8
around the tw#o pair of unshared electrons. The ability o
of ammonia to add reagents is due to these electrons. H

A positive ion or group because of a lack of electrons can be gdded
at this point. In this way hydrogen may be aaded to form the
amponium ion (NH4). The ammonium group becomes positive by virtue
of the charge of the added hydrogen. Thus, the ammonium group can
act as a positive radical. A4 typical example of this behavior can
be shown in the reaction of ammonia with hydrochloric acid. The
two substances will combine to form ammonium chloride.

/,_' ‘/17, - -
H~r1— H )T > ) 2=, )
A #

A /)?{"271‘54))"7 L_ }) )0 Y‘i:'E_.

Nitrogen by sharing its electrons with the hydrogen ion from the acia
will become a positive center that can attract and hola the chlorine
ion by electrostatic attraction. This property of ammonia is retained
in all compounds containing the amino group.

The other point of reuaction involves the covalent bond between
nitrogen and hydrogen. XNitrogen because of its strong electronegative
property can gain possession of the two pair of

electrons. So thut an electronegative center -

is formed around the nitrogen and an - "
electropositve center around the hydrogen. /4 22 ~
Because of the weakening of this bond, hydrogen o e >

can be replaced by a positive ion or group. An
emample of this behavior can be found in the amine formation.
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What are the amines?

Amines are often produced during the decay of nitrogenous animal
and plant material. The methyl amines are found in herring brine,
and parts at least, of the characteristic fish odor is due to their

presence-

In the laboratory, if methyl iodaide and a solution of ammonia
in alcohol are heated in a sealed tube, there is obtained a mixture
of all possible classes of amines. lilethyl amine, the first formed
is Just as reactive as the ammonia. This amine will react with acids
to form crystalline salts.

CHa—BT -+ H -NHL ~ 2> H. - rIH . HE -
The free amines may be liberated from their salts by strong wases.

CHs ~NHaHBy 7+ NaDH s ClHe ~sJHe + Vo T # /420

MGfa,/,Aﬁﬂne

The lower members of the family of amines are gases which are
very soluble in water. The amines containing three to eleven carbon
atoms are licuids and those containing more than eleven carbon atoms
are solid. higher molecular weight amines are sometime added to
lubricating oils to reduce acid corrosion.

The chemical properties of amines, like thiose of ammonia, are
due to their basicity. The unshared pair of electrons on the nitrogen
atom is the key to the properties of the amines. The nitrogen can
donate a share in this electron pair to other atoms which are
deficient. The amines have the same basic characteristic as ammonia,
in that they can react with acids to form salts. The reaction of
ethyl amine and hydrochloric acid will illustrate this property.

HoH i ] _ A
H-C-Cc—Ng —+ n C) —= H-G-t= N=H, )
/-:f' 117‘ 1 = )1

EHL// Arrn = /‘/7:2(?".1‘.;11/0-";:‘ o

Ethyl amine by sharing its electrons with the electron poor hydrogen
from the acid become an electropositive center. The amine group
can attract and hold the chlorine by electrostatic attraction.

What are amino acids?

Anotiier group of compounds known as amino acids can be prepared
by replacing the halogen in a halogen acid by the amine group.

oA 2 7 /"I _0
H-C— < - L= nH A+ ANHz == NHBr F H-C-C— L= H
N Y

Alavne “Aminag A=id)
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These acids are usually classified as 4,2, etc., amino acids
depending upon the number of carbon atoms between the two functional
groups. If the amino group 1s substitutea for the hydrogen next to
the carboxyl carbon, ¢f-amino acid results. 1t is also possible to
have the hydrogen from another carbon substitutea, such as in the

formation of A-amino acid.

);—l H ¢ /Tf )T/ !
H -c —C —— =/ H- - = A
,:[ NHa WH,. )H
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¥hat are the properties of ~amino acids?

The amino acids share all the general reactions of both acids
and amines, because of the presence of both groups. by means of the
amino group, they can combine with acids to form salts ana by
the carboxyl group, they can combine with bases to form salts.
Because of this behavior, the amino acids are known as amphoteric

c ompounds.

