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ALGARISMOS 
SIGNIFICATIVOS 

Notação científica 

197 g de ouro contêm 
 
602.000.000.000.000.000.000.000 átomos de Au 

6,02 x 1023 átomos de Au 
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4.300.000 
 
0,000123 
 
4.617.568 
 
0,342 
 
 
 
*calculadora científica 

Algarismos Significativos 

Significant Figures

There are two kinds of numbers. Numbers obtained by counting or from definitions are exact
numbers. They are known to be absolutely accurate. For example, the exact number of
people in a closed room can be counted, and there is no doubt about the number of peo-
ple. A dozen eggs is defined as exactly 12 eggs, no more, no fewer (Figure 1-14).

An exact number may be thought of 
as containing an infinite number of
significant figures.

1-8 Use of Numbers 21

Caution: Be sure you remember that the EE or EXP button includes the “times 10”
operation. An error that beginners often make is to enter “ ! 10” explicitly when trying
to enter a number in scientific notation. Suppose you mistakenly enter 3.7 ! 102 as fol-
lows:

(1) enter 3.7
(2) press ! and then enter 10
(3) press EXP or EE and then enter 2

The calculator then shows the result as 3.7 ! 103 or 3700—why? This sequence is
processed by the calculator as follows: Step (1) enters the number 3.7; step (2) multiplies
by 10, to give 37; step (3) multiplies this by 102, to give 37 ! 102 or 3.7 ! 103.

Other common errors include changing the sign of the exponent when the intent was
to change the sign of the entire number (e.g., "3.48 ! 104 entered as 3.48 ! 10"4).

When in doubt, carry out a trial calculation for which you already know the answer.
For instance, multiply 300 by 2 by entering the first value as 3.00 ! 102 and then mul-
tiplying by 2; you know the answer should be 600, and if you get any other answer, you
know you have done something wrong. If you cannot find (or understand) the printed
instructions for your calculator, your instructor or a classmate might be able to help.

Figure 1-14 (a) A dozen eggs is exactly 12 eggs. (b) A specific swarm of honeybees
contains an exact number of live bees (but it would be difficult to count them, and any 
two swarms would be unlikely to contain the same exact number of bees).

(a) (b)
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Numbers obtained from measurements are not exact. Every measurement involves an es-
timate. For example, suppose you are asked to measure the length of this page to the near-
est 0.1 mm. How do you do it? The smallest divisions (calibration lines) on a meter stick
are 1 mm apart (see Figure 1-12). An attempt to measure to 0.1 mm requires estimation.
If three different people measure the length of the page to 0.1 mm, will they get the same
answer? Probably not. We deal with this problem by using significant figures.

Significant figures are digits believed to be correct by the person who makes a mea-
surement. We assume that the person is competent to use the measuring device. Suppose
one measures a distance with a meter stick and reports the distance as 343.5 mm. What
does this number mean? In this person’s judgment, the distance is greater than 343.4 mm
but less than 343.6 mm, and the best estimate is 343.5 mm. The number 343.5 mm con-
tains four significant figures. The last digit, 5, is a best estimate and is therefore doubtful,
but it is considered to be a significant figure. In reporting numbers obtained from 
measurements, we report one estimated digit, and no more. Because the person making the
measurement is not certain that the 5 is correct, it would be meaningless to report the
distance as 343.53 mm.

To see more clearly the part significant figures play in reporting the results of mea-
surements, consider Figure 1-15a. Graduated cylinders are used to measure volumes of
liquids when a high degree of accuracy is not necessary. The calibration lines on a 50-mL
graduated cylinder represent 1-mL increments. Estimation of the volume of liquid in a
50-mL cylinder to within 0.2 mL ( !

1
5

! of one calibration increment) with reasonable cer-
tainty is possible. We might measure a volume of liquid in such a cylinder and report the
volume as 38.6 mL, that is, to three significant figures.

There is some uncertainty in all
measurements.

