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Unit 1
1-A TEXT

Solutions

Water is a very good solvent for many substances. This is particularly
true for the compounds known as acids, bases and salts. There are still several
other liquids besides water which have considerable solvent power. Alcohols,
for example, will dissolve a number of materials which are not soluble in
water. Some substances, like fats, waxes and gums are insoluble in water but
soluble in certain organic compounds, such as ether, carbon tetrachloride,
carbon bisulfide and gasoline.

There is a certain limit to the amount of material which a solvent will
dissolve. This limit varies greatly with the nature of the material to be
dissolved and the nature of the solvent. Thus, 100 grams of water at 20°C
will dissolve 34 grams of potassium chloride and only 7 grams of potassium
chlorate. When a solution contains a large quantity of the dissolved material,
it is said to be concentrated. When it contains only a small quantity, it is
dilute. When it contains all the dissolved substance that it possibly can take
up at a specific temperature, it is said to be saturated. We call the maximum
amount of solid which can be dissolved in 100 grams of solvent the solubility
of the substance.

A solution is homogeneous to the eye because the material which is
dissolved in it is uniformly distributed throughout. It will not separate out
even on long standing. These are the essential differences between a
mechanical mixture like sand and water, and a true solution like sugar or salt
in water. If some of the solvent is removed by evaporation from a saturated
solution, the dissolved material will separate out in the form of crystals.

Sometimes when we cool a hot, clear, saturated solution to room

e 1
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temperature, no crystals appear. This is not what we might expect, for the
solution now contains much more material than could be taken up by the
solvent at this temperature. Such a solution is said to be supersaturated.
Crystals will, however, usually appear in it if it is allowed to stand or if it is
shaken or violently stirred. The addition of a very small crystal of the
substance in solution will always start crystallization at once.

Under normal conditions pure water freezes at 0°C and boils at 100C.
The addition of any soluble solid lowers the freezing point and raises the
boiling point.

The concentration of solutions is sometimes expressed as the number of
gram-molecules of solute in 1000 g of solvent. Concentrations expressed in
this way are known as molal concentrations (m). Their chief merit is that
they are independent of the temperature (being purely gravimetric). The
number of gram-molecules of solute contained in one litre of solution may
be specified. The concentrations specificed in this way are called molar
concentrations (M). They are usually denoted as follows: M = molar solution
(1 mole per litre), 2M = two molar solution (2 moles per litre), 0.1IM = a
decimolar solution (0.1 mole per litre) etc. As regards the way in which they
are denoted, all that was said above molar solutions applied to molal
solutions.

Concentrations of solutions are sometimes also expressed as the number
of grams of solute in a certain volume of solution, or in a certain volume of
solvent, and very often they are expressed as the percentage by weight of
solute (in 100 g of solution) . In industry, the concentration of solutions is
often characterised by their specific gravity.

If more dilute or stronger solutions have to be prepared from solutions
of a definite percentage composition, the necessary quantity by weight of the
initial liquids can easily be found by applying the so-called blending rule.

The later is a method of calculation which will become clear from the

« 2.



Unit 1

following examples. Suppose that it is required: 1) to prepare a 25% solution

from a 65% solution and water (0%); 2) to prepare a 20% solution from a

49%, and an 8% solution.

65 25 49 12
NSNS
o/ \40 8/ \29

It is necessary: 1) to add 40 parts by weight of water to 25 parts by
weight of the 65% solution; 2) to add 12 parts by weight of the 49% solution
to 29 parts by weight of the 8% solution.

solvent
alcohol

fat

wax

gum
tetrachloride
bisulfide
potassium
chloride
chlorate
concentrate
dilute
saturate
homogeneous
evaporation
crystal
supersaturate
violently

stir

['solvant]
[eelkahol]

[feet]

[waeks]

[9am]
[tetra'klo:raid]
[baisalfaid]
[pa'teesjam]
[klo:raid]
[klo:rit]
['konsentreit]
[dai'lju:t]

['seet[ areit]
[homau'd3i:njas]
[i.veepa'reif an)
['kristl]
[sju:pa’seetf areit]
['vaislontli]

[sta:] '

new words and expressions

. W),

WK, LR, B

AEE, MeWy, whAE

i, WK

UE AL

i

il

24

AR h

vt /fa FBE, ks MR
vt fEFR

a. [@2KM, RN, 5
. R (FERD, KB

n. /K&,

vt. LA

ad. 3z, BELH

vt. #3), Bt

=]