When an amino acid is dissolved in water there is a aissociation
of the hydrogen ion from the carboxyl group, leaving the remainder of
the molecule electronegative. The amino group of the same molecule
can share its electrons with this ionized hydrogen. This gives the
amino group a positive charge. This salt forming property is an
important characteristic of these compounds.

H O - ”iv /o i
K 2 o- . ) o .\} ) . e e g‘ :
H-C— €~ < s C s+ bl & R
' ov r~ e " o
H  Hene A L Mol A
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Salt formation is also possible between two amino acid molecules.
For example two molecules of alanine can combine to form a salt.
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Ho o ,, AT ¥
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If the resulting salt is carefully heated with a low flame, it is
gible to remove water from the salt formation.

pos
H =
_.-H -' .
F C‘ H-C-H ) }T{ v'/(\ \DH} 20
s e CHhe L= H- - e >
e ! . STe H o+ Ha
-’: é_ - Céw()o‘*/

o N
- (O NNV — \ , .
g @ Alangl  Alan g
The carboxyl group of one molecule of amino acid will unite with
the amino group of the neighboring molecule, with the separation of
water and the formation of a peptiae link. Ibonds between amino
acids, such as in alanyl-alanine, are oi'ten referreua to as peptidae
linkages. Alanyl-alanine, since it is maae up of two molecules of
amino acid, is a dipeptide. The reaction, just describved, may be
continued with the resulting formaution of tripeptiues, teirapeptides,

and polypeptiaes.

The proteins which make up our toods are polypeptides, ana
the number of molecules of amino acid entering into the formation
of one molecule of protein usually ranges from tliree hundred to one
thousand. In some instances, however, the number of amino acids
may even exceed one hundred thousand.

What kind of amino acids are found in proteins?

Some thirty different amino acids have been isolated from the
different animal and plant proteins. Probably more will be found,
since several have been isolatec only recently.

It may seem surprising at first that the existing proteins can
be made ffom so small a number of amino acids. Yach kind of animal
and plant have proteins peculiar to it and each kind of cell and
tissue in each of these have its own proteins, even in the same body.
Blood test indicate that the proteins of members of the saume family
are specifically different.

By combining only thirty amino acids in different order or zmounts,
or by leaving one or more out, an almost infinite number of proteins
are possible. The amino acids, then are the building blocks from
which the proteins found in the body are built.

When a protein is digested, the peptide linkages are hydrolyzea
8o that the orginal amino acids are formed. 1t has been found that
dietary proteins can be replaced by mixtures of pure amino acids.
Only nine of the known thirty amino acids are necessary to support
growth in man. If any one of these nine amino acids, which are
commonly referred to as the essential acids, are absent from the
diet, man would fail to grow and may even die. Since only nine of
the amino acids are essential to growth, it means the human body must
be able to synthesize the other twenty one acids. 1t is only nine

:gig: acids that the human body can not synthesize from the other
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iow are broteins digestea?

The proteins are closely related to ?heﬂaminqiacidg since thesg
2cids are the principle end products obta}nea by aigestion of grote%ns.
The decompostion of the protein molecule is a gradual process in which
the large molecule of protein is cover?ed into products of‘
guccessively lower molecular weight. By repeated hydrolysis of the
peptide links the end producp of amino acicd is obtalnea.. The process
ig just the reverse of protein formation and can be reaally explained
by using the simple protein,_alanyl-alanlpet The forces involved in
the hydrolysis of th@s protein are very similar to those of the more
complex nature proteins.

T ! : ~ C
CHB'é“'[Cﬁijﬁl~fg~;ioH w#ﬁ@ﬁbma A Hz LT 0H
Qﬁznyﬁvﬁﬂuﬂvﬁ, Alanr ne

The hydrolysis can take place in an acid meaium, as in the stomach,
or an alkaline medium as in the small intestine. In both cases the
hydroxyl group can be attracted and become attached to the positive
carbon atom of the peptide link. By this association the peptide link
is broken, leaving a negative center at the Mi group. This is
neutralized by combining witk hydrogen. Two molecules of galanine
are formed by the hydrolysis of alanyl-alanine.

What are the tests for proteins?

Because of the different chemical make uyg of the proteins, they
can be identified in the laboratory by various chemical tests. iany
color reactions are characteristic of proteins and can be used in
testing for their presence. The Biuret test is one the most
common examples of this type of test. A positive biuret test gives a
violet color.

