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PLANET EARTH — OCEANS - WATER — SEAWATER - SALINITY
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Formation of Earth’s oceans. Early in Earth’s
history, widespread volcanic activity released large amounts of
water vapor (H,O vapor) and smaller quantities of other gases.
As Earth cooled, the water vapor (a) condensed into clouds
and (b) fell to Earth’s surface, where it accumulated to form
the oceans (c).
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i /}f Mesosaurus. Mesosauris fossils
are found only in South America
and Africa and appear to link
these two continents.



(c)

The three types of plate boundaries. (a) Divergent, where plates move away from
each other. (b) Convergent, where plates approach each other. (¢) Transform, where plates slide
past each other.



Mid-ocean ridge

(d)

Formation of an ocean basin by sea floor spreading.
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Divergent
boundary at the Mid-Atlantic
Ridge. Most divergent plate
boundaries occur along the crest
of the mid-ocean ridge. where sea
floor spreading creates new
oceanic lithosphere.



~ "hree sub-types of
convergent plate boundaries.
(a) Oceanic-continental convergence.
(b) Oceanic-oceanic convergence.
(¢) Continental-continental convergence.
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Land hemisphere Water hemisphere
46.4% Land 11.6% Land
53.6% Water 88.4% Water



(b) Relative Ocean Size

(a) Earth's Surface




Mount Everest = Highest mountain
8850 meters (29,035 feet)

Average height of the land
840 meters (2756 feet)

Average depth of oceans
3729 meters (12,234 feet)

Mariana Trench = Deepest area of oceans
11,022 meters (36,161 feet)
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lithosphere
hydrosphere
atmosphere

" —
biosphere lithosphere hydrosphere atmosphere biosphere

The Earth is divided into 4 spheres:

The Lithosphere: this consist of the solid rock and soil component of
the crust and upper mantle;

the Hydrosphere: the water on, in and around the earth;

the Atmosphere: the gases surrounding the earth; and

the Biosphere: the living things on the earth
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To vepd eival pia 1BlalTepwg evdlaPEpouca Kal TOAUTIAOKN
gvwon mou map’ 6Aa tauta dev eival dUoKoOAO va Katavonbei oe
TIOAAG onueia TG av yivel avTIANTITH 1 HOPLAKA TNG Soun.

Hdn tiBetal to epwtnUa av eival kat apxac £vwon Bepuodu-
Vaulka otabepn). Mpaypatt Beppoduvauikd eivat otabepotatn. O
oxnUatiopog 1 mole H,O amnd ta otolxeia Tou H, kat O, mapéxel
eAEUBePN eveépyela — 54,507 Kceal.

H2+02
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O: Has 6 eletrons in the outer
sphere, but 2 unpaired which
make bonds.

O: 1s22s22p,” 2p, 2p,

H

« Each one of the two unpaired

electrons of the O is bounded to the :Q
one e of the Hydrogens =>two T % H

bonds O-H






Because electrons are more attracted to the oxygen atom, the
two hydrogens become slightly positively charged and the
oxygen atom becomes negatively charged.

This separation between negative and positive charges
creates what is known as a polar molecule, meaning a
molecule that has an electrical charge on its surface.



The H- Bond is the force that holds the water molecules one to
another. Itis abond between H and O (or other electronegative
atoms: e.g. F, N). So H- bond also occurs in substances other
than water. The H-O----H bond is relatively strong and has a
strength of about 4.5 kcal mol-1, compared to 10-20 kcal mol-1 for
lonic bonds and ~0.5 kcal mol-1 for van der Waals bonds.




>high heat capacity. Heat T i T
Capacity (Cp) is the thermal el Capast of s =0 S clly
energy it takes to raise 1gm of 1 |
a substance by 1°C. Water has o T b

the highest heat capacity of all o Mgt of vaporizetion < S40 cally
solids and liquids except liquid © | |
NH;. This is because it takes a ¢ [ !
lot of energy to break the 2 o <@~ Hosl capacityof water = 1,00 calig
hydrogen bonds and change 2 |
the structure of water. Thus £ |
water has a large thermal EEREET w—  Healolfusion =10 alf—

buffer capacity and acts as a
climate buffer.

