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CHEMISTRY™

INTRODUCTION

Chemistry is a study of the forms and activities
of matter or substance. It is particularly con-
cerned with the structure of substances and the
interaction between substances in a quantitative
as well ns a qualitative sense.

This chapter is offered not as a comprehensive
_chemistry course which might be given to science
majors. Rather, an attempt has been made to
" reveal, in a general way, some of the charac-
teristic properties and reactions of the more
common elements, especially as they relate to the
fields of medicine and industry.

For those corpsmen who would like to develop
a more complete understanding of the subject,
attention is directed to the reflerences at the end
of this section and the subsequent section entitled
Organic Chemistry, and to other standard texts
of chemistry available in most Navy libraries.

MATTER, ITS CLASSIFICATION AND
COMPOSITION

Mutter is anything that oceupies space and has
mass (weight). In ol ordinary changes, maiter
can neither be creqted nor destroyed, although it can
be changed from one form to another. This is the
law of conservation of matter. Within recent
vears, however, it has been demonstrated that
undet certain extraordinary conditions matter can
be converted to cnergy, as is done in nuclear-
powered submarines and surface vessels.

Matter may exist in any of three states: gase-
ous, liquid, or solid. Solids are rigid and retain
their form; liguids flow and tend to assume the
shape of the container in which they are placed;
and gases diffuse to fill completely the container
in which they are placed.

*Revised by CDR M. A, Grafius, MSC, USN, Instructor in Chem-
istry, U.8. Naval Medical School, National Naval Medical Center,
Bethesda, Md,

The particular stete of matter at any given
time usually depends upon two conditions: the
temperature of its surroundings anP the pressure
which is exerted upon it. For example, at ordi-
nary temperatures and pressures, water is a liquid.
But, if the temperature is increased beyond a
certain point, the water changes to steam, a gas.
On the other hand, if the temperature is decreased,
the water will change, at its freezing point, to ice,
a solid.

Mutter that is homogeneous and that has a
definite chemical composition is called a substance.
Pure substances, for example, are salt, iron, copper,
water, oxygen, sugar, and quartz.

Classification of Matter

A pure substance may be placed in one of two
classificutions. It may be classified either as an
element or as a compound. An eclement is a
substance tbat cannot be decomposed into two
or mote simpler substances by present, ordinary,
chemnical methods. Examples are iron, oxygen,
chlorine, mercury, carbon, lead, and the other
elements listed in Table I. A compound is a
substance composed of two or more elements
combined chemically in definite proportions by
weight. Tt may be decomposed or separated into
two or more substances or elements by chemical
means. The constituents of a compound lose
their original properties upon combination. For
example, hydrogen and oxygen are gases in the
free state, yvet combined they form water.

Hydrogen burns and oxygen supports combus-
tion; yet water, composed of these two elements,
is universally used to combat fire. Sodium and
chlorine, two violently poisonous clements, com-
bine to form salt, a compound that is absolutely
essential to life.

Substances which are not pure are called
mixtures. They are heterogeneous materials
consisting of two or more parts with different
properties. The components of a mixture are
not chemically combined nor need they be present
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in definite proportion. They may he separated
by mechanical means such as sedimentation,
evaporation, distillation, and precipitation. The
properties of the mixture are a composite of the
individual properties of its components. An
example is a mixture of salt and water which
may be anything from wet salt to salty water
(composition indefinite~—individual properties re-
tained) and which may be separated into its
components simply by distilling the water from
the mixture.

Properties—|dentification of Matter

The characteristic qualities of a substance are
termed its properties. Agnin there are two broad
clasgses of propertics: physicnl and chemical.
Physical properties can be observed without
changing the substance into another substance.
They include color, solubility, density (weight
per unit volume), boiling point, melting point,
freezing point, and cleavage along crystal faces.

Chemical properties relate to the partieipation
of substances in chemical reactions. Chemical
reactions are the processes that convert sub-
stances into other substances. The ability of
iron to combine with oxygen is a chemical property
of iron. The combination of iron with oxygen
in moist air to form rust (a partially hydrated
ferric oxide) is actually o chemical reaction. 1t
is through the systematic study of these chemical
and physical properties that u substance may be
isolated, identified, and quantitated.

ENERGY

Energy is a concept that is difficult to define.
It is involved in doing work, or in heating an
object. It exists in many different forms and
may be translated from one form to another,
either wholly or in part. When one form of energy
disappears, an equivalent amount of energy in
other forms is produced. This is the law of con-
versation of energy.

Classification of Energy

. All forms of cnergy fall into one or more of
three basic forms:

Potential energy is energy stored in a body be-
cause of its position or the arrangement of its
parts. It is caused by attractive or repnlsive
forces between members of a group of bodies.
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Examples are a stone on a mountain top, a coiled
spring, and electromagnetic attraction.

Kinetic energy is the energy of motion. FEx-
amples are the stone rolling down the mountain
side, a penduluin as it swings, and an electric
current running through a wire.

Hadiant energy is any sort of energy that travels
through space at a speed of 3X10w e, /sec.
(186,000 miles per second). Examples are the
light of the sun, light from an electric light bulb or
flame, and the X-rays,

Heat is kinetic energy and the form into which
all other forms of energy tend to be converted.
This conversion may be complete. The reverse,
however, is not true, only partial conversion of
heat to other forins of energy is possible.

ATOMS AND ATOMIC STRUCTURE

The atom is the smallest particle of an element
which nay teke place in a chemical reaction.
The concept of the atom was first glimpsed by the
early Greek philosophers over 2,500 years ago,
but it was not until 1803 that the concept was
given precision and chemical significance by John
Dalton. His theory has been modified and many
exceptions have been made, but the following
concepts have survived:

1. There are as many different kinds of atoms
as there are different clernents (102 as of 1062).

2. When atoms either of different or of the
same elements combine, they form molecules.
Molecules are the simallest particle of an element
or compound that has the chemical properties of
the substance,

3. Hvery molecule contains a definite whole
number of atoms of each of the elements contained
w1t This is the law of simple multiple proportion.

Atomic Weights

The masses or weights of different kinds of
atoms have been determined by comparison with
one another and are expressed as relative weights.
The relative relationships may be determined in
a very exact analysis of the least amount of an
element which may be found in combination with
other elements. For many years oxygen with
atomic weight 16 was used as the standard
element to which the atomic weights of all other
elements were compared. TFor example, since the
sulfur atom weighs approximately twice as much
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as the oxygen atom, the atomic weight ol sullur
was computed as 23X 16, or approximately 32.

However, most naturally occurring elements
isotopes * and many of these elements
several isotopes existing together. Using

have
have
the

oxygen 16-scale, the atomic weight of naturally
oceurring sulfur is 32.066 because atomic weights
of 33, 34, and 36 occur as well as 32, although 95.06
percent of naturally occurring sulfur has an

atomic weight of 32.

Unfortunately, neturally occurring oxygen also

contains isotopes (studies carried out in

the

laboratory show that the atomic weight of natural
oxygen is not exactly 16). This variation in
weight caused difficulty in physical experiments,

"and moved the physical sciences to adop

atomic weight scale suitable for their own

. poses,

t an
pur-

TasLe 1.—Table of Atomic Weights Listed Alphabetically

by Names of Elements (Based upon Carbon-12)!

Element Symbol Atht;mic Atomic Weight?
a.

Actinium_________ .. __...._ Ac 89 (227)
Aluminum . .- . _________._ Al 13 26. 9815
Americium_ . _______.. . Am 95 (243)
Antimony .- oo _ 8b 51 121. 75
ATpon._ _ ...~ Ar 18 39, 948
Arsenic_ ___ o __._____ As 33 74. 9216
Astantine_ _ ... ____ At 85 (210)
Barium._ . __ ... Ba 56 137. 34
Berkelium_.__ ________..___ Bk 97 (247)
Beryllium_.______ ... _____ Be 4 9. 0122
Bismuth . __ ... __________ Bi 83 208. 980
Boron. .o B 5 10. 811
Bromine . . oo oo _._. Br 35 79. 909
Cadmium __ __________..___ Cd 48 112. 40
Caleium___ .- - ______ Ca 20 40. 08
Californium.. . __________._.. Cf 98 {249)
Cathon. o oo C 6 12. 01115
Certum . __ __ .. _________ Ce 58 140. 12
Cesium_ _____ - _______. Cs 55 132. 905
Chlorine. . .o owoammno - Cl 17 35. 453

. Chromium_ . _____.___. Cr 24 51. 996
Cobalt__ . .. Co 27 58. 9332
Copper- - oocn e Cu 29 63. 54
Curium_ ... Cm 946 (247)
Dysprosium_.______._ . _ Dy 66 162, 50
Einsteinium . __.________.__ Es 99 (254)
Erbium___ ..o _._ Er 68 | 167, 26
Buropium. .. - __ . ____ Eu 63 151. 96
Fermium_._____. . _.-_ Fm 100 (233)
Fluorine_ _ - _ .. __..... ¥ 9 18, 9984
Frapncium. . __ . ___ . __._. Fr 87 (223)
Gadoliniom . ______________! Gd 64 | 157. 25
Gallium._ ... Ga 31 69. 72
Germanium __ ... ________. Ge 32 72. 59
Gold. . Au 79 196. 967
Hafnium_______.._ __ ._..__ Hf 72 178. 49
Helium_ - oo He 2 4, 0026
Holmium - _____ ... Ho 67 | 164 930

* Atoms of the same element that differ in atomie weight but maintain the

same atomic number are isotopes.

Taere I.—Table of Alomic Weighis Listed Alphabetically
by Names of Elements '—Continued

Element Symbol A%gmic | Atomic Weight 2
0.

Hydrogen . ______________ H 1 1. 00797
Indium_ . ____.___ In 49 114. 82
Todine. _____ .. ___.___.__ I 53 126, 9044
Iridium. __________________ Ir 77 192, 2
Iron_ . .. Fe 26 55. 847
Krypton___.____ R Kr 36 83. 80
Lanthanum_ _...__.________ La 57 138. 91
Lead_______ .. __________ Pb 82 207. 19
Lithium______.__ I Li 3 6. 939
Lutetium_ . _____ . Lu 71 174. 97
Magnesium.______ U Mg 12 24, 312
Manganese.. _._______.__._ Mn 25 54. 9380
Mendelevium . _____________ Md 101 (256)
Mereury . ... _________ Hg 80 200. 59
Molybdenum____._._______ Mo 42 95, 94
Neodymium___._ S Nd 60 144. 24
Neon__.____...._ I Ne 10 20. 183
Neptunium.____ . ______._.__ Np 93 (237)
Nickel_______.__ [P N1 28 b8. 71
Niobium._____________.___ Nb 41 92. 906
Nitrogen._ .. __.________. N 7 14, 0067
Nobelium_ - .. __________ No 102
Osmium_ .. __._.__________ Os 76 190. 2
OxXygen. ... _______._. 0 8 15. 9994
Palladium ... .- ___________ Pd 46 106, 4
Phosphorus____.__________ P 15 30. 9738
Platinum____.._________.__ Pt 78 195. 09
Plutonium. . .. _.____.____ Pu 94 (242}
Polonium._ _ . ____ R Po 84 (210)
Potassium.____. [ K 19 39, 102
Praseodymium_____________ Pr 59 140. 907
Promethiaum_______________ Pm 61 (147)
Protactinium-_.____________ Pa 9 (231)
Radium.._______ DR Ra 88 (228)
Radon__ ... .. ___.__.__ Rn 86 (222)
Rhenium_______._________. Re 75 186. 2
Rhodium.___________.______ Rh 45 102. 905
Rubidium_._______________ Rb 37 85. 47
Ruthenjium______._________ Ru 44 101. 07
Samariwm___ . ___________ Sm 62 150. 35
Seandium____.__ oo Se 21 44, 956
Selenium..________________ Se 34 78. 96
Silicon__ - _______._ Si 14 28. 086
Bilver.___ . .._._ R Ag 47 107. 870
Sodium._ . _.__._.__ . _ . _._ Na 11 22. 9898
Strontium._ .. _._.__________ Sr 38 87. 62
Sulfur_____ .. _____.__ 5 16 32, 064
Tantalum________ . ________ Ta 73 180. 948
Teehnetium_ - ___________._ Te 43 e
Tellurium__________ . __._ Te 52 127. 60
Terbium_ ... . . _ _ Tb 65 158. 924
Thallium. ... _______ Tl 81 204. 37
Thorium_ ____._______.____. Th 90 (232)
Thulium____ . _____________ Tm 69 168, 934
T = Sn 50 11869
Titanium __ _____ R Ti 22 47. 40
Tungsten______._________. W 74 183. 85
Uranium___._ ____.________ U 92 (238}
Vanadium._.____ .. _______ \i 23 50 042
Xenon_. o _.__.__.. Xe 54 131. 30
Ytterbium_ - __.__________ Yh 70 173. 04
Yttrium_ .. __ Y 39 88. 905
A1 Zn 30 65. 37
Zireopium___ Zr 40 41. 22

1 Courtesy of National Bureau of Standards, U.S.
Department of Commerce, 1962,
? The weight enclosed in parentheses is the mass number
of the most stable isotope of the element.
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In 1961, the Commission on Atomic Weights
ol the International Union of Pure and Applied
Chemistry adopted a new scale of atomie weights
based on carbon with atomic weight 12, This
scale is suitable to both the physical and chemical
sclences,

Table 1 presents the adjusted atomic weights
of all known elements as adopted by the 1961
convention.

ELECTRONIC STRUCTURE

The mass (weight) of an atom of a particular
element iz due almost entirely to the protons
and neutrons contained in it. The mass of the
clectron is negligible (see below). Nearly all of
the weight of an atom is concentrated in its
nucleus or center. The nuecleus is comprised of
protons and neutrons.

The proten is a particle having unit positive
charge and & mass of approximately one on the
atomic weight seale. It is identical with a
hydrogen atom which has lost its electron and
which has a positive charge, HY.

The neutron is a neutral particle bearing no
electric charge. Its mass is approximately the
same as that of the proton. The neutron is a
major contributor to the weight of an atom.
The number of neutrons in the nucleus may be
determined by subtracting the atomic number
from the atomic weight. For example, there are
118 neutrons in an atom of gold:

197 (atomnuie weight of gold)
~~79 (atomic number of gold)

118 (number of neutrons)

The electron is a particle of negative unit
charge. Its mass is approximately 1/1,838 of the
mass of a proton. The electrons travel in paths
about the nucleus. An oversimplified but pic_-
torial analogy is the travel of the planets about
the sun. In any atom there are exactly as many
electrons as there are protons in its nucleus,
As the number of protons incrense (increase in
atomic number), the electrons are added outside
the nucleus into various energy levels or principle
quantum numbers referred to as shells. As
these shells progress from the nucleus, the num-
her of possible electrons in the shell increases.
The number of electrons possible in the first
four shells are shown in Table I, starting with
K, the innermost shell.

