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To the Student

The best way to ensure that you understand the concepts of General Chemistry is to solve many problems on each topic.
You should attempt a large number of different problems, rather than merely reworking the same problems again and
again, since you might have a tendency to memorize the solution in the latter case. Be sure to read each problem carefully,
since a small difference in the wording of a problem can make a large difference in its solution.

Since there is no set order of topics in general chemistry texts, you will have to consult the Table of Contents in this
book to find the problems you wish to do. The problems in each section start with the more basic ones and progress to
those that are more difficult. In some chapters, you may find problems based on material which you have not yet covered
in your course. Do not attempt to do these before you cover the material on which they are based. For example, some
texts cover equilibrium before thermodynamics, while others cover it afterward. Do not attempt the section on the
thermodynamics of equilibrium until you have been introduced to both topics in your course.

There are numerous methods to solve most problems. The solution methods are usually related to each other but may
seem very different. In this book, some related problems are solved using one method, and some with another. Many of
the problems, especially in the early chapters, use several solution methods. You should attempt to do the problems
yourself before looking at the solutions given. If you get the correct answer using a reasonable method, you need not
worry that you did not use the method selected here. If the method presented is clearer that the one you used, however,
you might consider adopting it for future similar problems.
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CHAPTER 1
Measurement

1.1 EXPONENTIAL NUMBERS

1.1 List the powers of ten, from 10™* to 109, together with their explicit meanings.
! 0 oLoo
10° =1 10 10 .
10! =10
2 100 2=t -t _o0
10°=10x 10 = =1 =100 ="
10° =10 x 10 x 10 = 1000
1 1
10* = 10 x 10 x 10 x 10 = 10000 10'3=1—3~=i———=0.001
10° =10 x 10 x 10 x 10 x 10 = 100 000
1 1
6 — = Tt —— = ——— = 0.0001
10 10 x 10 x 10 x 10 x 10 x 10 = 1 000 000 10 10° = 10060

In the expression 10% the base is 10 and the exponent is 5.

12 Express the following numbers in standard exponential form:
(a) 22400 (b) 7200000 (o) 454 (d) 0454
(e) 0.0454 (f) 0.00006 (g) 000306 (k) 0.0000005
f Any number may be expressed as an integral power of 10, or as the product of two numbers one of which is
an integral power of 10 (e.g., 300 = 3 x 10?),
{a) 22400 =2.24 x 10* (b) 7200000=72x10° (c) 454 =454 x 102
(d) 0454 =454 x 107! (e) 0.0454 = 4.54 x 1072 (f) 0.00006=6x 103
(g) 000306=306x10"3 (k) 0.0000005=5x 107

Moving the decimal point one place to the right is equivalent to multiplying a number by 10; moving the
decimal point two places to the right is equivalent to multiplying by 100, and so on. Whenever the decimal point
is moved to the right by » places, compensation can be achieved by dividing at the same time by 10% the value
of the number remains unchanged. Thus

325
0.0325 = 107 = 325 x 1072

Moving the decimal point one place to the left is equivalent to dividing by 10. Whenever the decimal point is
moved to the left n places, compensation can be achieved by multiplying at the same time by 10" the value of the
number remains unchanged. For example,

7296 = 7296 x 10 = 7.296 x 10°

13 Evaluate:
(@ a®xa’ (b) 102 x 10° (© 10x10
(d) 107 x 1073 (© (@ x10%2x107% (f) (2 x 1093 x 1073
I n multiplication, exponents of like bases are added.
(@) a*xa’=a’"5=¢g" (b) 10% x 10% = 10?*3 = 10°
(6 10x10=10'*! =102 (d) 10" x 1073 =107"3 = 10*
(6 @x10M2x10"%=8x10*"6=8 x 102 (fy %1053 %107 =6x10°2=6x 10°
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Evaluate:

W4 6% g 2 @ 2l

I 1n division, exponents of like bases are subtracted.

