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Chemistry: A Science for the 21st Century
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H emoTtRun TN¢ XNUEiag

MAKPOOKOTTIKO ETTITTEQO MIKPOOKOTTIKO €TTITTEQ0




H EtTioTnuovik MEB0d0g aTroTeAE pia
OUCTNUATIKA TTPOCEYYION OTNV £PEUVa

Observation »  Representation »  Interpretation

A

Mia urro0eon cival pia TTpoowpEIvi £Cnynon
O£ £VO OUVOAO ATTO TTAPATNPNOEIC

& D

EAEYXOC  TPOTTOTTOINGON

Y 4



Nopoc¢ cival JIa EUTTEPIOTATWHEVN EKPPATN MIOC
oXEoNG avapeoa gg dlapopa Ppaivoueva n otroia
gival TTavTa oTa0Epn KATW ATTO TIC iIDIEC OUVONKEC

Auvapun = pada x emTaxUvon
Oswpia cival yia evoTroiNTIKA apXn N oTroia e€nvyei

£EVa OUVOAO TTapaTNPENOEWV KOl YEYOVOTWY Kali/N)
TOUG VOUOUCG TToU BacidovTtal 0€ auToug

ATOUIKN Bewpia




Chemistry In Action:
ApxEyovo nAio kal n Bewpia Tou big-bang

To 1940 o George Gamow £kave Tnv UTT0Be0n OTI TO CUUTIAV
ceEKivnoe atro pia yiyavriaia €kpnen (big bang)

[TeipQuUATIKA UTTOOTAPIEN

* TO oUMTTAV OIACTEAAETAI
(expanding universe)

* UTTOB0OPO KOOMIKNG aKTIVOBOAIQG
(cosmic background radiation)

» apxEyovo nAio (primordial helium)




H ynueia civai n moTiun mou UEAETAES
THV UAN Kal TIC UETABOAEC TNC

(Qc uAn opiCetal oTmidNTToTE OI100ETEl Pada  Kai
KGTG)\GUB(XV&I XWPEO (Matter is anything that occupies space

and has mass).

Me Tn Aécn ouaoia (substance) svvoouue KABE popepr) UANG
TTou €Xel kaBopiopévn ouoTtaon (definite composition) kai
OUYKEKPIMEVEC 1010TNTEC (distinct properties).
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liquid nitrogen



Meiyua (mixture) givai o cuvOuaouog 2 1) TTEPICCOTEPWYV CUOTATIKWY
OTOV OTIOIO TO KABE £Eva ATTO TA CUCTATIKA dIATNPEI TIG 1I010TNTEC TOU

1. Homogenous mixture — n cUCTOCHN TOU £ival
n idla o€ OAN TNV €KTOON TNG pAdag Tou

soft drink, milk, solder

2. Heterogeneous mixture — n cuoTACH) TOU OEV
gival oJoIopopon.

cement,
—iron filings in sand




2€ Eva MEIyMa gival Ouvatog O OIaXWPIONOC TwV
OUCTATIKWY TOU ME @QUOIKOUC Tpotrouc (Physical
means)

J n Adapter
Water f
Fractionating column Water L—l | =
Receiving flask
w

Magnet - payvntng

Distillation - atréoTagn
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2T1oIX€io (element) cival ekeivn n ouaia TTou O¢
UTTOPEI Va DIaXWPIOTEI O ATTAOUCTEPEC OUTIEC UE
XNUIKO TPOTTO (chemical means).

* 114 €xouv TauToTTOINOEI

« 82 OTOIXEIO UTTAPXOUV QUOIKA oTn [N

gold, aluminum, lead, oxygen, carbon, sulfur

i

« 32 £xouv dnuIoupynOEi oTa ETTIOTNUOVIKA
gepyaoTnpla

technetium, americium, seaborgium 11



TABLE 1.1

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 [ron 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

12



(XnNUIKR) évwon (compound) cival €keivn n oudia OTTOU ATTOTEAEITAI
atmrd ATouA 2 1 TTEPICCOTEPWY OTOIXEIWYV, EVWHUEVWY HETACU TOUG ME
XNMIKO TPOTTO KAl O€ OTAOEPEC AVAAOYiEC.