TaBLE II.—Electron Capacities of the First 4 Electron

Shells
Maximum Num-
Principal Quantum Number Shell Name ber of Possible
Electrons
b ______ K. |- [ 2
g ... | R F B
B Mo . 18
U N |e__ 32

For example, carbon has an atomic number
of 6, therefore it has 6 protons in the nucleus
and 6 electrons in the electron shells (2 in the K
shell and 4 in the L shell); nitrogen has an atomie
number of 7, therefore it has 7 protons in the

8N
8P

CARBON NITROGEN OXYGEN
No. of Protons - 6 No. of Protons = 7 No. of Protons - 8
No. of Neutrons — & No. of Neutrons — 7 No. of Neutrons — 8
Atomic Number ~ & Atomic Number - 7 Atomic Number — 8
Atomic Weight =—1(2 Atomic Weight — |4 Atomic Weight —|6

Figure 1.-—Diagram of Atoms of Carbon, Nitrogen, and Oxygen.
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Figure 1.—Diagram of Atoms of Carbon, Nitrogen, and Oxygen.
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nucleus and 7 electrons in the electron shells
(2 in the K shell and 5 in the L shell, or 1 more
electron in the L shell than carbon). Figure 1
presents a diagrammatic representation of the
carbon, nitrogen, and oxygen atoms.

Again, the atom having the next higher atomic
number, oxygen, has 1 more electron in the L
shell than nitrogen;i.e., 6 electrons, This simple,
orderly addition is maintained for the first 18
atomic numbers, After that the energy levels
within the shells follow a more complicated
progression so that the addition of the electrons
also follow a more complicated order.

The electron content of the shells of the various
elements need not be discussed further at this

" time except to point out that the outermost shell
usually contains no more than 8 electrons with
the exception of the K shell which is saturated
with 2 electrons. The inner shells may be built
up until they reach their saturation number, i.e.,
18 for the M shell when it is an inner shell (see
Table IIT). Atoms having 8 electrons in the
outermost shell are stable aud do not react
chemically. These elements are called the noble
gases and include helium, neon, argon, krypton,
xenon, and radon, Helium, of course, has only
2 electrons in the K shell, the outermost shell.
But since it is the K shell, it is saturated and
therefore stable. The electrons in the outermost.
shell influence the properties and reactions of
the atom.

TavLE 1I11.— Electron Structure of Several Elements

| Shell Electron Distribution

Atomic | Element ‘
No,
K| L |M|N|]oOo|P

2. Helium (He)____.. PSR PN PRI J (R
Neon (Ney_____.___| 2 B _|oooj---looo
Chlorine (Cl)_____ 2 3 S PN
Argon (Ar)_______ 2 8 8 | |eooo|o-o-
Potassium (). .__| 2 8 8 U PR
Chromium (Cr}___| 2 8| 13 ) O P
Zinc (Zn)__.______ 2 818 2 oo
Krypton (Kr)__.__ 2 8| 18 - 1 DR P
Xenon (Xe)_ _____ 2. 8|18 |18 8 |-
Radon (Rn) _ _ ___. 2 ‘ 81 18| 32| 18 2}

PERIODIC TABLE AND FAMILIES OF
ELEMENTS

Properties of the elements vary as a periodic
function of their atomic numbers. When elements
are listed in the order of increasing atomic number,
a periodic recurrence of similar chemical properties

may be noted. It may also be noted that when
each period, or series, is placed below the previous
period, elements of similar properties will fall in
columns while preserving the arrangement accord-
ing to atomic number. Thus, it is possible to
predict the chemical properties of the element with
a fair degree of accuracy from its position in the
periodic table and from a knowledge of the prop-
erties of the other elements falling in the same
group.

The essential development of the periodic table
as it is known today was proposed in 1869 by
Mendelyeev. From the table he was able to
predict the atomic number, atomic weight, and
certain chemical properties of elentents which had
not been discovered at the time, His predictions
have proved astonishingly correct. A modern,
long-form, periodic tahle is presented here for
study (Table IV).

The following information may be readily ob-
tained from the periodic table:

1. The chemical symbols of the elements.
The atomic number.

The atomic weight.

The electron structure.

Possible valences.

LN

The horizontal rows of the periodic table are
cnlled periods. The first period 1s very short and
contains only hydrogen and helium (atomic Nos.
1 and 2}, then in succession—2 short periods of 8
elements each, 2 longer periods of 18 elements
each, a very long period of 32 elements (note that
rare earths—the lanthanides—atomic Nos. 57-71,
are set out at the bottom of the table), and an
incomplete period (rare earths—the actinides—
atomic Nos. 89-102, are also set out at the bottom
of the table).

The vertical columns of the periodic table are
called groups. Elements in the A group (la
through 7a) are much alike in their chemical
behavior and form a definite chemical family. It
will be observed that the number of the group
corresponds to the number of electrons in the
outermost shell of the respective atom.

In the B group (1b through 7b) there is a strong
resemblance between elements in the same group,
but this resemblance diminishes toward the center
of the table. Here are the transition metals, the
lanthanides, and the actinides. In these the inner
electron shells are built up to capacity.

9-5
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* -
Table IV - Periodic
la
Pened
H |
1.00797
. KEY
1
Symbaol — Bold letters He
Atomi¢ number ~—— Bold numbers 2
}; 20 Atomic weight — Centered numbers 4,003
) Electron structure — Numbers an lefr 2
Li 3| Be 4 Possible valences — Numbers on right 1+
6.933 9.0122
2 2 Brackefs indicate moss numbers [e9]
11 [ 2 * Electron structures for elements 99 fo 102 have not been
established.
I+ 2+
No 11| Mg 12
22.9896 24.312
myos :
I
I+ 2+ 3v 4b 1] &b Tb Bb gb
K 19 | Ca 20 | sc 21 | Ti e2 | v 23 | ¢r 24 | Mn 25 | Fe 26 | Co er
39.102 40.08 44 956 47.90 50.942 51.9986 54 93580 35.847 58,9332
H 2
v a a H : H H e H :
2 8 ] 10 r i3 13 14 15
I H 2z z z 24 1 2z 2+ 2 2
2+ 3+ 2+ 3+
34+ 4+ 34 4t 2+ 2+
I+ 2+ 3+ 4+ B+ &+ 7+ 3+ 3+
Rb 37 | Sr g 39 | Zr 40 | Nb 4] | Mo 42 | Tc 43 | Ru 44 | Rh 45
85.47 ar.ez BB8.905 9l.22 92.906 95.94 [o7] 105.07 102.90%
2 z 2 2 z 2 2 2 z
v 8 2 a B 8 B ] ] z
8 e 18 18 8 a 2+ 18 18 e
] a ] 10 e 3 3+ 4 15 ]
] H 2 z 1 1 a4+ 1 4+ ) t
3+ 5+ B+ I+
1+ 2+ 3+ 4+ 3+ &+ T+ 4+ I+
Cs 55 | Bo 56 5T-T1 | Hf T2 | To T3 | w T4 | Re T5 | Os 76 | Ir Tr
132.905 137.24 178.49 t80.948 183.85 186.2 190.2 192.2
Vi 2 2z Rare 2 2 z 2 2 2
8 8 Earths 8 B ] 4 8 e
18 18 e g 18 18 B 18
13 8 {LaNTHANIDES) 32 32 22 2+ 3z 32 32
8 o N iz 4+ s 4+ 14 17
] H z 2 2 B+ 2 6+ H 3+ 34+
1+ 2+ 4t 1+ 6+ 7+ a4+ 4+
Fr 87 | Ro L] 89-
[223] [226]
2 2 Ra
vil| & . Earfhs
18 18
32 32 {AcTinIDES )
128 18
8 8
I 1+ 2 2t
RARE
La 57 | Ce 58 | Pr 59 | Nd 60 | Pm 6{ | Sm 62 | Eu 63
138 .9 140,12 140,907 144 24 {1a7] 150.35 151,96
Lanthanum : i g : : s s
Series ra 18 18 18 18 18 K]
13 20 2 22 23 24 25
9 8 8 8 a B 8
2 2 3+ H z 2 2 24 2 2+
3+ 4+ 1+ 3+ 3+ 3+ 3+
Ac 89 | Th 90 | Pa 91 [ u 92 | Np 93 | Pu 84 | am 95
[227] [232] f231] [238] [z37] [242] fza3]
Agiun | 2 : : : : : :
Senes 18 18 16 18 ra ] 18 z+
32 iz 1z LH] 3z 3+ | 3z 34 32 ERS
e 18 20 21 3+ 23 a+ [ 24 4+ z5 a4+
] 10 9 ] 4+ ] 5+ 8 5+ 8 s+
z 3+ 2 (3 z s+ 2 6+ z &+ 2 &+ 2 8+
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At the extreme left of the table are two columns
of light metals, some of which (1a) are lighter than
water. In the upper right-hand corner are the
nonmetals and the inert or noble guses.

Elements are classified as metals and nonmetals.
Most of the metals, 77 in number, are good con-
ductors of heat and of electricity. They often
have a bright, mirrorlike, “metallic” luster.
Many of the metals are also very malleable
(capable of being hammered or rolled into sheetg)
and very ductile (capable of being drawn into
wire).

The remaining 21 eclements are nonmetals.
At room temperature they ore gasecs or brittle
solids (except bromine which is a liquid). They
arc poor conductors of heat and of electricity.

The most important distinctions between metals
and nonmetals are found in their chemical prop-
erties. One example is the behavior of oxides—
compounds formed from oxygen and another
element. The metallic oxides form alkaline solutions
when dissolved in water. Nonmetallic oxides form
acid solutions when dissolved in water.

Na;04+H,0 ——s 2NsOH
sodium oxide sedinm hydroxide
(metallicy (alkaline)

80,+H:0 ——
sulfar dioxide
{nonmetallic)

H:803
sulfurous acid

The halogens are an important group of non-
metals. They occur as the first four elements in
group 7a, i. e., fluorine, chlorine, bromine, iodine.
These, as well as the oxides, will be discussed
later,

ISOTOPES

All of the atoms of any given element have the
same atomic number which is characteristic for
that particular element. However, an element
may have atoms with different atomic weights,
but with the same chemical properties. In a
particular element, atoms with different atomic
weights (but with the same atomic number and
chemical properties) are called isotopes of that
particular element. The only way in which the
weight of an atom can vary without changing
the atomic nuinber is to vary the number of
neutrons in the nucleus. Therefore, the only
difference between the isotopes of an element is
the number of neutrons m the nucleus. The
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number of electrons in the isotopes of an element
will remain the same.

The isotopes of an element, having like chemical
properties, can only be separated by physical
means such as diffusion.

MOLECULES, IONS, AND VALENCE
MOLECULES AND MOLECULAR WEIGHT

A molecule is a group of atoms bonded to one
another in a definite ratio and acting as a chemical
and physical entity, All the molecules of a
chemically pure substance are identical. Oxygen
gas is composed of molecules containing 2 atoms
of the element oxygen; water molecules consist
of 2 atoms of the element hydrogen and 1 of
oxygen. The molecular weight of a substance is
the sum of the multiples of the atomic weights
of the elements present in the molecule. Thus
the molecular weight of O, is 32 and that of
H:0 is 18 {(2X1+16). (While the new value for
oxygen is 15,9994 and for hydrogen 1.00797, for
purposes of quick computation these figures have
been rounded to 16 and 1, respectively.)

Types of Formulas

A molecular formula indicates the assortment of
elements and the number of each which appears in
an aggregation. This aggregation behaves ¢hemi-
cally as a unit and is called a molecule. For
water, the formula is H;O, sometimes expressed
as HOH, and ineans that 1 molecule of water
contains 2 atoms of hydrogen and 1 atom of
oxygen; for oxygen gas, the formula is O,.

The empirical formula merely represents the
simplest possible formula for & compound. It
may or may not represent a compound in its mo-
lecular form. Mlercurous chloride has a molecular
formula of Hg,Cl; and an empirical formula of
HgCl.  Similarly the molecular formula of oxygen
is Oy; the empirical is O.  On the other hand, both
the molecular and empirical formula for water is
H,0, and for sodium chloride it is NaCl, In these
and many other compounds the empirical formula
is identical with the molecular one. However, the
molecules of many gases and organic compounds
exist as a multiple of the simplest possible ratio
of participating atoms,

In the study of chemical reactions, the molecular
formula is used except in cases of macromolecules
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and polymers* such as starch where the exact
molecular weight is not known, but the building
units are. For example, the formula for starch is
written as (CgH;;04),. The subseript ‘“n’' indi-
cates an unknown number of glucose molecules
(C¢H;05) bound together to form a starch mole-

cule.

IONIZATION

An fon is an atom or group of atoms that is
not electrically neutral, but instead carries a posi-
tive or negative electric charge. An atom (or
group of atoms) is neutral when the number of
protons in the nucleus equals the number of
electrons in the shells. Tt is a positive ion if the
number of electrons is less than the number of
protons; conversely, an ion is negative if the num-
ber of electrons is larger than the numher of
protons.

Tonization is the process of producing ions from
neutral atoms or molecules by changing the bal-
ance of electrons and protons. Common examples
are the ionization of salts, acids, and bases when
dissolved in water. For discussion of Acids, Bases,
and Salts, see page 14 this chapter.

VALENCE

Valence is the combining capacity of an element.
It is the number of bonds that an atom of an
element may form with other atoms. Elements
which are more complex in their behavior may
exhibit any one of two or more combining capac-
ities. Knowledge of these characteristic valences
of the elements will be of great assistance in
memorizing the formulas for the infinite number
of compounds possible in chemical combination.
For example, the molecular formula of water is
H,O with the following valence-bond structure:

H H
~_ 7
0

Hydrogen has 1 valence bond and its valence is 1;
oxygen has 2 bonds and its valence is 2. These
are the usual valences for hydrogen and for oxygen.

* facromolecules are large molecules containing & definite number of each
member compound and o particular arrangement of them. TProteins and
nucleic acids are macromolecules,

Polymers are large molecules composed of cne compound {or possibly
several kinds of compounds) joined in repetition, The size of the polymer
varies according to the conditions under whiech it Is formed—starch, glycogen,
and resin are examples.

Other examples are hyvdrogen chloride, HCl, in
which hydrogen has a valence of 1 and chlorine of
1; sodium chloride, NaCl, in which sodium has a
vaulence of 1 and chlorine of 1; ammonia, NH;, in
which nitrogren has a valence of 3 and hydrogen
of 1; and carbon dioxide, CQ,, in which carbon has
a valence of 4 and oxygen, 2.