(a) g;=a5*3=az 1)) %;:102'5=10‘3

© ~———-28:11)0_26 =§ x 10276 =4 x 108  (d) ———Sféxxllo(; = % x 107274 =35 x 1076

Evaluate the following expressions: (a) a® (b) 10° (c) (3 x 10)° (d) 7 x 10° (e) 8.2 x 10°
I (@ a®=1 () 10°=1 () 3x10°=1 (d) T7x10°=7 () 82x 10°=82

Express as radicals: (@) 10** (b) 10%* (¢) 10V (d) 432

I @ 102=100 @) 102=10° () 102=/10 ) 4?=/8 = J6d=38

Simplify: (a) (10%? (b) (1072 (c) (a)"2
I (@ (10%=10>2=10° (b)) (10°2*=10"2"3=10"% (¢) (@) *=a"®

Take the square root of each of the following numbers, using exponential notation asan aid: () 90000 (b)3.6 x 103
{c) 49 x 107% Take the cube roots of the following numbers: (d) 8 x 10° (e) 1.25 x 10°

I To extract the square root of a power of 10, divide the exponent by 2. If the exponent is an odd number it
should be increased or decreased by 1, and the coefficient adjusted accordingly. To extract the cube root of a power
of 10, adjust so that the exponent is divisible by 3; then divide the exponent by 3. The coefficients are treated
independently.

(@) m=m=\/§x\/ﬁ=3xlozor3m

() /3.6 x 10° = /36 x 10? = \/36 x /102 = 6 x 10! or 60

(© VA9 x 107 = /49 x 107 = /49 x \/1075 = 7 x 10~? or 0.007
(@) /8 x 10° = /8 x 10° = 2 x 10° or 2000

() /125 x 10° = 3/125 x 10° = /125 x 3/10° = 5 x 10 or 50

{40 x 1071%% + (2.0 x 10710
2.0 x 107200

Calculate the value of

d  You must know the rules for handling exponents, because not all electronic calculators do this type of problem.

(4.0 x 107199 + (2.0 x 10719 _ (4.0 x 1071°% +(0.20 x 107°9) _42x 10719

= = 100
2.0 x 107200 2.0 x 10290 20 x 10-790 21 x 10

Units can also be expressed with exponents, both positive and negative. Show the dimensions of the result two ways
when a mass in grams (g) is divided by a volume in cubic meters (m3).

I gmiorgm?

Compute and state the answers in standard exponential form:

(@) (2.0 x 10'3) + (1.5 x 1014 (b) (8.0 x 107'%)/(4.0 x 10713)
() (50 x10'")2.0x 107%) (d) (66 x 10'%) — (3.0 x 10'6)

I (@ 17x10% (b)) 20x 10! () 10x 103 =10x10"* (d) —23x 10'6

Evaluate: (a) 10* x 1072 (b) 104/10™3 () 2.5 x 107 x 4.0 x 10

I ) Ip multiplic_ation, add exponents algebraically: 10 (b) In division, subtract exponents algebraically: 107
(¢) Multiply coefficients and exponential parts separately and simplify: 10 x 10!° = 101L.
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Simplify the following expressions:

48 000 000 0.0078
@ —Ffo & 0
(6 000 000)(0.00004)*
(©) (4 x 10735 x 10%? ) T (300)%00002°
(e) (V4.0 x 107%)(\/8.1 x 10%)(/0.0016)  (f) (/6.4 x 10~ 2)(3/27000)(3/2.16 x 10~ %)
1 48000000 48 x 10°

=40 x 10572 = 4.0 x 10* or 40000

@ =30 T12x10?

00078 7.8 x 1073
® =0 = Tax10?
(©) (4 x 10735 x 10497 = (4 x 1073)(52 x 10%) =4 x 5% x 10”38 = 100 x 10° = | x 107
(6000 000)(0.00004)* (6 x 10)(4 x 10°%* 6 x 4% 105 x 10~2°

= 6.5 x 107* or 0.000 065

@ 800700027 B X 1092 x 10°9 ~ 8 x 2 X 10° x 1012
6 x 256 106720 10714
= = = 10~6
64 x8 <102 X pms —3x10

(&) (V40 x 1075)(\/8.1 x 10°)(/0.0016) = (/4.0 x 10~ 6)(\/81 x 10?)(/16 x 10~
= (20 x 1073)(9.0 x 10')4.0 x 10~2)
=72 x107* =72 x 1073 or 0.0072
(f) (/6.4 x 1072)(3/27 000)(3/2.16 x 107 %) = (/64 x 107 3)(3/27 = 10°)(3/216 x 10~9)
= (4.0 x 107')(3.0 x 10!)(6.0 x 10~ 2)
=72 x10"20r0.72

