Chemistry:
The Study of Change

Chapter 1



Chemistry is the study of matter and the changes it undergoes
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Matter s anything that occupies space and has mass
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substance is a form of matter that has a definite composition and distinct properties
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liquid nitrogen gold ingots silicon crystals
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examples of matter: examples of substances:
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® Person g=id e Sulfur <y <
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® Airsls e Water sk
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Mixtu '@ is a combination of two or more substances in which the substances retain their

distinct identities
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Homogeneous Mixture composition of the mixture is uniform throughout.
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soft drink, milk, solder - —— ;\b

Heterogeneous Mixture composition is not uniform throughout.
sl Uoa Aiglkie g L plaa s 5 oeilada jard) Ja gldal

cement, iron filings in sand —




Blood »al
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Air &) sell
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Sea water »~l sl

Etc.... &
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Salt and pepper Jaill 5 =Ll
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can be used to separate a into its
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Element is a substance that cannot be separated into simpler substances

by chemical means
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118 elements have been identified, 94 elements occur naturally on Earth
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examples: gold, aluminum, lead, oxygen, carbon, sulfur
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aluminum sulfur

24 elements have been created by scientists
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examples: technetium, americium, seaborgium
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TABLE 1.1

Name

Name

Name

Aluminum
Arsenic
Barium
Bismuth
Bromine
Calcium
Carbon
Chlorine
Chromium
Cobalt
Copper

Fluorine
Gold
Hydrogen
[odine

[ron

Lead
Magnesium
Manganese
Mercury
Nickel
Nitrogen

Oxygen

Phosphorus

Platinum
Potassium
Silicon
Silver
Sodium
Sulfur
Tin
Tungsten
Zin¢




Compound is a substance composed of atoms of two or more elements chemically

united in fixed proportions
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Compounds can only be separated into their pure components (elements) by chemical means
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lithium fluoride quartz dry ice (carbon dioxide)
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Pure
substances

Homogeneous Heterogeneous
mixture mixture

Compounds




NaCl (table salt) is identified as

A] Element
B] Heterogeneous mixture
C] Compound

D] homogeneous mixture




What do scientists call a pure substance that cannot be broken down into other

pure substances?
A] An element

B] An emulsion
C] compound

D] a particle



A sample contains two substances and has uniform properties.

The sample is

A] An element
B] A compound
C] a homogeneous mixture

D] a heterogeneous mixture



A Comparison: The Three States of Matter

definite shape
definite volume
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indefinite shape

definite volume
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indefinite shape
indefinite volume
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Vaporization Condensation
(heat or reduce pressure) (cool or increase pressure)

Melting Freezing
(heat) (cool)
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The process of changing gas to liquid is called

A] Evaporation
B] condensation
C] Sublimation

D] Deposition




does not alter the composition or identity of a substance
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examples: ice melting, sugar dissolving in water

alters the composition or identity of the substance(s) involved
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examples: hydrogen burns in air to form water
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Radioactivity 4 =iy Boiling ¢zl

Explosion sy vaporization Al
Tarnishing JStll Dissolving ksl
Burning or Combustion & AaY! Frosting el
Oxidation 2.sSUll Melting Jlesas!
Rust laal Freezing exill
Erosion 4=l Crushing <
Rot (il Cracking <3l
Decay SOl Cutting aasl

Digesting aa¢l!



Decide whether each of the following processes is primarily a physical or a

chemical change, and explain briefly.

a] forms as the temperature drops on a humid winter night.

b] Dynamite to form a mixture of gases.

c] sugar and water.

d] A silver fork in air.

Does the substance change composition or just change form?



a] physical change

b] chemical change

c] physical change

d] chemical change



Which of the following is a chemical change?

A] Oxidation in air
B] Freezing of water
C] Crushing a can

D] Dissolving sugar



Which of the following is a chemical change?

A] Oxidation of iron in air
B] Mixing water and oil
C] Melting ice

D] Dissolving sugar in water



A change that occurs when one or more substances change into entirely new

substances with different properties?
A] Intensive change

B] Chemical change

C] Physical change

D] Extensive Change



Dissolving sugar in water can be described as

A] Chemical change, heterogeneous mixture
B] Chemical change, homogenous mixture
C] Physical change, heterogeneous mixture

D] Physical change, homogenous mixture




of a material upon how much matter is being

considered

Examples: mass, length, volume, etc . ..
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of a material does upon how much matter

is being considered
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Examples: density, temperature, color, etc. ..
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Mass 4Ll
Length Jshll

Volume axall

Areg dalull

Size axall

Apaslly AU

Melting Point Jleai¥) aa o
Boiling Point olall 4x )a
Density 484l
Temperature 3 _all 4 )
Color o5l
Smell 43l )l

Agasily i Y



Which of the following is an extensive property of matter?