<sppBpEpBPPBSP



merit [merit] n. Kib,

gravimetric [.greevi'metrik] a. (W) EEN, ERESMM

denote [di'naut] vt. R, RoR

molar [mauls] a. (BB WA TH

molal ['maulal] a. (ER) W4 Tm

gravity ['greeviti] n. &, 515

blend [blend] v. nAERA: BE, BA
Exercises

1. Explain the following basic concepts

1) dilute solution 5)solubility of the substance
2) concentrated solution 6)molal concentration

3) saturated solution 7)molar concentration

4) super saturated solution 8)percentage concentration

2. Answer the following questions
1) How can you get crystals from a saturated solution?
2) How to prepare a 15% solution from a 75% solution and water (0%)?
3) How to prepare a 25% solution from a 50% solution and 10% solution?

3. Complete the passage below and then translate it into Chinese.

Any solution consists of a dissolved substance called the and
the through which the solute is uniformly distributed as
or . This medium being commonly know as the

However, it is not always easy to determine which of the
substance is the and which the . Usually the component,
which in the pure form has the same physical state as the solution itself, is
considered the . If both components possess the same

out of solution, the component present in large quantity is

the



Unit 1

1-B  Reading Material

Solutions

Solutions play a very important part in life and in the practical activities
of man. Suffice it to mention that the processes of food assimilation by man
and animals involve the dissolving of nutritious substances. All the most
important physiological liquids (blood, lymph, etc.) are solutions. Finally, all
industrial processes based on chemical processes are connected more or less
with the use of various solutions.

Having daily to deal with solutions, men long since took an interest in
their properties, but the fundamental relationships governing their behavior
were established only in the Eighteenth Century.

Lomonosov investigated the influence of the temperature on the
dissolving of various substances, thermal phenomena taking place when
substances dissolve, the freezing of solutions, crystallization phenomena etc.
He established that the act of dissolving is always accompanied by an energy
effect, and in this connection indicated the necessity of distinguishing strictly
between two types: a) processes of dissolving during which heat is released,
such as when metals are dissolved in acids, which is essentially a chemical
readtion between the acid and the metal, since evaporation of the solution
doeq not lead to deposition of the initial metal, but of its salt with the acid
used b) processes of dissolving during which heat is absorbed , such as the
diss@ving of a salt in water, where-upon the solute undergoes no chemical
change, but is deposited as the same substance when the solutions
evapdrated.

A solution is a solid or liquid homogeneous system consisting of two or
more gomponents, the relative quantities of which may vary over quite a
wide rénge. The most important are liquid solutions.

ARy solution consists of a dissolved substance called the solute and the
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medium through which the solute is uniformly distributed as molecules or as
ions, this medium being commonly known as the solvent. However it is not
always easy to determine which of the substances is the solvent and which
the solute. Usually the component, which in the pure form has the same
physical state as the solution itself, is considered the solvent (for instance, in
the case of an aqueous solution of a salt the solvent is, of course, water). If
both components possess the same physical state out of solution (for instance,
alcohol and water), the component present in greater quantity is the solvent.
The homogeneity of solutions makes them very similar to chemical
compounds. Ten homogeneity of heat observed when some substances are
dissolved also indicates that a certain chemical reaction takes place between
the solvent and the solute. The difference between solutions and chemical
compounds is that the composition of the latter is constant, while the
composition of a solution prepared from any given components may
sometimes vary over quite a wide range. Besides, many properties of the
separate components can be detected among the properties of the solution,
which is not the case with chemical compounds. The inconstancy of the
composition of solutions approaches them to mechanical mixtures, but they
differ sharply from the latter by their homogeneity, Thus, solutions are
intermediate between mechanical mixtures and chemical compounds .

(selected from N.GLINKA, chemistry, Moscow, 1960, 210)
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Unit 2
2-A4 TEXT

Acids, Bases and Salts

All acids contain hydrogen. In a dilute water solution, the hydrogen can
be set free by certain metals. The chemical action is a case of replacement
because the hydrogen of the acid is replaced by the metal. Some other
substances, like sugar, also contain hydrogen, but since it can not be replaced
by metals, they are not acids. Water solutions of all acids have a peculiar sour
taste, and all turn a certain natural dye, called litmus, from blue to red.

Another characteristic of acids is their rapid reaction with certain
compounds known as bases. A base is the hydroxides of a metal or of a
metallic radical. Sodium and potassium hydroxides are typical bases, which
may be prepared by the electrolysis of the chloride solution. Their water
solutions turn red litmus blue and neutralize acids.