Find the logarithm of each of the following numbers: (a) 4.56 (b) 1.70 (c) 9.75 (d) 1.07 (e) 3.16 (f) 1.00
I (a) 06590 (b)) 02304 () 09890 (d) 00294 (e) 04997 (f) 0.0000

Find the antilogarithm of each of the following: (a) 0.4502 (b) 0.8579 (c) 0.7042 (d) 0.6080 (e) 0.9695
] (a) 282 h) 721 (¢) 5.06 (d) 4055 (e 9322

Determine the antilog of each of the following: (a) 2.6170 (b) 7.42 (c) —2.0057 (d) —04776
I (a) 414 x 102 =414 (b) 2.6 x 10’ (c) 987 x 1073 (d) 333 x 107! =01333

1.2 METRIC SYSTEM

1.17

118

Show the relationships among the metric units of length, volume, and mass and the common English units of these
quantities.
1 1 meter = 100 cm = 1000 mm = 0.001 km = 39.37 in.
1 kilogram = 1000 g = 2.2 1b

linch = 2.54 cm = 0.0254 m = 254 mm = 2.54 x 107 nm

1foot = 12in. = 12 x 2.54 cm = 30.48 cm = 0.3048 m = 304.8 mm

1liter = 1 dm? = 1073 m® = 1.06 quarts

lyard =3ft =91.44 cm = 9144 mm = 09144 m

I mile = 5280 ft = 6.336 x 10*in. = 1.609 x 105 cm = 1.609 x 10® m = 1.609 x 10° mm

1 pound = 0.4536 kg = 453.6 g = 4.536 x 10° mg

1 1
1 ounce = Elb =16~ 453.6 g =2835g = 0.02835kg

1 metric ton = 1000 kg = 106 g

(a) Express 3.69 m in kilometers, in centimeters, and in millimeters. (b) Express 36.24 mm in centimeters and in
meters.
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(1.8 x 10 7m)(

CHAPTER 1

/) 1 km . tem )
(@ (69m) o )=369x107km  (B) (3624 mm){ - )= 3624 cm
100 Im \ _
(3.69 m)< m°"‘> = 369 cm (36.24 mm)(103 mm) =3624 x 10" *m
3
(3.69 m)(m mm) = 3.69 x 10° mm

(a) How many cubic centimeters are there in 1 m3? (b) How many liters are there in 1 m3? (c) How many cubic
centimeters are there in 1 L?

I (@) 1m?=(1m?=(100cm)? = (102 cm)® = 10° cm?
() Im’=(10dm)>=10"dm3 x 1 L/dm*=10*L (¢) IL=1dm?=(10cm)® = 10° cm?

Find the capacity in liters of a tank 0.6 m long, 10 cm wide, and 50 mm deep.

I Convert to decimeters, since 1L = 1 dm?>,

Volume =06m x 10cm x SOmm =6dm x 1dm x 0.5dm =3dm3*=3L

Convert: (a) 2.0 x 10° g to milligrams (b} 1.6 x 1073 cm? to liters

[ | 10% mg - 1L -
(a) (2.0 X 103 g)<—g'—) =20 x 106 mg (b) (1.6 x 10 3 Cm3) m =16 x 10 6 L
How many millimeters are there in 15.0 cm?
) Im \/1000 mm
: — ) ———] =150
(15.0 cm) 100 om ™ 50 mm

Convert: (a) 1.47 km to millimeters (b) 1.42 mL to cubic centimeters (c) 1.7 x 107 mg to kilograms (d) 1.54 x
1073 L to milliliters (e) 70.5 g/L to grams per milliliter (f) 4.66 kg/L to grams per milliliter

I (@) 147x105mm (3 142cm? () 17kg
(d) 154mL (&) 0.0705g/mL  (f) 4.66g/mL
Calculate the volume, in liters, of a rectangular bar which measures 0.10 m long, 2.0 cm thick, and 4.0 cm wide.