TasLE V.—Combining Capacities of Elemenis, By

Groups
Number of (Electronsin| Valence ‘ Number of Electrons Given or
Group Quter Sheli Aceepted

la________ 1 +1 1 given,
2. 2 +2 2 given,
3a______ - 3 +3 3 given,
da___ ... 4 +4 ! 4 given or accepted.
ba__._.___ 5 —3 3 accepted.
Ba____._.. 6 -2 2 aceepted.
Ta_ ... 7 —1 1 accepted.
0 ... 8 0 None given or accepied.

There are several types of valence bonds, two
of which will be discussed here—ionic valence and
covalence. In ionic ralence bonds, the elements
combine to form compounds because of an electro-
static attraction between the charges on the atoms.
Any atom (or group of atoms) that acquires more
than its normal quota of electrons (equivalent to
the atomic number) becomes a negatively charged
ion. Any atom that loses a part of its normal
quota of electrons and as a result is left with a
surplus of positive electricity (protons), becomes a
positively charged ion, When atoms combine in
chemical combination, the valence electrons {the
electrons in the outer shell) of the ntoms show a
tendency to assume the stable configuration of an
inert gas. Thus in sodium, only 1 electron is
present in the outer shell. The tendency of the
sodium (Na) atom is to lose this electron and, if it
does, it then acquires a positive charge of 17
because the ntom now has 11 protons and 10
electrons.

Similarly, chlorine has 7 electrons in its outer
ghell and has a tendency to attract an electron to
complete the stable configuration of 8 electrons.
When this happens the chlorine (Cl} atom acquires
a negative charge of 1~ hecause the atom now has
17 protons and 18 electrons. Thus a sodium atom
will contribute an electron to a chlorine atom to
form a positive sodium ion and a negative chlorine
ion. The attraction between the opposite charges
is strong and will hold the sodium and chloride ions

-9
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Figure 2.—Diagram of the Covalent Bond in the Hydrogen Molecule and in the Water Molecule,

sufficiently close to form a molecule of sodium
chloride (NaCl). Thus sodium has a positive
electron or ionic valence of 1, while chlorine has a
negative valence of 1.

An atom which transfers 2 electrons has a posi-
tive ionic valence of 2; if it accepts 2 electrons, it
has a negative ionic valence of 2. In magnesium
chloride, the magnesium atom has a positive ionic
valence of 2 and chlorine has a negative ionic
valence of 1; therefore, the molecular formula
requires 2 atows of chlorine to receive the 2 elee-
trons from 1 atom of magnesium or Mg(Cl,. It can
be scen that the ionie valence is equal to the num-
ber of electrons gained or lost by an atom when it
is converted into an ion. Tonic compounds are
found in the inorganic acids, bases, and salts.
They will couduct eclectricity when in aqueous
golutionand are thorefore referred to nselectrolytes.

Compounds which are not held together by
electrostatic forees may be linked by covalent
bonds. A eovalent bond consists of o pair of
electrons shared between two atoms in such a way
that the outermost shells of both are satisfied. For
example, the hydrogen molecule, H,, has covalent

910

linkage. Here & hydrogen atom shares its one
outer electron (in the K shell) with the other
hydrogen atom, both thereby acquiring the stable
or electron-saturated state of 2 for the outermost
shell (fig. 2). In water, which is a compound of
hydrogen and oxygen, H,0O, the sharing of elec-
trons is shown in figure 2.

The oxygen atom in this cotnpound has 6 elec-
trons in the outer shell and attains its stable con-
figuration of 8 by sharing the 1 electron from 2
hydrogen atoms. These each in turn share 1 of the
6 electrons of the oxygen atom to acquire the
stable configuration of 2 electrons.

This type of linkage is very itnportant in organic
chemistry and is encountered in thousands of
carbon compounds. The carbon atom usually has
an electron valence of 4 and must share in 4 pair
of electrons to complete its octet. The shared pair
muy be represented by a straight line (which is

called a single bond) in structural formula, such as
H
H—C—H

|
H

for CH, which is methane.
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Pure covalent compounds do not conduct elec-
tricity. Pure water itself is not an electrical con-
ductor; it is the unpurities which are dissolved in
water that carry the electric current.

Many compounds are neither completely elec-
trovalent nor completely covalent compounds;
often they are combinations or modifications of
both. What has been presented above merely
demonstrates the basic rules for two types of link-
ages in the formation of chemical compounds.

RADICALS

When certain compounds, such as sulfuric acid,
(H,80,), and potassium cyanide, {(KCN), undergo
chemical changes, some of their atoms remain
grouped together. These groups, called radicals
or sometimes complex ions, are more or less
resistant to change. Since radicals tend to retain
their characteristics and are gencrally transferred
from their compounds as a unit, it is convenient to
write themn as a unit in a formula. This is done by
including the radicals in parentheses:

Caleium hydroxide___. Ca(OH), instead of CaO,H,.

Aluminum sulfate__ -~ AL{S80,); instead of AlS:0,.

Ammonium sulfide..__ (NH,),S instead of N,H,S.
The subscript number indicates the number of
times the radical occurs in one molecule of the
substance,

CHEMICAL REACTIONS

In any investigation of a chemical reaction, the
following laws of chemical change must be con-
sidered:

1. Law of Conservation of Elements: Ordinary
chemical change never converts one clement into
another.

2. Law of Consercation of Mass or Matter:
Ordinary chemical or physical chunges never
detectably change total muss.

3. Law of Definite Proportion: The weights of
the reactants and products in any reaction are in
definite ratio to one another.

Since there is no conversion of one element to
anotber and there is no loss in matter, it follows
that r grams of eleruent “A" reacting with y grams
of element “B’’ will produce products containing &
grams of clement “A” and y grams of element"B."”
In other words, in all chemical reactions the
reactants must balance with the products. A
simple example is the formation of water, H,0.

2Hg407 ———2H:0

Note there are 4 atoms of hydrogen and 2 atoms of
oxygen on both sides of the equation. This
equation is said to be balanced.

Types of Reactions

A chemical reaction 18 more easily remembered
if recognized as belonging to one of several types:
1. Internal rearrangement. In this type, atoms
within a molecule or ion are brought into new posi-
tions with respect to one another which produces

a new compound. For cxample, urea is formed

when a solution of ammonium cyanate is
evaporated.

NECNO—— €0 (NH2:

RINIMONIUM urea

¢yanate

2. Decomposition. Here molecules or ions are
broken downintosimpler compounds or into atoms:
IKCI0; —— 2KCl + 30:7

potassium potassium  oxygen
chlorate chloride

{The arrow pointing upward directs attention to
the escape of a gas.)

3. Direct union. In this type,atomns, molecules,
and ions combine to form new substances:

C + O3 — COy
carbon OXY¥Een carbon dioxide

4. Displacement. Here an atom or group of
atons, in coiubining with a molecule or ion, dis-
place one or more atoms already in the molecule:

Zn  + M80,—Zn80, + H:T

zine sulfuric zine hydrogen
acid suliate

5. Exchange. In this type a part of one mole-
cule, ion, or ion group is exchanged for a part of
another.

700 + Hi0——4nsS0; +  Hi0

zine sulfuric zing water
oxide acid sulfate

OXYGEN AND ITS COMPOUNDS

(xygen in conbination with other elements
makes up about one hualf the earth’s erust:

1. Oxygen when combined with the nonmetal
silicon [orms silicon dioxide or siliea, 810, which
occurs in nature as a crystalline mineral, quartz,
White sand is nearly pure silica.

2. Oxygen in combination with silicon and
different metals forins the silicate minerals (imica,

911
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feldspar, clay, and many others) which make up
most of the solid rocks on the earth,

3. Other abundant minerals contain oxygen in
combination with metals and with the nonmetals,
carbon, sulfur or phosphorus, mstead of silicon.

4. An impure form of ferric oxide, Fe;O,, is
hematite, the most important ore of iron.

5. Water is about eight-ninths oxygen by
weight.

6. In living plants and animals, oxygen is an
elenient of water and of other ecompounds which
are a part of the living tissues.

Air at sea level contains about 21 percent
oxygen by wvolume, 78 percent nitrogen, 0.04
percent carbon dioxide, and very small amounts
of other gases.

Pure molecular oxygen niay be prepared com-
mercially from air.  The air is liquefied by cooling
under pressure and then, under controlled evapora-
tion, the nitrogen passes off first leaving pure
liquid oxygen behind. Another method of obtain-
ing oxygen is from the electrolysis of water in
which an electric current is passed through water
containing a little sulfurie acid or sodium hy-
droxide to act as a conductor,

2H3;0 ——2H3 T+ 03T

H, and O, are liberated separately at different
electrodes.

In the laboratory, oxygen may be prepared from
heating potassium chlorate, leaving potassium
chloride behind.

2K Cl10; — 32K 14307

Oxygen is an odorless, nearly colorless gas
which in deep layers appears blue. 1t is liquefied
only by verv high pressures at tenmiperatures far
below the freezing point of water. At atmos-
pheric pressure, liquid oxygen boils at —183°
centigrade. Oxygen is only slightly soluble in
water, but still is twice as soluble as nitrogen, the
chief constituent of air. For this reason, water
when exposed to air is richer in oxygen than in
nitrogen. Oxygen, from the air, dissolved in
water serves as the source of oxygen for respira-
tion of aquatic plauts and animals.

OXIDES

All other elements except the inert gases enter
into chemical union with oxygen to form com-
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pounds called oxides. Some clements (such as
hydrogen, phosphorus, sulfur, and iron) combine
readily at ordinary temperatures. Other ele-
ments such as the “noble metals” (silver, gold,
platinum, et cetera) cannot be directly oxidized
even by heating in pure oxygen.

There may be several different oxides of the
same element, depending upon the conditions
under which the oxide is formed, such as amount
of oxygen available, heat, pressure, availability of
water and catalysts. Some examples of different
oxides are;

C0, CO:  FeO, FeOy, FesOy  H:0, H:04

OXIDATION AND REDUCTION

Chemical union with oxygen is an example of
oxidation. Examples occurring in nature are
burning or combustion, rusting, respiration, and
decay. No great increase in temperature is ob-
served in rusting, respiration, and decay, though
the quantity of heat set free ig precisely the same
as it would be if the same chemical changes were
accomplished by rapid burning or combustion.
The explanation is, of course, that heat is released
very slowly in the three processes first named and
is transferred to neighboring objects in the
atmosphere as fast as it is set free. Thus, the
temperature rise is imperceptible.

The reverse of oxidation is termed reduction.
In a narrow sense, reduction is the removal of
oxygen from a compound containing oxygen.
Ordinarily, this oxygen is removed by being com-
bined with gomne other substance that has a strong
tendency to combine with oxygen. For example
when copper oxide, CuQ, is heated in the presence
of hydrogen, the oxide is reduced to metallic
copper:

CuO+H; ———Cu+H;0
The hydrogen removes the oxygen from the copper
oxide, gives up electrons and is oxidized to water.
At the same time the copper ion takes up electrons
and is reduced to metallic copper. The hydrogen
is the reducing agent while the copper oxide acts
as the oxidizing agent.

Oxidation and reduction also have broader and
more useful neanings. Oxidation is any reaction
in which a given substance loses electrons or a
share in electrons to aunother substance known as
the oxidizing agent which gains these electrons or
share in electrons. Conversely, reduction is any
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reaction in which a given substance gains electrons
or a share in electrons from a substance known as
the reducing agent which loses electrons.

Oxidation and reduction always occur together,
since the electrons lost by one reactant must be
gained by the other. These are called oxidation-
reduction reactions or redox reactions,

If a molecule or an ion contains some element
which is in its lowest of several valence numbers,
the substance is likely to be oxidized and hence is
a good reducing agent, So HCI, which contains

Cl with a valence number of —1 (Cl™!) cannot
possibly be reduced, but it is essily oxidized to
chlorine gas, Cly, with a valence number of zero.
Pure elements have a valence of zero even though
they may be bound to each other as in the chlorine
molecule, Cl;, or the oxygen molecule, O,.

When an intermediate between the two ex-
tremes of valence is considered, whether it will
be an oxidizing or reducing agent depends upon
the substance with which it is reacting. Some
common oxidants and reductants are in Table V1.

TaBLE VI.—S8ome Common Oxidizing and Reducing Agents

Reductant Formula Valence Oxidized Product Valence Formula
Metallie sodium_____________.____ Na________ O || Sodiumion___._.____._._________ +1 | Nat
Hydrogen gas__ . ___ . ___.______... Hao o ____ 0 || Water or hydrogenion . _.... +1 1} H;,0 or H*
Stannous fon______ ... __________. Snt+_____ . +2 || Stannicion. ___________________. +3 | Sntt+
Sulfur dioxide_____._._ e 80. _.__.__ +2 | Hydrogensulfate. _______________ +6 | H,80,
Ferrous ion (light green)__________ Fet++ +2 i Ferrieion (yellow-brown)_ ._______ +3 | Fe++t
Oxident Formula Yalence Redueed Product Yalence Formula
Oxygen gas_ . __________________._ Oy .o O || Water or oxygenion__._._.__.____ —2 | HO or O~
Chlorine gas_ _ ... _______...__ Cl, . . ___ 0 || Chloride_____________________. . —1 | CiI-
Nitrieaeid._ ... ___ ... ___ HNO,.. +5 || Nitrous oxide ‘ +2 | NO
or or
Nitrogen dioxide. . _.____________ +4 | NOy
Sulfuricaeid . ___________________ H.80, ... 46 || Sulfur dioxide_..____._ . . . . ___ +4 | 80,
Permanganate (purple)___ . _____ | MnO,~_ ... +7 || Manganous ion (colorless) ________ +3 | Mnt++
Dichromate (orange)___._.___.___ I CryO7—___. +46 || Chromic ion {(green) . _ . __._.__.. ... +3 | Crtt+t

HYDROGEN AND ITS
COMPOUNDS

Next to oxygen, hydrogen is the most abundant
element in the earth’s crust, if we rate abundance
by number of atoms rather than by weight.
Combined with other elements, it makes up
about 1 percent of the weight of the earth’s crust.
Some of the more important classes of hydrogen
compounds are:

Flements Compeunds or Miriures

H, 0 _______ Water, H,0.

H,N________ Ammonia, NH;,

H, C._._____ Hydrocarbons (eompounds contuain-

ing H and C only), such as petro-
leum and its products, terpentine,
rubber, and methane.

H,C O0._.___ Woody tissues of plants {cellulose),
paper, starches, sugars, fats, aleo-
hols, ethers, aldehydes, organic
acids, thousands of organic ecom-
pounds,.

H, C, 0O, X__. The greater part of living plant and
animal tissue such as the proteins,
alkaloids, dyes, and many medicinal
substances.

