
Measurement and Significant Figures (cont’d)

• To count the number of significant figures in a• To count the number of significant figures in a 
measurement, observe the following rules:
– All nonzero digits are significant.All nonzero digits are significant.

– Zeros between significant figures are significant.

– Zeros preceding the first nonzero digit are not 
significant.

– Zeros to the right of the decimal after a nonzero 
digit are significant.digit are significant.

– Zeros at the end of a nondecimal number may or 
may not be significant. (Use scientific notation.)
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Measurement and Significant Figures (cont’d)

• Number of significant figures refers to the• Number of significant figures refers to the 
number of digits reported for the value of a 
measured or calculated quantity, indicating q y g
the precision of the value.
– When multiplying and dividing measured 

quantities give as many significant figures as thequantities, give as many significant figures as the 
least found in the measurements used.

– When adding or subtracting measured quantities, 
give the same number of decimals as the least 
found in the measurements used.
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Example:  

Calculate concentration of solution in g/mL

when 14 0 g of NaCl is dissolved in 102 4 mL of solution:when 14.0 g of NaCl is dissolved in 102.4 mL of solution:

14.0 g /102.4 mL = 0.137 g/mL

only three significant figures
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Measurement and Significant Figures (cont’d)

A t b i b th t i• An exact number is a number that arises 
when you count items or when you define a 
unitunit.
– For example, when you say you have nine coins in 

a bottle, you mean exactly nine.y y

– When you say there are twelve inches in a foot, 
you mean exactly twelve.

– Note that exact numbers have no effect on 
significant figures in a calculation.
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Table 1.2 SI Base Units:
In 1960, the General Conference of Weights and Measures adopted the International 

System of units (or SI), which is a particular choice of metric units.
This system has seven SI base units the SI units from which all others can beThis system has seven SI base units, the SI units from which all others can be 

derived

Q tit U it S b lQuantity Unit Symbol

Length Meter m

Mass Kilogram Kg

Time Second S

Temperature Kelvin K

Amount of substance Mole mol

Electric current Ampere A

Luminous intensity Candela cd
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Table 1.3    SI Prefixes:
The advantage of the metric system is that it is a decimal system.

A larger or smaller unit is indicated by a SI prefix that isA larger or smaller unit is indicated by a SI prefix -- that is,
a prefix used in the International System to indicate a power of 10.

Multiple Prefix SymbolMultiple Prefix Symbol

106 mega M

103 kilo k103 kilo k

10-1 deci D

10-2 centi C10-2 centi C

10-3 milli m

10 6 i10-6 micro µ

10-9 nano n
12
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10-12 pico p
These have to be memorized!!!



Temperature

Th C l i l (f l th C ti d• The Celsius scale (formerly the Centigrade 
scale) is the temperature scale in general 
scientific usescientific use.
– However, the SI base unit of temperature is the 

kelvin (K), a unit based on the absolute ( )
temperature scale.

– The conversion from Celsius to Kelvin is simple 
i th t l i l ff t b 273 15since the two scales are simply offset by 273.15o.

15.273Co +=K
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15.273C +K

Temperature Scales:

• The Fahrenheit scale is at

Temperature Scales:

• The Fahrenheit scale is at 
present the common 
temperature scale in the United 
States.

– The conversion of Fahrenheit 
to Celsius, and vice versa, can 
be accomplished with the 
following formulas:g

32F
C

o
o −= 32C)( 8.1F oo +=

8.1
)(

Example: converting 113 F to Celsius:  C = (113-32)1.8 = 45 C



Derived Units

Th SI it f d i t d• The SI unit for speed is meters per second, or 
m/s.

This is an example of an SI derived unit created– This is an example of an SI derived unit, created 
by combining SI base units.

– Volume is defined as length cubed and has an SI o u e s de ed as e g cubed a d as a S
unit of cubic meters (m3).

– Traditionally, chemists have used the liter (L), 
which is a unit of volume equal to one cubic 
decimeter.

33 cm1mL1anddm1L1
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cm 1 mL1  and dm 1    L 1 ==

Derived Units

The densit of an object is its mass per nit• The density of an object is its mass per unit 
volume, m

d =

where d is the density, m is the mass, and V is the 
(S 1 2 )

V
d =

volume. (See Figure 1.25)

• Generally the unit of mass is the gram.

• The unit of volume is the mL for liquids; cm3 for• The unit of volume is the mL for liquids;  cm3 for 
solids;  and L for gases.
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A Density Example

A l f th i l l (l d lfid )• A sample of the mineral galena (lead sulfide) 
weighs 12.4 g and has a volume of 1.64 cm3.  
What is the density of galena?What is the density of galena?

Density = 
mass

volume
=

12.4 g

1.64 cm3 =  7.5609  = 7.56 g/cm3
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Units: Dimensional Analysis

I f i i l l l ti it i• In performing numerical calculations, it is 
good practice to associate units with each 
quantityquantity.
– The advantage of this approach is that the units 

for the answer will come out of the calculation.

– And, if you make an error in arranging factors in 
the calculation, it will be apparent because the 
fi l it ill bfinal units will be nonsense.
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Units: Dimensional Analysis

Di i l l i ( th f t l b l• Dimensional analysis (or the factor-label 
method) is the method of calculation in which 
one carries along the units for quantitiesone carries along the units for quantities.

– Suppose you simply wish to convert 20 yards to 
feetfeet.

feet 60 
yard1
feet 3

  yards 20 =×

– Note that the units have cancelled properly to give 
the final unit of feet

yard1
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the final unit of feet.

Units: Dimensional Analysis

Th ti (3 f t/1 d) i ll d• The ratio  (3 feet/1 yard) is called a 
conversion factor.

The conversion factor method may be used to– The conversion-factor method may be used to 
convert any unit to another, provided a conversion 
equation exists.

– Relationships between certain U.S. units and 
metric units are given in Table 1.5. 
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Unit Conversion

S di h d b t (b ki d )• Sodium hydrogen carbonate (baking soda) 
reacts with acidic materials such as vinegar 
to release carbon dioxide gas Given anto release carbon dioxide gas.  Given an 
experiment calling for 0.348 kg of sodium 
hydrogen carbonate, express this mass in y g p
milligrams.

x  0.348 kg  x  
103 g

1 kg

103 mg

1 g
=  3.48  x  105 mg
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Table 1.5  Relationships of Some U.S. 
and Metric Unitsand Metric Units

Length Mass Volume

1 in = 2.54 cm 1 lb = 0.4536 kg 1 qt = 0.9464 L

1 yd = 0.9144 m 1 lb = 16 oz 4 qt = 1 gal

1 mi = 1.609 km 1 oz = 28.35 g

1 mi = 5280 ft

Copyright © Houghton Mifflin Company.All rights reserved. Presentation of Lecture Outlines, 1–16



USEFUL ballpark (not exact!) conversion estimates to keep in mind

1 inch ~ 2.5 cm

60 miles ~ 100 km

1 gallon ~ 4 liters
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Unit Conversion

S i h t t 0 547 lb t• Suppose you wish to convert 0.547 lb to 
grams.

From Table 1 5 note that 1 lb = 453 6 g so the– From Table 1.5, note that 1 lb = 453.6 g, so the 
conversion factor from pounds to grams is  453.6 
g/1 lb.  Therefore,

g453.6
g248 

lb1
g 453.6

lb 547.0 =×
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Operational Skills

U i th l f ti f• Using the law of conservation of mass.

• Using significant figures in calculations.

• Converting from one temperature scale to 
another.

• Calculating the density of a substance.

• Converting units.
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