Other tests include the Xanthoproteic test. It involves the
reaction of nitric acid to give a yellow color. The protein tyrosine
found in the skin will react in this manner to give a positive test.
Millon's reagent causes proteins to precipitate and a red color to
develop. The amino acid, tyrosine will give a positive test, and
because it is so widely distributed in proteins, it is a good test for
the presence of proteins.

Where does the digestion of proteins take place?

The two different organs in which proteins are digested are the
stomach and the small intestine. The stomach contains the enzyme
Pepsin which speeds up the hydrolysis of certain proteins. Those that
are not hydrolyzed by pepsin are acted upon by the two enzymes found in
the small intestine. Due to the combination action of erpsin and
trypsin, proteins are completely broken down into simple amino acids.

ese amino acids are now ready for absorption into the blood stream.
The human body cells will then convert these amino acids into the many
Proteins that are needed in the body for growth and life.
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Chapter IV
Questions
1. What groups characterize all proteins?
5, What is the amino group?
e Reactions of ammonia take place at what two points?
4. How are the amines formed?
5. What are the physical and chemical properties of the amines?
6. How are amino acids formed?
7e ¥hat is the simplest amino acid?
8. What is the difference between /{-amino acid and A-amino acid?
ge How is it possible for an amino acid to form a salt?
Qe Show the possible salt formation between two amino écid molecules.
1. What is the formula of a simple protein?
2, How many molecules of amino acid are necessary to form a food
protein?
La. Why areﬁthe essential amino acias so important to man?
l4. Show the probable hydrolysis of a protein.
L5. What is the Xanthoproteic test for proteins?
L6« What is the linkage between amino acids called?
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PROPERTIES OF ALCO:HOLS
Test tubes; 100 milliliter beaker; glass rodj; copper
wire; cork; Bunsen burner; evaporating dish.

iethanol, ethanol, iso=-propanol, butanol, and amyl alcohol;
sulfuric acid; sodium hydroxide; solution of iodine in KI;
sugar; gasoline; cotton seed o0ilj; acetic acid.

Pour about 1 ml of the following alcohols in separate test
tubes and note with care their odors: methyl, ethyl, iso-
propyl, butyl and amyl alcohol.

Describe their odors.

2, JNFLAMMABILITY. Pour a few milliliters of methyl alcohol in an

AT

evaporating dish and ignite it. Observe the color of the
flame and the ease of ignition. s«epeat using ethyl, iso-
propyl, butyl and amyl alcohol.

Results.

3. IODOFORLL. (4 test for ethanol) Pour about 2 ml of ethyl alcohol

in a small beaker. Then add about 1 ml of sodium hydroxide
solution. 4dd a solution of iodine in £I until a faint
yellow color persists. Warm in a beaker of water to 609
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and leave undisturbed for about 1O minutss. dote the
odor of the new proauct und the appearance of the precipie-
tate.

Udor of the iocofora.

Nature of precipitate.

SOLVENT ACTION. Pour about 2 ml of etlyyl alcohol in 4 separate
test tubes. «dd about < drops of gasoline to one test
tube; about U.1 gm of waCl to the second; 2 drops of
cotton seed 0il to & thira; and to the fourth ada uv.l gm
of sugar.

4.

Hesults.

5, BESTihlIviCalailUi. Frour 2 ml of ethianoi in a pyrex test tube. aaa
2 ml of acetic ucid ana to the acia cautlousiy aqu
20 drops of concentrated sulfuric uciu. wara the mixture
gently over a small flame, then pour into bu to 75 ml of
cold water. ©OStir ana note oaor.

Udor.

Write an equation for the re«ction.

6. OXIDATIUL OF wilowiOLe. Pour 1 ml of metiyl wlcohol 1nto a pyrex
test tube. 4udd £ ml of water to the test Tube wna mix
thoroughly. Frepure a copper wire spiral by wrapping
the wire tignhtly around a pencili. wttuach tue wire to a
cork, anu using 1t as a holder, heat uthe copper wWire to

ea neat. (\This will change uhe copper Lo copper oxide).
after cooling slightly plunge the spiral into the water
and methyl alcohol in the test tube. kepeat until the
odor of formaldehyde c.n be detectea in the test tube.

