
CHAPTER 2 4

Measurements and Calculations

INTRODUCTION
Chemisy is a science that requires- observatfn ofthe world around us and measuremtg of the
phenomena we observe I this chapter you-will learn how to record your observations and how to •-

perform calculations with measured values.. Scientific mea i ents are usually made using the methe
system or the International System. You will need to become familiar with these- systems of ‘,

-

measuremgs and know the magnitude of each of the major units

CHAPTER DISCUSSION

Significant Figures
Measuremt is an important part ofsolenco, and an understa, ofimeer t3r is an important partofmeasurement. Science is often thought of (incorrectly) as a body ofuncliangjg absolute truths,. - -

wbich makes the concept of uncertainty seem odd. But you should realize that Uncertany is always a• -

factor in any measurement exopt for exact counting. For measurnents you will be taking in the lab, -

there i always one (and only one) uncertain digit that we can reasonably estimate; Imagine, for
example, measunng water in a beaker as shown below

Using this beaker, we know there is more than 26 niL of water and less than 27 mL of watdr. ‘To report “ -

“26 niL” or “27 mL”.woukj be inlprecise.’-Now imagine ifwe used a beaker as shown below. -
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6 Chapter 2: Measurements and Calculations

In this came we would report an answer to the ones place. IxI.this case, the water appears just over the ., -

halfway point between “20” and “30,” so ‘26” is a reasonable estimate. Note that we would not call this
an etaet meemweincnt. The actual amount of water may be 25 mL or even 27 mL. Unless the glassware.
Is mae’kad, we pnerally assume our uncertainty is ±1 for the digit that we estimate.
Luck beck to the first beaker, We can make a reasonable estimate of the tenths place m this case The
waler lvol appears to be just under halfway between the two graduations, so we might report 264 niL
In this cue, we can assume that thC actualarnount of water is betWeen 26.3 and 265 mL Therefore we
cannot report an answer of 2642 mL smce this would iffiply we knew the volume was between 2641
and 26 43 mL (again this assumes the glassware does not have a precision associated with it) What if
we wanted to measure water to the hun1redths place? This would require glassware with graduiiinns as
shown in the beaker below. ‘. : :.‘

‘

In this case, 2642 mL is a reasonable estimate for the volume of water although you might think itis
26 41 or 26 43 Again, realize that we never get an exact measurement Even if the water level seemed
to be right on the 26.4. graduation, we woull report 26.40 mL, butwe cannot report “exactly 26.4 mL.”
Reporting “exactly 26.4 niL” implies 26.4 with an inlinite number of zeros (26.400000000, etc.). Thus1
26.42 is not the same as 26.420 in terms of measurement (although your calculator treats them as the
same) The only way to get an exact number is to coit it

Thus the glassware determines the precision that affects the number of digits you can report in a
• measurement. These digits are the significant figures, and they include all measured digits and the one

estimated digit. Our three measurements in this example, along with the number of sigmi cant figures,
are:

Beaker 1. 26.2 niL three significant’ figures
Beaker2 26 ml, two significant figures
Beaker 3 26.42 niL four signific.antfigures

Now what happens ifweadd the water from each of these figures togetler7 How can we report the
results? Mathematically, we have:

26.4 niL
26 ‘ rnL

+

26.42 mL
78.82 niL
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Chapter 2: Measurements and CalculatIons 7

However, we should realize that we have some uncertain digits. That is, the above procedure implies
that the first measurement is 26.40, and the second is 26.00. However, this is simpiy not true. A better
representation for this addition is

26.4? niL
.26.?? niL

+

26.42 niL
78.??mL

Note in the hundredths we are adding a 2 to two unknown digits. What is “2 +? + 7”? The answer has
to be, “We don’t know”! In this case, we know tle sum only to the ones place, so we can only report it
as such. So do we report it as 78? 79? Because the sum of the numbers is 78.82, we round up to 79. We
can also justify this by recalling the uncertainty of the numbers. Let’s assume two extreme cases. In the
first case, assume we estimated too high for all three measurements (that is, assume there was actually
less water than we thought). In the second case, assume we estimated too low for all three
measurements. Remember that we assume we can be offby ±1 in the last digit. The range for the total
amount ofwater in each case is shown below:

26.3 mL 26.5 mL
25 mL 27 niL

+26.41 ml, +26.43 ml
77.7lmL .

The maximum range of volume should be between 77.71 niL and 79.93 nil. Since we can report the
answer only to the ones place, the range should be between 78 mL and 80. niL. Therefore a reported
answer of 79 niL (with a range of±l) is reasonable.