Commercially, hydrogen is prepared from the

electrolysis of water:
2H30 ——2Ha+ 03

Hydrogen is extremely light, being 1/14 the
weight of air and 1/16 the weight of oxygen. It
is slightly soluble in water. When liquid hydrogen
is permitted to evaporate rapidly, a part of it
solidifies to a white solid, the melting point of
which is only 14° above absolute zero. Absolute
zero is that point at which there is no heat and
no kinetic motion of the molecule. It is also
referred to as 0° Kelvin or 0° K. and corresponds
to —273.15° centigrade.

Some of the most important chemical prop-
erties of hydrogen are its reactions with metallic
oxides (reducing them to metal), and its direct
union with many organic compounds in the
presence of a catalyst. The direct union of
hydrogen with organic coinpounds is often termed
hydrogenation. It is important in many com-
mercial processes such as production of edible
fats, motor fuels, nylon, and synthetic rubber,

9-13
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ACIDS, BASES, AND SALTS

A typical acid contains hydrogen, together with
a nonmetal or nonmetallic group. When metals
react with acids, metallic atoms appear to enter
the ncid molecules displacing hydrogen. Examples
are:

2Na+ 2CH3;COOH ——2CH:;COOQNs +HJ
acetic acid sodinm acetate

(a salt)
Ca+ Hi80; ——Ca80. +H:T
sulfuric  calcium sulfate
acld {a salt)

The nongaseous product of the reaction of a
metal with an acid is called a salt. A typical salt
contains a metal, together with a nonmetal or
nonmetallic group.

The product of the reaction of a light metal
with water is called a metallic hydroxide (other-
wise referred to as an alkali or a strong base).

2Na+ 2H;0 —-2NaQH +HJ
sodium
hydroxide

2K+ 2H;0 —2KOH +H-j
potassium
hydroxide

A typical alkali contains a light metal, together
with the hydroxyl ion (OH-). Solutions of the
alkalis taste somewhat bitter and puckery and
feel slippery. Alkalis turn red litinus paper*
blue, whereas all but the least active acids turn
blue litmus paper red.

When an acid reacts with a base, both acidic
and basic properties disappear as they react with
each other to form a salt and water.

INaOH+H:20; —— Na§ 04+211:0

Each is said to neutralize the other with the
formation of water and may be represented
1onically as:

H+t++O0H- —=5H0
The hydrogen ion or proton of the acid combines
with the hydroxyl ion of the base to form water,
thereby neutralizing the acidic and basic properties
of the two compounds.

The Brénsted definition of acids and bases states
that an acid is any compound that loses protons,

*Litmus paper is au indicafor to determine roughly the acidity or basicity
of a solutien. It isredin seid and blue in alkaline solutions.

=14

while & base is any compound that takes up
protons.

HC!l——H*+Cl- =an acid

OH-+H+-—>H:0 =a base

Some common acids and their salts:

HF hydrofluoric acid NaF
HCl hydroehloric acid KCl
HBr hydrobromiec acid NaBr
HI hydriedic acid KI
HNOQO; nitrie acid
H,80, sulfuric acid

sodium fluoride
potassium chloride
sodium bromide
potassium iodide
Ca(NOj): caleium nitrate
MgS0, magnesium sulfate

HYDROGEN-ION CONCENTRATION: [TS
MEASUREMENT AND CONTROL

pH

pH is the symbol of a system devised to indicate
the degree of acidity or basicity of a solution.
Tt is a measure of the hydrogen-ion concentration.
The pH of a neutral solution is 7. Values from
0 to 7 are found in acid solutions and from 7 to 14
in basic solutions.

Titration

Titration is & method of analysis. Tt is the
process of determining the amount of a substance
present in a solution by measuring the exact
volume of some reagent which reacts quantita-
tively with the substance to be analyzed.

An example is the standardization of normal
and molar solutions, particularly acid and base
solutions. In order to neutralize the known
amount of protons in a given quantity of a stand-
ard acid solution, an equal amount of hydroxyl
ions from u base must be added. A comparison
between the amount and concentration of the
standard acid with the amount of base will
indicate the concentration of the base.

A small quantity of a substance called an indi-
cator is used in titrations to show when the
reaction has reached completion. In acid-bhase
titration, the indicator is either a weak acid or a
wenk base that changes color at a characteristic
pH. Hundreds of different indicators are known,
two ol which are listed here:

i 1
pH Acid Color | Neutral Color| Alkaline

Indicator
Color
Litmus___________ 6.5 | Red_____ Violet____| Blue.
Phenclphthalein.__} 9.0 | Colorless_| Colorless_| Red.
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The use of dyes which exhibit changes in color
and act ns indicators of the pH is known as the
colorimetric method. More precise measurement
can be obtained by the use of a pH meter (elee-
trometric method),

BUHQI’S

It is sometimes important to keep the pH of a
solution constant in spite of chance lnpurities
or side reactions that tend to alter it. This may
be accomplished by the addition of buffer mixtures.
A buffer is comprised of a weakly ionized acid or
base and its salt. It has a characteristic pH
which is maintained when acid or base is added
to the mixture and therefore acts as a buffer
against pH change. Phosphate and acetate
buffers are widely used in biologic systems.

Buffers play an important part in nature. Most
of the juice of ordinary [ruits and vegetables have
o slight acidity which is held constant by buffer
salts. The blood is [aintly alkaline {pH--7.33)
and maintains this pH with the greatest precision
chiefly through buffering action of the blood
serum proteins, carbonates, and phosphates. So-
lutions to be injected intravenously must be
adjusted to the pH of the blood.

Milk is buffered (slightly alkaline) and curdling
by bacteria that convert milk sugar into lactic
acid is thereby retarded. All of the life processes
take place in buflfered mediums. Even the soil
is buffered to encourage the living organisins with-
in it and the plants that grow in it.

The control of pH is used in the yeast, cheese,
wine, and beer industries to insure preium
quality and maximum yield. Alany other chemi-
cal reactions which do not include growing
organisms must have rigid pH coatrol.

CARBON AND ITS COMPOUNDS

In nature carbon oceurs chiefly as—-

1. Carbon dioxide of the atmosphere and the
vastly greater supply of dissolved carbon dioxide
in the ocean.

2. Carbon compounds in nll living animals and
vegetable matter.

3. Peat, coal, natural gas, and petroleum.

4. Chalk, limestone, and marble (chiefly calcium
carbonate) of which there are inexhaustible de-
posits; as magnesite (magnesiumt carbonate) and
dolomite (a double salt CaCO;:MgCOy); and as

636012 O -62 -2

sodium ecarbonate found in the beds of evaporated
alkali lakes.

Charcoal is formed when wood or coal is heated
with the excluston of nir. Aectivated charcoal is
fairly dense charcoal that has been treated with
superheated steam to remove the tarry materials
that clog the pores of ordinary charcoal. During
this process, submicroscopic crystals are formed
which greatly increase the surface area. This
large surface aren endows activated charcoal with
its very useful property of high adsorption. Tt
is used in gas masks to adsorh gases, to decolorize
solutions, and to purify solvents; medicinally, it is
an important component of the universal antidote
wherein it plays a role in reducing toxicity of
certain poisons.

Crystalling forms of carbon are graphite and
dinmond. Graphite is found in nature, or may
be made by heating coke to a high temperature in
an electrie furnace. It is a soft, black solid which
has a shiny, metallic appearance and a greasy
feeling.  Graphite is a good conductor of electric-
ity and is nonabrasive. It is used as the brushes
in electric generators, in carbon ares, furnace
electrodes, lubricants and, of course, it is used as
the core of “lead” pencils. Diamond is the
kardest known naturally occurring substance and
is used commercially as tips in cutting and drilling
tools.

Carbon cannot be melted; but it sublimes* at
3,600° centrigrade. The position of carbon in the
periodic table shows that it possesses 4 valence
electrons.  Since it has a small atomie radius, its
valence electrons are strongly held by the positive
charge on the nuecleus and not readily transferred
to other atoms. Ou the contrary, carbon tends
to become linked with other atoms in covalent
union. The ability of earbon atoms to become
linked with one another accounts for the ex-
traordinary number of earbon compounds consti-
tuting the field of organic chemistry.

Carbon monoxide, CO, is produced when earbon
is burned in a limited supply of air or when carbon
dioxide, (0, i3 brought into contact with highly
heated carbon or other good reducing agents, It
ts deadly poisonous, for it combines much more
readily than oxygen with the hemoglobin of the
red blood cells and thus deprives the blood of its

*Snblimation is the process whereby a solid substance passes into the
gaseous state without first passing through the liquid phase.
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role as the carrier of oxygen to all parts of the
body. The combination of carbon monoxide with
hemoglobin may be reversed by the presence of
an excess of oxygen. Treatment of carbon mon-
oxide poisoning includes breathing of oxygen con-
taining 5 percent carbon dioxide. Charconl is not
o suitable adsorbent for carbon monoxide. A gas
mask designed for use in carbon monoxide con-
taminated atmospheres sbould contain a mixture
of metallic oxides.

Carbon monoxide is none the less very important
in the progress of science and industry. It is the
most important reducing agent in industry. For
example, iron ore is reduced to metallic iron by
the action of carbon monoxide:

Fei054+3C0——2Fe+3C0:

Other useful metals are obtained in a similar
manner, Carbon monoxide is also an important
component of many fuels such as producer gas
and water gas.

Carbon dioxide is a gas that is one and one-
half times as heavy as air and is soluble in water.
It is easily liquefied by pressure. Commercially
carbon dioxide may be produced by alcoholic fer-
mentation, by burning carbon in excess of air or
oxygen, by heating limestone, and from certain
gas wells. Liquid carbon dioxide has a high vapor
pressure. This property is put to use in aviation,
Bottles of liquid carbon dioxide are used as a source
of emergency energy to lower landing gear, apply
brakes, or open bomb doors when the usual sources
of energy fail. It is nlso used to inflate life rafts
and belts. Solid carbon dioxide (temperature
—79° C.) is known as “dry ice” because it is a
very cold solid which forms no liquid on being
warmed; it passes directly from the solid to the
gaseous state. As the gas forms it surrounds the
material with an insulating Inyer of dry gas and
is, therefore, extensively used as a refrigerant.
Gaseous carbon dioxide is used to make carbon-
ated beverages and in the preparation of car-

bonates. Because it is heavier than air and
incombustible, it makes an excellent fire
extinguisher.

Solutions of carbon dioxide in water are acid
because of the reversible union of the dissolved
gas with water to form the unstable carbonic
acid.

CO0y+H:0 — H:COy
carbonic acid
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There are two available hydrogen ions in ecar-
bonic acid which allow the formation of two
different salts, hydrogen carbonate (also referred
to as acid carbonate and bicarbonate), having
the hydrogen carbonate ion, HCO, and car-
bonates, having the carbonate ion, CO,". Ex-
amples are sodium bicarbonate, NaHCQ,, and
sedium earbonate, Na,CO,.

NITROGEN AND MEMBERS OF
THE 5¢ FAMILY

Nitrogen, phosphorus, arsenic, antimony, and
bismuth are members of the 5a family (see
Periodic Table of the Elements), yet their
properties vary strikingly, Nitrogen, the lightest
member, is & gas of low reactivity whose oxides
are exclusively acidic in nature, while bismuth,
the heaviest, is a metal of moderate to strong
activity whose lower oxide is almost exclusively
basic in its behavior. The intervening elements
bridge the gap between these extremes.

NITROGEN AND ITS COMPQUNDS

An inexhaustible supply of elemental nitrogen
is found in the atmosphere which is about three-
fourths nitrogen by weight. There are about
20 million tons of it in the air above each square
mile of the earth’s surface. Great deposits of
sodium nitrate and calelum nitrate occur in
various parts of the world, notably in Chile and
South Africa.

Nitrogen is found in all plant and animal matter,
mostly in the form of protein. The nitrogen of
the atmosphere is converted into nitrates by soil
bacteria. Green plants take up nitrates and con-
vert them into proteins. Plant proteins are
eaten by animals and converted into their own
species-specific protein. When the plants and
animals die, their protein is broken down by
microorganisms, mainly bacterin and fungi, into
simpler proteins and finally to ammonia and
nitrogen gases. Nitrates are built up again by
special types of soil bacteria: nitrogen-fixing and
nitrifying bacteria. The nitrates are then utilized
by green plants, forming protein, which in turn
provide animals with food. The conversion of
nitrogen to plant and animal materials and the
return to nitrogen is known as the nitrogen cycle.



CHEMISTRY 17

AMMONIA

Ammonin {(NH;) i1s a colorless, readily soluble,
casily liquefied gas, about half as dense as air.
It is a compound of nitrogen. Its pungent odor
enables it to be detected when present in the
atmosphere to the extent of one volume in a
thousand.

Ammonia is readily liquefied by pressure and
has o high heat of vaporization. Because of these
properties, it is used as a refrigerant and in the
mannfacture of ice. Liquid ammonia (with no
water present) is a good solvent for many salts and
resins. When ammonia is oxidized, under certain
conditions, nitric acid is made. Nitriec acid has
many uses among them the making of silver ni-
trate, a germicide, and ammonium nitrate, a
fertilizer.

As little as 1 percent of ammonia gas makes air
dangerous to breathe. Ammonia gas should never
be inhaled unnecessarily or incautiously, for it
may produce cardiae arrest.

The chemical properties of aminonia may be
summarized by the following reactions:

1. Ammonia is decomposed by moderate heating

2NH; ——Np4311:

2. Ammonia combines with water to form a solu-
tion of ammeoniumn hydroxide, conventionally rep-
resented as NH,OH

NH3;+H:0 — NH.OH.

This solution is alkaline and conducts electricity
as it is also ionic.

3. Ammonia combines directly with acid to form
ammonium salts,

NH;+HCl —— NH.C1
ammonium chleride

The white cloud observed when ammonia fumes
and hydrochloric acid futnes are brought together
is due to the formation of ammonium chloride. A
simple, widely used test for nitrogen in biologie
materials uses Nessler’s reagent which contains a
complex salt. The nitrogen is converted to am-
tmonia which forms an orange-vellow color with
this reagent. The intensity of the color is a quan-
titative increase of the amount of NH; present.

NITRIC ACID

An important nitrogen compound is nitric acid,
HXNO;. 1t is a strong acid which is a colorless fum-

ing liquid when pure. It is usually obtained in a
concentrated solution containing about 67 percent
HONO;. The concentrated aeid is always colored
faintly vellow from the dissolved nitrogen dioxide,
NO,, formed by decomposition. This acid is cor-
rosive and will burn the skin, causing it to become
hard and yellow. It has been used to remove
warts. A mixture of nitric and hydrochloric acids
is known as “aqua regia,” famed for its ability to
dissolve gold.

