2010/11/4

Chemistry: A Science for the 21st Century
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Chemistry: A Science for the 215t Century The Study of Chemistry
« Materials and Technology i | Rt ‘ Macroscopic Microscopic

 Polymers, ceramics, liquid crystals
* Room-temperature superconductors?

* Molecular computing?

« Food and Agriculture

« Genetically modified crops

« “Natural” pesticides

« Specialized fertilizers
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The scientific method is a systematic Alaw is a concise statement of a relationship
approach to research between phenomena that is always the same
under the same conditions.

Cibservation Rep i Tterpretation

Force = mass x acceleration

t |
Atheory is a unifying principle that explains
A hypothesis is a tentative explanation for a a body of facts and/or those laws that are
set of observations based on them. _
. D
Atomic Theory |
tested modified J |
<y 7
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Chemistry In Action:
Primordial Helium and the Big Bang Theory

In 1940 George Gamow hypothesized that the universe
began with a gigantic explosion or big bang.

Experimental Support

« expanding universe
« cosmic background radiation

« primordial helium

Chemistry is the study of matter and the
changes it undergoes

Matter is anything that occupies space and
has mass.

A substance is a form of matter that has a
definite composition and distinct properties.

liquid nitrogen

A mixture is a combination of two or more substances
in which the substances retain their distinct identities.

1. Homogenous mixture — composition of the
mixture is the same throughout.

soft drink, milk, solder

2. Heterogeneous mixture — composition is not
uniform throughout.

cement,
iron filings in sand

Physical means can be used to separate a mixture
into its pure components.

An element is a substance that cannot be
separated into simpler substances by chemical
means.
* 114 elements have been identified
« 82 elements occur naturally on Earth
gold, aluminum, lead, oxygen, carbon, sulfur
T~ .

» 32 elements have been created by scientists

technetium, americium, seaborgium
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MName Symbol MName Symbol MName Symbol
Alominum Al TFlucring F Oxygen o]
Arsene As Ciold Ay Phosphorus g
Tarium lia Mydrogen | Flatinum Fr
Bismuth Bi Lodine 1 Polassium K
Bromine Ir Trom Fe Silicon Si
Caleivm Ca Lz Pk Silver Ap
Carbon C Magnesium Mg Sodium Na
Chlasrine 1 Munganesu Mn Sullur b
Chromium Cr Mercury Hg Tin 3n
Cobalt Cav Mickel Ni Tungslen W
Copper Cu Nitrogen N Zine “n
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A compound is a substance composed of atoms
of two or more elements chemically united in fixed
proportions.

Compounds can only be separated into their
pure components (elements) by chemical
means.

lithium fluoride quartz dry ice — carbon dioxide
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Classifications of Matter

N Separatio by
VS medinds
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A Comparison: The Three States of Matter

Solud

Liguid

The Three States of Matter: Effect of a Hot
Poker on a Block of Ice
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Types of Changes

Aphysical change does not alter the composition
or identity of a substance.
sugar dissolving

in water
A chemical change alters the composition or
identity of the substance(s) involved.

ice melting

hydrogen burns in
air to form water
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Extensive and Intensive Properties

An extensive property of a material depends upon
how much matter is is being considered.
* mass
* length v
&
e volume “‘;“7“

Anintensive property of a material does not
depend upon how much matter is is being
considered.

« density

* temperature

« color 18




Matter - anything that occupies space and has mass.

mass — measure of the quantity of matter
Sl unit of mass is the kilogram (kg)
1kg=1000g=1x10%g

weight — force that gravity exerts on an object

weight = ¢ x mass A1 kg bar will weigh

on earth, c = 1.0 1 kg on earth

on moon, ¢ ~ 0.1 0.1 kg on moon
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TABLE 1.3

Prefix Symbol Meaning Example
i LKL ARMAO00, or 10" | terameter {I'm}) 1= 1% m
G 1L O0CLOKEE, or 107 | gigameter iGmy = 1% 10" m
M L GELRRY, o 107 | megameter (Mm) = 1 % 10" m
k 1KY, o 10F | kilometer ) — | > 107 m
il 1, or 107 1l ciding = 0.1
S L1, or 107 1 centimeter em) — 0.01 m
milli- m 11000, or 107 I millimeter imm}p = L0010 m
i 1 141,000,000, ar 107 1 micromeler {em) = 1 % 107" m
nano- n 141.000.000,000, or 10 | nanometer nm) — 1% 10 " m
pico- 4 1 1ODOOOOD00.000, or 1071 picometer (pmi = 1 % 107" m
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International System of Units (SI)

TABLE 1.2

Base Quantity Mame of Unit Symbol
Length meter m
Molass kiloyrram ke
lime second s
Electrical current ampere A
Temperalure kelvin K
Amount of substance mole mol
Tumingus intensity wcandela wil
20

Volume — Sl derived unit for volume is cubic meter (m3)
L lcm3®=(1x102m)®=1x106m?

1m'
- 1dm3=(1x10Tm)®=1x10°m?