After studying about measurement and significant figures, you should be able to answer the following
questions:

1. Why do we care about significant figures? What is the point of determining which figures are
significant? That is, what is the practical application?

2. Why is it that there is always one uncertain digit? Why can’t we just measure more accurately?
Why is there just one uncertain digit in the reported answer?

3. Make sense of the rules for which zeros are significant. Be able to explain them (not just recite) to
a classmate or instructor. (One way to understand these is to relate the concept of significant
figures to scientific notation).

Dimensional Analysis
When multiplying numbers in dimensional analysis, we are really just multiplying fractions.
Remember, when multiplying fractions, multiply all of the numbers in the numerator first, followed by
multiplying all of the numbers in the denominator. The last step is to divide the numerator product by
the denominator product.

For example, to find the product of and we can write the expression in one of two ways:

1 2 (1V2
—X— or I — II —

3 5 ‘3A5
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Now we can evaluate the expression by canceling out units.

(iogr(.uøgraiifl meter ‘( jisef “(jeri’ meter
second J ieoii J jiagam) ogiam,J et) second
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We then solve the problem using the following method

133
3)5) (3x5) 15

Whenever we see the same number in both the numerator and denominator, they cancel out (to equal 1)

= != 0.20
ç3}5) 5

If the number we are analyzing is a whole number, remember That this really means that the number is
over 1 (whole number in the numerator, 1 in the denominator) For example, the number 4 really means
4 “th
T
When multiplying units, use the same principle that you use for multiplying fractions If one unit is in
the numerator, and the identical unit is in. the denom nator, they cancel each other out (and ultimately
equal 1) Any remaining units are evaluated for the answer

meter meter -: .ii 1= —meter
1-. 1

. .

You can also multiply several units together at once using the same pnnciple as for fractions

_______

jiiei6 fl(’inegameter”’megameter .
l second ,) jne1 )I 1emë) second

It is very important to note that -if a unit appears once in the numerator butmore than once in the.
denominator, we can-. cancel out only one of the unit expressions in the denominator. Think of this
concept internis of fractions. If there were the number 4 in the numerator and two 4’s in the .. -

denominator of different fractiàns, we would cancel out only one of the 4’s on the bottom, not both...

(Y!Y! = (3x1) =
__ =oi : .

. ..: .• -..

L5AAA4) (5x4) 20 .
. f .

‘ .

Let’s look at an example with units Consider multiplying the following units

(kilogram-”12( meter ‘12 (second”1 . . . .. : .-.

i second ) L kilogram) 1\ meter)

The squared factor is equivalent to multiplying the fraction by itself: .. .

(kilogram “1(kiiogram ‘i( meter “1( meter “1(second”1 =
L... second )- second )1 kilogram)kiiogram-). meter) ..
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A Warning about Dimensional Analysis

Dimensional analysis is a double-edged sword. It is extremely useful and quite dangerous. It is
dangerous because it can allow you to solve problems you do not understand. For example, consider the
following problem:

There are 2 igals in 1 odonku, and 6 odonkus in 4 falgers. If you have 3 igals, how many falgers is
this?

We can solve this simply using dimensional analysis:

(i odonku’ ( 4 falgers ‘

3 igals x j x I = 1 falger
2igals ) .6odonkus}

Therefore, the answer is 1 falger. The questions to ask are “What is an igal? ,“ “What is an odonku?,”
“What is a falger? ,“ “What is the point of this problem?”. Even though you can solve this problem, it is
absolutely meaningless. And this is something you want to avoid in a chemistry course—solving
problems without understanding them. Even ifyou can do this on some occasions, many of the
problems in chemistry require an understanding ofunderlying principles, and it is good practice to start
understanding early on. Dimensional analysis is a good tool for unit conversion, but you should never
use it to try to replace understanding a problem.

LEARNING REVIEW
1. To express each ofthe following numbers in scientific notation, would you move the decimal

point to the right or1o the left? Would the power of 10 be positive or would it be negative (have a
minus sign)?

a. 0.001362

b. 146,218

c. 342.016

d. 0.986

e. 18.8

2. Complete the table below, and convert the numbers to scientific notation.

Coefficient Exponent

a. 0.00602 6.02 x

__________

60,000 6.VV

_________

c. 49

__________

X 10
d. 1.002 1.002 x

3. Convert the numbers below to scientific notation.

a. 1,999,945

b. 650,700

c. 0.1109

d. 545

e. 0.0068

f. 0.042001
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Chapter 2: Measurements and Calculations

g. ii
‘ ‘‘“

h. 13.921 •. .

