Introductory Chemistry 1111

James Chickos
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What is Chemistry?

Chemistry Is the study of substances in terms of

Composition of Matter
What a material it made of

Structure of Matter
How the elementary particles are put and held
together

Properties of Matter
The characteristics of the material

Reactions of Matter
The behavior with other substances



Properties of Matter

 What is matter?

anything that has both mass & volume.

What Is weight and how does it compare to mass?
* Properties:

describe or identify matter.

* Intensive Properties:
do not depend on amount.
melting temperature, boiling temperature, density
e Extensive Properties:
do depend on amount.
heat of melting, volume, mass



Physical Properties:
can be determined without changing the chemical
makeup of the sample.

Some typical physical properties are:
melting point, boiling point, density, mass,
temperature, size, color, hardness, conductivity.

Some typical physical changes are:
melting, freezing, boiling, condensation, evaporation,
dissolving.



Chemical Properties:
properties that do change the chemical makeup of the sample

Some typical chemical properties are:
burning, cooking, rusting of iron nails, souring of milk, ripening
of fruit, digesting food.




Homogeneous matter:
has the same appearance, composition, and properties throughout.

Heterogeneous matter:
has visibly different phases which can be seen, or properties that vary

through the substance.

Pure substances:
have a distinct set of physical and chemical properties and cannot be

separated by physical changes.

Impure substance or mixture:
two or more pure substances that can be separated by physical changes.



An element:

a pure substance with its own set of physical and chemical
properties under ambient conditions that cannot be

decomposed into simpler chemical substances.

Compound:

IS a pure substance that can be decomposed by a chemical

change into two or more elements.






*\Which of the following represents a mixture,
an element, a compound?
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2.127 Scenes A-I depict various types of matter on the atomic
scale. Choose the correct scene(s) for each of the following:

(a) A mixture that fills its container

(b) A substance that cannot be broken down into simpler ones
(c) An element with a very high resistance to flow

(d) A homogeneous mixture

(e) An element that fills its container but displays a surface

(f) A gas consisting of diatomic particles

(g) A gas that can be broken down into simpler substances

(h) A substance with a 2:1 number ratio of its component atoms
(1) Matter that can be separated into its component substances by
physical means

(j) A heterogeneous mixture

(k) Matter that obeys the law of definite composition




Scientific notation Is used to write very large or
very small numbers

the width of a human hair (0.000 008 m) is written
8x 10°m

a large number such as 4 500 000 s is written
45x10°s
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A number In scientific notation contains a coefficient and a
power of 10.

coefficient power of ten coefficient power of ten
1.5 x 10° 7.35 x 104

To write a number in scientific notation, the decimal point
Is placed after the first digit.

The spaces moved are shown as a power of ten.
52000. = 5.2 x 104 0.00378 = 3.78 x 103

4 spaces left 3 spaces right



Some Prefixes for Multiples of SI Units.

1,000,000,000 = 10° giga G
1,000,000 = 10° mega M
1,000 = 10° kilo k

100 = 10° hecto h

10 = 10* deka da
0.1=10" deci d
0.01=10° centi C
0.001 = 10~ mill m
0.000,001 = 10°® micro u
0.000,000,001 = 10 nano n
0.000,000,000,001 = 10" pico D




Mass
Length
Temperature
A number
Time
Electric current
Luminous intensity

kilogram
meter
kelvin K
mole
second
ampere A
candela cd
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1012 m —

109m —

108 m —
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— Distance from Earth to Sun

10°m
(km)

109m —

(m)

103 m —
(mm)

10%m
(um)

1079m -
(nm)

Height of Mt. Everest

™ Sea level

— Thickness of average \
human hair

‘I — ]
— Diameter of average
tobacco smoke particle

Diameter of largest
nonradioactive atom
(cesium)

Diameter of smallest -

1072 m —
(pm)

atom (helium)
A Length

1024 L
1027 L
1018 L
10'5L
1012
10°L
108L
10°L
10°L
1073 L
1078 L
102L
10712
10-12 L
10718 L
1021 L
10724 L
1027 |

10730 L

— QOceans and seas
of the world

_/— Blood in average human

— Normal adult breath

Baseball

— Carbon atom .

