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" Table 1.3.1 The Fundamental S/ Units

metre m length :

kilogram kg mass

second s time

ampere A electric <
current

kelvin K temperature

candela cd luminous

- intensity

mole mol amount of .

substance .

The Sl system (International System of Units) is the modern metric system of measurement and
the dominant system of international commerce and trade. The abbreviation 5 comes from the
French, Systéme international d'unités. The Sl system was developed in 1960 and is maintained by
the International Bureau of Weights and Measures (BIPM) in France. It is a non-static system devised
around the seven base units listed below. Its non-static nature means Sl units may be created and
definitions may be modified through international agreement as measurement technology progresses
and the precision of measuring devices improves. The Sl system is the primary system of measurement
in all but a small number of countries. The seven fundamental Sl units are given in Table 1.3.1.

The following are some important Sl rules or conventions:

Unit symbols are always lower case letters unless the unit is named after a person. The
one exception to this rule is L for litres. The full names of units are always written in
lower case with the exception of degrees Celsius.

Unit symbols should never be pluralized.

Symbols should only be followed by a period at the end of a sentence.

In general, the term mass replaces the term weight.

The symbol cc should not besused in place of mL or cm’.

For values less than 1, use a 0 in front of the decimal point

(e.g., 0.54 g not .54 g).

A space rather than a comma should separate sets of three digits to the left and right
of a decimal point. This practice is optional where there are only four digits involved.
Use decimal fractions rather than common fractions (0.25 rather than %).
Abbreviations such as sec, cc, or mps are avoided and only standard unit symbols
such as s for second, cm? for cubic centimeter, and m/s for metre per second should
be used.

There is a space between the numerical value and unit symbol (4.6 g).

Use the unit symbol in preference to words for units attached to numbers

(e.g., 5.0 g/mol rather than 5.0 grams/mole). Note that 5.0 grams per mole is incorrect
but five grams per mole is correct.

A specific temperature and a temperature change both have units of degrees

Celsius (°C).
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Quick Check

Locate the S| error

{s)in each of the following statements and correct them..

&
[

i
i
4
i

1. Ral_ph' b_loug.ht é_kii'ps of 'pot__atq salad.

2. The t'hi'c‘kness_. of the oxide i:_:')a:tini_:i on the metal was 1/2 em.

I T

3. The wéigﬁt of 1 Ml of water is é;:'actly 1 gms at4’c.

) F

4. My teacher bought 9.0 litres of gasoline for her 883 c.C. motorcycle.

5. Rama's temperature increased by .9 C*.

dﬁ ; Measured values like those listed in the Warm Up at the beginning of this section are determined
Accuracy and using a variety of different measuring devices, SOme of which were included in section 1.1,
all sorts of different quantities. The collection pictured

Precision — The There are devices designed to measure
Quality of in Figure 1.3.1 measures temperature, length, and volume. In addition, there are a variety of precisions )
Measurements (exactnesses) associated with different devices. The micrometer (also called a caliper) is more precise

than the ruler while the burette and pipette are more precise than the graduated cylinder.
Despite the fact that some measuring devices are

more precise than others, it is impossible to design a
measuring device that gives perfectly exact measurements. #
All measuring devices have some degree of uncertainty
associated with them.

The 1-kg mass keptina helium-filled bell jar at the
BIPM in Sévres, France, is the only exact mass on the planet
(Figure 1.3.2). All other masses are measured relative to this-
and therefore have some degree of associated uncertainty. _:‘:'

Figure 1.3.1 Aselection of measuring devices with differing levels of precision

Accuracy refers to the agreement of a particular value with the
true value. :

Accurate measurements depend on careful design and
calibration to ensure a measuring device is in proper working order.
The term precision can actually have two different meanings.

Figure 1.3.2 This kilogram mass was made in the 1880s and:
accepted as the international prototype of the kilogram in 18
(© BIPM — Reproduced with permission)
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Quick Check

Four groups of Earth Science students use their global positioning systems (GPﬁ_) to do some geocaching. The diagrams below. %

show the students'results relative to where the actual caches were located.

|- GPS readings

]

RN T e

5
Assumed
true point

1, Comment on the precision of the students in each of the groups, (In this case, we are using the ‘reproducibility” definition

of precision.)

"
wen
sssan
wen

.

: .
s 8 @%b —

.

-

.

e

24 What about the accuracy of each group? 2

3, Which groups were nﬁaking systerhati; errors?