»high heat of evaporation 50 . —
mammals cool by sweating! - it 0 200 400 600 800
takes energy (AH = 540 cal g')

to break the hydrogen bonds. | i Calones

In fact water has the highest
heat of evaporation of all
liquids.

«— Mo capacity of it « 0.50 calg

»low heat of freezing  Water structure
can move easily to the ice structure



»high boiling point The boiling 100
points and freezing points of
the group VIA hydrides (S, Se
and Te) fall on aline of
decreasing B.P./F.P. with
decreasing molecular weight
except water. The projected
B.P. should be - 68°C while the
real value is 100°C.

bailing point, =G

»>high freezing point Easier to

freeze than convert to a gas. -100

The freezing point 0°C is

enormously high. The

Erolecﬁd F.P.is _'90°(|3 - I/f;e y estimated by of Hy0 in absence
eat of freezing is only that -

of evaporation implying that AEERT e

there is a relative small

difference in the number of

bonds between water and ice.

neriod
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Recent work from Richard SayKally's
laboratory shows that the hydrogen bonds in
liquid water break and re-form so rapidly
(often in distorted configurations) that the
liquid can be regarded as a continuous
network of hydrogen-bonded molecules.

R ' ~ r
This computer-generated nanoscale VIew 0
liquid water is from the lab of Gene Stanley
of Boston University . The oxygen atoms are

red, the hydrogen atoms white
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The ice contains a lot of cavities. The more cavities, the less density. When the
temperature raises, some H- bonds start to break, the water molecules fill the
cavities => less cavities => lower volume => higher density - water “anomaly”. The
normal situation is that with raising of temperature, the thermal motion of the
molecules increases => the volume increases => the density decreases (d=m/v),
so theice should be below the liquid water. Up to 4°C. Increasing the
temperature, the water follows the “normal situation”, because the thermal
motions are the prevailing ones.
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EINI®PANEIAKH TAYH Eivol 1 TG61] TOV VYPAOV VO ELATTAOGOVY T1|V ETLPAVELL TOVS KOl OQPEILETUL GTIS EAKTIKEG
OVVAUELS TOV GLCKOVY TO. LOPLO. TOV VYPOV 6TA POPLY. TNG EMPAVELAS TOV. ['evikd: ATOTELEL HETPO TOV EAKTIKAOV
OVVAUEMV TPOG TO EGAOTEPLKO TOV VYPOV. OG0 16VPOTEPES EiVOL 01 SLONOPLUKES HVVANELS TOGO PEYAAVTEPT Eivar 1|
EMLPUVELOKT] TAON. TNV EMPAVELOKI] TAGT OPEIAOVTUL TO GPUIPIKO GYNLO TOV GTOYOVAOV TOV VEPOU.

surface tension

<900 >90° | r r
gravitational surface attractive forces
force
Liquid on a non-wettable surface, When attractive forces to surface
surface tension dominating exceed surface tension, the liquid

attractive forces on surface. wets the surface.




Eidikog dykog cm?/g
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oxeTKo fwdeg
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The Anomalous Properties of Water
(originally presented by Sverdrup, Johnson and Fleming in 1942) include:

Property Comparison Importance
Heat capacity (Cp: cal g °C™) Highest of all solids & liquids, | Prevents extreme ranges in temperature;
Thermal energy to raise 1 gm of a substance by 1 °C. | except liquid NH; Energy transfer by water movements is

large

Heat of fusion (AH = 79 cal g™)
Energy needed to break the hydrogen bonds.

Highest except for NH;

Absorption or release of latent heat results
in large thermostatic effects.
Important for energy transfer and climate.

Heat of vaporization (AH =540 cal g) Highest of all liquids Thermostatic effect; Energy transfer
Energy needed to convert water to vapor

Boiling point (100 °C: projected -68°C) Much higher than expected Water exists i 3 phases within the enitical
Frﬂezing point (0 °C: projected -90 °C) (compared to other hydrides) temperature range that accommodates life

Heat of freezing: only 1/7 that of evaporation

Low: Water structure can
move easily into ice.