In combination with sulfurie acid, nitrie acid
introduces nitrate groups into cellulose to give
nitrocellulose (pyroxylin or guncotton). By vary-
ing the strengths of the acids and the tempera-
tures, among other factors, products of widely
different properties may be obtained. Some are
used in the manufacture of plastics and fast-
drying lacquers, others in propellent explosives.
Reacting with other organic compounds, nitrie
acid introduces nitro groups, —NO;, and forms
compounds used in dyes and perfumes, and high
explosives such as trinitrotoluene (TNT),

PHOSPHORUS

Phosphorus is quite as necessary to life as nitro-
gen itself. The bony framework and teeth of
vertebrates contain a large proportion of modified
caleium phosphate.  The brain and nervous tissue
contain phosphoproteina. In fact, a minute
amount of phosphorus is contained in every cell
of every living plant and animal,

The oxides of phosphorus react with water to
form phosphoric acids. The salts of these acids
are used extensively in industry as water softeners,
detergents, and fertilizers.

ARSENIC

Arsenic 18 added to lead to harden it as in
making shot, and to brass and other alloys to
improve their strength. Arsenic trioxide, As,(O,,
is a component of various glasses and decorative
enamels. Arsenicals in the formi of trioxides and
pentoxides, chlorides, and arsenates are extremely
poisonous. They have been widely employed in
the manufacture of insecticides and rodenticides
and, unfortunately, used as a means of comnmitting
murder. Arsenic compounds in proper amounts
have been used in medieations for treatment of
anemia, skin diseases, and debility. However,
their values are doubtful. Arsphenamine (Salvar-
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san or 606) is an organic arsenical which was used
for many years in the treatment of syphilis.

ANTIMONY AND BISMUTH

Elemental antimony 13 used principally for
alloying with other metals to produce bearing
metal, type metal, metal sheathing for cables,
and battery plates. Ils presence causes most of
these alloys to expand upon cooling, a property
which is particularly useful in type metal. Tartar
emetic (potassium antimonyl tartrate) is used
medicinally as an agent to cause vomiting.

Bismuth finds its principal use in preparation
of low-melting-point alloys which are used in
fuses and safety plugs for boilers, sprinkler sys-
tems for fire extinguishing, etc. Compounds of
the element are used medicinally. Bismuth sub-
nitrute is used to counteraet acidity in the stomach,
to coat and heal gastric ulcers, and to check
diarrhea, Other compounds are used in prepara-
tion of paints, pottery glazes, and some types of
glasses.

SILICON AND ITS COMPOUNDS

Silicon is found everywhere in the forms of
rocks and sand. Solid rocks have an average
composition approximating salts of the hypo-
thetical metasilicie aeid, H;510,.  Rocks, for the
most part, are not definite chemical compounds—
though, il cooled slowly enocugh, they may contain
crystals of definite compounds.

The most important erystalline form of silica is
quartz (810,). It is found in large tramsparent
crystals which are hard enough to scratch glass.
As a mineral, quartz is second only to the feld-
gpars in abundance and is estimated to compose
about 12 percent of all the igneous rocks of the
earth. Feldspars are polvsilicate salts and make
up about 60 percent of igneous rock.

Certain minute aquatic organisms and sponges
develop siliccous skeletons which accumulate in
the bottom of the ocean when the organisms die.
This material has accumulated in deposits up to
a thousand feet in depth and is called diatoma-
ceous earth. Tt is used as a scouring powder and
as an adsorbenl.

Fused silica is made by melting sand in a
vacuum in an electric furnace. Its advantage
over glass is that it will transmit both visible
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and ultraviolet light. It has a small coefficient
of expansion and may be heated red-hot and then
plunged into cold water without being damaged.

Silicon carbide, SiC, is prepared by heating
silica with excess coke to about 1,800° centigrade.
A trade name is Carborundum. An examination
of silicon carbide with X-rays reveals that it has
the closely knit, rigid structure of the diamond,
except that every other atom of carbon is replaced
with an atom of silicon.

Silica gel is a hydrous gelatinous silica which is
used as an adsorbent, particularly as a desiccant
in the laboratory. (A desiceant is a substance
with such a high affinity for water that it will
adsorb the water in an enclosed atmosphere and
thercby dry other substances in the enclosed aren.)

Asbestos, tale, mica, some semiprecious stones,
and waterglass are examples of silicates. MMany
glasses are composed of silicates, for example,
ordinary window and bottle glass called soda-
lime or soft glass are sodium-calcium silicates.
Optical glass must be almost colorless, of uniform
composition, and free from flow defects and air
bubbles. Modern optical glass, therefore, con-
tains little or no silicates; instead boriec or phos-
phoric oxides are used in its manufacture.

Glasses having a high percentage of silica have
a resistance to sudden extreme changes in tem-
perature, similar to fused silica. Pyrex, a sodium
borosilicate, belongs to this class of glasses.
Vycor, a nearly pure silica glass, will stand the
shock of being filled with molten bronze while
resting on a block of ice. Glazes and enamels
are low-nielting glasses. Various metallic oxides
provide the color and opacity of glasses and
enaniels,

SULPHUR AND ITS COMPOUNDS

The elements of the sulfur family occupy col-
umn 6a of the periodic table. Sualfur makes up
but a mere trace of the earth’s crust, yvet there
are in many parts of the world enormous deposits
of free sulfur and sulfides such as zine blende
(ZnS;}, galena {PbS), chalcopyrite (CuFeS,), and
iron pyrite (FeS). The commonly occurring
sullates are gypsum (CaSQ,-2H,0) which is used
in the preparation ol plaster of paris, and barium
sulfate (BuS0,) which is used as a white pigment
in paint and as a filler in the making of paper,
linoleum, rubber goods, among others. Barium
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sulfate is also used medicinally. Since it is
opaque io X-rays, it casts a shadow on the X-ray
film. A slurry (thin suspension of a solid in
water) of barium is often given prior to making
X-ray filins of the digestive tract,

Sulfur is one of 12 or more elements necessary
for the life and growth of plants and animals.
As a constituent of organic compounds, it is
very widely distributed in small amounts in
plant and animal matter such as seeds, volks
of eggs, hair, and brain and nervous tissue.
Organic sulfur compounds, and hydrogen sulfide
in petroleum and natural gas, form sulfuric acid
during combustion, leading to the serious problem
of corrosion in inotors.

The existence of two or mnore different forms of
a solid, stable over different temperature ranges,
is known as allotropy. Sulfur exists in several
such forms. This phenomenon is also known as
polymorphism (many forms). Rhombic and
monoclinic  sulfur are hoth crystalline forms;
plastic sulfur—flowers of sulfur—is amorphous
(having no form). At ordinary temperatures,
sulfur is usually in the rhombic form. The true
molecular formula for sulfur is S;.  For simplicity,
elementary sulfur is represented by S in chemical
equations. Sulfur combines directly with most
other elements except nitrogen and the inert
gases of Group O,

Hydrogen sulfide, 11,5, is a colorless, readily
liquefiable, very soluble gas of offensive odor.
It is formed in nature whenever plant or animal
matter decays in o limited supply of air. The
“sulfur waters” of mineral springs owe their
taste and disagreeable odor to hydrogen sulfide.
Natural gas also frequently contains H,S.

Gascous hydrogen sulfide, because of its para-
lyzing action upon the respiratory nerve centers,
is a dangerous poison. Concentrations of 3 to 4
volumes in 2,000 volumes of air will cause death
in a short time. As little as 1 volume in 2,000
volumes is toxic if breathed for inore than a few
minutes and will cause headache, nausea, and
fainting.

Sulfur dioxide, S0, is a colorless gas with the
pungent odor of burning sulfur. It is readily
liquefied und as such is used as a solvent for
waxes, resins, and as a selective solvent in refining
lubrieation oils, Sulfur dioxide combines reversi-
bly with water to form sulfurous acid, II,50,.
It is used os a bleach, a disinfectant, and a redue-

ing agent. Its sodium salt is used to make so-
dium thiosulfate or “hypo” which is used as o
fixative in photography.

Another sulfur-containing acid is sulfuric aeid,
H,80,. Concentrated sulfuric acid contains 96
percent H,SO, and is very corrosive. The con-
centrated acid can safely be diluted by pouring it
into a sufficient excess of water to prevent the
mixture from getting very hot. To reverse this
procedure and add water to the concentrated
wcid is to risk being blinded or disfigured, for so
much heat is liberated in the early part of the
reaction that the acid may splatter violently.
Concentrated sulfuric acid is a vigorous dehy-
drating* and oxidizing agent.

HALOGENS, MEMBERS OF THE 7a
FAMILY

The halogens (from a Greek word meaning salt
formers) reccive their name from their occurrence
in comumon salt and related compounds in sea
water. They are typical nonmetals, so active
chemically that they are never found free in
nature.

Halogens make up column 7u of the periodic
table:

At\t‘;mic Formunla Element Physical Properties
ATEN
Fluorine____| Pale yellow gas.
Chlorine____| Greenish yellow gas.
Bromine____) Dark red liquid.
Todine_ _ . __ Purplish black solid.

Fluorine, as the fluoride, is found in several
minerals such as fluorspar, cryolite, and apatite.
Caleium fluoride is present in the enamel of teeth,
sea water, and some fresh water,

(hlorine, as the chioride, is found in inexhausti-
ble quantities in nature. Sca water contains 2.8
percent NaCl and 0.8 percent of other metallic
chlorides. Salt beds and lakes are found through-
out the world. Voleanic gases contain hydrogen
chloride. Hydrochloric acid is secreted by the

*A dehydrating agent removes water from its surroundings, and [rom other
substanees. This dehydration may occur as a physical proeess, as in the
drying of foods, or 25 a chemical process when hydrogen and oxygen, which
may be feund in varying proportions in substances, are removed from these
stiibstances in the proportion of two hydrogen atoms to one of oxygen.  ‘This
type of debydration may cause decomposition. One of the reasons for the

very severe burns caused by sulfuric acid is the chemical dehydrating effect
which it has on tissues with accompanying decomposition.
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stomach as a component of the gastriec juice—
enough in a single day to make a fatal dose if taken
in concentrated form..

Bromine, as the bromide, is found in sea water
(and in a few sources of fresh water) in sufficient
quantity to make it profitable as a commercial
source.

Iodine, as the iodide, is found in sea water and
is concentrated in the tissues of sea weed from
which it is recovered. Sodium iodate, NalQ,,
occurs as an impurity in sodium nitrate beds.
Todide alse occurs in the brines of some petroleurn
wells.

Hydrogen halides may be prepared by direct
union of the halogen with hydrogen. Solutions
of the hydrogen halides are all strong acids with
the exception of hydrofluoric acid which is weak.
However, strong solutions of hydrofluoric acid
produce serious burns which are best treated by
washing with ice water for at least one-half hour.
Hydrofluorie acid is distinguished by its ability to
etch glass.

Small quantities of fluorine are found in bones
and teeth, and the diet must provide these essen-
tinl amounts. Dental health seems to be pro-
moted by faint traces of fluorides in drinking
water, and in many places it is current dental prac-
tice to swab children’s teeth with fluoride solution
to lessen tooth decay. All soluble inorganic fluor-
ides are intensely poisonous and are sometimes
used as disinfectants and fungicides. Fluorine-
substituted hydrocarbon compounds are used as
refrigerants. They are nontoxic to humans and
are often used as insecticides, weedkillers, and
cleaning fluids.

Chlorine is used to bleach paper pulp, and
cotton and linen fabries. Tt is used as a dis-
infectant in the treatment of domestic water
supplies and swimmniing pools. Anhydrous metallic
chlorides, comntercial hypochlorites, chlorates,
perchlorates, and many organic chlorine com-
pounds are made from chlorine.

Hypochlorates are used in household bleaches.
Chlorates and chloric acid are dangerously vigor-
ous oxidants which will explode violently if im-
properly handled. They are used in the manufac-
ture of matches and fireworks. Pure perchloric
acid is also an explosive oxidant.

Bromine is used in the preparation of ethylene
dibromide, C,;H,Br;, an ingredient of ethyl gaso-
line, and in dye stuffs. Bromides, in medicine,
serve as heart depressants and nerve sedatives.
Silver hromide is light sensitive and is used to
coat photographic plates and film.

Iodine as tineture of iodine {an alcohol solution
of iodine) and iodoform {(CHI;) are used as anti-
septics to treat wounds and abrasions of the skin.
Traces of iodine are necessary in the diets of both
man and animals. The average adult human body
contains about 12 mg. of iodine bound in thyroxine
and related compounds—inost of which is loecal-
ized in the thyroid gland. A deficiency of iodine
in the diet leads to disturbances of the thyroid
gland, particularly to the development of goiter.
In certain areas of the United States where goiter
is endenie, iodine is added to table salt in a pro-
portation of 1 part in 10,000 as a preventive
measure.

Traces of iodine are readily recognized by the
blue color that it forms with starch,

The presence of halogen ions (with the excep-
tion of fluorine) may be detected by the appearance
of & white (for chlorine) or light yellow (bromine
and iodine) precipitate when added to a solution
of silver nitrate, AgNQ,.
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ORGANIC CHEMISTRY

Organic chemistry is the study of carbon com-
pounds. In the early days of this science only
natural carbon compounds were known, thus they
were called organic. Tt was thought that com-
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pounds found in living matter were formed through
the action of the “life force” and could not be
understood or duplicated by man.

In 1828 Whaler, a German scientist, heated an
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inerganic compound, ammonium cyanate, and
made an organic compound, urea. This synthesis
opened up a vast new field of chemistry and there-
after chemists bepan making other so-called
“organic” compounds. Today the number of syn-
thetic organic compounds runs into the hundreds
of thousands. Many are either made from, or are
closely related to, compounds found in living
organisms (or in matter which once had life as
wood, coal, petroleum, and natural gas), but
many others have no association with life proe-
esses, They all do have one thing in common,
however, they all contain carbon.

While the work of the modern organie chemist
has been outstanding, performing such feats as the
total synthesis of morphine, quinine, chlorophyll,
and penieillin, he still has not been able to imitnte
the more noble structures of nature. For many
organic compounds the natural source is the only
economiecal source, while for other compounds
nature is the only source, particularly in the
biochemical field.