Describe the odor.

Write an equation of the reaction.
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ACETIC aClDs ViMhGalk

aApparatus. 4avaporating dish; burette; beaker; graauated cylineer.

iaterials. Phenolphthalein solution; litmus paper; acetic acid;
vinegar; normal solution of sodium hydroxide.

1. PROPERTIES OF ACETIC ACID. Pour about o ml of acetic acia into
‘a small beaker. Test acetic acia with litmus paper. sda
about 6U ml of water to the aciu ana taste one arop after
thoroughly mixing.

®dor.
Reaction to litmus paper.
Taste.

Add to the dilute acid & or 4 drops of phenoiphthalein
solution anud then add, drop by arop, the normal sodium
hydroxide solution until neutral.

Write the equation for the reaction.

Carefully evaporate the solution to dryness in an

evaporating dish. The solia is sodaium acetate.

What are the properties of sodium acetate?

2. SOLIS IN VINLGali. Weigh an evaporating dish and record the
weight in the table below. 4dd 25 ml of vinegar to the
evaporating dish. Lvaporate to complete dryness and again
weigh. record the weights in the table below.

Weight of evaporating dish = = = = = = = = & = = = = = = = g
Wweight of evaporating aish ana resiaue = = = = = = = =« - - g
Weight of residue (difference between 1l anda 2) = = - - = - g

Weight of solids in 100 ml of vinegar (calculate;, - - - - g
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SUG 4RSS
Test tubes; beakers; stirring roa; Bunsen burner.
¥ehling's solutions 4 and L; corn sirup; sucrose; honey;

candy; saturatea solution of soucium carbonate; wmolasses;
litmus paper; hydrochloric acid; sulfuric acie.

COuPOS L1 LON UF SUclilbi. Put about 5 3y of sucrose in un ola test

tube. hieat the test tube anu its contents very gently.

Kesults.

Then heat the test tube to a high temperature. uescribe
what is left in the bottom of the tube after it has been

heatea.

Whit are the three elements that constitute sucrose?

2., FEBHLING'S TEST OF SUGAKS. Pour into a t=st tube about 1 ml each

of solutions 4 and B. after thoroughly wmixing, the
resulting solution should uave a aeep-blue color. mneat
the solution nearly to boiling and then add one or two
drops of corn sirup. Continue the heating for a few
moments. The copper sulfate in the solution is reducea
to cuprous oxide by the aldehyde group of fructose.
Cuprous oxide should separate ana form a4 red or yellow
solid. Dissolve samples of candy, honey, molasses and
sucrose in a small amount of water ana test for the
presence of the aldehyae group.

KResults.

Preparation of ¥ehling's Solution. Solution a: dissolve 3.5 g of

pure copper sulf.te crystals in 10U cc of water;
Solution B: dissolve 17 g of soaium potassiun tartrate
crystals (Rochelle salt; in 15 ml of warm water and add
to a solution of 5 g of solid soaium hydroxide in 15 ml
of water. Cool, and dilute to a volume of 10U ml. The
solutions should be kept separately and not mixed until
time for use, since the mixed solution eeteriorates on
stanaing.
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Dissolve about (.5 g of sucrose in 5 ml of water in
a test tube and aad 3 or 4 drops of hyarochloric acid.
Place the test tube and its contents in a beaker of
boiling water and leave it there for apout five minutes;
then pour the solution into a small beaker, cool the
solution and neutralize the acid present by aduing a
concentrated solution of sodium carbonate until the
resulting mixture is just alkaline {(test with red litmus
paper,). Test the resulting solution with kehling's
solution as before.

Results.

To a concentrated sucrose solution uada a little
concentrated sulfuric acid, and heat gently. (Sulfuric
acid is a dehydrating agentj.

Results.
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CELIULOSE AND S8STinCid

kyparatus' Test tubes; beaker; stirring rod; bunsen burner; funnel.
Materi&lﬁo iodine solution; flour; starch; piece of bobread; potato;

sodium carbonate; hydrochloric acid; litmus paper; starch
solution; Fehling's solution; filter paper; wood splint;
sulfuric acid; ammoniaj nitric acid.