I (0.10 m)2.0 cm)(4.0 cm) = (10 cm)(2.0 cm)(4.0 cm) = (80 cm?) (Too#é&ﬁ) =0080L

Convert: (a) 1.6 x 1072 km to centimeters (b) 20.0 mL to liters (c) 16.2 g/cm? to kilograms per liter

i1 103 102 1L
@ (16 x 102 km)(—km—m)< n;m) =16x10°cm  (8) (200 '“L’(m

4 (162g)\/ kg /1000 cm®\
@ (e ioone) (™) = 624an

Perform the following calculations: (a) (2.0 x 102 cm) 4+ (1.12 x 107 ! m)
(b) {(0.10 m)(1.0 x 10~* km)(1.0 x 10> mm)

I (a) (20x 10%cm) + (0.112 x 102 cm)=21x 10*cm (b) (10 cm)(10 cm)(10 cm) = 10> cm® = 1.0L

) =0.0200 L

The color of light depends on its wavelength. The longest visible rays, at the red end of the visible spectrum, are
78 x 1077 m in length. Express this length in micrometers, in nanometers, and in angstroms,

10° um 10° nm 101° A
m

) =780 nm, (7.8 x 1077 m)(——m—> = 7800 A

> =078 um, (7.8 x 1077 m)(

When a sample of healthy human blood 15 diluted to 200 times its initial volume and microscopically examined
in a layer 0.10 mm thick, an average of 30 red corpuscles are found in each 100 x 100 micrometer square. (a) How
many red cells are in a cubic millimeter of blood? (b) The red blood cells have an average life of 1 month, and
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the adult blood volume is about 5 L. How many red cells are generated every second in the bone marrow of the
adult?
I (@) (100 ym) x (100 um) x (0.10 mm) = (0.10 mm)® = 1.0 x 1073 mm?
30 corpuscles
1.0 x 1073 mm?

3 3 3 3 6
® L)(lo cm )(10 mm )(6 x 10 3cens>= 3 % 103 cells

x 200 = 6 x 10 corpuscles undiluted

L cm? mm

Since 3 x 10?3 cells are required per month,

3 x 10'3 cells\ /1 month\ /1 day lh
=1 x 107 cel
( month )(30 days)(24h)<36005) X 107 cells/s
13 SIGNIFICANT FIGURES

1.29 How many significant figures are there in each of the following numbers: (a) 17 () 103 (c) 1.035 (d) 0.0010
() 1.00 x 10° (f) =

I @) two (b)) three (¢) four (d) two (e) three (f) an infinite number

1.30 Perform the following operations:

1201 cm 133 ¢
173 em - 22¢g
+ 0.1l cm

# The answers are 29.4 cm and 131 g rather than 29.42 cm and 130.8 g. The 2 in the hundredths column of the
sum is farther to the right than the 3 of 17.3, and so it cannot be significant. It is dropped because it is less than 5.
The 8 of the second example is not significant for the same reason, but it is over 3, so the answer is rounded up to
the next higher integer.

1.31 (@) 127 x112=27 (b) 108/72=7?
I 1n the first calculation, three significant figures may be retained since each factor has three. In the second, only
two significant figures are retained in the answer. () 142 (b) 15

1.32 Underline each significant digit in the numbers below. If the digit is uncertain, place a question mark below it.
(@ 1066 (b)) 750 () 0050 (d) 02070 (¢} 50.0
I 1066  (b) _7_§g) (¢) 0050 (@) 02070 () 500

133 Calculate to the proper number of significant digits:

(@) (450 x 10> m) + (3.00 x 10°mm)  (b) (4.50 x 102 cm)(2.00 x 105 cm)
(6) (450 x 10> mL) — (0.0225 L)

I (a) (4.50 x 10? m) + (3.00 x 103 m)=345x 10°m (b) 9.00 x 108 ¢m?
{¢) (4.50 x 102 mL) — (0.225 x 102 mL) = 4.28 x 10> mL

1.34 Explain why in calculations involving more than one arithmetic operation, rounding off to the proper number of
significant figures may be done once at the end if all the operations are multiplications and/or divisions or if they
are all additions and/or subtractions, but not if they are combinations of additions or subtractions with multiplica-
tions or divisions.