B Volume

I Typical bacterial ceN

(

he: :

1024 g
10%"g
1018 g
10'°g
10'2g

109g

10°g —

10%g

100¢g
103g
10‘59
10%g
1072 g
10715 g
107'¢ g
10721g

10724 g

_+— Earth's atmosphere

to 2500 km

— Ocean liner

— Indian elepham" l

<L

— Average human
— 1.0 liter of water

— Grain of table salt

&
B

— Typical protein

— Uranium atom o

— Water molecule S)

C Mass



Derived Quantities

Area
Volume

Density
Speed
Acceleration
Force
Pressure
Energy

Length times length
Area times length

Mass per unit volume
Distance per unit time
Change in speed per unit time
Mass times acceleration
Force per unit area
Force times distance

m2

mS

kg/m?®
m/s
m/s®
(kg-m)/s® (newton, N)
kg/(m-s°) (pascal, Pa)
(kg-m%)/s* (joule, J)




Volume

IS the space occupied

by a substance;

the unit of volume is the liter
(L); in the metric system

1L =1.06qt

I1mL=1cm3
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dm?3 = decimeter = 1/100 m?3

1m? = 1000 dm?
1dm3®=1L
= 1000 cm?
1ecm3=1mL 1 cm

1 dm




e Density: relates the mass of an object to its volume.

* Density decreases as a substance is heated because the
substance’s volume usually increases. Knowing the density
of a substance allows measurements of volume to be
related to mass or measurements of mass to be related to

volume.
Density is the mass of a substance

divided by its volume

Density expression:
D = mass = g or g = glcm?d
volume mL cm3




10

20
Temperature (°C)

40



Densities of Some Common Materials.

Substance Density (g/cm®) | Substance | Density (g/cm®)
Ice (0.0°C) 0.917 Human Fat 0.94
Water (4.0°C) 1.0000 Cork 0.22-0.26
Gold 19.31 Table Sugar 1.59
Helium (25.0°C) 0.000164 Balsa Wood 0.12
Air (25.0°C) 0.001185 Earth 5.54




e Density

*The density of the zinc object can be
e calculated from its mass and volume.

Volume
Increase : =
45.0 mL OHAUS |
______ 355 mlL — ‘
PRECISION Standard

Mass of zinc object

d = 68.69/(45.0-35.5)mL; 68.69/9.5 mL
d=7.2g/mL

Submerged zinc object



Some Density Calculations
Density = m/V
density is usually given in g/mL or g /cm3we will treat 1 mL =1 cm?
What is the density of glass (in grams per cubic centimeter) if a
sample weighing 26.43 g has a volume of 12.40 cm3?
d=26.43¢g/124mL =2.131451613 How many figures after the
decimal should we carry?

Chloroform, a substance once used as an anesthetic, has a density of
1.483 g/mL at 20°C. How many mL would you use if you needed
9.37 g7

d=1.483¢g/mL; 1.483=9.37g/x mL ; solving for x:

X =9.37 g/1.483 g/mL = 6.318273769 mL

X =6.31mL



Temperature

 What does temperature measure?
— Temperature measures
— motion; it is a measure of
— the average kinetic energy
— of molecules: 1/2mv?
— where m is the mass of the
— molecule and v is its velocity
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« Temperature Conversions:

e The Kelvin and Celsius
degree are essentially
the same because both
are one hundredth of the
Interval between freezing

and boiling points of water.

 How do you convert from ° C to K?

Boiling
water

%

L

[ W W Y -

LY

LY

Freezing | 7132°F

water

Fahrenheit

Celsius (°C) to Kelvin temperature conversion:

Kelvin (K) =°C + 273.15

1100°C

Celsius

[ Y

--- 373K

- {d-- 273K

Kelvin



Fahrenheit (°F) — Celsius temperature conversions:
What is the freezing point and boiling of water in °C?

What Is the freezing and boiling point of water in °F?

212 L v
y=mx+Db

o E 180
° F =180/100 °C +32
°F=1.8°C+32

100
32 °
0 100

Centrigrade



Carry out the following conversions

(@) -78°C= K
273-78 =195 K

(b) 158°C = °F

°F = 1.8°C+32

1.8(158)+32 = 316.4 °F
(c) 375K =""°C

°C = 375-273 = 102 K
(d) 98.6°F= °C

°C = (°F -32)/1.8

= (98.6-32)/1.8 = 37.000 °C
(€) 98.6°F= K

98.6°F = 37.0 °C;

K = 273+37 =310 K



104 K —

103 K —

105 K —

107 K —

| 6x10°: S e Sun

(interior = 107 K)

— 3683: Highest melting point of a
metal element (tungsten)

—— 1337: Melting pointh

—— 600: Melting point of lead

i

373: Boiling point of HxO
_[—_l 370: Day on Moon

— 273: Melting point of H__EO

L.
| 140: Jupiter cloud top

L —120: Might on Moon
— 90: Boiling point of oxygen

— 27: Boiling point of neon

—

L

oK l Absolute zero (lowest attained

temperature = 10~2 K)

A Range of Temperatures



Dimensional-Analysis:
The use of conversions factors to express the
relationship between units.

