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(a)
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(b)

4 FIGURE 2-2

Mass is conserved during a chemical reaction

(a) Before the reaction, a beaker with a silver nitrate solution
and a graduated cylinder with a potassium chromate solution
are placed on a single-pan balance, which displays their
combined mass—104.50 g. (b) When the solutions are mixed,
a chemical reaction occurs that forms silver chromate (red
precipitate) in a potassium nitrate solution. Note that the total
mass—104.50 g—remains unchanged.
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Separating mixtures: a physical process

(a) Separation of a heterogeneous mixture by nlraton:
Solid copperfll) sultate is retained on the filter paper,
while liquid hexane passes through. (b) Separation of a
homogeneous mixture by distillation: Copper(ll) sulfate
remains in the flask on the left as water passes to

the flask on the right, by first evaporating and then
condensing back to a liquid. (c) Separation of the
components of ink using chromatography: A dark spot
ot black ink can be seen just above the water line as
water moves up the paper. {d) Water has dissclved the
colored components of the ink, and these components
are retained in different regions on the paper according
to their differing tendencies to adhere to the paper.



Multiple Prefix

L T
1013 peta (F)

Physical Quantity Unit Symbol 102 bera (T)
g "
Length meters m Iy Bl5A {GL}
Mass kilogram kg 10° m:-EEE (
Time second 5 10° kilo (k)
Temperature kelvin K 10° hecto (h)
Amount of substance® mole mol 10! deka (da)
Electric current® ampere & 107! deci (d)
Luminous i.T‘I.lEnEil')'d candela cd : :
10" centi (c}
1073 milli {m)
107* micro (p)®
10~ nano (n)
s pico (p)
10713 femto (f)
107" atto (a)
10 zepto (z)
107 yocto (y)

The Greek letter g
(pronounced “mew "L
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—212"F

—32°F

212 %F

*F

32°F

31 °F

32 °F

OK =273115%*C =45967"°F
Absolute zero



mass (m)

density (d) =

volume (V)

The 51 base units of mass and volume are kilograms and cubic meters,
respectively, but chemists generally express mass in grams and volume in
cubic centimeters or milliliters. Thus, the most commonly encountered den-
sity unit is grams per cubic centimeter (g/cm?) or the identical unit grams per
milliliter (g/mL).
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The stainless steel in the solid cylindrical rodpicturedbelowhasademityof?.ﬁg/cm’. If we want a 1.00 kg
mass of this rod, how long a section must we cut off?

1
— T
T
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I

1

Ve—=mx-

d d
I'U'FIIE 1cm®
V =100 ke X — - = 129 cm®
5 1kg ??Eg
v 129
J' I — — p— ——— 'EEE___ e -j—ﬁ.EEIl'I
mrr 31416 x (0.500 in. % 2.54 cm/1 in.)
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A chunk of coal is weighed twice while suspended from a spring scale (see Figure 1-10). When the coal is sus-
pended in air, the scale registers 156 g; when the coal is suspended undemrater at 20°C, the scale registers 59 g.
What is the density of the coal? The density of water at 20 °C is (L9982 ¢ cm”
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Solve

The mass of the chunk of coal is 15&E.I.Eweuse m
of the diSplﬂ.-.':Ed water is calculated as follows:

water [0 denote the mass of displaced water, then the volume

V = Mlwater _ 156 g -5933 = 97 o
d 0.9982 g//cm

The volume of the chunk of coal is the same as the volume of displaced water Therefore, the density of the coal is

156 g
d= = 1.6 gfcm®
E"?cmEI' gj
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g/m = —1.7588 x 10® C/g
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Althnug‘h mass numbers are whole numbers, the actual masses of individual
atoms (in atomic mass units, u) are never whole numbers, except for carbon-12.
However, they are very close in value to the corresponding mass numbers, as we
can see for the isotope oxygen-16. From mass spectral data the ratio of the mass
of 1%0 to 1C is found to be 1.33291. Thus, the mass of the oxygen-16 atom is

1.33291 X 12u = 15.9949 1
which is very nearly equal to the mass number of 16.
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at. mass fractional mass of
ofan = | abundance of X isotope 1
element isotope 1
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Bromine has two naturally occurring isotopes. One of them, bromine-79, has a mass of 78,9183 u and an abun-
dance of 50.69%. What must be the mass and percent natural abundance of the other, bromine-81

The atomic mass of Br is a weighted average of the masses of 7Br and %' Br:

that are ¥1Br x
mass of *'Br

atomic mass = | that are ""Br X

fraction of atoms fraction of atoms
oY
mass of “°Br

Because the percent natural abundances must total 100%, the percent natural abundance of S1Br is

100% = 50.69% = 49.31%. Substituting 79.904 u for the atomic mass, 78.9183 u for the mass of 79Br, and the
fractional abundances of the two isotopes, we obtain

79.904 u = (0.5069 X 78.9183u) + (0.4931 X mass of *'Br)
= 40.00 u + (0.4931 X mass of *'Br)

79904 u — 40.
mass of *1Br = 0 ﬂu4931 il = 80.92 u

To four significant figures, the natural abundance of the bromine-81 isotope is 49.31% and its mass is
80.92 u.
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4’—1‘—-- The two elements present

H,0

L 4

Two H atoms per molecule

Empirical formula:

Structural formula:

Molecular model
(“ball and stick” )

Dep. Applied Chem. UMZ

Molecular formula:

— Lack of subscript means one atom of O per molecule

Molecular model
{“space filling™)
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