When solutions of a base and of an acid are brought together in just the
right proportions, the characteristic properties of each disappear. It is evident
that there has been a chemical change. The base and the acid are said to
neutralize each other, and the process is called neutralization. To determine
just when the right amount of acid has been used to neutralize a given amount
of base, we use litmus or some other indicator like phenolphthalein.

By the reaction of sodium hydroxide and hydrochloric acid, sodium
chloride (common salt) and water have been formed. The sodium chloride is
soluble in water and therefore can be obtained only by evaporation. The

equation for this important reaction is:

base acid salt water
NaOH + HCI —_—> NacCl + H->O
sodium hydroxide  hydrochloric acid sodium chloride water

Sodium chloride is an example of a large and important group of

7.
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compounds known as salts. The process of neutralization always produces a
salt and water. It should be noted that the metal of the base and the
non-hydrogen part of the acid are united in the salt. The compounds that are
formed when a metal takes the place of the hydrogen in an acid are called
salts.

In naming bases, we simply prefix the name of the metal to the word
“hydroxide”. Thus we have sodium hydroxide (NaOH), calcium hydroxide
(Ca(OH),), aluminum (aluminium) hydroxide (Al(OH);).

In naming acids, we must distinguish between an acid consisting of two
elements (a binary acid) and an acid consisting of three elements (a ternary
acid). In the binary acid we have put one element beside hydrogen; here we
prefix hydro—to the name of the second element and add the termination-ic.
Thus we have hydrochloric acid (HCI) and hydrosulfuric acid (H;S). The
large majority of ternary acids contain oxygen as the third element. It often
happens that the same three elements form more than one acid. The most
familiar one is named from the characteristic element and ends in suffix-ic;
while the one with less oxygen has a similar name, but the ending is the
suffix —ous. Thus we have sulfuric acid (H,SO4) and sulfurous acid (H,SOs);
chloric acid (HCIO3) and chlorous acid (HCIOy); also nitric acid (HNO3) and
nitrous acid (HNO3).

In naming a salt, we have to consider very carefully the acid from which
it has been derived. If the acid is binary, then the salt is named after its two
constituent elements with the ending—ide. Thus we have sodium chloride
(NaCl), zinc chloride (ZnCl,), and copper sulfide (CuS). If the acid is ternary
and its name ends in -ic, then the name of the salt ends in -ate; but if the
ternary acid ends in -ous, then the name of the salt ends in -ite. This will be

made clear in the following examples.
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Name of Acid Formula Name of Salt Formula
Hydrochloric HCI Sodium chloride NacCl
Chloric HCIO; Sodium chlorate NaClO;
Chlorous HCI0O, Sodium chlorite NaClO,
Sulfuric H,SO4 Copper sulfate CuSOq4
Sulfurous H,SO4 Potassium sulfite K,S0;
Hydrosulfuric H,S Zinc sulfide ZnS
Nitric HNO; Potassium nitrate KNO;
Nitrous HNO, Sodium nitrite NaNO,

With acids like sulfuric and sulfurous that have two replaceable
hydrogen atoms, we can have salts in which only one of the hydrogen atom is
replaced by a metal. Such salt are sometimes called acid salts, and the prefix
bi-employed in naming them. Thus, sodium bisulfate (NaHSOy), sodium

bisulfite (NaHSQOs), sodium bicarbonate (NaHCO3), are examples.

new words and expressions

dye [dai] n o Gukl, Rfn

litmus [litmes] n.  fE

hydroxide [hai'droksaid] n.  ZE

radical ['reedikol] a. AN, RH, BTN
sodium ['saudjem] n. &

electrolysis [ilek'trolisis] n. WA, &b

neutralize ['nju:tralaiz) v, fERST, gk, AR
indicator ['indikeita] n. ¥R, /A
phenolphthalein [.finol'fBeeli:n] n. Bk

hydrochloric [haidrau'klo:rik] a. AN

calcium [keelsiom] n. 5

aluminium [.eelju:'minjam) n. A

binary [bainari] a. UM, LR
ternary [ta:neri] a. Ui, —HI
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termination
hydrosulfuric
sulfuric
sulfurous
chloric
chlorous
nitric
nitrous

zinc

copper
sulfide
bisulfate
bisulfite
bicarbonate

[ta:mineifan]
[haidrausalfjuarik]
[sAl'fjuarik]
['sAlfaras]
[klo:rik]
[klo:ras)
['naitrik]
[naitras]
[zink]

[kopa]
['salfaid]
[bai'salfeit]
[.bai salfait]
[bai'ka:banit]

Exercises
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1. General speaking, what are the characteristics of all acids in dilute water

solution?