The ability of carbon to form a multiplicity of
compounds is due to its position in the periodie
table; it 1s at the top and center. Carbon, with
four walence solutions, has no more tendency to
loge than to gain electrons and tends to resist the
acquisition of a charge, positive or negative.
These forces lead to a sharing of electrons between
carbon and other elements such as sulfur, hydrogen,
the halogens, oxygen, or nitrogen, with the forma-
tion of a covalent bond and a satisfied octet. The
formula for ethyl alecohol, C;H,OH, serves as a
model.

where the x's are electrons from the C atom
where the «'s are electrons from the H atom
where the ®'s are electrons from theQatom

A formula C,H,, indicates there arc 4 carbons
joined together in a chain, C—C—C—C, and that

there are 10 hydrogen atoms attached to the car-
bous, 3 to each of the end carbons and 2 to each of
the inner carbons, CH;-~-CH,—CH,—CH,. Note
that each carbon has » valence of four and each
hydrogen a valence of one. A formula (CH,),CH,
indicates that 1 carbon atom has 2 methyl
groups, —CHj, attached to it as well as 2 hydro-

gen atonis,

i

CH—C—H
I
Again the valence requireinent of 4 for carbon and
1 for hydrogen is satisfied. In the above ex-
ample of ethyl alcohol, C,H;OH, (CII,CH,0H), 1
carbon is attached to 2 hydrogen, a hydroxyl
group (—OH) and o methvl group (—CHj,).
Chemieal formulas in organic chemistry are
usually expressed graphically to indieate the active
groups and, to some extent, the spatial arrange-
ment of the elements.

ALIPHATIC HYDROCARBONS
(ALKYLS)

Organic compounds are divided into two general
groups, the aliphatics and the aromatics. The
aromatics or aryls include those commpounds which
are related to a benzene type structure such as

H H
]
C C
RN N
i C—H B-C C—H
7 ' ;
¢ C—HE  H-C ¢—H
N R
? N
pi s
benzene pyridine
?H I"_[ H
|
C C C
VA F RN
H~-C C—H H—? ﬁ C—H
i : \
H—-C Cc—H o—cC C C—H
N A w SN F
i Ty
|
H H Hu
phenol naphthalene

The aliphatics or alkyls include all other com-
pounds and are divided into three groups, the
alkanes (paraflins), the alkenes {olefins), and the
alkynes {acetylenes). The alkanes are saturated*
hydrocarbons such ns CHCH, ethane; CH,COOII,

*No doubice bonds between carbon atorms.
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acetic acid; (CH,).CH,, ipropane; (CH,;»CHOH,
isopropyl aleohol, and

Hz
cyclohexane

The alkenes, which are unsaturated, contain
double-bonded earbons such as CH,—CH,, ethyl-
ene; CH,=—=CH—CH=CH,, butadiene; and cyclo-
hoxene:

The alkynes, also unsaturated, contain triple-
bonded carbons such as CH=CH, acetylene, and
CHy—CH,—C=CH, ethyl acetylene. A particu-
lar compound may he composed of two or more of
the general groupings such as o-vinyl toluene,

n

&
H-c© c-cH
ufrl,‘\ /(‘E*CII:CHQ

R
C

1

which has an aromatic, an alkane, and an alkene
group. The presence of other groups of atoms,
such as —OH, —NH,, —CHO, —COOH, —(l,
—Br, —F, endow the hydroearbon with increased
and varied activity. These groups are referred
to as the functional groups and will be discussed
individually later,

ALKANES (PARAFFINS)

The lower members of the alkane series are gases
at normal temperatures and pressures. The
simplest hydrocarbon is methane, CH,, which is
found in natural gas and in marsh gas. Suc-
cessively higher members of the alkane or paraffin
series are ethane, C:Hg propane, C;Hy; butane,
CiH,y; pentane, C;Hyg; hexane, CgHyy; and so forth
through 70 or more carbons. These are referred
to as straight chain hydrocarbons or alkanes.
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As may be seen from deduction, the general
fortnula for the alkanes is C,Hay,, where “‘n”
equals the number of carbon atoms present. Many
meinbers of this homologous series are derived
from petroleum by means of “cracking,” a process
for breaking down the larger molecules of higher
members of the paraffin series into smaller mole-
cules of the low boiling compounds to be blended
into gasoline. Liguid petrolatum is a mixture of
liquid paraffins obtained from petroleum.

Alkanes, when ignited, burn in the presence of
air or oxygen to CO, and H,0, although they arc
stable to oxygen at ordinary temperatures in the
absence of a spark. They also react with ¢hlorine
to form mixed alkyl halides.

uv.
CoBlot Cli s CB 1o Oyl Cali O+
CH:Clui4_ .. +C2Cla

Most paraffins are relatively stable and are not
affected by oxidizing agents such as potassium
permanganate.  Nor do they readily react with
such comtmon reagents as sulfurie, nitrie, and
hydrochloric  acids, sodium hydroxide, and
aminonia,

CYCLOALKANES

Cycloalkanes behave much the same as the
straight chain alkanes, They are obtained mainly
from petroleum products. As the name implies,
the carbons are joined in a ring configuration in
these compounds:

cyclopentane

The general formula for the cycloalkanes is
CyHa.  The more common members are cyclo-
propane, (115 eyelobutane, C,Hy; cyclopentane,
C:H,; and cyclohexane, CgH,,.

ALKENES (THE OLEFINS)

Alkenes or olefins are isomeric with cyelo-
alkanes and have the same general formula C,H,,.
(Isomers are compounds having the sanme molec-
ular formula but different spatial arrangement.)
The alkenes (like the acctylenes which follow this
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discussion) are very renctive and play highly
significant roles as basic chemicals for the organic
chemical industry. Since they are not found in
nature, they must be made in large quantities.
Fortunately, large amounts are available as by-
products from the cracking of petroleum.

Alkenes are referred to as unsaturated com-
pounds because of the double bond(s} in the
molecule. These bonds are more reactive than
the single bonds and will add halogens, hydrogen,
and mineral acid across these bonds to form single
bonds and become a saturated compound (alkane).

H H
Hé=éH+Brs—hH(lf—éH

Br Br

ethene dibromoethane

CH;=CH;+H:—— CH;CH;
ethens sthans

The double bond is also easily oxidized by standard
oxidizing agents such as potassium permanganate:

1CH;—CH=CH;+2H:0 +10KMnQ——

1-propen
3CH;—CO00H+3C0:1T+10Mn0+KOH

Boatic—
acid
The nomenclature of the alkenes follows that of
the alkanes, using the -ene ending rather than the
-ane:

CaHe CsHy or HiC=CH;
ethane ethene

ALKYNES (ACETYLENES)

The alkynes or acetylenes contain triple bonds
and are even more reactive chemically than
alkenes. The first member of this series is acety-
lene, HC=CH. The general formula is CyH,.
Acetylene burns with a very hot flame and is
used in welding. It also is used in the manu-
facture of various polymers such as butadiene, &
synthetic rubber.

The nomenclature of the alkynes follows that
of the other hydrocarbons, using the -yne ending:

CaHs C:H. CiH;
ethane ethene sthyne or acetylens

CH;—CH;—CH:;CH3 CH;=CH—CH+—CH;
butane l-hutene

CH=C—CH—CH:
1-butyne

636012 D -62 =3

AROMATIC HYDROCARBONS

The simplest aromatic hydrocarbon is benzene,
C¢H,. Tt is obtained from the distillation of coal
and from the hexane fraction of petroleum in the
cracking process. The structure of benzene baffled
chemists for many years, for it possessed both
saturated and unsaturated properties. In 1865,
Kekule proposed the hexagonal ring formula with
alternnte single and double bonds which was
generally accepted as the best way to express the
benzene molecule. The structural formula is
represented as

or more simply as: or

This is merely a graphic representation and does
not imply unsaturation as discussed under alkenes.
Benzene is a remarkably stable compound due to
its structural formation. Reactions with benzene
rings behave quite differently in comparison to
similar reactions with alkenes.

The benzene ring may be halogenated with the
aid of a catalyst. (A catalyst is a substance
which when added to a reaction in very small
amounts will greatly increase the rate of the
reaction and which may be recovered unchanged
after the reaction is over.) The chlorination of
benzene requires ferric chloride, FeCl;, as a
catalyst in order to obtain good yields.

—Cl
FeCly
+Clz e

benzene

chlorobenzene

A nitro- or sulfo-derivative may be obtained by
treating with nitrie or sulfuric acid.

@4{02 @—SO:H

nitrobenzene sulfobenzene

In the nomenclature of aromatic compounds,
ortho, meta, and para are used to indicate the
position of the second substituent on a benzene
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ring. Ortho is in the adjacent position, meta is
placed two carbons away and para is three carbons

away. Using chlorobenzoic acids to demonstrate
this rule:
o1 cl
| \ |
—coon
—coon
|
coon

p-chiorobenzoic
acid, para form

m-chlorobenzoic
acid, meta form

o-chlorohenzoic

acid, ortho form

Alkyl groups may be substituted on the benzene

ring by means of the Friedel-Crafts reaction.

Aluminum chloride serves as the catalyst.

(Friedel-Crafts comes [rom thie names of the two
men who developed the reaction.)

AlClL; —CHa
+ CHiCl ——

methyl benzene or
phenyl methane

benzene methyl
chloride

Benzene does not react with ordinary oxidizing
agents but any alkyl substituent group will
oxidize to —COOH,

— CH; @-ucnﬁcm Qﬁcmcoon
NO

1
I o]

i
C 2
o

—COO0OH
@—COOH Q—coon
Cl NO;
benzcic acid m-chlorobenzoic m-nitrobenzoic

aecid acid

In addition to benzene and its derivatives, other
types of aromatic hydrocarbons are known. These
are condensed-ring compounds and are usually
products of coal tar distillation. Some of the
simple forms are:

0 @@O/

naphthalene enthracene phenanthrene

These compounds may form derivatives and have
chemical behavior similar to benzene.
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ALCOHOLS

Aleohols are alkyl compounds containing the
functional hydroxyl (—OH) groups. A few of
the more widely used alcohols are:

CH;
CHOH
yd

CHa,
isopropyl alcohol

CH;0H C.H;OH

methy] alcohol ethyl eleohol

Methyl alcohol is sometimes called wood alcohol
beeause it is a product of destructive distillation
of hard wood. Today most methyl alechol is
made by hydrogenating carbon monoxide:

co+2H: 220, cmon
;03

Methyl aleohol is a colorless, volatile liquid
with a characteristic odor. Tt is used as a
denaturant for ethyl aleohol, as a solvent for
shellacs and resins, as an antifreeze, and as a raw
material in organic synthesis. When taken inter-
nally, methyl alecohol is very poisonous; even
inhalation and absorption through the skin will
produce toxic effects. Small doses will cause
blindness due to the destruction of the optic nerve;
large doses will cause death.

Ethyl alcohol is commonly known as alechol
or grain alcohol and is the intoxicating agent in
aleoholic beverages. Tt is made by the fermenta-
tion of sugars and starches. Fermentation is an
cnzymatie process which may be induced by
certain yeasts and bacteria. Indusirial ethyl
aleohol contnins 95 percent alcohol (190 proof)
and 5 percent water, and is prepared by fractional
distillation of fermentation “beer” or mash,
Absolute alcohol is pure ethyl aleohol. The water
may be removed from the 95-percent alcohol by
distillation froin benzene.

Ethyl aleohol is used us a solvent for many
substances and in the preparation of medicines,
flavoring extracts, and perfumes. In the hogplta.l
it is used as an antiseptic, as a compound to
cleanse the body und, since it evaporates rapidly,
as o means of reducing body temperature.

Isopropyl aleohol is made by the hydrogena-
tion ol ncetone,

H
H: |
CHa*(H}—CHa —I;-—P CHS_(E—OE
vi
O CH;y
neetons isoprop¥i aleohol
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It is used in many commercial rubbing com-
pounds and cosmetic preparations. Isopropyl
aleohol is toxic when taken internally and has no
euphoric effect. Serious toxic effects have been
reported when used as a coolant to reduce fever
in infants.

Several polyhydroxyl alcohols are in wide use
such as:

T TLr
|
]:[—C*—*Cll#ﬂ H—C—C—C—H
(l)H ('!)H OH 0H OH
ethylene glycol glycerol

Ethylene glycol is used as an antifreeze. Its
boiling point is very high compared to methyl
and ethyl alcohols. Large quantities of ethylene
giveol are used in the preparation of solvents,

paint removers, and plasticizers (softeners) used
in the paint, varnish, and lacquer industry.
Ethylene glycol is very toxic and is converted to
oxalic acid in the body. The ecalcium salt of
the acid collects in the kidney and blocks the
tubules. Glycerol (glycerin) is a constituent of
fats and may be prepared by the saponification
of fats in the manufacture of soap. Glycerol is
soluble in all proportions of water and alcohol.
It is nontoxic and is used as a solvent for medica-
ments. Since it takes up moisture from the air,
it is used as a moisturizer in cosmetics, lotions,
and tobacco. It is also used in the manufacture
of resins and photographic film.

PHENOLS

Phenols are aromatic compounds containing o

hydroxyl group on the bengzene ring. Examples
are:
?H (‘JH (l)H ?H
—CH; NOz— —n 02
—0H
N2
phenol resorcinol o—cresol picric acid

Phenol is o white crystalline substance which
will absorb water from the air. Tt becomes liguid
when mixed with 8 percent water. It has acidie

properties and is referred to commonly as carbolic

acid.
oy

Tonization of phenol to release a proton, giving the compound
acidic properties

Phenol is caustic and poisonous, but dilute
solutions make effective disinfectants and are still
used in hospitals for this purpose. Cresol and
other phenols with larger side chain hydrocarbons
have even better germicidal properties.

Pieric acid or trinitrophenol is a yellow erystal-
line substance and is a fairly strong acid. It is
used in the manufacture of explosives, as a dye,
and as o derivative in the identification of organic
compounds. It will precipitate proteins, a prin-
ciple which once found use in ointments com-
pounded for treatment of burns.

ETHERS

Ethers are compounds in which both valence
bonds of oxygen are attached to alkyl or aryl
groups such as:

CH:CH;—0—CH;CH;
diethyl ether

CH;—0—CH;CH;
methyl ethyl ether

H H H

| 0
1

divioyl ether diphenyl ether

Dicthyl ether is colorless, insoluble in water, and
has a low boiling point. TIt, as well as some other
ethers, 1s used as an anesthetic. Since ether is
extremely volatile, explosive, and flarnmable, care
must be exercised in its use at all times.

Ethers make excellent solvents for [ats, gums,
resins, and oils, and are used in extraction of
these muterials,

CARBONYL COMPOUNDS

The carbonyl compounds are the aldehydes and
the ketones. DBoth classes of compounds are
characterized by the presence of a carbonyl group,

c=0,
7

in their structures and are quite reactive.

9=-15
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With “R” denoting any alkyl group:

H*-C[I_H ar RCHOQ=aldehydes
|

(8]
R—C—h or

i
O

R C 0O R=ketones

Some aldehydes of note are:

H
~
C=0 or
Ve
H
1'|I H
H——C—é=0 or

|
H

CH;0—formaldehyde

CHCH O=ncetaldehyde

If the carbon is bound to a hydrogen ss well as
an alkyl or aryl group, it is an aldehyde; if hoth
substituents are alkyl or aryl groups, it is a ketone.