COMPOSITION CF STaRed aND CELLULOSE. Place about 1 gram of starch
~ and & wood splint in separate test tubes. To each acad
about 2 ml of concentrated sulfuric acid and allow to
stand for about 10 minutes.

1.

Results.

What are the three elements that compose carbohydrates,
wood and starch;

2. PREPARATION OF PARCHMENT PAPEK. Dip a thin strip of filter paper
into a cold solution of sulfuric acid (two vols. of acid
to one vol. of water) and after exactly fifteen seconds
transfer the paper to a beaker filled with cold water.
Place the paper in a very dilute aqueous ammonia solution.
Wash out the ammonia with pure water and allow to dry.

The result should be parchment paper. Iry writing on the

paper with ink.

How has the filter paper been changed?

3. PREPARATION OF CELIULOSE NITRaTE. dix carefully in a 2bu ml beaker
exactly lv ml of water, 68 ml of concentrated sulfuric acid
and 3V ml of concentrated nitric acid. Cool the solution
to 30° and place about one gram of absoruvent cotton. Stir
constantly and maintain the temperature at 3u degrees for
twenty minutes. At the end of this time remove the cotton frow
the solution and place in a beaker of water. ¥Finally wash
with warm water until the washings do not siiow an acid
reaction to litmus paper. Squeeze as dry as possible and
spread out to dry in the air. 4fter it has dried, hold
& small piece by meuns of tongs and place in the flame of
a Bunsen burner.

Results.
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j@ﬁIIﬁGJS TEST OF STARCH. Try the action of starch solution on

Fehling's solution, as in the experiment on sugars.

Results.

JODINE TEST ¥OK STakCH. Prepare a starch solution by mixing one
’ .gram of starch with 15 ml of cold water and stir until

a uniform suspension is obtained. Pour this suspension
slowly with stirring into 135 ml of boiling water and
continue to boil for a few minutes. To 10U ml of this
resulting soluticn add 6 drops of iodine solution. The
iouaine solution is prepared in the following way; aissolve
one gram of iodine crystals and two grams of potassium
iodide in 8 ml of water.

Test different foods such as bread, potatoes, oats,
and butter in the same manner. To do this boil avout
5 g of the food with 10U ml of water. XYilter and cool,
then test with the iodine solution.

Results.
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FATS AND OILS

Test tubes; beakers; stirring rod; evaporating dish; bunsen
burner; funnel; filter paper; watch glass; glass plate.

Cocoanut o0il; cotton seed o0il; peanut o0il; corn oilj;
linseed 0il; carbon tetrachloride; bromine in carbon
tetrachloride; lard; NaOhj ethanol; hCl; cheese; milk;
piece of white writing paper.

1. SAPONIFICATION OF COCOANUT UIL. 4dd 25 ml ofCenatured ethanol

to 7 g of cocoanut 0il in an evaporating dish. To the
resulting mixture add 2 g of sodium hydroxide dissolvea
in 4 ml1 of water. heat the evaporating dish and its
contents in a water bath maintained at 7u to 85 degrees.
Care 1is necessary to keep the alcoholic solution from
boiling over and from catching on fire. If the mixture
does catch on fire cover with a glass plate.

When solution of the cocoanut o0il takes place remove
the evaporating dish from the water bath. Place a few drops
of the solution on a watch glass and acidify with conc. LCl.
A fatty acid percipitate should form.

Write an equation which describes the reaction.

Add the remainder of the alcoholic solution of cocoanut
0il to 25 ml of water in a 199 mi beaker. boil off the
alcohol with a small flame, stirring the mixture constantly
with a stirring rod until the odor of alcohol can no lobnger
be detected. Add water to the beaker from time to time to
maintain the volume of solution.

Cool the solution and add NaCl until the solution is
saturated. Soap should precipitate and can be separated
by filtration. Wash two or three times with water to
remove the excess chemicals.

Test the ability of your soap to form suas. JDescribe the
results.
Due to incomplete saponification of the oil, your soap

may be oily or it may be too strongly alkaline.

Write an equation for the saponification oi cocoanut oil.
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2, SOLUBILITY Oi ¥aATS AND OILS. Test the solubility of typical fats
- .and o0ils in water, alcohol, and carbon tetrachloride. ~Place
a few drops of peanut o0il in a clean test tube and add about
1 ml of wsater. Iitepeat using alcohol and then carbon
tetrachloride. Test the solubility of another fat or oil
in the same solvents.