2. What is the so-called »salt”?

3. Translate the last three paragraphs of the text into Chinese.

4. Naming the following compounds in English (including

&salts)
NaCl NaOH
HCIO H,SO4
ZnS Na,SOq
K>SO, CuCl,
CuSO4 NaClO
KNO; NaNO,,
H28,0;  NayS;0;
Fe;03 CaC
KCr,0O; HCLO4

« 10~

HCl(g) HCI(L)
H,SO4 CaCl,
NazS03 Al(OH)s,
Na,CO;3 NaHCO;
KClO4 CaO
KNO, HNO;
H,S(g) H>S(L)
K:MnOg4 KMnOQOy4

acids , bases

HC1O3 HCIO;
AlICl; CuS
Ca(OH), K,SO4
NaHSO;  NaHSO;,
Na>O» NaNO;
HNO, H,CO3
Al Os FeO
Na,CrOs  NH;j



Unit 2

2-B  Reading Material

Introduction of Organic Acids
Formic acid, HCOOH and acetic acid , CH ;COOH , are the first two

members of an homologous series known as the fatty acid series. The name
arises from the fact that two of the higher members — palmitic and stearic
acids — are prepared from animal fats . All the acids of the series, except
the first, may be represented by the general formula RCOOH; formic acid has
a hydrogen atom instead of alkyl group. The carboxyl group —'(c')z—on 1S
characteristic of organic acid.

The hydrogen atom of the carboxyl group is acidic; dilute water
solutions of organic acid color blue litmus red, evolve hydrogen when acted
on by metals, and are neutralized by metallic hydroxides forming salts. In
terms of the electrolytic theory of dissociation we write the ionic equilibrium

as follows: RCOOH RCOO + H'

Most organic acids are relatively weak, that is, the degree of the

dissociation even in dilute solution is small. For example, in a tenth normal
solution of acetic acid, only a few per cent of the molecules are dissociated.
However, the organic acids are strong enough to displace the very weak
carbonic acid from its salts.

The salts of the fatty acids are non-volatile, crystalline solids and are
usually soluble in water. The acids are prepared from them by treating with
sulfuric acid. If the acid is sufficiently volatile, it may be distilled. In this case,
the dry salt and concentrated sulfuric acid are employed. The higher acids
that distill only at high temperatures are more readily obtained from their
salts by adding the mineral acid to an aqueous solution and extracting with
ether. The organic acid, but not the salt, is soluble in the ether layer. This is an
excellent illustration of the use of an immiscible solvent in separating an
organic substance (the acid) from an aqueous solution containing inorganic

material (Na,SO4). The ether is easily removed by evaporation.

11
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The first member of the homologous series occurs in nature, particularly
in nettles and ants (formica). The irritating effect of ant stings is due in part to
formic acid. The early chemists prepared formic acid by distilling red ants.
The acid is a colorless liquid boiling at 101C; it cannot be freed from water
by simple distillation. The anhydrous acid is prepared by distillatton from
anhydrous copper sulfate under diminished pressure. It is also prepared from
the simple substance carbon monoxide (from water gas) and sodium
hydroxide , under the pressure of 6—10 atmospheres and the temperature of
200°C.

CO -+ NaOH ——> HCOONa
Then the salt is heated with the calculated quantity of sulfuric acid.

The most important of all the simple acids is acetic acid. One meets with
it commonly in two forms—concentrated acetic acid (often called glacial
acetic acid) and a dilute solution of the acid known as vinegar. 1t is
interesting that two entirely different processes are used for preparing acetic
acid according to whether a very dilute solution (vinegar) is wanted or at
least a 50 per cent solution of the acid.

Vinegar is still prepared by the ancient process in which fruit juices are
allowed to undergo first the alcoholic fermentation, and then an acetic acid
fermentation. A dilute solution of alcohol is produced by the alcoholic
fermentation of wine or cider. In the presence of a certain microorganism
bacterium aceti (often called “mother of vinegar”), oxygen from the air
oxidizes the alcohol to acetic acid. This change is undoubtedly brought about
by an enzyme present in the organism.

For chemical purposes, a concentrated acetic acid is required. This is not
prepared by concentrating a crude vinegar, because the evaporation of so
much water is an expensive operation. At one time the more concentrated
solutions of acetic acid were obtained solely from the by-products of the

destructive distillation of wood. It well be recalled that in this process acetic

« 12