Which groups made errors that were more random

L
IS

Uncertainty

Figure 1.3.2 Ameniscusina
graduated cylinder

Every measurement has some degree of uncertainty associated with it. The uncertainty of a measurir_
device depends on its precision. The most precise measuring devices have the smallest uncertainties. |
The most common way to report the uncertainty of a measuring device is as a range uncertainty.

' The range uncertainty is an ai_tcéptab;eﬁff_a_rige of values within which the true value ofa

meastrement falls. This is commonly presented using the plus or minus notation (shown as +

An acceptable range uncertainty is usually considered plus or minus one-tenth to one-halfthe
smallest division marked on a measuring scale. For the graduated cylinder in Figure 1.3.2, the smallest!
division marked on its scale is 1 mL. One-half of this division is 0.5 mL. Therefore, reading the volum
from the bottom of the meniscus would give a value of 56.3 mL +/- 0.5 mL. Because it is possible to g

one-tenth of the smallest division on the scale as a range, the volume could also be reported]
symbol. This is the §

down to
as 56.3 mL +/- 0.1 mL. Notice that the unit is given twice, before and after the +/-

correct Sl convention.

When two uncertain values with range uncertainties are added or subtracted, their
uncertainties must be added.
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:
‘-ei
or

2.46q.

it is the a__E'Js'bllu'te_Iu_nlcerfe__:intg"_of_tﬁé':penny'iméss?_ i iR

- 2. Subtract the following values:

198 mL +/- 0.2mL

‘ar'g:ner.-'E'xplaih to your partner why the answer to question 1 makes sense. Have your

rtainty refers to exactly how much higher or lower a measured v._a_'lue is ItHan 8

In such a case, an accepted value is the value considered to be the best measurement available,
Constants such as the speed of light or the boiling point of water at sea level are accepted values. For
absolute uncertainties, a sign should be applied to indicate whether the measured value is above or
below the accepted value.

Another common way to indicate an error of measurement is as a percentage of what the value
should be,

" (measured value — accepted value)

'- _pa_._r tentage s ~accepted value X100

Canadian be_nnyand ﬁ'h_ds_ t‘hé_'_niass is 2,570, Data from the Cénédléh:M[nt Indicates a penny from that year:
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W

When determining the correct value indicated by a measuring device, you should always record all of g

signiﬁcant Figure”g the significant figures (sometimes called “sig figs"). {

The number of significant figuresin a rriéasuremeht includes all ’ﬁ_fﬁé_tér’tain figures plus

the first uncertain (estimated) figure.

P R e

650 Say the scale on a measuring device reads as shown in Figure 1.3.3. (Note that scaffe may refer to
the numerical increments on any measuring device.) The measured value has three certain figures (1,5,
and 6) and one uncertain figure (5 or is it 4 or 62). Hence the measurement has four significant figures.

The following rules can be applied to determine how many figures are significant in any .:

1509 1559 1609
measurement.

Figure 1.3.3 Scaleona

measuring device ; _ :
Counting Significant Figures in a Measured Value
1. All non-zero digits are significant. : :
2. All zeros between non-zero digits are significant. Su

~ captivezeros, B R e o e
3, Leadingzeros (zeros to the left of a non-zero digit) are never signlﬁca__nt 24 ;
4. Trailing zeros (zeros to the right of a non-zero digit) are only significant if there is a decim

" inthe number. ' et

ch zeros may be called saﬁdw:‘_c_hed:dr s

Another way to determine the number of significant figures in a measured value
is to simply express the number in scientific notation and count the digits. This method
nicely eliminates the non-significant leading zeros. However, it is only successful if you
recognize when to include the trailing (right side) zeros. Remember that trailing zeros are
only significant if there is a decimal in the number. If the trailing zeros are significant, they
need to be included when the number is written in scientific notation.

Sample Problems — Counting Significant Figures in a Measured Value
Determine the number of significant figures in each example.

1. 0092049
2. 87.050L

What to Think about How to Do It

Question 1

1. To begin with, apply rule 3: leading zeros are never
significant. Note that the position of the zero relative to the
decimal is irrelevant. These are sometimes referred to as
place holding zeros.
The underlined leading zeros are not significant.

0.09204 9

2. Apply rule 1 next: all non-zero digits are significant. The

ppy’ue r.1e'x a n'n.e igits are signific 0.09204 0
underlined digits are significant. sl
3. Finally, apply rule 2: the captive zero is significant. The 0.09204 0

underlined zero is candwiched between two non-zero
digits so it is significant.

4, Acheckof the number in scientific notation,
9.204 x 10-2 g, also shows four significant figures.