4. ‘ To express the folidwhig numbers in decimal notation, would you move the.decimal point ‘to the.
right or to the left? How many places?

a. 1.02x10: . ..‘ : .:

b. 4.lx10

c. 5x105 ,. . ‘ . “ .

d. 4.31 x 102
. . .

‘

e. 9.31 x 10-2

5. Convert the numbers below to decimal : :. ••. . . ‘

a 491x10’°

b. 5.42x10’ ,.

.,.. ... ‘. .., ... . ‘..,,

c 207x10

d.• 1.009;x i- . - .., . ‘

e 92x10’

f 4395x

g.. 7.03 x 10_2 . ...
. -; •1’ ‘ . . ‘

HOw can you convert —1235.1 to scientific notation? .

Which quantity in each pair is larger? .

a. 1meterori i
• b. 10 seconds or 1 microsecond . . ..

,—c. entimter-ur imillimeter

d. 1 kilogram or 1 decigram . . .

8. . Which quantity in each pair. is larger? . .

a. 1 mile or 1 kilometer .

b. 1 liter or 1 cubic meter
. ‘

c. 1 kilogramorl pound . . .

d. 1 quart or 1 milliliter

e. 1 micrometer or 12 inches ,

.

9. What metric or SI unit would you be likely to use in place of the English units given below?

a. Bathrobm scales commonly provide weight in pounds. . .

b. A convenient way to purchase small quantities of milk is by the quart.

c. A cheesecake recipe calls for 1 teaspoon of vanilla extract.

d. . Carpeting is usually priced by the square yard.

e. “An ounce ofprevention is worth a pound of cure.”
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11’. How many significant figures are in each of the following numbers?

a. 100

b. 1180.3

c. 0.00198

d. 1.001

e.. 67,342

f. 0.0103

g. 4.i0x10,

12. Express the results of each calculation to the correct number of significant figures.

a. 1.8x2.93
V..

b. 0.002/0.041 :, V

c. 0.0003 1 x 4.030
I:

V

d. 495.0/390 V

e 5024x192

f . 91.32.10x7.7 .

g. 8.003x4.93/61.05 V

13. V Round off the following numbers to the number of significant figures indicated.

Number of
Number Significant Figures

a. 0.5833333 four.

b. 451.0324 three V

V
•V

V

c. 942.359 four
V

V

V

V

V

d. 0.0090060 two *
V

e. 6.8 V one
f. 1346 three V

V

g. 490,000.423 six V
V, V

h. 0.06295 three

10.

11 VV.V

VVVVI
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What number would yixec’ord for each of the following measurements?

•

____

“V

- -.

-.T• V

• -.

V

V

V

: .1

• •V•

d
V

V
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a. lÔ.6m

b. O.98Lx

c. 18.98 óm<

d. O.5ydx

e. 25.6kgx

cm
rn.:
qt
L
in
cm
m
yd

lb
kg

K

— freezing point ofwater

1 . How many degrees are there between the freezing point and the boiling point of water on the
Fahrenheit and oii the Celsius scales?

Calculate the ratio of the number of degrees Fahrenheit to the number of degrees Celsius
between the freezing and boiling points ofwater.

12 Chapter 2: Measurements and calculations

14. For each of the quantitiesbelow, give a conversion factor thatwill cancel the given units and
produce a number that has the desired units. For example:

8.6’gx
1kg =

1ooo

15. Perform the following conversions:

a. 5.43kgtog

b. 65.5 intocm

c. O.62Ltofi3

d. 111.3gtolb

e. O.OqttoL

f. 2.83gtolb

g. O.2lcmtoin

16. Fill in the important reference temperature on each of the temperature scales.

boiling point ofwater

OF
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Chapter 2: MeaSurements and CalculaUons 13.

b. -a te the ratio of the 11 o degrees Celsius to the number of degrees Kelvin

between the boiling points of water.

c. CaIc Ve
ratio of the number o ees Fahrenheit to the number of degrees Kelvin

etween the freezing and boiling points of water. V

18. Comfortable room temperature for houses is 75 °F. What is this on the Celsius scale?

19. V Ethyl alcohol boils at 78.0 °C. Whatis this on the Fahrenheit scale?

20. In some parts of the Midwest, temperatures may drop as low as —22 °F in winter. What is this on

the Kelvin scale?
V V

21. Perform the temperature conversionsbelow.

a. l800FtooC
V

V

b. 10.8 °C to K
V

V

c. 244Kto°C V

V

d. 25.1°Fto°C

22. Fill in the missing quantities in the table below.

Substance Density (g/mL) Mass Volume

seawater 1.025 52.6 g

__________

V diamond

_________

2.13 g 0.65 mL
V

beeswax 0.96 V 125.5 g

__________

oak wood
V 4.63 g VV6I733 uL

ANSWERS TO LEARNING REVIEW V

V

1. V To convert to scientiflô
notation for numbers that are gJeater than zero but less than one, move the

decimal point to the right. VFor numbers that are greater than one, move the decimal point to the
left. Make sure your final answer has only one number to the left of the decimal point.