Implying relatively small difference in the #
of bonds between water and ice

Surface tension; water likes itself relative to most
other surfaces (7.2 x 10° Nm'")
Measure of the strength of a liquid surface

Highest of all substances

Waves, drops and aerosol sea salt
formation. Cell physiology

Dielectric constant: Charge insulation and dissolving

Highest of all substances

Solubility of salts & ion reactions

power as a result of 1on hydration except HyO; and HCN

(87 at 0 °C, 80 at 20 °C)

Dissolving power Highest of all liquids both # of | Implications for biological and physical

substances and quantities phenomena

Electrolytic dissociation Wery small A neutral substance, yet contains both H’
and OH 10ns

Transparency Relatively large Water is “colorless™; Important for

Absorption of radiant energy is large in IR and UV: photosynthetic and photochemical reactions

Relatively uniform in the visible.

Conduction of heat (a molecular process) Highest of all hiquads Important for small-scale heat transfer, as in
living cells.

Molecular viscosity (= 10° N s m™) Less than most other liquids at | Water flows readily to equalize pressure

Measure of resistance to distortion (flow) same temperature. differences.

Compressibility

Relatively low (more similar
to a solid)

Large increase in presses with depth causes
only slight increase in density

Thermal expansion
(for pure water it is at 4 °C)

Temperature of maximum
density decreases with
increasing salinity.

Waters with salinity less than 25 have
maximum density at tempemperatures
above the freezing point




SEA WATER

SOLIDS

Major Elements Minor Elements




The twelve most common ions in the sea

lon

Chloride, Cl-
Ssodium, Na*
Sulfate{vl), 50O,~
Magnesium, Mg?*
Calcium, Ca%*
Potassium, K*
Carbonate, CO;*
Bromide, Br~
Borate, BO;™
Silicate, Si0y%
Strontium, sr¥
Fluoride, F-

Concentration % by mass of the Concentration
! mg dm™ total dissolved sollds /mol dm™
19 000 55.04 0.535
10 500 30.42 0.457
2 655 7.69 0.028
1 350 3.91 0.056
400 1.16 0.010
380 1.10 0.009 7
140 0.41 0.002 3
65 0.19 0.000 81
20 0.06 0.000 34
8 0.02 0.000 11
8 0.02 0.000 09

T 0.003 0.000 05



Sulfate 7.72%
Magnesium 3.68%
Calcium 1.17%
Potassium 1.1%
Bicarbonate 0.4%
Bromine 0.19%

All other ions 0.05%

Chloride 55.07%
Sodium 30.62%




Lyman and Fleming (1940) Kalle (1945)

(g) (g)

NaCl 23939 NacCl 28-566
Mg(Cl, 5-079 Mg(Cl, 3-887
Nast4 3'994 MgSO4 1-787
CaCl, 1-123 CaS0O, 1-308
KCl 0-667 K,S0, 0-832
NaHCO, 0-196 CaCO, 0-124
KBr 0-098 KBr 0-103
H,BO, 0027 SrSO, 0-0288
SrCl, 0-024 H;BO, 0-0282
NaF 0-003 :
Water to l1kg Water to . lkg
Kester et al. (1967)
A. Gravimetric salts gkg!

NaCl 23-926

Na,S50, 4008

KCl 0-667

NaHCO, 0-196

KBr 0-098

H,BO, 0-026

NaF 0-003
B. Volumetric salts (standardized by Mohr method)

: Approx. molarity Use volume equivalent to

Mg,6H,0 1-0M 1297 g Mgkg™*

CaCl,2H,0 1-0Mm 0-406gCakg™*

SrCl, 6H,0 0-1m 0-0133gSrkg™*

C Water to 1 kg

Note: (i} Allowance must be made for water of crystallization of any of the salts used.
(i) After aeration the pH should lie between 79 and 8-3.




sociurm (Ma)
chlonne ¢

NaCl crystal structure




The ions e.g.Na+ or CI- interact
with the partial charges of the
water dipoles with sufficient
strength to draw the water
molecules in close to them, thus
compressing the solvent in the
Immediate neighbourhood.