0.09204 ¢ has wr slonificant flgures. -
A 9 o 9
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shlems — Continued

L7050 L

tﬁé‘ captive zero is significant. 27050 L

mber does contain a decimal, the underlined 87050 L

' k: 8.7050 x 10" L has five sig figs (note that the right- £7.050 L has fuve significant figures.

&ﬁte Problems — Counting Significant Figures in a Measured Value

Jow many significant figures are in each of the following measured values?
(@) 425mL (d) 1.50x 10*L

“(b) 590.50g (e) 3400 m
(¢) 0.00750's

Round the following measurements to the stated number of significant figures.
- (a) 30,545 (35ig figs) (c) 4.49 m (2 sig figs)
(b) 0.2895 g (3 sig figs) (d) 100.4°C (2 sig figs)

Significant Figures and Arithmetic — Multiplication and Division

The answer to a multiplication or division problem should have only as many figures as the number
having the least significant digits in the proBlem.
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Sample Problems — Significant Figures in Multiplication and Division Calculations
Give the answer to each of the following problems with the correct number of significant figures:

1. 82m x 947 m =
2. 12970.0g + 5308 mL =

What to Think about How to Do It
Question 1 _ 2
1. Begin by applying rules 1 to 4to determine the 8.2 m X 9A4Fwm = FFe5%
number of significant figures contained in each 2 slo figs) (= sig figs)
number in the problem.

2. Express the answer should be expressed to two Fre54 rounds to 7€ m>
significant figures.

Question 2
1. The second example involves more difficult  # 1

numbers. Apply rules 1to 4to quickly determine
the number of sig figs in each value.

2 970.0 g + 530.8 mL = 24.434815... g/wml
(6 sig figs) (4 sig figs)

pel
2. Express the answer to four significant figures. 24.434215... rounds to 2443 g/mb

Quick Check . _ _ G >
Give the ah_sw_gr-.tp each of the _f\p_thﬁy_igg'pro_blem_s_ with the appropriate unit and the ;brréct number of significant figures:

1. 074m X 1400m =

2 940_9'_-.+_._0.8_50_ml.'_; it

50054 g x10s =ai i o

Significant Figures and Arithmetic - Addition and Subtraction

The answer to an addition or subtraction problem should have only as many figures as the Ieastprec{'
(least exact) number in the problem. The number of significant figures in the answer is determined i
by considering the place value of the last significant figure in each number in the problem. (If both
measurements include numbers to the right of a decimal, this means you simply round to the smallest

number of decimal places.)
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s — Significant Figures in Addition and Subtraction Calculations

ch of the following problems with the correct number of significant figures:

o determine the place value of the last significant

each number.
12 contains non-zero digits only, so the last

0 an ths place.
1.3 is the last significant figure and occupies the

The problem involves adding and subtracting. Determine
the place value of the last significant figure in each
number.

- The last significant figure in 25 510 is the 1. It is in the tens
place. The 7 is the last significant figure in 7000. Itis in the
thousands place.

Thousands are far less exact than tens so round the final
answer to the thousands place resulting in an answer with
two significant figures,

Notice that the decimal place simplification does not apply

recise B in this example,

How to Do It

246.812
=+ 1.2
248112 cm

248.112 rounds to 24 8.1 e

25 510
- F000
18 510 Rw

18 510 R rounds to = 19 000 kim.

d
1 i
llest
% Practice Problems— Significant Figures in Addition and Subtraction Calculations
-: Give the answer to each of the following problems with the correct number of significant figures:
1. 16407 mL+5.70 mL =
“ ] 2. 0329+ 0009g=
3. 750m + 8.001m=
b ¢
014 © Edvantage Interactive 2014 Chapter 1 Skills and Processes of Chemistry 39



Significant Figures — Summary

. When there are a series of arithmetic functions to be performed with measu
remember to apply the correct order of operations.
Use the proper rules for determining the number of significant figures in each step.
Remember that significant figures apply to measured values only.
They do not apply to counted values or values that are defined.

rements, always

QuickCheck S ‘

Ans"i'_\."er' each qf thg follo'wiﬁg with the correct mfmber of significant figures. ; ‘ :

00 _:%.2.100%'=___212§;g X 100% = |

2. 8040Bg+(@244ml + 428ml) = ' _ 9 =y
Eh (3:202m x 480 m) /(264 min - 17.3 min) = | i - [=l¢ E i
4, 70 x.'lOz.s + 6'0?{?)(_10_5. ; fis A E
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jvity: Connecting Significant Figures with Uncertainty

.uhceriainty in an area calculation?

st-It* note. She was instructed to use a low-precision

ed the task of determining the area of a small Po
table to use between one-tenth and one-half the smallest

rements of centimetres. Knowing it is accep
e student decided on a range uncertainty of +/- 0.2 cm.

as assign
er, marked in incl
on the ruler, th

cedure

Célculate the smallest possible area of the post-It” (keep all digits).

alculate the largest possible area of the Post-1t” (again, keep all digits).