ALDEHYDES

Aldehydes contain the “formyl” or aldehyde
group. The word aldehyde itself is a contrac-
tion of alcohol delydrogenation, and refers to the
product obtained by dehydrogenating a primary
alcohol. Dehydrogenation is a form of oxidation:
thus aldehydes are oxidation products of primary
alcohaols.

Formaldehyde is a colorless gas with o sharp,
penetrating odor; a 40-percent solution is known
as formalin and is used in embalming fluid and to
preserve tissue for pathologic examination. Tt is
also used s s fumigant, an insecticide, a disin-
fectant, and in the manufacture of synthetic
resins. It is, of course, quite toxic and the fumes
are irritating to the eves. Acetaldehyde is used
in organic synthesis. Benzaldehyde (occurring
naturally in the seed of bitter almends) is the
artificial essential oil of bitter almond and is used
as o flavoring. Aldehydes and ketones may he
oxidized by gentle reagents such as Fehling’s
solution (s complex copper salt solution).

i i
R—C—H+Fehling’s selution——R—C—0+4Cus®0 L
red
Precipitate

The reduction of the cupric ion is the basis for
quantitative determination of “reducing” sugars
in blood and urine. A reducing sugar contains an
aldehydic or ketonic group.

Somewhat similarly, an ammoniacal silver
nitrate solution (Tollens’ reagent) reacts with

9=26

aldehyvdes to deposit metallic silver, and is used
in silvering mirrors.

KETONES

Ketones contain a carbonyl group which is at-
tached to two other alkyl or aryl groups

(R—C—R)

Whereas aldehydes are dehydrogenated primary
alcohols, the ketones are the corresponding deriva-
tives of secondary aleohols.

The most widely used ketones are acetone,

0
CH;—%—CH:

and methyl ethyl ketone,

O
CH!‘H}“—Csz

Both of these are used as solvents in lacquers,
plastics, resins, and in the manufacture of syn-
thetic resins and plasties.

ORGANIC ACIDS AND ESTERS

Most. orgauic acids are slightly ionized and
therefore weak acids. They contain the carboxylic
acid radical, —COOH, which ionizes to release

H* (protons).
i i

i
R—C—0H = R—(—0-+H*

Organic acids may contain more than one car-
boxylic acid group; those containing one are
monobasic acids, those containing two are dibasic
acids, those containing three are tribasic, and so
forth, Many organic acids contain other funec-
tional groups such as the hydroxyl group (hy-
droxy acids), the amine group (anino acids), the
ketone group (keto acids), and the halogen atom
(halo acids).

MONOCARBOXYLIC ACIDS

The aliphatic monocarboxylic acids (R—CO,H)
are sometimes called fatty acids, since they are
typical of the acids obtained fromn the hydrolysis
of aniinal and vegetable fats and oils. The aro-
matic analogs are also important, but do not
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constitute as large a group. Formic acid is the
most simple aliphatic carboxylic acid, while
benzoic acid is the most simple aromatic example.
The fatty acids are aliphatic carboxylic acids
which contain an even number of carbon atoms,
ranging fromn 2 to 18, for the more common mem-
bers of the series.
Examples of monobasic acids are:

—COO0H
HCOOH CH:CQOH CH:(CH:)1COOH ¢;HsCOOO
forrpdic acetic acid stearic acid benzoic acid
ack

Formic acid is a colorless liquid with a sharp,
irritating odor. Tt is one of the strongest acids
of the carboxylic type and will blister skin upon

" contact. Formic acid is named after the ant,
formica, which secretes the acid. The irritation
produced by stings of ants, bees, and stinging
nettles is due to formic acid.

Acetic acid is an essential component of vinegar,
being the source of its sour flavor and pickling
properties. Commercially produced acetic acid
is about 99.5 percent pure and is called glacial
acetic acid. Tt is slightly viscous and will freeze
solid on cold days. One commercial process
converts acetylene to acetaldehyde which is then
oxidized to acetic acid.

L (0] I
HC=CH4H:0———3CH:—C=0——>3CH:C—0H

acetylene acetaldehyde acetie acid

It is produced in large quantities and is used
extensively in the production of plastics, synthetic
fibers, and organic solvents.

Stearic acid (from the Greek word stear, meon-
ing tallow or suet) is a long-chain fatty acid
containing 18 carbons and is obtained from fats.
Fats are composed of glycerol and fatty acids
joined in an ester linkage. Acetic and butyric
acids are short-chain fatty acids found in butter.
The long-chuin fatty acids, such as stearic and
paliitic, are found in animal and vegetable fats.
Vegetable fats also contain a high percentage of
unsaturated fatty acids such as oleic which has
one double bond, and linoleic which has two
double bonds. Most vegetable fats are liquid at
room temperature and are called oils. The low

melting point of the vegetable oils is due to the
high concentration of unsaturated fats which are
liquid at room temperature. Vegetable oils may
be converted into solid fats by addition of hydro-
gen to the double bonds of the unsaturated fatty
acids. As an illustration, we con saturate oleic
acid to produce stearic acid:

CpHyu COOH4+Hr——— CpyHa- COOH
oleic seid stearic acid

This process is used to prepare butter substitutes
and shortening from vegetable oils.

Commercial preparation of fatty acids involves
acid hydrolysis* of fats and separation by frac-
tional distillation of the resultant acids. If alkaline
hydrolysis is used, the sodium salt of the acids
is obtained. The sodium salt of long-chain fatty
acids is called soap and the process of manufacture
is called saponification. The alkaline hydrolysis
of fats iz used in the commercial preparation of
soap, with glycerin as a byproduct.

(3
CH:(CHpu—C—0—CHy
CH:0H
il NaOH |
CH:;(C‘HQ)M*C*OA-—CHH—O)BCHHCHn) wCO00ONa+CHOH
2
: CH:0H
CHz(CH—C—0—CH;s
tripalmitin (triglyceryl sodium palmitate glyeerol
ester of palmitic acid) (a s0ap) (elycerin)

Benzoic acid may be prepared by the oxidation

of toluene.
@-or{s 101 @com{
—_—

toluene benzoic acid

Tt is used in the synthesis of organic compounds
and its sodium salt is used as an antiseptic and
food preservative.

Acids miay be prepared from the oxidation of
primary alcohols and from the oxidation of alkyl
gromatic compounds (R=allyl group):

(0]
RCH:0H —— RCOOH

©—R o1 ©A-C 00H
—_

*Hydrolysis is a reaction whereby a bond is broken with the aid of water-
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DICARBOXYLIC ACIDS

Dibasic acids participate in the same type of
reactions as monobasic acids. Examples of di-
basic acids are:

0 0 0 0
ol RS &
HO—C—C—0H C—CH—CH—C
< ~

HO OH

oxalic acid suceinie aeld

I
—C—0H

I| |
HO—C—(CH3)+—C—0H
—(HD-mOH
6
adipic acid phthalic scid

Oxalic acid occurs in the leaves of vegetables
such as rhubarb and spinach and is one of the
strongest naturally occurring acids. Tt is easily
oxidized and is therefore a strong reductant
which is the basis for its bleaching action on
rust and ink stains. The ferric compounds are
reduced to soluble ferrous compounds.

Suecinic acid is important in the metabolism of
the body. Adipic acid is used in the meanufacture
of nylon, and phthalic acid is used in organic
synthesis.

Dibasic acids participate in the same type of
reactions as monobasic acids.

ESTERS

Acids may react with alcohols to form esters.
In this reaction, the —OH part of the carboxyl
group combines with the hydrogen of the hydroxyl
group in the aleohol to forin water and the oxygen
in the alcohol is bound to the carbon of the
carboxyl group to form the ester.

0
I Il
R“C~+R’—oﬁ R—C—OR‘+H:0

This is & reversible reaction and under proper
conditions an acid may be prepared by the
hydrolysis of its ester. Most acids are stable
toward oxidizing agents,

AMINES AND AMING ACIDS
AMINES

Amines are organic derivatives of ammonia in
which one or more of the hydrogen atoms have
been replaced by an alkyl group. Thus, there are

=]
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three general classes of anines: primary, sec-
ondary, and tertiary.

Primary Secondary Tertiary
CH;*III*H CH3;—-N—CH;, CH;—N—CH;
f I
H H CH;

methylamine dimethylamine trimethylamine

There are also aromatic amines, of which aniline
is the most common:

—NH;

aniline

The amines have basic properties and form
salts with strong mineral acids.
CHyNH:AHCl- —— CHNH#Cl-
methylamine methylamine
hydrochloride
(a salt}
Using methylamine as an example, the proton of
an acid, such as hydrochlorie acid, is attracted to
the nitrogen of the neutral amine. The resulting
ammonium compound thus has a positive charge
and will attract the negative chloride ion (from
HCL to form the hydrochloride salt of methyl-
amine. The amines are basic according to the
Bronsted theory since they take up protons,
Amines have varied commercial uses. They are
used in preparation of oil, soluble soaps,
pharmaceutics, cosmetic products such as hair-
waving lotions, and one methylamine is produced
in great quantities for use in the tanning industry
as a dehairing agent.

AMINO ACIDS

The amino acids are an important group of com-
pounds. They are the natural building blocks for
the biologically important proteins. An amino
acid, as the name implies, is & bifunctional com-
pound which contains both an amino and an acidic
group. Most of the naturally occurring amino
acids have the amino group (—NH,) on the carbon
atom adjacent to the carboxyl group and are called
alpha-amino acids, Some examples are:

H H H H !
H—Ié—COOH H—é—+wCOOH wé:—(‘]—COOH

NEH; H NH NH;

glyecine alanine Phenylalanine
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Amino acids may be bonded together through
the peptide linkage,

between the —NH; groups of one amino acid and
the —COOH of another to form peptides and
proteins.

The two simplest amino acids are amino acetic
acid (glycine) and amino propionic acid (alanine).

CH2COOH CH; CH»COOH
NH; NH;
Cﬁz CH:-Cﬁ
COCH COOH
glycine alanine

Two molecules of glycine and one of alanine, when
united by peptide linkages, might be represented
thus (dotted lines indicate peptide linkages).

NH,

‘CH:E ----- v [
Maie o =
PSSR S B R
Lo b dm 7 boon

o -él-}:é;l-eil—a_ﬁy]glycine—a tripeptide

The peptide linkage between two amino acids
results in o compound ecalled a dipeptide, such as
glyeylalanine which is composed of glycine and
alanine. The union of three amino acids would
result in a tripeptide, while the combination of
several amino acids by the peptide linkage would
be called a polypeptide. Proteins are maeromolec-
ular polypeptides,

PROTEINS

Amino acids are the building blocks of proteins
and are bonded through peptide linkages into large
molecules varying in molecular weight frorn about
5,000 to several million. The particular amino
acids, their arrangement and their number, are
definite and characteristic for each protein. There
is an endless array of different protein molecules,
each with its own specific function.

Proteins are one of the main structural elements
of the body, being the chief constituent of muscle,
cell structure, and connective tissues. Other
than water, protein is the chief constituent of
blood, and is found in hemoglobin, serum albumin,
and globulins. All known enzymes and some

hormones are protein compounds. The functions
of protein range from the structural role through
buffering activity, osmotic pressure, electrolyte
control, and antibody formation, to the highly
reactive hormonal and enzymatic activities. The
antibodies are generally found in the gamma
globulin of serum. Each specific antibody is a
little different in molecular structure and form,
and in activity. Also, the alpha and beta glob-
ulins and albumin of serum are each composed
of several proteins. The enzymes are a very
large group of proteins which act, each specifi-
cally, as the catalytic agents for most of the chem-
ical changes in plants and animals, The com-
plexity of proteins is such that, at the present
time, the exact structure of only a few proteins
have been elucidated. The first protein to have
its molecular structure determined was the hor-
mone, insulin, Up to the present time it has
not been possible to synthesize naturally occurring
proteins. However, recent developments in this
field of research make the synthesis of natural
proteins appear imminent.

There are a number of color tests used as an
aid in the identification of protein substances.
One of these is the biuret test. In this the
peptide bond of peptides and proteins forms a
violet or reddish-violet color with the cupric ion.
Another test, the ninhydrin, is frequently used
to quantitate amino acids. In this, a blue color
is produced.

Proteins are easily denatured by heat, change
in pH, violent motion, repeated freezing and
thawing, and various chemical agents. A dena-
tured protein has an altered geometric arrange-
ment of its molecules and loses its physiologic
activity.

A mixture of proteins may be separated by
fractional precipitation with salts such as sodiutn
sulfate and ammonium sulfate, and with solvents
such as ethyl alcohol which may be used in con-
junction with salt fractionation. More elegant
methods are electrophoresis, ultracentrifugation,
and chrommatography.

CARBOHYDRATES

Carbohydrates are composed of sugars which
are polyhydric alcohols containing an aldehyde
or ketone group. Sugars are manufactured in

9-29



30 HANDBOOK OF THE HOSPITAL CORPS, UNITED STATES NAVY

the cells of plants by the fixation of CO; in the
presence of chlorophyll and solar energy.

6C O346T1:0 +sclar energy+chlerophyll—— CyHi 5 +60

CsH;05 is the empirieal formula for hexose
sugars containing 6 carbon atoms. There are
six different isomeric hexoses, differing only by
the spatial arrangement of the hydroxyl groups.
Four of these occur naturally: glucose, mannose,
fructose, and galactose. A popular way of
writing sugar structures, demeonstrating the ketone
and aldehyde form, is as follows:

CHO CH;0H CHO CHO
H-C‘J—OH C=0 HD—(%—H H-(‘]—OH
HD——(:]~H HO—é‘I—H HOA(‘}“H HD—(‘]—H
H—C—0H Hﬁ?wOH H—C—0H HO-—(‘?—H
Hw(‘)—DH H—?MOH H—(;)—OH H#(‘JfoH
CH:0H CH;OH CH:0H CH:0H
D-glucose D-fructose D-mannose D-galactose

A few pentoses (5 carbon sugarg) are found in
nature such as:

CHO CHOQ CHO
H—-C—0H H-—é~0H HO—(ll—H
H—é—uOH HO—(‘S——H H—C—CH
H—(!S—OH H—-C—0H H—C—0H

(l',‘HzOH (IJH=DH (‘JH:OH

D-ribose D-xylose Dr-arnbingse

Sugars form linkages with other sugars to
form di- and tri-saccharides, and polysaccharides
such as starch and glycogen,

Sucrose, the common table sugar, consists of
one moleeule of glucose and one molecule of
fructose linked through the carbonyl groups.
It is a disaccharide.