sermiordered)

and ordered waber)

Guber hydration shell (cybotachic region,

inner hyaration shell {chemisoted

i— bulk waker (random arrangsment)




To onueio méew¢ Tou Baraooiou vepou (S%., 2.11. o °C)

aAatomra 5 10 15 20 25 30 31
onu. MmM&ewg - 0,268 -0,535 - 90501 -1,068 - 1,341 -1,621 - 1,678

aAaromTa 32 33 34 35 36 37 38
ong. Mé&ewg - 1,734 - 1,791 — 849 -1,806 -1964 -2018 - 2,079
aAatoTTa 39 40

onp. M&ewg - 2,138 - 2,196

H wouwTtikn rtieon tou Baidooiou vepou (ocTtoug 25°C)

YAwplomTa
Yoo 12 13 14 15 16 17 18 19 20

Wou. 1tieon
(atm) 15,51 16,85 18,19 19,55 20,91 22,28 23,66 25,06 25,47




Eri TOIC %0 EAQTTWON TOU OYKOU TOU BAAQCOIoU vEPOU
oc rueoelg 1000 db o€ O1ApopeG BEPUOKPATIESG KAl AAATOTNTEG

T (°C)
S %o
0 10 20 30
0 0,500 0,470 0,451 0,440
10 0,486 0,459 0,420 0,432
20 0,474 0,448 0,432 0,423
30 0,462 0,438 0,424 0,415
35 0,457 0,433 0,419 0,411
40 0,450 0,428 0,415 0,407




MetaBoAn tou eidikoU Bdpouc Kat TG % £AATTWOEWS OYKOU
BaAaoctou vepou, aAatotnTag 35%. kat Bepuokpaociag 0°C

— [lieon Ewdiko % EAGTTWON - llieon Ei10lkO Y% EAGTTWON

(db) Bapog oTov OYKO (db) Bapocg OTOV OYKO

0 1,02813 0,000 4.000 1,04640 1,778

100 1,02860 0,046 5.000 1,0507 1 2,197
200 1,02908 0,093 6.000 1,05484 2.609
500 1,03050 0,231 7.000 1,05908 3,011
1.000 1,03285 0,460 8.000 1,06314 3,406
2.000 1,03747 0,809 9.000 1,06713 3,794
3.000 1,04199 1,349 10.000 1,07104 4,175



.......... + Oepuokpacia PEYIOTG MUKVOTNTA]
====== Znueio mMewg

H nukvértnra tou BaAdooiou vepou weg ouvdaprnon
™me Bepupokpacias kai g aiarértnrag oe nicon 1
aruoéogaipag. (o, = (d - 1) x 1000).
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Comparison of Seawater and Pure Water Properties

Property Seawater (35% Pure Water
Density. g cm™, 25 °C 1.02412 1.0029
Specific conductivity, ohm™ em™, 25 °C, 0.0532 -
Viscosity, millipoise, 25 °C 9.02 8.90
Vapor pressure, mm Hg. 20 °C 17.4 17.34
Isothermal compressibility, vol/atm, 0 °C 46.4x 107 50.3x10°
Temperature of maximum density, °C -3.25 3.98
Freezing pomnt °C -1.91 0.00
Surface tension, dyne cm™, 25 °C 72.74 71.97
Velocity of sound, ms™, 0 °C 1450 1407
Specific heat, J g °C™, 17.5 °C 3.898 4,182




Definitions important to the concept of salinity

. “Salinity is defined as the weight in grams of the dissolved inorganic matter in one kilogram of
seawater after all the bromide and iodide have been replaced by the equivalent amount of
chloride and all carbonate converted to oxide.” Knudsen (1902).

. “By Chlorinity is understood the mass of chlorine equivalent to the total mass of halogen con-
tained in the mass of 1 kilogram of seawater.” Sorensen (1902). Transl. by Jacobsen and Knud-
sen (1940). » '

. “Salinity %o = 1.805 Chlorinity %. + 0.030.” Sorensen (1902).

