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Chemistry: A Science for the 215t Century
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The Study of Chemistry
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The scientific method is a systematic
approach to research  wewslecnbdomsinaingnle
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A law is a concise statement of a relationship

between phenomena that is always the same
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Chemistry is the study of matter and the
changes it undergoes.

1. Matter is anything that occupies space and
has mass. oli5 oo £ o > Uiy 4,0 81 s 5ol

Sam 0l 9 3159 (a3 o) 53\l e 295 23 0| 5\l

2. A substance is a form of matter that has a
definite composition and distinct properties.
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A mixture is a combination of two or more substances
IN which the substances retain their distinct identities.

1. Homogenous mixture (solution) — The
composition of the mixture is the same

throughout (at the atomic/molecular level).
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Are these homogeneous

soft drink, milk, solder, salt water

2. Heterogeneous mixture The composition is
not uniform throughout. @eem.esaisige bl

Are these heterogeneous?
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cement, iron filings in sand
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Physical means can be used to se‘parateapaj!9 m')fxture
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An element is a substance that cannot be
separated into simpler substances by chemical

means. 00)\.\&\).)) S,b) M\)M Qnu) \ledm\/ﬁ)\n().ﬁ
* 114 elements have been identified
« 82 elements occur naturally on Earth
gold, aluminum, lead, oxygen, carbon
« 32 elements have been created by scientists

technetium, americium, seaborgium
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TABLE 1.1

Some Common Elements and Their Symbols

Name Symbol Name Symbol Name Symbol
Aluminum Al Fluorine F Oxygen O
Arsenic As Gold Au Phosphorus P
Barium Ba Hydrogen H Platinum Pt
Bismuth Bi lodine I Potassium K
Bromine Br Iron Fe Silicon Si
Calcium Ca Lead Pb Silver Ag
Carbon C Magnesium Mg Sodium Na
Chlorine Cl Manganese Mn Sulfur S
Chromium Cr Mercury Hg Tin Sn
Cobalt Co Nickel Ni Tungsten W
Copper Cu Nitrogen N Zinc Zn



A compound is a substance composed of atoms
of two or more elements chemically united in fixed

proportions.
Q»\)umw\n\xwgb»,m‘,.\) | ayoie Ibs emegli gz (Compound) i

Compounds can only be separated into their
pure components (elements) by chemical
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Water (H,O) Glucose (CzH,04)

Ammonia (NH,) @
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Classifications of Matter

Matter
. Separation by ) S
Mixtures p 3 > Pure
physical methods substances

Homogeneous leterogencous < Separation by :
ogene Heteroge N Compounds _ > Elements
mixtures v mixtures chemical methods

1.4



The Three States of Matter
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States of Matter




Water Properties
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<N Physical or Chemical?

A physical change does not alter the composition
or identity of a substance.  ©\bloga ol e iy Jouill sl
sugar dissolving

in water

A chemical change alters the composition or
identity of the substance(s) involved. lislsblass ol i i Juwidl il

hydrogen burns in ll
air to form water l
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e

ice melting
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Formation of Sodium Chloride




. . oildhl oolosdlgakoli| uogsl
Extensive and Intensive Broperties

An extensive property of a material depends upon
how much matter is is being considered.

; < i T .
. mass 0>95-ghl 0)\)0\053)“1,@,%&)) okl ool
* length Zx

* volume Y

An intensive property of a material does not
depend upon how much matter is is being

considered. 599l 3500l 0 ) aio Y ol o\l
* density
* temperature

e color
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Matter - anything that occupies space and has mass.
S alg »d:m%xw  : 9o\l

mass — measure of the quantity of matter )b\ aw oulin

Sl unit of mass is the kilogram (kQ)
1kg=1000g=1x103g

weight — force that gravity exerts on an object
ol ol a3 amy 585 i\ Bl : i)

weight = ¢ X mass A 1 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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International System of Units (Sl)

TABLE 1.2 B R:EECRIGNG

Base Quantity Name of Unit Symbol
Length meter m
Mass kilogram kg
Time second S
Electrical current ampere A
Temperature kelvin K
Amount of substance mole mol
Luminous intensity candela cd