a. right 03362 power of ten: negative V

b. left 1) power of ten: positive

c. left 342.O16
power of ten: positive V

V

d. right 086 power of ten: negative
V

e. left 18 power of ten: positive

2. V
Remember that numbers written in scientific notation are divided into two parts. The coefficient

on the left is a small number between one and ten, and the exponent on the right is ten raised to
some power. V

V

V

Coefficient Exponent
V

- V

a. 0.00602 6.02 x i0
V

V

V
b. 60,000 6 x’ io
c. 49 4.9 x 101

d. 1.002 1.002 x 100
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14 Chapter 2: Measurements and Calculations

3. The answer for g, 1.2 x 100, means that we do not needto move the decimalpoint of the
coefficient. 1.2 x 100 is the same as writing 1.2. .

a. 1.999945 x 1O

b. 6.507 x .

c. 1.109 x

d. 5.45 x 102

e. .6.8x10

f. 4.2001 x 10_2.

g. 1.2x10°

.h. 1.3921x10’

4. When converting from scientific notation to decimal, look first at the exponent. If the exponent is
positive (has no negative sign), move the decimal point to the right. If the exponent is negative,
move the decimal point to the left.

a.. right 1020

b. left 0.0000041

c. right 500,000

d. right 431

e. left 0.093 1

5. A large number such as 49,100,000,000 has only three significant flgures. The trailing.zeros are
not significant because there is no decimal point at the end.

a. 49,100,000,000

b. 0.00000542

c. 2070

d. 0.0001009

e. 92 .

f.439,500 .

g. 0.0703

6. This number is different from others we have seen. It is smaller than one and also smaller than
zero. You can convert these numbers to scientific notation in much the same way as you convert
numbers that are greater than otie. First move the decimal point to the left as you normally would.

—1235.1
LI

Then count the number of times the decimal point was moved, and add the correct exponent

1.2351 x io

Just keep the minus sign in front of the entire number.

[ —1.2351 x

CopyrIght © Houghton Muffin Company. All rIghts reserved.
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Chapter 2: Measurements and: Calculations 15

The minus sign goes in front of 1.235 because this number is less than zero. The exponent is
negative only for numbers that are between zero and one.

7. To work this problem you need to have learned the SI prefixes and how they modify the size of

the base unit.

a. A meter is larger than a millimeter.

b. 10 seconds is larger than 1 microsecond. -

—-c. 1 Mm is larger than 1 cm.

d. 1 kilogram is larger than i ecigram.

8. Thisproblem asks about the relationship between English units and SI units. You need to know

therelative sizes of English and SI units.

a. 1 mile is larger than 1 kilometer.

b. 1 cubic meter is larger than 1 liter.

c 1 kilogram is larger than 1 pound

d. 1 quart is larger than 1 milliliter

e 12 mches is larger than 1 micrometer

9

a. kilograms

b. liter

c. miffiliter

d. square meter (m2)

e. “A gram of prevention is worth a kilogram of cure.”

10. -

a. This measuring device is a beaker. Eachdivision represents 50 mL. The. volume of liquid in
the beaker is somewhere between 100 mL and 150 mL. We estimate that the volume is 120

mL.

b. . This measuring device is a graduated cylinder. The numbers tell us that each major
graduation is 5 mL, so each of the smaller lines must be 1 mL. We can accurately measure
the volume to the•iiearest 1 mL. The volume in this cylinderisbetween 43 and 44 inL We
estimate the volume to be 43.5 mL.

c. The length of the arrow lies between 1 cm and 2 cm. We estimate that the arrow lies 0.9 of
the way between the two marks. So the reported measurement would be 1.9 cm.

d. This graduated cylinder has major divisions of 1 mL The smaller marks represent 0.2 mL..

The liquid lies between 3.6 and 3.8 mL. We estimate that thevolume is about a quarter
(0.05) of the way between the two marks, so the volume would be reported as 3.65 mL.

11. Remember that all nonzero numbers count as significant figures, and zeros in the middle of a

number are always significant. Zeros to the right of some nonzero numbers are significant only if

they are followed by a decimal point.

a. 1

b. 5
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16 Chapter 2:.Measurem.nts and Calculations

- c. 3 ,.: ., .:
. •. . .