. “The Chlorinity definition: Cl = 0.3285234 Ag %o.”

or “The number giving the chlorinity in per mille of a sea-water sample is by definition iden-

tical with the number giving the mass with unit gram of Atomgewichtssilber just necessary to
precipitate the halogens in 0.3285234 kilogram of the sea-water sample.” Jacobsen and Knud-

sen (1940).
. S %o = 1.80655 Cl %0. UNESCO (1962).



Processes affecting seawater salinity.

Process

Precipitation

Runoff

Icebergs
melting

Sea ice
melting

Sea ice
forming

Evaporation

How
accomplished

Rain, sleet, hail, or
snow falls directly
on the ocean

Streams carry
water (o the ocean

Glacial ice calves
into the ocean and
melts

Sea ice melts in the
ocean

Scawater freezes in
cold ocean areas

Seawater evapo-
rates in hot climates

Adds or
removes

Adds very
fresh water

Adds mostly
fresh water

Adds very
fresh water

Adds mostly
fresh water and
some salt

Removes
mostly fresh
water

Removes
very pure
water

Effect on

salt in seawater

None

Negligible addi-
tion of salt

None

Adds a small
amount of salt

30% of salts in
scawater are re-
tained in ice

None (essentially
all salts are left
behind)

Effect on
H,0 in seawater

More H,0O

More H,O

More H,0

More H,0

Less H,O

Less H,O

Salinity

increase or

decrease?

Decrease

Decrease

Decrease

Decrease

Increase

Increase

Source of fresh w
rom the sea?

Yes, icebergs from
Antarctic have been
towed to South Americ

Yes, sea ice can be
melted and is better
than drinking seawatcr

Yes, through multiple
freezings, called freeze
separation

Yes, through evapora-
tion of seawater and
condensation of water
vapor, called distillation



140" 120° &;ﬂ’a”i—r“’i 20 80° Temperature (C)
P e S 0 10 /" \20 30
e S L0 3 5 = ¥ L A R i

YHON
I

‘ )f ocean - 4 40|
8 A

‘ i ’ " —
I".\ %, Vropic of Cancer JI L Tropic of Cancer

' 20° —~ \

" 0o} Equator /

spneT

— Tropic of Capricorn

40°
g
s —
b

o Salinity

s ((!I.'(;)
80° I I = | J
32 33 34 35 36
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Increasing salinity (%) —=
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Salinity variation with depth. Vertical profile
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at the top). The zone of rapidly changing salinity with depth
is the halocline.
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Surface Salinity In August



surface Salinity on 27/11/07 Hour12:00 LITC

~ Hellenic Center for Marine Research, GR-19013, Anavissos, GREECE
POSEIDOM System - http: /fwww poseidon.hcrne.gr
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Figure 1.10. Effoct of lemperature on the specilic elecirical conduetivity of see-
water of vaious salinitics at 1 atm. It ncreases with increasing temperoture and
saliniry
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H 0zppokpacia eanpealel v niektpikn ayoyypomre tov alacoiov vepou:
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25

17-345
32-188
46213
47-584
48-951
50-314
51671
53-025
54-374
22719
57061
58-398

Temperature {°C)

20 15 10
15628 13967 12-361
294027 25967 23010
41-713 31351 33137
42954 38-467 34-131
44-192 39-379 35122
45426 4688 36110
46656 41-794 37096
4T-882 42-896 383-080
49-105 43996 39-061
50325 45093 40-039
51-541 46- 187 41-016
52754 47-278 41-990

* Conductivity in millimho em ™',

5 0
10-816 9341
20- 166 17-456
29-090 23238
29968 26-003
30843 26771
31716 27-535
32-588 28-298
33457 29060
34:325 19-820
35190 30579
36053 31-337
36917 32094



Effect of pressure on the conductivity of sea water® {after Bradshaw and Schieicher, I