22 CHAPTER 1: The Foundations of Chemistry

Figure 1-15 Measurement of the volume of water using two types of volumetric glassware.
For consistency, we always read the bottom of the meniscus (the curved surface of the
water). (a) A graduated cylinder is used to measure the amount of liquid contained in the
glassware, so the scale increases from bottom to top. The level in a 50-mL graduated
cylinder can usually be estimated to within 0.2 mL. The level here is 38.6 mL (three
significant figures). (b) We use a buret to measure the amount of liquid delivered from 
the glassware, by taking the difference between an initial and a final volume reading. The
level in a 50-mL buret can be read to within 0.02 mL. The level here is 38.57 mL (four
significant figures).
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Significant figures indicate the
uncertainty in measurements.
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Exatidão versus Precisão 
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Volume

Volumes are often measured in liters or milliliters in the metric system. One liter (1 L)
is one cubic decimeter (1 dm3), or 1000 cubic centimeters (1000 cm3). One milliliter 
(1 mL) is 1 cm3. In medical laboratories, the cubic centimeter (cm3) is often abbreviated
cc. In the SI, the cubic meter is the basic volume unit and the cubic decimeter replaces
the metric unit, liter. Different kinds of glassware are used to measure the volume of liq-
uids. The one we choose depends on the accuracy we desire. For example, the volume of
a liquid dispensed can be measured more accurately with a buret than with a small grad-
uated cylinder (Figure 1-13). Equivalences between common English units and metric
units are summarized in Table 1-7.

Sometimes we must combine two or more units to describe a quantity. For instance,
we might express the speed of a car as 60 mi/h (also mph). Recall that the algebraic 
notation x!1 means 1/x; applying this notation to units, we see that h!1 means 1/h, or
“per hour.” So the unit of speed could also be expressed as mi"h!1.

Figure 1-13 Some laboratory
apparatus used to measure volumes
of liquids: 150-mL beaker (bottom
left, green liquid); 25-mL buret (top
left, red); 1000-mL volumetric flask
(center, yellow); 100-mL graduated
cylinder (right front, blue); and 10-
mL volumetric pipet (right rear,
green).

1-7 Units of Measurement 19

Figure 1-12 The relationship between inches and centimeters: 1 in. # 2.54 cm (exactly).

TABLE 1-7 Conversion Factors Relating Length, Volume, and Mass (weight) Units

Metric English Metric–English Equivalents

Length 1 km # 103 m 1 ft # 12 in. 2.54 cm # 1 in.
1 cm # 10!2 m 1 yd # 3 ft 39.37 in.* # 1 m
1 mm # 10!3 m 1 mile # 5280 ft 1.609 km* # 1 mile
1 nm # 10!9 m
1 Å # 10!10 m

Volume 1 mL # 1 cm3 # 10!3 L 1 gal # 4 qt # 8 pt 1L # 1.057 qt*
1 m3 # 106 cm3 # 103 L 1 qt # 57.75 in.3* 28.32 L # 1 ft3

Mass 1 kg # 103 g 1 lb # 16 oz 453.6 g* # 1 lb
1 mg # 10!3 g 1 g # 0.03527 oz*
1 metric tonne # 103 kg 1 short ton # 2000 lb 1 metric tonne # 1.102 short ton*

*These conversion factors, unlike the others listed, are inexact. They are quoted to four significant figures, which is ordinarily more than sufficient.

Volume contido x volume escoado 



19-03-12	

6	



19-03-12	

7	



19-03-12	

8	

• Fazer a leitura com os valores disponíveis no 
instrumento e, obrigatoriamente, estimar um e só um 
único algarismo. 
 
• Número de algarismos significativos é igual ao 
número de algarismos com certeza mais o estimado. 
 
• O nº de algarismos significativos dá pistas do rigor 
da medida. Quanto maior o número de algarismos 
significativos, maior é o rigor da medida. 

Algarismos significativos nas medidas 

•  Ao se efetuar uma medição, é impossível determinar um 
valor verdadeiro para a grandeza medida. 

•  Instrumento de medição perfeito à fisicamente 
impossível. 

•  Ou seja; toda medida vem acompanhada de erros, 
maiores ou menores, dependendo do instrumento de 
medida. 