1.7



TABLE 1.3 BEGICEAVEELRRTIGESI RN &

Prefix Symbol Meaning Example

tera- T 1,000,000,000,000, or 10" I terameter (Tm) = 1 X 10 m
giga- G 1,000,000,000, or 10’ | gigameter (Gm) = 1 X 10’ m
mega- M 1,000,000, or 10° I megameter (Mm) = | X 10° m
kilo- k 1,000, or 10° I kilometer (km) = 1 X 10° m
deci- d 1/10, or 10~ | decimeter (dm) = 0.1 m

centi- C 1/100, or 1072 I centimeter (cm) = 0.0l m
milli- m 1/1,000, or 1073 I millimeter (mm) = 0.001 m
Mmicro- I 1/1,000,000, or 107° I micrometer (um) = 1 X 107°m
nano- n 1/1,000,000,000, or 10~ | nanometer (nm) = 1 X 107 m
pico- p 1/1,000,000,000,000, or 10™"> 1 picometer (pm) = 1 X 107" m
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Volume — Sl derived unit for volume is cubic meter (m?3)
02m)*=1x10°%m3
dm3=(1x10"m)*=1x103m?

1L=1000mL=1000cm3=1dm?3

\
\
\

cm3 = (1 x

\
\
\

—>| l*—1cm

<«—10cm=1dm—

Volume: _cm3;
-mL

1 liter
—| |*=—1cm

Volumetric flask
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Density — Sl derived unit for density is kg/m?

1 g/cm3 =1 g/mL =1000 kg/m3

mass
volume

density = d= %

A piece of platinum metal with a density of 21.5
g/cm?3 has a volume of 4.49 cm3. What is its mass?

_m
d= v

m=dxV=215g/lca® x4.49 cA®=96.5¢g
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Comparison of the Three Temperature Scales

373K =

310K =
298 K

273 K

Kelvin

00300 Ll o\ gy o

100°C = <Boiling point—>— 212°F

of water
Abl sl abi
K=0C +273.15
273 K=0°C
@ B, 05 — 0
37°C - Body _._gggp S/3K=1007C
) temperature A
25°C Room 77°F
temperature
09,3\ o\, 09
0°C 1= . =+ 32°F
Freezing point 0 9 0
f wat -
;\b\&a&?aer F_ 5 X C+32
320F=00°C
Celsius Fahrenheit 212 °F =100 °C
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Convert 172.9 9F to degrees Celsius.

OF = 2 x C + 32
OF —32= 2 x°C

%X(OF—32)=0C

OC=%X(0F—32)

0C = % x (172.9 — 32)

= 78.3

1.7



dagall O¥oleoll @

Kelvin J] Celsius (o Jog=>dl

K="C+273.15

Fahrenheit _J| Celsius (o Jug=>dll

9
F=—(°C) + 32

)

(Celsius J| Fahrenheit () lgwsS=o

°C=—=("F—32)
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Scientific Notation
The number of atoms in 12 g of carbon-12:

602,200,000,000,000,000,000,000
6.022 x 1023

The mass of a single carbon atom in grams:

0.0000000000000000000000199

1.99 x 10-%3
N is a number n is a positive or
between 1 and 10 negative integer

1.8



Scientific Notation

568.762

<— move decimal left
n>0
568.762 = 5.68762 x 102

Addition or Subtraction

1. Write each quantity with
the same exponent n

2. Combine N, and N,

3. The exponent, n, remains
the same

0.00000772

— move decimal right
n<ao
0.00000772=7.72 x 10-®

4.31x104+ 3.9x 103 =
4.31x 104+ 0.89x 104 =
470 x 104

1.8



Scientific Notation o

Multiplication

1. Multiply N, and N,
2. Add exponents n, and n,

Division
1. Divide N, and N,
2. Subtract exponents n, and n,

A o¥ s = oo\ Steme ¢
o 2o + dnabl upi Sup
ol 2,00 + Un\ahl i Sonmd  ©

and o\ ey S Tb/ 2>

(4.0 x 10°) x (7.0 x 10%)
(4.0 x 7.0) x (10°%3)

28 x 102

2.8 x 10"

8.5x 104+ 5.0x 109 =
(8.5+5.0)x 1049 =
1.7 x 105
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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

1.8
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How many significant figures are in
each of the following measurements?