Pressure Ly Ly
Temp. (db) Temp.
i 35 39 k) | 35 39
1.000 1-599 1556 1512 1032 1008 (985
2,000 3089 3006 2922 1996 1951 1906
3,000 4475 4345 4233 2895 2830 2764
4,000 5759 5603 5448 3731 3646 3562
0°C 5,000 6944 6757 6569 15°%C 4506 4403 4301
6,000 8034 7817 7599 5221 5102 4984
7,000 9031 8787 8543 5879 5745 5612
B.000 9939 9670 9401 6481 6334 6187
9,000 10:761 10-469 10-178 7031 &871 6711
10,000 11-499 11-188 10-877 7-529 T-358 7-187
1,000 1-368  1-333 1298 0907 (888 O(-B68
2,000 2646 2578 2510 1-755 1'TI8  1-680
3,000 3835 3737 3639 2546 2492 2438
4,000 4939 4813 4686 3282 3212 3142
5*C 5,000 960 5807 5655 2 HFC 3964 3IR79 3795
6,000 6901 6724 6547 4594 4496 4399
7,000 7764 7565 7366 5174 5064 4954
8,000 B-552 8333 %114 5706 5585 S464
9,000 9269 9031 8794 6192 6060 5929
10,000 9915 9661 9408 6633 6492 6351
1,000 1-183  I-154 1125 799 0783 0767
2,000 2287 2232 277 1-547 1516 1-485
3,000 3317 3237 3157 2245 2200 2156
4,000 4273 4170 4067 2895 2837 2780
10°C 5,000 159 5034 4910 25°C 3498 3420 3359
6,000 5976 5832 5688 4056 3976 3896
7,000 6728 6565 6402 4571 4481 4390
8,000 7415 7236 T057 5045 4945 4845
9,000 8041 T84T T652 5478 5369 5261
10,000 B-608 8400 K192 5872 5756 5640

* Percentage increase compared with the conductivity at one atmosphere,






Avvauixés ypauiés rov emayd-
Hevov nAextpukou mesiov (Siaxexouévec
‘voauués) mov xaBoplfouv to “Saxtiiio”
Tov Badacatvos vepou.




MPO2AIOPIZMOZ AAATOTHTA2 ME TH MEOOAO
MOHR - KNUDSEN

O TpoodIoPICNOG TG AAATOTNTAG YiVETAI ENNECWS. NpoadiopileTal
ONAadn apxIKAa n XAwpIioTNTA OYKOUETPIKA (APYUPOMETPIA), KOI KATOTTIV
uttoAoyidetal n aAatoTnTa. MNa Tov TpoodiopIoHo TNG XAWPIOTNTAG TO
OEiyMa OYKOMETPEITAI ME OIAAUMA VITPIKOU apyUpouU, HE OEIKTN TEAIKOU
ONUEIOU TO XPWHIKO KAAIO (OYKOMETPNON KOBI{NnOoNG).

O1 avTIOpAoEIG TOU TTPOCOIOPICHOU gival :

Ag+ + Cl- --> AgCl Agukoé ilnua |, PK =9.96
Ag+ + Br- --> AgBr Agukokitpivo i{nua, pK =124
Ag+ + J- --> AgJ KiTpivo i(nMa , PK =16.0

KOl OTO TEAIKO ONUEiO :
2Ag+ + CrO42- --> Ag2Cr0O4 KOKKIVO ilnua, pK=12.2



NMEIPAMATIKH NMOPEIA
» ZuyiCovTal 2 OTEYVEG AOEIEC KWVIKES PIAAES — KATAYPAPOVTAI O NACEG.
* MeTa@EpovTal HE O1PWVIO atrd 15 ML deiypartog o€ KABE KWVIKNA.

« Zuyiovtal €K VEOU WOTE va TTpoocdioplioTei To OKpPIRES BAapog kaOe
OgiypaTtog.

* MlpooTiBevral KatoTmIiv 25m| QTrecTaOYNEVOU VEPOU KOOI 6 OTAYOVES
XPWHMIKOU KaAiou.