Express 2.5 kg In Ibs: 1 kg=2.2051b

2.205 Ib/1 kg =1 or 1kg/2.2051b=1
2.5 kg *2.205 Ib/1kg or 2.5 kg*1 kg/2.205 Ib
6.0 Ib or 1.13 kg%/lb



* An Injured person loses 0.3 pints of blood; how many
milliliters would that be?

1gt=2pt 1 =2pt/qt 1gt/2pt =1
1gt = 946 mL 1 =946 mL/qt 1gt/946 mL=1

0.3 pt*1qt/2pt = 0.15 qts; 0.3 pt*2pt/qt = 0.6pt?/qt

0.15 qt*946 mL/gt = 141.9 mL;  0.15 gts*1qts/946 mL =
1.59x10-4gt2/mL



Conversion Factors: 1 mi =5280 ft; 1 in = 2.54 cm
1ft=12In; 1 m=100cm

How many meters are there in a marathon race (26 miles and 385 yd)?

1 mi x 5280 ft/mi x 12 in/fft x 2.54 cm/in x 1m/100cm = 1609.3 m

26 mi x(1.6093x10%)m/mi = 41.84x10°m

385 yd x 3 ft/yd x 12 in/ft x 2.54 cm/in X 1 m/100 cm = 352 m

41840 m +352 m =42192 m



Volume of a cylinder; V = rnréh

How large, In cubic centimeters, is the volume of a

red blood cell if the cell has a cylindrical shape with L J
a diameter of 6.0 x 106 m and a height of 2.0 x 106 m? =
The volume of a cylinder is given by V =rnr?h where
r = the radius and h is the height of the cylinder

(r = 3.1416), so

—

V = 3./1416 X [(6.0x10-° m x 100 cm/m)/2]% x 2.0 x 10-°* m x100
cm/m

V =3.1416 x [(3.0x10% cm]? x 2.0 x 10*cm = 5.65 x 10-tcm?
V=57x10cm?3



Accuracy, Precision, and Significant Figures

IN Measurement

Significant Figures:

include the number of digits in the measurement
In which you have confidence plus an additional
one which Is an estimate.

The results of calculations are only as reliable as the
least precise measurement.

Rules exist to govern the use of significant figures after
the measurements have been made.

®9 TEXAS INSTRUMENTS

IRARME/ 220 v
3
5
— 1
|
|

|

Ti-30Xa Solar

© 2010 Pearson Education, Inc.



* Rules for Significant Figures:
— Zeros in the middle of a number are significant eg. 704

— Zeros at the beginning of a number are not significant
eg. 0.023

— Zeros at the end of a number and following a period are
significant eq. 230.0

— Zeros at the end of a number and before a period are

usually significant. 230.

— Zeros at the end of a number without a period are

usually not 230



How many significant figures in each of the following measurements?

(a) 0.036653 m

5
(a) 7.2100 x 10—3¢g

3
(c) 72,100 km

3

(d) $25.03



What Is the length of the black line?

The length in cm is?

3.25
0.82
2.43 cm

LR NN RN AR RN RN AR
r L m
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1.71 What volume of liquid is
shown 1n the beaker at right? Be
sure to report your answer with
the correct number of significant

figures.

110 mL ?
120 mL ?

How many significant figures in 110:




Rules for significant figues in calculations

— During multiplication or division, the answer should
not have more significant figures than the number with

the least number of significant figures.

— During addition or subtraction, the answer should not
have more digits to the right of the decimal point than

any of the original numbers.



Rounding off in calculations

If the answer should have 3 significant figures:

— andthe last digit i1s 5 or greater, round to the

next larger number: 2.545 = 2.55
— and the last digit is less than 5 - round down

—2.544 =254



Express the result with the appropriate number of
significant figures

12.453/2.3 = 5.414347826
12.453/2.3=5.4

12.453 +2.3 = 14.753
14.8

12.3567ft*12 in/ft =148.2804 In
148.2804 In

120./4.184 = 28.680688
28.7
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