Results.

Place a drop of one of the various oils, such as
cotton seed 0il, corn o0il or linseed 0il on a piece of
white #riting paper. Note the appearance of the resulting
spots when they are held in front of a light. heat the
paper slightly to see if the spots will aisappear.

Results.

Test for fats, by this method, using cheese and milk.

Results.

3. TEST FOR UNSATURATION. Place 1 ml of corn o0il and Y ml of carbon
tetrachloride in a test tube. Then add bromine in carbon
tetrachloride until a yellow color caused by an excess of
bromine remains after shaking.

Repeat using cotton seed 0il, peanut oil and linseead
0il, Arrange these o0ils according to the amount of
bromine solution which reacts with them. ( a large amount
indicates a great degree of unsaturation./

Results.
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PROTEIN DiGEST LON

Apparatus. Test tubes; 4uU ml beaker; two pieces of 5 mm glass
tubing; bunsen burner; thermometer.

Materials. White of an egg; pepsin solution; citric acid; hydrochloric
acid; sodium carbonate solution; wax pencil.

l. CONDITION FOR PROTEIN DIGEST1iUs. Prepare coagulated egg-white
by filling two 6 cm lengths of 5 mm glasas tubing with the
white of an egge. Place the glass tubes in boiling water
and leave until the egg is coagulated. Then cut the glass
tubing and coagulated egg into three 2 cm lengths.

Number six clean test tubes at the top from one to
six with a wax penceil. into each add a 2 cm piece of
coagulated egg-wnite and 5 ml of water. Then add to
each test tube the reagents as indicated belowe.

Test tube number one. five ml of pepsin solution.
Test tube number two. five ml of v.l N hydrochloric acid.

Test tube number three. 2.5 ml of V.2 N hydrochloric acid
and 2.5 ml of pepsin solution.

Test tube number four. 2.5 ml of v.2 NN citric acid and
215 ml of pepsin solution.

Test tube number five. 2.5 ml of 1l sodium carbonate
solution and 2.5 ml of pepsin solution.

Test tube number six. 2.5 ml of V.2 N hydrochloric
acid and 2.5 ml of pepsin solution. DBefore addition of
the pepsin solution to test tube number six, bring the
pepsin solution to a boil.

Hlix the contents of each test tube thoroughly ana
place in a water bath, maintained at 4u degrees, at the
same time. Note the time that is regquired for the
disappearance of the coagulated egg-white in each case.

Results.

Conditions for proteins digestion.



6.

7

8e

9.
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Chemistry Final Test
What is organic chenistry?

Where are orzanic compounds found?

Why do organic compounds react slower than inorganic?

Of what importance are the hydrocarbons in the stuay of aigestion?

What are the general formula of the following organic compounds?

Qe Acid

b. Aleohol

c. Aldehyde

d. Hydrocarbon

What are the steps for the complete oxidation of methane?

Show the resemblance between alcohol and water.

What is the function of the digestive system?

What is the functional group of a organic acid?



1e.

11.

12.

13.

14.

15.

16.

17.
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Which of the three kinds of foods provide man with the most
concentrated source of energy?

The alcohol portion of a fat molecule is glycerine; what is the
formula of glycerine?

What are the four carboxylic acids that were discussed in the
chapter on digestion of fats?

Explain Lowry's theory of esterification using ethanol and acetic
acid.

The reverse of esterification (this occurs during aigestion, is
called?

When fats are digested they always form and

three molecules of a

What are optical isomers?

What are the structural formula of glucose and fructose?



18.

19.

20.

21.

22.

23.

24.
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Show the mechanism for the hydrolysis of sucrose.

Why #as a study of ammonia maue in the protein chapter?

———————

Show how two molecules of alanine can react to form a4 protein-
like molecule containing the peptide linkage.

Why are only nine amino acids listed as essential?

Why does maltose, glucose, and fructose show a positive test to
Fehlings solution, but sucrose does not?

What is the difference between an o =amino acid and an 8- amino
acid®

Why can a molecule of amino acid form a salt with itself?
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