* To SIGAUNO OYKOMETPEITOI ME TO OIGAUMO TOU VITPIKOU apyUpou HEXPI VO
oT00EPOTTOINOGEI TO KOKKIVO XPWHO TOU XPWHIKOU apyupou. ATraiTEiTal
I010ITEPN TTPOCOXN YIO TOV aKPIRN TTPOCdIOPICHO TOU TEAIKOU ONMEIOU TO
OTr0i0 TTOAAEG POPEG Eival ACAPES AOYW TNG TAUTOXPOVNG KaBilnong Twv
AgCl , AgBr ,AgJ.

* ‘Evag @oitnTAg otnVv aibouca Ba mrpayparorroifcel Tnv idia diadikacia
ME TTPOTUTTO OOAACOIVO VEPO WOTE VA TITAOOOTNOEI O VITPIKOS APYUPOG.



YMNOAOIIZMOI
H xAwpiotnta uttoAoyileTal e BACN TOV EUTTEIPIKO OPICHO TG .

"O apiOuég o otroiog ek@pAalel TNV XAwPIOTNTA (£1Ti TOIS XIAiOIg), £vOG
Osiypatog OaAaocoivou vepou, gival O id10G ME TOV APIOHNO TWV YPAUHAPiIWV
aPYyUpOU, TWV AVOYKAIWV yia TNV TTARPN KatafuBion Twv aAoyovwyv TTou
mmeEPIEXOVTAlI 0€ 328.5234 ypauHApIa TOU VEPOU QUTOU."

H oxéon 1Tou divel Tnv XAwpIoTnTA €ival :
Clo/,, = 0.3285234 x 0.635 x v X (b/a) = 0.2086 x v x (b/a)
OTTOU :

b = Ta gr vitpIkoU apyuUpou TToU TTEPIEXOVTAlI O€ £€va AITPO TTPOTUTTOU
O1aAUMOTOG, OTTWG JuyioTNKAV 1 TTPOCOIoPIoTNKAV ATTO TNV TITAOOOTNON
TOU TTPOTUTTOU BOAQCCIVOU VEPOU.

o = To Bapog Tou dEIYHATOS TTOU OYKOMETPNONKE.
vV = O 0yKog TOU SIGAUMATOG VITPIKOU apYyUPOU TTOU KATAVAAWONKE.
0.635 = Ag/AgNO3

H oaAatotnta vutroAoyiletalr oamd TN XAwpPIoTnTa HE Bdaon TIG
Tpoavapepdeioceg oxXEOEIG.
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Xpnuoatodotnon

* To mopov ekmaldeuTLKO UALKO EXeL avamtuxBel oto mAaiolo Tou
eKTIALOEVUTLIKOU €pyou Tou dtddokovTta.

* To £pyo «Avoiktd Akadnpaika Madnipata oto Maveniotipo ABnvwv»

EXeL Xpnuatodotioel povo tnv avadlapopdwaon Tou eKTTOLOEUTIKOU
UALKOU.

* To €pyo uhomoleital oto mAaiolo tou Emixelpnotakou MpoypAppatog
«Ekmaidsvon kot Ala Biou Madnon» kat cuyxpnuatodoteital ano tnv

Evpwraikn Evwon (Eupwmaiko Kowvwviko Tapeio) kol amo €Bvikoug
TTOPOUC.

ENIXEIPHEIAKO MPOrPAMMA
iy EKMAIAEYZH KAI AIA BIOY MAGHZH EZ"A

* *
* *
* *

J
2 ' . d
ERLEVOVON TTNY UOVWVId TNE YVWON,
it EE
YNOYPTEIO MAIAEIAXL KAl OPHEKEYMATAQON IATKO KOINQNIKO TAMEIO

EvpwnaikiiEvwon E!AIKH YMHPEZIIA AIAXEIPIZIHE
Evpwmaiké Koivwviké Tapeio . A
Me tn cuyxpnpatodotnon g EAAGSag kat tng Evpwmaikig Evwong
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>NUElwpa lotoplkovu Ekbooewv Epyou

To tapov €pyo amoteAel tnv €kdoon 1.0.