“2 1L =1000 mL=1000cm?=1dm?3

'//.
/

* W lum
P— 1l e = | din—s
wolume: 1 1 lher
1mL
. clumein sk

Density — Sl derived unit for density is kg/m3
1 g/cm3 =1 g/mL = 1000 kg/m?3

mass

density = V5ime

_m
d= v

A piece of platinum metal with a density of 21.5
g/cm?® has a volume of 4.49 cm3. What is its mass?

m=dxV=215g/cart x4.49 cA® =96.5¢
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TABLE 1.4

Density
Substance (g/cm?)
Air 001
Ethanol .79
Water 1.00
Mercury 13.6
Table salt 22
Lron 7.9
Gold 193
Osmium’ 226

“Measured at 1 atmasphere,
"Osmium (0s) is the densest element 24

K.
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A Comparison of Temperature Scales Convert 172.9 °F to degrees Celsius.

OF = 2 x0C + 32

wells e Mher K =0C +273.15 >

273K=0°C F-32= % x°C

373 K=100°C
%X(OF—SZ):OC

i oC = % X (°F — 32)
. 9
e ate b rer a e a2k OF= = x0C+ 32

5 X °C= 2 x(172.9-32)=78.3

32°%F=0°C

212 9F =100 °C

Relvin Celsiug Falvenhzir

Chemistry In Action Scientific Notation

On 9/23/99, $125,000,000 Mars Climate Orbiter entered Mar's The number of atoms in 12 g of carbon:

t h 100 km (62 mil | th | d and
destioyed by hedt, (62 miles) lower than planned and was 602,200,000,000,000,000,000,000
6.022 x 102

1bX1N
11b = 4.45 N The mass of a single carbon atom in grams:

L . 0.0000000000000000000000199
“This is going to be the

cautionary tale that will be 1.99 x 10-23

embedded into introduction

to the metric system in

elementary school, high N'is a number h is a positive or
school, and college science between 1 and 10 negative integer

courses till the end of time.”
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Scientific Notation Scientific Notation
568.762 0.00000772 S
«— move decimal left — move decimal right Multiplication

1. Multiply N, and N, (4.0x10%) x (7.0 x 109 =

n>0 n<0 5+3) —
2. Add exponents n; and n, (4.0x7.0)x (10 2: B
568.762 = 5.68762 x 10> 0.00000772 = 7.72 x 106 28 x 102 =
2.8 x101
Addition or Subtraction
ivisi 4 - 9 —
1. Write each quantity with 4.31 X 10 + 3.9 x 103 = Division 8.5 g éo_ 5 g‘o chj]'?g -
the same exponent n " . 1. Divide N; and N, (85+5.0)x o
2. Combine N; and N, 4.31 x10% +0.39 x 10 = 2. Subtract exponents n, and n, 1.7x10
3. The exponent, n, remains 4.70 x 10*
the same
29 30




Significant Figures

« Any digit that is not zero is significant
1.234 kg 4 significant figures

« Zeros between nonzero digits are significant
606 m 3 significant figures

« Zeros to the left of the first nonzero digit are not significant
0.08 L 1 significant figure

« If a number is greater than 1, then all zeros to the right of the
decimal point are significant

2.0 mg 2 significant figures

« If a number is less than 1, then only the zeros that are at the
end and in the middle of the number are significant

0.00420 g 3 significant figures
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How many significant figures are in
each of the following measurements?

24 mL 2 significant figures
3001 g 4 significant figures
0.0320 m? 3 significant figures

6.4 x 10* molecules 2 significant figures

560 kg 2 significant figures
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Significant Figures

Addition or Subtraction

The answer cannot have more digits to the right of the decimal
point than any of the original numbers.

89.332
+1.1 < one significant figure after decimal point

90.432 ~— round off to 90.4

3.70 —— two significant figures after decimal point
-2.9133

0.7867— round off to 0.79

Significant Figures

Multiplication or Division

The number of significant figures in the result is set by the original
number that has the smallest number of significant figures

4.51 x 3.6666 = 16.536366 = 16.5

3 sig figs round to
3 sig figs

6.8 + 112.04 = 0.0606926 = 0.061

2 sig figs round to
2 sig figs

Significant Figures

Exact Numbers

Numbers from definitions or numbers of objects are considered
to have an infinite number of significant figures

The average of three measured lengths; 6.64, 6.68 and 6.70?

wz 6.67333 = 6.67 =%

Because 3 is an exact number

Accuracy — how close a measurement is to the true value

Precision — how close a set of measurements are to each other

accurate precise not accurate
& but &
precise not accurate not precise

36
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Dimensional Analysis Method of Solving Problems

1. Determine which unit conversion factor(s) are needed
2. Carry units through calculation

3. If all units cancel except for the desired unit(s), then the
problem was solved correctly.

given quantity x conversion factor = desired quantity

. g desired unit . .
th X — — = desired unit
glngriinlt
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Dimensional Analysis Method of Solving Problems

How many mL are in 1.63 L?

Conversion Unit 1 L = 1000 mL
1000 mL

1.63£x ——— =1630 mL
1.63L 1630 L*
. X -
0 mL
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The speed of sound in air is about 343 m/s. What is this
speed in miles per hour?

conversion units
meters to miles

seconds to hours

1 mi=1609 m 1min=60s 1 hour = 60 min
343mx 1 mi x 60_5’ X GOmm: mi
&£ 71609m = 1mit  1hour hour

|
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