. Determine the area as the average of the values calculated in one and two (keep all figures in your calculation).

| Results and Discussion
1. Determine an uncertainty that will include the smallest and largest possible areas (note that uncertainty may be expressed in

one place value only).

»

2. The uncertain place will determine what place your area should be rounded to. Now express the area of the Post-It™ including

the range uncertainty.

3. How does the number of significant figures in your answer compare with what you would have expected based on what

you've learned about calculating with significant figures in this section?
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1.3 Review Questions

1. Determine the errors and correct them according to the Sl
system:

(a) The package contained 750 Gm of linguini.
(b) The car accelerated to 90 km per hour in 10 sec.
(c) The recipe called for 1 ML of vanilla and 250 cc of milk.

(d) Jordan put 250 gms of mushrooms on his 12 inch pizza.

2. Azinc slug comes from a science supply company with a
stated mass of 5.000 g. A student weighs the slug three
times, collecting the following values: 4.891 g,4.901 g, and
4.890 g. Are the student’s values accurate? Are they precise
(consider both meanings)?

3. Astudent doing experimental work finds the density of a
liquid to be 0.1679 g/cm?. The known density of the liquid
is 0.1733 g/cm3. What is the absolute error of the student’s
work? What is the percent error?

4. Two students weigh the same object with a known mass of
0.68 g. One student obtains a mass of
0.72 g, while the other gets a mass of 0.64 g. How
do their percent errors compare? How do their absolute
errors compare?

5. In an experiment to determine the density of a liquid, a
maximum error of 5.00% is permitted. If the true density
is 1.44 g/cm? what are the maximum and minimum
values within which a student’s answer may fall into the
acceptable range?

10. Determine the number of significant figures i

What is the mass, including uncertainty, arrived at
as the result of summing 45.04 g +/-0.03 g, and 39.049
+/-0.02g?

What is the smallest number that could result‘from
subtracting 22 m +/- 2 m from 38 m +/-3m?

The dimensions of a rectangle are measured to be 19.9
cm +/= 0.1 cm and 2.4 +/- 0.1 cm. What is the area of the
rectangle, including the range uncertainty?

Read each of the following devices, including a reasonable k|
range uncertainty: '

__‘;'I]L'

i

15

—meniscus

(a)

following measurements:
(a) 0.1407 m

(b) 21.05mg

(c) 570.00 km

(d) 0.0030cm

(e) 250m

(f) 10035.00 cm?

(g) 28009

(h) 5000°C

() 11x102kPa

(j) 5.35x10"2m/h
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ng in proper form scientific notation.
s correct number of significant figures in

the following operations and give the answers
sct number of significant figures. Pay close

 to the units.
mx 12.2cmx9.3¢m

mx160mx7.0m

"Achunk of nickel has a mass of 9.0 g and a volume of 1.01
mL. What is its density?

The density of copper is 8.9 g/mL. What is the mass of a
- 10.8 mL piece of copper?

15. Carry out the following operations and give the answer
with the correct number of significant figures.
(a)608g + 7g + 0.05¢g

.
e
o
i
!
i

(b) 48133 mL - 37.1 mL
Ve " - ?
! (c)6620s + 3575 + 1.00s
(d) 0.007m + 0.100m + 0.020m
~

16. Determine the answer with the correct number of
significant figures:
1415g 02409 40304 g
T6mL To3timL t02113mL

17. Determine the answer to each the following with the
correct number of significant figures:

849 +30g + 41759
(@) 3

9.00 x 10°23 units x 2.9900 x 1072 units
2.9 x 1077 units

(b)

(59x102u + 7.80x 107" u)
(4% 10'2u + 6.700x 10" u)

(c)

18. The label on a bottle of mood-elevating medication states
that each tablet contains 25.0 mg of imipramine. A test
conducted by the bureau of standards shows a tablet to
contain 28.0 mg. Legally, drug companies are allowed to be
within plus or minus 5% of their labelled quantities.

(a) Give the percentage uncertainty for the imipramine
tablets:

(b) Is the drug company within the legally allowed limits
for their tablets?
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