I There are different rules for the number of significant digits in the answer to an addition and to a multiplication,
and so they must be applied separately when a mixed calculation is made.

1.35 Add the following quantities expressed in grams, to the proper number of significant digits.

(a) 25340 (b) 580 (¢) 420 (d) 4155
5.465 0.0038 1.6523 3.64
0322 0.00001 0.015 0.238
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CHAPTER 1
I (@ 25340 (b) 580 (c) 420 (d) 4155
5.465 0.0038 1.6523 3.64
0.322 0.00001 0.015 0.238
127 g 58.00381 = 580 g 5.8673 = 587 ¢ 419378 = 4194 g

(a) What is the usual method for correcting a calculated answer to the proper number of significant digits? (b) Do
the following calculations: 2.48/1.24, 17 790/2.0. (¢} Explain why the usual method given in part (a) is not used
with either calculation in part (b).

# (a) Drop the extra digits and round the last digit retained according to the value of the first digit dropped. (b)
2.00 and 6400. (c) In 2.00, digits were added to obtain the proper number. In 6400, the last two digits were not
dropped (or the value 64 would have resulted) but instead were changed to nonsignificant zeros.

Convert each of the following measurements to the basic unit (with no prefix), and express the result in standard
exponential notation to the proper number of significant digits. (a) 9.50 x 10”' kg (b) 4.40 x 10* mm (c)
0.00102 cm  (d) 400.0 mL

I @) 950x10°g (b) 440m () 1.02x10°°m  (d) 4.000x 10°'L

(1.20 x 1075) + (600 + 10~ %) =7
/) (0.120 x 1073%) + (600 x 10 %) = 6.12 x 10”3

Find the sum to the proper number of significant digits:  14.90 4+ 0.0070 + 1.0 + 0.091

I 14.90
0.0070
1.0
0.091

159550 — 16.0
Calculate to the correct number of significant digits:  (14.90)(0.0070)/(0.091).
1 (14.90)(0.0070)/(0.091) = 1.1

Calculate to the proper number of significant digits:
(@) (10042 —0.0034)(1.23)  (b) (1.0042)(0.0034)(1.23)  (c) (1.0042)( —0.0034)/1.23

I (@)123 (b)4.2x 1073 (¢) —28 x 10°* When 0.0034 is subtracted from 1.0042, a number with five signif-
icant digits results. When this number is multiplied by 1.23, with only three significant digits, the result must be
expressed to only three significant digits.

A solid has a volume of 1.23 cm®. Hts mass plus that of a piece of weighing paper is 10.024 g; the paper weighs 0.03 g
Calculate the density of the solid to the proper number of significant digits.

1 10024 g 999 g
X 9998 _ s
003 g [23ems - Si28/m
9994 g

The 4 must be dropped from the difference since the mass of the weighing paper is known only to the second decimal
place.

Perform the following calculations to the proper number of significant digits. (a)(2.00 x 10”2 km) + (4.2 x 102 cm)
(b) (L5 x 10* cm)(8.0 x 102 cm)(0.0100 m)

I @ (200 m)+(4.2m)=242m (b) (1.5 x 10" cm)(8.0 x 102 cm)(1.00 cm) = 1.2 x 10% cm?

CALCULATIONS WITH METRIC QUANTITIES

What volume will 300 g of mercury occupy? Density of mercury is 13.6 g/cm?,

) mass 300
Volume = - = g = 3
density ~ 13.6 gom?® — 221 em -




145

1.46

147

1.48

1.49

1.50

1.51

152

1.53

1.54

MEASUREMENT [ 7

Find the density of ethyl alcohol if 80.0 mL weighs 63.3 g.

1 633g

=0. L
80.0 mL 0.791 g/m

Find the volume of 40 kg of carbon tetrachloride, whose density is 1.60 g/cm?.

1 10° g\ /1 cm? 1L 1L
= —— =25
(40kg)< e )<1.60g 10% om® 25L  orelse  (40kg) 160 kg L

An important physical quantity has the value 1.987 cal or 0.08206 L-atm. What is the conversion factor from

liter-atmospheres to calories?