Erro absoluto versus erro relativo 
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1.  Zeros entre dígitos diferentes de zero são 
sempre significativos 

1,005 kg 
1,03 cm 

2. Zeros no início de um número nunca são 
significativos, simplesmente indicam a posição da 
vírgula 
0,02 g 
0,0026 cm 
 
*colocar em notação científica 

Algarimos significativos: como determinar 

4. Zeros à direita no final de um número e após a vírgula 
são sempre significativos 
0,0200 g 
3,0 cm 

5. Quando um número termina em zeros mas não 
contém vírgula, os zeros podem ou não ser significativos 
130 cm 
 10.300 g 
*notação científica 

3. Zeros entre números diferentes de zero são sempre 
significativos 
6,03 m 
2001 s 

1,03	x	104	g	
1,030	x	104	g	
1,0300	x	104	g	
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Considere as medidas abaixo e dê o nº de 
algarismos significativos de cada uma: 

a) 15 mL 
b) 1,520 L 
c) 0,0044 mm 
d) 6,0000 cm 
e) 1,00790 km 
f) 1,0 x 103 g 
g) 1000 g 

 
Ao usar medidas de grandeza nos cálculos, observe 
que: 
 
(1) A menor medida exata usada em um cálculo 
limita a certeza dos cálculos de grandeza. 
 
(2) A resposta final para qualquer cálculo deve ser dada 
com apenas um dígito de maior incerteza. 

ALGARISMOS SIGNIFICATIVOS EM CÁLCULOS 
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For example, the quantity 24,300 km could represent three, four, or five significant fig-
ures. We are given insufficient information to answer the question. If both of the zeroes
are used just to place the decimal point, the number should appear as 2.43 ! 104 km (three
significant figures). If only one of the zeroes is used to place the decimal point (i.e., the
number was measured "10), the number is 2.430 ! 104 km (four significant figures). If
the number is actually known to be 24,300 " 1, it should be written as 2.4300 ! 104 km
(five significant figures).

3. Exact numbers can be considered as having an unlimited number of significant
figures. This applies to defined quantities.

For example, in the equivalence 1 yard # 3 feet, the numbers 1 and 3 are exact, and
we do not apply the rules of significant figures to them. The equivalence 1 inch # 2.54
centimeters is an exact one.

A calculated number can never be more precise than the numbers used to calculate it.
The following rules show how to get the number of significant figures in a calculated
number.

4. In addition and subtraction, the last digit retained in the sum or difference is de-
termined by the position of the first doubtful digit.

EXAMPLE 1-1 Significant Figures (Addition and Subtraction)
(a) Add 37.24 mL and 10.3 mL. (b) Subtract 21.2342 g from 27.87 g.

Plan
We first check to see that the quantities to be added or subtracted are expressed in the same
units. We carry out the addition or subtraction. Then we follow Rule 4 for significant figures
to express the answer to the correct number of significant figures.

Solution

(a) 37.24 mL
$10.30 mL

47.54 mL is reported as 47.5 mL (calculator gives 47.54)

(b) 27.8700g
%21.2342g

6.6358g is reported as 6.64 g (calculator gives 6.6358)

5. In multiplication and division, an answer contains no more significant figures
than the least number of significant figures used in the operation.

When we wish to specify that all of
the zeroes in such a number are
significant, we may indicate this by
placing a decimal point after the
number. For instance, 130. grams 
can represent a mass known to three
significant figures, that is, 130 " 1
gram.

24 CHAPTER 1: The Foundations of Chemistry

Doubtful digits are underlined in this
example.
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S

3,12 cm

11
,4

5 
cm

L	=	3,12	±	0,01	cm;	H	=	11,45	±	0,01	cm	
S	=	L	x	H	

Na	calculadora:		
S	=	3,12	x	11,45	=	35,724	
	

área	do	retângulo	

“?”=algarismo estimado      

1 1 4 ?
3 1 ?

? ? ? ?
1 1 4 ?

3 4 2 ?
3 5 ? ? ? ?

,	

,	

,	

MULTIPLICAÇÃO/DIVISÃO 
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Nos cálculos, utilizando medidas, muitas vezes torna-se 
necessário reduzir o nº de algarismos do resultado final; 
para tanto, podemos adotar os seguintes critérios: quando 
o algarismo a ser abandonado for: 
 
1)  maior ou igual a 5, o anterior é incrementado; 

2)  menor que 5, o anterior é mantido. 

Arredondamento 