O1I &evwoeIg JTTOpOUV va dlaxwploTouv OTa
OUOTATIKA TOUuC OToIXEia (elements) pe xnuIKO
TPOTTO.

lithium fluoride quartz dry ice — carbon dioxide
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A10@opPOoTTOINCEIC TG UANC

Matter

Mixtures

Separation by Pure

substances

physical methods

Homogeneous
mixtures

Heterogeneous Separation by

i Compounds
mixtures

chemical methods

Elements
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The Three States of Matter: Effect of a Hot

Poker on a Block of Ice
Va2
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Eidon aAAaywv

Mia euoikn aAAayn o€ peTaBAAAEl TR cuoTOon ) TNV
TAUTOTNTA MIOC ouadiac.
sugar dissolving

In water

Mia xnuiknn aAAayn alters the composition or
identity of the substance(s) involved.

hydrogen burns in .
air to form water l,

e ©

ice melting
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Extensive and Intensive Properties

Mia ekrarikn 1010TnTa evoG UNIKOU £€apTAaTal OTTO TN
TTOOOTNTA TOU UAIKOU TTOU Aauaveral utr oyiv

* Mass

* length

* volume
Mia evrarikn 1610tnra of a material does not

depend upon how much matter iIs being
considered.

* density

e temperature

e color 18



mass — measure of the quantity of matter
S| unit of mass is the kilogram (kg)
1kg=1000g=1x103g

weight — force that gravity exerts on an object

weight = ¢ x mass A 1 kg bar will weigh
onearth,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

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
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TABLE 1.3

Prefix Symbol

Meaning

Example

tera-
giga-
mega-
kilo-
deci-
centi-
milli-
Mmicro-
nano-

pico-

T

M
k
d

@)

m

P

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 10~

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 107"

1
1
1
1
1
1
1
1
1
1

terameter (Tm) = 1 X 10" m
gigameter (Gm) = 1 X 10’ m
megameter (Mm) = 1 X 10° m
kilometer (km) = 1 X 10° m
decimeter (dm) = 0.1 m
centimeter (cm) = 0.01 m
millimeter (mm) = 0.001 m
micrometer (wm) = 1 X 10°° m
nanometer (nm) = 1 X 10" m

picometer (pm) = 1 X 107"* m
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Volume — Sl derived unit for volume is cubic meter (m?3)

Volume: 1000 cm?>:

y
1000 mL:
| dm’;
1L y

/// -]
//
e
// e

—» |j«— ] cm

«—— |0cm =1 dm—»

Volume: 1 cm?:

I mL
7

—»| |«— | cm

cm3 = (1

dm?3 = (1

X

X

\

\

02 m)3 =

01 m)3

4

X

X

\

\

0% ms3

0-3 m3

f 1L=1000mML=1000cm3=1dm?3

1 liter

Volumetric flask



Density (rukvornra) — Sl derived unit for density is kg/m3

1 g/cm3 =1 g/mL = 1000 kg/m?

mass
volume

density = d= %

A piece of platinum metal with a density of 21.5
g/cm? has a volume of 4.49 cm3. What is its mass?
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TABLE 1.4

Densities of Some

Substances at 25°C
Density
Substance (g/cm®)
Air* 0.001
Ethanol 0.79
Water 1.00
Mercury 13.6
Table salt 2.2
Iron 7.9
Gold 19.3
Osmium’ 22.6

*Measured at 1 atmosphere.
'Osmium (Os) 1s the densest element
known.
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A Comparison of Temperature Scales

K=0C +273.15

373K — 100°C —=—Boiling point  — 212°F
of water
273 K=00°C
373 K=100°C
Body
3IOK = 37°C —=— temperature — 98.6°F
208 K 25°C y<— Room- 71°F
temperature
273 K 0°C § < Freezing point 32°F 0 _ 2 0
of Wf‘l[el‘ F 5 X C + 32
320F =0°C

) 212 OF = 100 9C

Kelvin Celsius Fahrenheit
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Convert 172.9 °F to degrees Celsius.
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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.

11bX¥ 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.”
27




Scientific Notation
The number of atoms in 12 g of carbon:

602,200,000,000,000,000,000,000
6.022 x 1043
The mass of a single carbon atom in grams:
0.0000000000000000000000199

1.99 x 10-23

|| N x 107
N is a number nis a positive or
between 1 and 10 negative integer
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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+3.9x10° =
4.31x104+0.39x 104 =
4.70 x 104
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Scientific Notation

Multiplication

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

(4.0x10°) x (7.0 x 103)
(4.0 x 7.0) x (10-°%9)

28 x 102

2.8 x 101
Division 8.5 x 10% + 5.0 X 109 =
1. Divide N, and N, (8.5 +5.0) x 1049 =

1.7 x 10°

2. Subtract exponents n, and n,

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

31



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
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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
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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
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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 6.707?

6.64 + 6.68 + 6.70

; = 6.67333 = 6.67 =¥

Because 3 is an exact number

35



Accuracy — how close a measurement is to the frue value

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

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

36



Dimensional Analysis Method of Solving Problems

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

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

given quantity x conversion factor = desired quantity

. . desired unit _ _
giveAunit x — — = desired unit
giverunit

37



Dimensional Analysis Method of Solving Problems

How many mL are in 1.63 L?
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The speed of sound in air is about 343 m/s. What is this
speed in miles per hour?
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