[ 1.987 cal
0.08206 L-atm

= 24.21 cal/L.-atm

Calculate the density, in grams per cubic centimeter, of a body that weighs 420 g (has a mass of 420 g) and has a
volume of 52 cm3.
1 mass 420g

Density = m == 32—0_[;]—5 =81 g/cm3

-

Calculate the volume of 400 g of gold (density = 19.3 g/cm?).

[ ) lem®) s

The density of a metal is 9.50 g/cm®. Calculate the number of (a) kilograms per cubic meter  (b) cubic centimeters
per gram.

) 9.50g\/ 1kg\/10?cm)?® 9.50 x 103 kg 1.cm?
= —— =0, 3
@ < cm3 )(103 g)( m ) m? ® 950g. 105 em’/g

Fool's gold is so called because it bears a visual similarity to real gold. A block of fool's gold which measures
1.50 cm by 2.50 cm by 3.00 cm has a mass of 56.25 g. How can this material be distinguished from real gold by
means of its physical properties?

# 1t can be distinguished, among other ways, by its density, 5.00 g/cm>. (It would be extremely coincidental if the
density of fool’s gold were the same as that of real gold, 19.3 g/cm3)
The density of platinum is 21.45 g/em®. Calculate its density in kilograms pei cubic meter.

I 21458\ ( 1kg \(100cm\® 2145 x 10% kg
cm® /\1000 g m N m3

A block of platinum 6.00 cm long, 3.50 cm wide, and 4.00 cm thick has a mass of 1802 g What is the density of
platinum? ‘

I The volume, V, of the block is determined by multiplying its length, /, times its width, w, times its thickness,
t: V= lwt = (6.00 cm)(3.50 cm)(4.00 cm) = 84.0 cm3. The density is the mass per unit volume:

What is the density of a steel ball which has a diameter of 7.50 mm and a mass of 1.765 g? [Volume of a sphere
of radius r is $nr3.]

1 an\ (7. 3
V= <1)<7 50 mm) =221 mm®

2

1765g 1765 x 10-3 ke o
2imm’ - BIx105m ~ 22 x 10°kg/m
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An alloy was machined into a flat disk, 31.5 mm in diameter and 4.5 mm thick, with a hole 7.5 mm in diameter
drilled through the center. The disk weighed 20.2 g. What is the density of the alloy?

T The volume of the disk is

V = arth — nrih = nh(r? —r3)
31.5\2 75\ , .
= n(4.5 mm) = mm? — - ) mm’ = 3308 mm? = 3.308 cm

d=—=—_"——-=6.11g/cm® = 6110 kg/m?>

A glass vessel weighed 20.2376 g when empty and 20.3102 g when filled to an etched mark with water at 4 °C. The
same vessel was then dried and filled to the same mark with a solution at 4 °C. The vessel was now found to weigh
20.3300 g. What is the density of the solution?

1 Mass of water = (20.3102 g) — (20.2376 g) = 0.0726 g
Mass of solution = (20.3300 g) — (20.2376 g) = 0.0924 g

The density of water is 1.000 g/cm® at 4 °C. Hence,

1 cm?
1.000 g

0.0924 g
0.0726 cm®

V = (0.0726 g)( ) =00726cm®  and  density = = 1.27 g/cm?

A sample of concentrated sulfuric acid is 95.7% H,SO, by weight and its density is 1.84 g/mL. (a) How many grams
of pure H,SO, are contained in 1.00 L of the acid? (b) How many milliliters of acid contains 100 g of pure H,50,?
1.84 kg acid  /95.7 kg H,SO,
L acid )( 100 kg acid
100 g acid 1 mL acid
95.7g stO,,) (1.84 g acid

J (@) (1.00L acid)( ) = 1.76 kg H,SO,

(b) (100¢g HzSO4)< ) = 56.8 mL acid

Analysis shows that 20.0 mL of concentrated hydrochloric acid of density 1.18 g/mL contains 8.36 g HCl. (a) Find
the mass of HCI per milliliter of acid solution. (b) Find the percent by weight (mass) of HCl in the concentrated
acid.