A] Melting point
B] Temperatur
C] Volume

D] Density



Which of the following is intensive property?

A] Density
IR ERS
C] Length

D] Volume



Which of the following is an extensive property of matter?

A] Color
IR ERS
C] Boiling point

D] Density



nternational System of Units

Base Quantity Name of Unit

Length meter
Mass kilogram
Time second
Electrical current ampere
Temperature kelvin
Amount of substance mole

Luminous intensity candela




Derived Quantity Derived S| Unit

Area A meter squared m?
Volume Y% meter cubed m?>
Speed/Velocity Y meter/second m/s
Acceleration a meter/second? m/s?
Force F newton N=kgms™?
Energy E joule J=kgm?s™
Density p (or d) kilogram/meter cubed kg/m?
Work W joule J=kgm?®s?
Pressure P pascal Pa=kgm's™
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NonSl unit from the following is:

A] inch
B] second
C] kilogram

D] meter



The Sl unit for mass is:

A] pound (Ib)
B] kilogram (kg)
C] gram (g)

D] ounce (0z)



Which of the following is an Sl derived unit:

A] cubic meter (m?) for volume

B] gram per liter (g/L) for density
C] gram (g) for mass

D] mile per hour (mi/hr) for speed

E] Kelvin (K) for temperature



Which of the following is not an Sl derived unit?

Al g/cm’
B] kg m/s?
C]l m/s

D] m?



TABLE 1.3

Prefix Symbol Meaning Example

tera- T 1,000,000,000,000, or 10" terameter (Tm) = 1 X 10" m
giga- 1,000,000,000, or 10’

G gigameter (Gm) = 1 X 10" m
mega- M 1,000,000, or 10°

k

d

C

megameter (Mm) = 1 X 10° m
kilo- 1,000, or 10’ kilometer (km) = 1 X 10° m
deci-

centi-

1/100, or 107

milli- m 1/1,000, or 10~

micro- w 1/1,000,000, or 10°°

nano- 1/1,000,000,000, or 10~
pico- 1/1,000,000,000,000, or 107"

centimeter (cm) = 0.01 m
millimeter (mm) = 0.001 m
micrometer (um) = 1 X 107° m

nanometer (nm) = 1 X 107" m

|
|
|
|
1/10, or 10 | decimeter (dm) = 0.1 m
|
|
|
|
|

picometer (pm) = 1 X 107" m




Om Nm Mm | Mm | Cm dm m km | Mm | Gm | Tm

1. Write amount and unit given.
2. Multiply by a fraction with:
A. Given unit on bottom, wanted unit on top.
B. Fill in the numerical relationship between units:
Larger unit: gets 1; Smaller unit: subtract exponents,
Result is exponent for the smaller unit.
Blazall 32 6l) 5 AaS) 44U o8 )
s Sy o pally o8 Y
L) 34 e pall 3an gl caliall 8 slazall 32 )l ]
1@l g s ol (o Alual) 4830l Alaal g Jassl) dey o8 o
(o) z skl s paa¥lsaa gl o) aaedl e Joasd s SV aa )
()0 ol g) e sas U LYY PR EN|



1,000,000,000,000, or 10"
1,000,000,000, or 10’
1,000,000, or 10°

1,000, or 10°

1/10, or 10

Convert 153 grams (g) to nanograms (ng)

1/100, or 107

1/1,000, or 107°

1/1,000,000, or 107°
1/1,000,000,000, or 10~
1/1,000,000,000,000, or 10°"°




1,000,000,000,000, or 10"
1,000,000,000, or 10’
1,000,000, or 10°

1,000, or 10’

1/10, or 107

Express 0.67 picoseconds (ps) in seconds (s)

1/100, or 107

1/1,000, or 107

1/1,000,000, or 10°°
1/1,000,000,000, or 10~
1/1,000,000,000,000, or 10"




The diameter of an atom is 1.5 x 10" mm. What is this

1.000,000.000.000, or 10"

diameter when expressed in nanometers (nm)? 1,000,000,000, or 10’
1,000,000, or 10°

A] 1.5x 10" 1,000, or 10°
1/10, or 107

B] 1.5x 10" : 1/100, or 107

1/1,000, or 107°
C]1.5x10" m 1/1,000,000, or 107°
1/1,000,000,000, or 10~
D] 1.5 x 10™ ; 1/1,000,000,000,000, or 10"




Al 4 x 10
B] 4 x 10
C]4x10°

D] 4 x 10”7

Convert 40 mg into kg?

1,000,000,000,000, or 10"
1,000,000,000, or 10’
1,000,000, or 10°

1,000, or 10°

1/10, or 10

1/100, or 107

1/1,000, or 107°

1/1,000,000, or 107°
1/1,000,000,000, or 10~
1/1.000,000.000,000, or 107"




S| derived unit for volume is cubic meter (m?)
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10cm=1dm

Volume: 1 cm™;
I mL

Volumetric flask
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1,000,000,000,000, or 10"
1,000,000,000, or 10’
1,000,000, or 10°

1,000, or 10’

1/10, or 10~

Convert 11.5 m? to cm?