Starch is a polysaccharide composed of a large
number of gincose units. Tt is the storage form
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of glucose in plunts and is the main source of
food in the world. In man, glucose is stored as
glveogen, another glucose polysaccharide, The
size of the molecule, and therefore the molecular
weight of a particular polysaccharide, may vary
over a wide range; i.c., the number of units of
sugar will vary. They are not homogenous
substances. Polysaccharides differ from each
other in the kind of repeating units of sugar, in
the type of linkages, and in the degree of branch-
ing in the molecule.

The detection of glucose in the blood and in
the urine may be qualitatively accomplished with
Fehling’s solution, a cupric ion complex, which
oxidizes the carbonyl group of the sugar and
precipitates brick-red cuprous oxide. This test
is negative in sucrose because the carbonyl groups
of hoth glucose and fructose have been bound.
Sucrose is a nonreducing sugar, meaning it will
not reduce Fehling’s solution to cuprous oxide.

Cellulose is a glucose polysaccharide which
forms the supporting structure of plants and is
found in plant fibers such as cotton and flax.
The synthetic fiber, rayon, is a cellulose.
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Acetaldehyde, 26
oxidized to acetic acid, 27
Acetie acid, 22, 27
Acetone, 26
Acetylene(s), 21, 23
ethyl, 22
role in organiec chemistry industry, 22
Acid(s), acetic, 22, 23, 27
action on tissue, 19
adipie, 28
alanine, 28, 29
amino, 28
bases and salts, 14
benzoic, 24, 27
butyrie, 27
caleulation of hydrogen-ion concentration of, 14
carbolic, 25
carbonic, 16
carboxylic, 26
chlorobenzoie, 24
defined, 14
fatty, 26
formie, 75
glycine, 28, 29
glycylalanylglycine, 29
hydroechlorie, 17, 19
hydrofluorie, 20
ionized, as buffers, 15

nitrie, 17
nitrobenzoic, 24
oleic, 27
organic, 26
dibasic, 26

dicarboxylic, 28
esters of, 28
monobasic, 26
monocarboxylic, 26
tribasie, 26

oxalic, 28

palmitie, 27

perchlorie, 20

pH of, 14

phosphoric, 17

phthalic, 28

picrie, 25

salts of some common, 14

stearic, 27

suceinic, 28

sulfurie, 11, 17, 19

sulfurous, 19

trinitrophenocl, 25

tripalmitin, 27

Adipic acid, 28
Alr, chemical composition of, 12

INDE X

Alanine, 28, 29
Alcchols, 24
ethyl, 21, 24
isopropyl, 22, 24
methyl, 24
Aldehydes, 26
Aliphatic, carboxylic acids, 27
hydrocarbons, 21
alkanes, 21, 22
alkenes, 21, 22
alkynes, 21, 23
cycloalkanes, 22
monocarboxylic acids, 26
Alkali(s), 14
Alkanes, 21, 22
Alkenes, 21, 22
role in organie chemical industry, 23
Alkyl(s), 21, 24
halides, 22
Alkynes, 21, 23
Aluminum sulfate, 11
Amine(s), 28
classes of, 28
properties of, 28
Amino acids, 28
Ammonia, 17
as solvent, 17
properties of, 17
solution, ionization of,, 17
uses of, 17
valence-bond structure, 9
Ammonium, chloride, 17
hydroxide, 17
radical, 11
sults, 17
sulfide, 11
Aniline, 28
Anthracene, 24
Antimony, 18
uses of, 18
Apatite, 19
Aqua regia, 17
Arabinose, 30
Argon atom, 5
electron structure, 5
Aromatie, carboxylie aecid, 27
hydroearbeons, 21, 23
benzene relation to, 21
nomenclature, 23
Arsenic, 17
uses of, 17
trioxide, 17
Arsenicals, uses of, 17
Aryls. See Aromatic hydrocarbons.
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Atomic structure, 2
Atoms, 2
weight of, 2, 3
carbon-12 scale, 3
oxygen-16 seale, 3
table of, 7
structure of, 4, 5
periodic table showing, 6
isotopes, 8

Barium sulfate, I8

Base(s), 14
calculation of hydrogen-ion concentration of, 14
control of pH by buffers, 15
defined, 14
ionized as buffers, 15

Benzaldehyde, 26

Benzene, 21, 23
structural formula of, 23
derivatives of, 23
halogenation of, 23
substitution reactions, 24

Benzoic acid, 24, 27

Bismuth, 18
compounds of, 18
subnitrate, 18

Biuret test, 29

Bromide (s}, 20
silver, 20

Bromine, 19, 20

Buffers, 15

Butadiene, 22

Butane, 22, 23

Butene, 23

Butyne, 23

Butyric acid, 27

Caleium, fluoride, 19
hydroxide, 11
Carbohydrates, 29
strueture of, 30
Carbolic acid, 25
Carbon, atom, 3
diagram of, 4
compounds of, 15, 21
erystalline forms of, 156
dioxide, 15, 16
valence-bond structure of, §
monoxide, 15
occurrence of, 15
valence-bond structure of, 21
Carbonyl compounds, 25
aldehydes, 26
ketones, 26
Carborundum, 18
Carboxylic acid, 26
Catalyst, defined, 23
Cellulose, 30
Chalcopyrite, 18
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Charecoal, 15
activated, formation of, 15
uses of, 15, 16
Chemical, energy, 2
cquations, balanecing of, 11
properties, 2

relation to periodic position, 5

reactions, defined, 2, 11
types of, 11
Chemistry, defined, 1
inorganice, 1
organic, 20
Chlorates, 20
Chlorides, 20
Chlorine, 19
compounds of, 20
electron structure of, 5
Chlorobenzene, 23
Chlorobenzoic acids, 24
Chromium, electron structure, 5
Clay, 12
Compounds, defined, 1
Cresol, 25
Cryolite, 19
Cycloalkanes, 22
Cyelobutane, 22
Cyclohexane, 22
Cyclohexene, 22
Cyclopentane, 22
Cwclopropane, 22

Dehydrating agent, defined, 19
Desiccant, defined, 18
Diamond, 15
Diatomaceous earth, 18
Dibromoeethane, 23
Dicarboxylic acid, 28
Diethyl ether, 25
Dimethylamine, 28
Dipeptide, 29

Diphenyl ether, 25
Disaccharides, 30
Divinyl ether, 25

Electrolytes, defined, 10 -
Electron(s), defined, 4

gain of, §

loss of, @

sharing of, 10

shells, 4

capacities of, &
Elements, 1

isotopes of, 8

periodic table of, 5

weights of, table, 1
Empirical formulas, 8
Energy, classification of, 2

deflned, 2

law of conservation of, 2

levels, in atoms, 4
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Calcium, fluoride, 19
hydroxide, 11
Carbohydrates, 29
structure of, 30
Carbolic acid, 25
Carbon, atom, 3
diagram of, 4
compounds of, 15, 21
erystalline forms of, 15
dioxide, 15, 16
valence-bond structure of, §
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organic, 20
Chlorates, 20
Chlorides, 20
Chlorine, 19
compounds of, 20
electron structure of, 5
Chlorobenzene, 23
Chlorobenzoic acids, 24
Chromium, electron structure, 5
Clay, 12
Compounds, defined, 1
Cresol, 25
Cryolite, 19
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Cyclobutane, 22
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Desiccant, defined, 18
Diamond, 15
Diatomaceous earth, 18
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Dimethylamine, 28
Dipeptide, 29

Diphenyl ether, 25
Disaccharides, 30
Divinyl ether, 25

Electrolytes, defined, 10 °
Electron(s), defined, 4
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sharing of, 10

shells, 4
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Elements, 1
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periodic table of, 5

weights of, table, 1
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Energy, classification of, 2
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Esters, 28
formation of, 28

Ethane, 21, 22, 23

Ethene, 23

Ethers, 25

Ethyl aleohol, 21, 24

Ethylene, 22
dibromide, 20
glycol, 25

Ethyne, 23

Fehling’s solution, 26, 30
Feldspar, 12, 18

Ferric oxide, 12
Fluorides, 19

Fluorine, 19, 20
Fluorspar, 19
Formaldehyde, 26
Formic acid, 27
Formulas, empirical, §

in organic chemistry, 21

molecular, 8

radicals in, 11
Friedel-Crafts reaction, 24
Fructose, 30

Galactose, 30
Galenn, 18
Glass(es), 18
colored, 18
optical, 18
Pyrex, 18
Vycor, 18
window, 18
Glucose, 30
Glycerin, 25, 27
Glycerol, 25, 27
Glycine, 28, 29
Glycogen, 30
Glyeylalanylglycine, 29
Graphite, 15
Gunecotton, 17
Gypsum, 18

Halogens, 8, 19
hydrogen halides, 20
occurrence of, 19

Heat energy, 2

Helium atom, 5
electron structure, 5

Hematite, 12

Hexane, 22

Hydrocarbons, aliphatic, 21

alkanes, 22
alkenes, 22
alkynes, 23
aromatic, 23
cyelic, 22
cycloalkanes, 22
saturated, 21
straight chain, 22
unsaturated, 22

Hydroehlorie acid, 19
Hydrofluorie acid, 20
Hydrogen, 13
chiemieal properties, 14
chloride, oxidation of, 13
valence-bond structure, 9
compounds of, 13
halides, 20
-ion concentration, 14
methods of measuring, 15
melting point of, 13
preparation of, 13
sulfide, 19
valence-bond structure, 9
Hydrogenation, defined, 13
Hypochlorates, 20
Hypochlorites, 20

Ingulin, 29
Iodide, 20
Iodine, 19, 20
Iodoform, 20
Ionization, 9
Tons, eomplex, 11
defined, 9
halogen, tests for, 20
hydrogen, 14
in carbonic acid, 16
hydroxyl, 14
Iron pyrite, 18
Isomers, defined, 22
Isopropyl alechol, 22, 24
Isotopes, 3, 8

Kelvin temperature, 13

Ketones, 26

Kinetic energy, 2

Krypton atom, 5
electron structure, 5

Macromolecules, defined, 9
formula for, 8
Magnesium chloride, valence-
bond structure, 10
Mannose, 30
Matter, characteristies of, 1
clagaification of, 1
composition of, 2
law of conservation of, 1
propertiesg of, 2
relation to energy, 2
Metals, properties of, 8
Methane, valence-bond structure, 10
Methyl alcohol, 24
Methylamine, 28
Methyl ethyl ether, 25
Methyl ethyl ketone, 26
Mica, 12
Mixtures, defined, 1
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Molecular, weight, 8
formulas, 8
Molecules, defined, 2
weight of, 8
Monobasic acids, 26
Monocarboxylic acids, 26
Monoclinie sulfur, 19

Naphthaline, 21, 24
Neon atom, 5
electron structure of, 5
Neutron, defined, 4
Ninhydrin test, 29
Nitric aeid, 17
Nitrobenzene, 23
Nitrocellulose, 17
Nitrogen, 16
atom, diagram of, 4
compounds, 17
ammonia, 17
nitric acid, 17
cycle, 16
occurrence, 16
Nonmetals, properties of, 8

Olefins, 22

Oleic acid, 27

Organic acids, 26
dibasic, 26
dicarboxylic, 28
esters of, 28
monobagic, 26, 27
monocarboxylic, 26
tribasie, 26

Oxalic acid, 28

Oxidation, and reduction, 12
agents, table of, 13

Oxide(s) 8, 12
boric, 18
defined, 12
formation of, 8, 12
of bismuth, 16

nitrogen, 16

phosphorie, 18

Oxidizing agents, potassium permanganate as, 22
sulfuric acid as, 19
table of, 13

Oxygen, 11
atom, diagram of, 4
beiling point, 12
compounds of, 11

oxides, 12

in respiration, 16
liquefaction of, 12
oceurrence of, 11
preparation of, 12
solubility of, 12
valence-bond structure, 9, 10

Palmitic aeid, 27

Paraffins, 22

Pentane, 22
Peptide linkage, 29
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Perchlorates, 20
Perchlorie acid, 20
Periodic table, 6
pll, 14
constant, maintenance of, 15
methods of measuring, colorimetrie, 15
electrometric, 15
Phenanthrene, 24
Phenol(s), 21, 25
Phenylalanine, 28
Phosphoric acids, 17
Phosphorus, 17
oxides of, 17
uses of, 17
Phthalic acid, 28
Picric acid, 25
Plastic sulfur, 19
Polyhydroxvi aleohols, 25
Polymers, defined, 9
formula for, 9
Polypeptides, 29
Polysaccharides, 30
Potassium, antimonyi tartrate, 18
cyanide, 11
electron structure, 5
Propane, 22
Proteins, 29
biologie value of, 29
color tests for, 29
structure of, 29
Proton, defined, 4
Pyridine, 21
Pyroxylin, 17

Quartz, 18

Radiant energy, 2
Radicals, 11
Radon atom, 5
electron structure, 5
Reactions, chemical, 11
laws of, 11
types of, 11
Redox reactions, See Reduction and Oxidation,
Reducing agent(s), 13
carbon monoxide as, 16
Reduction, and oxidation, 12
agents, table of, 13
Resoreinol, 25
Rhombic sulfur, 19
Ribose, 30

Salt(s), ammonium, 17
defined, 14
of some common acids, 14
polysilicate, 18

Shells, electron, 4, 5

Silica, 11
fused, 18
gel, 18

Silicates, 18
sodium-cakeium, 18
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Silicon, 18
carbide, 18
compounds of, 18
dioxide, 11
Soaps, preparation of, 27
Sodium, chloride, 1
valence-bond structure, 9
iodate, 20
nitrate, 20
thiosulfate, 19
Stearic acid, 27
Sublimation, defined, 15
Suecinic acid, 28
Sucrose, 30
Sugar(s}, 29
formation of, 30
Sulfates, 18
Sulfides, 19
Sulfobenzene, 23
Sulfur, 18
allotropes of, 19
compounds of, 18
dioxide, 19
occurrence of, 18
uses of, 19
Sulfuric acid, 11, 17, 19
as dehydrating agent, 19
Sulfurous acid, 19

Tartar emetic, 18
Titration, 14
Tollens’ reagent,
Toluene, 27
o-vinyl, 22
Trimethylamine,

26

28

Trinitrophenol, 25
Trinitroscluene, 17

Tripalmitin, 27
Tripeptide, 29

Trisaccharides, 30

Valence, co-, 10
defined, 9
electro-, 9
iomnie, 9

of carbon, 10, 15

table, by gro

ups of elements, 9

Water, valence-bond structure, 9

Xenon atom, 5

electron structure, 5

Xvlose, 30

Zingc, blend, 18

electron structure, 5
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