[ ) 8.36 g HCI

(@ =0418g/mL  (b) 836 g HCI

200 mL (20.0 mL)(1.18 g/mL)

x 100% = 35.4% HCI

A piece of gold leaf (density 19.3 g/cm?) weighing 1.93 mg can be beaten further into a transparent film covering
an area of 14.5cm?. (@) What is the volume of 1.93 mg of gold? (b) What is the average thickness of the trans-
parent film, in angstroms?

1 lg 1cm?
9 — = ——)=1 -4 03
(@ ( 3mg)(103 mg)<l9.3 g) 1.00 x 107 % cm

1.00 x 10~ *cm?

® 14.5 cm?

={6.90 x 10°¢ cm)(T{sA—ca) =690 A

A piece of capillary tubing was calibrated in the following manner. A clean sample of the tubing weighed 3.247 g,
A thread of mercury, drawn into the tube, occupied a length of 23.75 mm, as observed under a microscope. The
weight of the tube with the mercury was 3.489 8. The density of mercury is 13.60 g/cm?, Assuming that the capillary
bore is a uniform cylinder, find the diameter of the bore.

1 m=3489g—-3247g=0242¢g
1cm?
V = (0.242 =0, 3
( g)(l3.60g) 0.0178 cm
4V _ 00178 cm? - 0.00749 can? )
T 1T 2375cm P9 emT = nd%/4

/4(0.00749 cm?)
d = _—
3.14159 0.0976 cm



1.61

1.62

1.63

1.64

1.65

MEASUREMENT [ 9

The General Sherman tree, located in Sequoia National Park, is believed to be the most massive of living thm.gs.
If the overall density of the tree trunk is assumed to be 850 kg/m?, calculate the mass of the trunk by assuming
that it may be approximated by two right conical frustra having lower aqd upper diameters of 11.2 ar!d 5.6 m, and
5.6 and 3.3 m, respectively, and respective heights of 2.4 and 80.6 m (see Fig. 1-1). A frustrum is a pomqn of a cone
bounded by two planes, both perpendicular to the axis of the cone. The votume of a fru;trum is given by
nh(r? + r3 + r,r,)/3, where h is the height and r, and r, are the radii of the cone at the bounding planes.

! V, = $n(80.6 m)[1.65% + 2.82 + (1.65)(2.8)] = 1281 m?
V, = $n(24 m)[5.62 + 2.82 + (5.6)(28)] = 138 m?

850 kg

m3

So V=1419m® and m= (1419 m’)( ): 1.21 x 10° kg = 1.21 x 10® metric tons

1.65m
ol
80.6m
e 2 m‘
24m
- S6m

Fig. 1.1

Calculate the percent sodium in a breakfast cereal which is advertised to contain 110 mg of sodium per 100 g of
cereal.

1 110 x 1073 g Na

% = 0.110% N.
100 g total x 1007 0% Na

(a) Calculate the mass of pure HNO, per mL of the concentrated acid which assays 69.8% by weight HNO, and
has a density of 1.42 g/mL. (&) Calculate the mass of pure HNO; in 60.0 mL of concentrated acid. (c) What
volume of the concentrated acid contains 63.0 g of pure HNO,?

# (a) 1.00 mL of acid has a mass of 1.42 g Since 69.87 of the total mass of the acid is pure HNO,, then the
number of grams of HNO, in 1.00 mL of acid is 0.698 x 1.42 g=0991g (b) Mass of HNO; in 60.0 mL of
acid = 60.0 mL x 0.991 g/mL = 59.5 g HNO,;. (c) 63.0 g HNO, is contained in

630g .
W = 63.6 mL acid

The density of gold is 19.3 g/cm?. Calculate the diameter of a solid gold sphere having a mass of 422 g.

I The result sought is a diameter, D, in centimeters. The data are a mass of gold (in grams), its density, d (in
grams per cubic centimeter), and the shape of the object (spherical). The radius, r, of a sphere is related to its volume,
V,by r=23/3V/4n, and the volume of this sphere is 422 g/(19.3 g/cm?). Thus

3422 'g)
4n(19.3 g/cm3)

D=2r=2; =347cm

The density of aluminum is 2.70 g/cm®. An irregularly shaped piece of aluminum weighing 40.0 g is added to a
100-mL graduated cylinder containing exactly 50.0 mL of water. To what height in the cylinder will the water level
rise?