1/100, or 107

1/1,000, or 107

1/1,000,000, or 10°
1/1,000,000,000, or 10~
1/1,000,000,000,000, or 10"~




1,000,000,000,000, or 10"
The volume of a room is 1.08x10% dm?. 1,000,000,000, or 10’
1,000,000, or 10°

1.000. or 10°
What is the volume in m3? 1/10. or 10~

1/100, or 107

1/1,000, or 107

1/1,000,000, or 10°°
1/1,000,000,000, or 10~
1/1,000,000,000,000, or 107"




1.000.000.000,000. or 10"

How many mm? equal one nm? ? 1,000,000,000, or 10’
1,000,000, or 10°

1.000. or 10°

A] 107° 1/10, or 10"
1/100, or 107

B] 107* 1/1,000, or 107
1/1,000,000, or 10°°

c] 107 1/1,000,000,000, or 10°°

1/1,000,000,000,000, or 10"

D] 107



1,000,000,000,000, or 10"
1,000,000,000, or 10’
1,000,000, or 10°

1,000, or 10°

What is the volume of blood in m*? 1/10, or 10~

An average adult has 5.2 L of blood.

1/100, or 107

1/1,000, or 10°°

1/1,000,000, or 10°
1/1,000,000,000, or 10~
1/1,000,000,000,000, or 10"




minutes seconds

b
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At a certain temperature, if the speed of

sound is 343 m/s, its speed in km/h is:
A] 1.23 x 10°
B] 1.23 x 10°
C] 1.26 x 10*
D] 2.10 x 10*

1,000,000,000,000, or 10"
1,000,000,000, or 10’
1,000,000, or 10°

1,000, or 10°

1/10, or 10

1/100, or 107

1/1,000, or 107°

1/1,000,000, or 107°
1/1,000,000,000, or 10~
1/1,000,000,000,000, or 10°"°




1.000.000.000.000. or 10"
Liquid nitrogen is obtained from liquefied air 1.000.000.000. or 10°

1.000.000. or 10°
1.000, or 10°

in low-temperature research. The density of 1/10, or 10™

and is used to prepare frozen goods

1/100, or 1072
1/1.000, or 10~

the liquid at its boiling point (=196 °C or 77 K) is

0.808 g/cm?>. Convert the density to units of kg/m°. % /1,000,000, or 10°°
1/1,000,000,000, or 10~

1/1.000.000.000.000. or 10"




1,000,000,000,000, or 10"

The density of the lightest metal, lithium (Li), 1,000,000,000, or 10’
1,000,000, or 10°
is 5.34x10° kg/m?>. Convert the density to g/cm”. 1.000. or 10°

1/10, or 10

1/100, or 107

1/1,000, or 107

1/1,000,000, or 107°
1/1,000,000,000, or 10~
1/1.000,000.000,000, or 10"




Density of a substance is its mass per unit volume (the volumetric mass)

(Al AI) s 52y JSI LA o 5] ALK

SI derived unit for density is kg/m?

1g/cm®=1g/mL= 1000 kg/m?

: mass
density =
volume
S Density x Volume
V
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TABLE 1.4

Density
Substance (g/cm?)

Air* 0.001
Ethanol 0.79
Water 1.00
Mercury 13.6
Table salt 22
Iron 7.9
Gold 19.3
Osmium’ 22.6
*Measured at 1 atmosphere.

"Osmium (Os) is the densest element
known.




A piece of platinum metal with a density of 21.5 g/cm? has a volume of 4.49 cm’

What is its mass (in g) ?



Gold is a precious metal that is chemically unreactive. It is used mainly in jewelry,

dentistry, and electronic devices. A piece of gold ingot with a mass of 301 g has a volume of

15.6 cm’. Calculate the density of gold (in g/cm?).



The density of mercury, the only metal that is liquid at room temperature, is 13.6

g/mL. Calculate the mass (in g) of 5.50 mL of the liquid.



100°C —=-—Boiling point  — 212°F
of water

Body
37°C — <— temperature — 98.6°F

25°C y<— Room- 7T7°F

temperature

0°C § <Freezing point
of water

Kelvin Celsius Fahrenheit




Convert 172.9 °F to degrees Celsius



Solder is an alloy made of tin and lead that is used in electronic circuits. A certain

solder has a melting point of 224 °C. What is its melting point in degrees Fahrenheit (°F)?



Helium has the lowest boiling point of all the elements at —452 °F. Convert this

temperature to degrees Celsius.



Mercury, the only metal that exists as liquid at room temperature, melts at

—38.9 °C. Convert its melting point to kelvins.
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