•‘.••:

e. 5:

f3 . ... ,. . . .

g. 3 . . . .

12. Forproblems involving multiplication and division, your answer shottid have the same number of
decimal points asthe measurement with the least number of significant figures. For problems.
involving addition and subtraction, your answer should have the same number of sigtdflcant: -

figures as the measurement with the least number of digits to the right of the decimal point.

a. 5.3’ .

b. 0.05 . . - .

c. 0.0012’ . .. ..

., .. .

. : ,. . :

d. 1.3 ........ ,. . . . . .. . . ... ., ....

e. 96,00 • : . . . . .

f. 1500 :- . . .,

g.. 0.646....:. .- .. . . . .

13. . You can answer problems such as l3.g by putting the decimal point at the end to show that all six
digitS are significant or use scientific notation with a coefficient that contains six digits.

a. 0.5833 ‘. .

:..

b. . 451,.: : •.. .. . :.,

c. 942,4 . :! .:: . .. -:
d. 0.0090 . .., . . .

e... 7:. ,. ..,..

.f. 1350 . . . ....,

g.
490,000. Or 4.90000 x i0 . . . . . .

h. 0.0630 .: . ,. .. . ..,

14. To answer this ston you need to know the common equivalencies and how to. write them as a’
uitfactor. . ,.. .. . ,., .. . . . .•

100cm :‘a. 10.6mx . . .

im . . . . . .

b. 0.98 L x
1.06 qt . . . .

1L - .

unc.. 18.98emx . . .

2.54cm .. . •. . . . .

im
d. 0.5ydx

l.094yd
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e 256kgx!O°
1Kg

15

a 543 kg x
1000 g 5430 g

1 kg

254cm
b. 65.5 in x 166 cm .

..
.

•...
.

urn

1ft3
c 062Lx —=0022ft

2832 L

ci. llI3gx lib
=0245411,

453.6g. .... . . .. ..

. .: . - :•.

e 400 qt x = 34 L

f 2 83 g x
—-__ =6 24 x I o- lb
453 6 g

g O2lcmx
urn0083

254cm

— 212 —100 —373 boiling po ofwater

32 0 273 fleezang point of watet

Oc:. K.

16

17. There are 180 degrees between the freezing and boiling points ofwater on the Fahrenheit sca1e

and 100 degrees on the Celsius scale. . .
. .

°F. 180. ,,. . . .

a.
. —---—=l.80. . .

. V

°c 100 . .
. .

. V.

1,. . V..

V..

K 100 .
.

.
V..

°F 180 V.

.

.

c. ——-——=1.80
K 100 .

. .. . .

.. .V
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20.

18. We want to convert from degrees Fahrenheit to degrees Celsius.

ToF=75

We can use the formula below to calculate degrees Celsius.

—3275—32 .

Toc_
1.80 — 1.80

Tc=24

75 degrees Fahrenheit is equivalent to 24 degrees Celsius.

19. We want to convert from degrees Celsius to degrees Fahrenheit.

T=78.0 ‘.

We can use the formula below to calculate degrees Fahrenheit.
. :.:

TOF=l.80(T.c)+32 .

T.=1.80(78.0)+32

ToF=172

78.0 degrees Celsius is equivalent to 172 degrees Fahrenheit.

We want to convert from degrees Fahrenheit to Kelvin.

T=—22

We do not have a formula to directly convert degrees Fahrenheit to Kelvins, but we can convert
from degrees Fahrenheit to degrees Celsius, then from degrees Celsius to Kelvins.

Convert TOF to Toc first.

_F32Toc —

_________

.

1.80

—2232
1.80

Toc 30.

Now, calculate Kelvins.

TT.’c±273

T,30.±273.

TK= 243 .

21.

a. T 180 .

—
— 32

—

________

1.80

180 — 32
Toc =

______

1.80

Toc 82
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b. —10.8

• 273

T=—10.8+273

T= 262

Chapter 2: Measurements and Calculations 19

c. TK=244

TK= 273

Rearrange this equation to isolate Toc.

Toc=TK— 273.

Toc=244—273

Toc=—29

d T=25.1

—

—

— 32
Toc —

________

l.80

• 25.1-32
Toc

1.80

Toc3.8

22.

Substance Density

seawater 1.025 WmL
diamond 3.3 g/mL
beeswax 0.96 g/mL
oak wood 0.750 g/mL

Mass VOlume

52.6g
V

51.3mL
2.13g, 0.65mL
125.5g l3OmL
4.63g 6173.3mL
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