24 mL

3001 g

0.0320 m?

6.4 x 10* molecules

960 kg

2 significant figures
4 significant figures
3 significant figures
2 significant figures

2 significant figures

1.8



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

1.8



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

1.8



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 = ?

6.64 + 6.68 + 6.70

; = 6.67333 = 6.67 =%

Because 3 is an exact number

1.8
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(Multiplication [ Division) dewwdllg W pall WU ¢
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4.51x 3.6666

4.51 x 3.6666 = 16.536366

6.8 +112.04

- 68->YSF
+112.04 > 0 SF

6.8 +112.04 = 0.0606926

J931 lisieg > @8, JSJ significant figures JI deiy gy

1Jle

dagall pl6) 3l
dags p)i ¥ > 451
dago pld)i 0 > 36666-

06 SF ¥ 13685 53 doniid] 03]

>l

SF - 16.5 3 J lgjdie

2 Jbe v

SFY 0955 53 daidl 4]
>l

SF - 0.0612 J lg)aic

(Addition [ Subtraction) ZbJlg 2ol ol )

il Sacld)l @
i 9990 A8 8 JBY Aol usy pl8y31 vae puds Laud 9Ky piY¥ doidd|

b a>lg JBT Hlisung iwae JS (B vsrge dloldll asy 0) S ik

1Jdle v

89.332
+11

rdlolall aey pl8)31 vac
dlola)l usy pl6,i ¥ > 89.332.
olall asy 08y ) > 1.1-

Alola)l asy bdd axlg d) Leud (1650 253 donidl (3

1d=dl
89.332 + 1.1=90.432
90.4 - lg)jdio
2 Jbo v
3.70
-2.9133

o)l usy Plé_,ill dae

dlolall asy 08, ¥ > 3.70-

Aol oy pB)i € > 2.9133-

dlolall asy 08) ¥ Lgud 060 pi¥ doiid] (3]
=l

3.70 - 2.9133 = 0.7867
0.79 - JI lgjéie



| i)l an ol 03 Sim : \Accuracy \adil
Accuracy — how close a measurement is to the frue value

Precision — how close a set of measurements are to each other
dany)\ aiony o S a2 gam ud S : (Precision ey / buiall

accurate precise not accurate
& but &
precise not accurate not precise
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Dimensional Analysis Method of Solving Problems

oYkl Mé’uﬂ 3\ olyub

1. Determine which unit conversion factor(s) are needed
99bbl Si>g)l dig>adnlge 81 go>

2. Carry units through calculation tassimusdabsios oogias

3. If all units cancel except for the desired unit(s), then the
problem was solved correctly. ssmdblol gl bl > 2> e sl

factor = tit
given quantity x convewﬁlon @C@gwdeswed quantity

. . desired unit _ _
giver unit x — — = desired unit
giverunit
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Dimensional Analysis Method of Solving Problems

§ How many mL are in 1.63 L?

Conversion Unit1 L =1000 mL

1000 mL
1.63X x N~ 1630 mL

¥ l l

1.63 L X 5 1630 —

1.9
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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 1Tmin=60s 1 hour = 60 min
plﬁ 1 mi GOL 60 mjm mi
343 — X X X =767 ——
g 71609 m 1 mih 1 hour hour

I .

1.9









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
e cosmic background radiation

* primordial helium

1.3



Chemistry In Action

On 9/23/99, $125,000,000 Mars Climate Orbiter entered Mar’s
atmosphere 100 km (62 miles) lower than planned and was
destroyed by heat.

11b¥ 1N
11b=4.45N

“This is going to be the
cautionary tale that will be
embedded into introduction
to the metric system in
elementary school, high
school, and college science
courses till the end of time.”
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