‘Exouv tponynOel oL kKatwOL ekbOOELC:

‘Exboon SaBeoun edbw http://eclass.uoa.gr/courses/CHEM162/
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>NUElwpo Avadopag

Copyright EBvikov kat Kamodiotplakov Mavernotiuov ABnvwy, MuxanA
2KOUAAOC, EppavounA Aaocevakng 2015. MuxanA 2koUAAoG, EppovounA

Aaoevaknc. «Xnuikn Qkeavoypadia. Evotnta 1: O mhavitng M'». Ekdoon:

1.0. ABriva 2015. AwaBgotpo amo tn diktuakn dtevBuvon:
http://opencourses.uoa.gr/courses/NOC83/

¢ Om\avAtng 'n
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>NUelwpa Adelodotnonc

To apov LALKO SlatiBetal e toug 0poug tneg adestac xpnong Creative Commons
Avadopd, Mn Eumopwkn Xprion MNapopowa Atavopn 4.0 [1] A petayevéotepn, AleBvic
‘Ekboon. E&atpolvtal ta autoTeAn £€pya Tpitwy m.X. pwtoypadiec, dStaypappata
K.A.TT., TOL OTIOLOL EUTTEPLEXOVTOAL OE QLUTO Kall Ta oTtoia avadEpovtal pall Pe Toug
OPOUC XPrONG TOUC OTO «Xnuelwpa Xpnonc Epywv Tpitwv».

[@ocel

[1] http://creativecommons.org/licenses/by-nc-sa/4.0/

Q¢ Mn Epmopikn opiletal n xpnon:

* 1ou bev meplAapPavel AUECO 1} EUUECO OLKOVOULKO 0dEAOC ard TNV XpRon Tou €pyou, yLa
To SlovopEa Tou €pyou kot adelodoxo

* 1ou 6ev meplAapPaveLl olkovoLKr) cuvaAlayn we polnoBeon yla tn xpnon n npooBacn
OTO £pyO

* Tou bev nmpoomopilel oto SLavopEa Tou £pyou Kal adelodOX0 EUUETO OLKOVOULKO ODEAOC
(rt.x. Stadpnpuioelg) amo tnv npoBoAn tou Epyou o€ SLadIKTUAKO TOTO

O dwkatouxoc¢ pmopel va mapexel otov adelodoxo Eexwplotn adela va XpnoLUOTIOLEL TO £€pYyO yLa
TIopLKA xpron, epocov autod tou {ntnbeL.

P
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Alatpnon ZNUELWHATWVY

Ornoladnmnote avamapoywyn N SLooKeun Tou UALKOU Ba TtpeETmeL
va cupmeplAapBavet:

" 10 2nueilwpoa Avadopadc

" 10 2Znueilwpo Adelodotnong

= N 6nAwon Alathpnong ZNUELWUATWY

= 10 2Znueilwpa Xpriong Epywv Tpitwv (epooov umtdpyel)

noll e touc ouvodEVOUEVOUC UTIEPOUVOEGOUC.
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2NUelwpa Xpnonc Epywv Tpltwv
(1/13)

To Epyo aUTO KAVEL Xprjon Twv akOAouBwv £pywv:
Ewkoveg/Zxnuata/Awaypappato/Dwtoypodieg

Ewkova 1: Earth. Copyrighted.
https://angelslightworldwide.files.wordpress.com/2012/05/earth.jpg?w=714

Ewkova 2: H mpogAevon tou nAtakoU cuotipatoc. Copyrighted.
https://ikecult.files.wordpress.com/2012/12/kant-laplace.jpg?w=593&h=385

Ewkova 3: A cross-sectional view of Earth showing Earth's layers classified by
chemical composition along the left side of the diagram. Copyrighted.
http://www.iupui.edu/~g115/assets/mod04/earth composition.jpg

Ewkova 4: Copyrighted.

Ewkova 5: O Kopntng Halley. Copyrighted. http://en.es-
static.us/upl/2013/05/halleys comet.jpg
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http://www.iupui.edu/~g115/assets/mod04/earth_composition.jpg
http://en.es-static.us/upl/2013/05/halleys_comet.jpg

>NUelwpa Xpnong Epywv Tpltwv
(2/13)

Elkova 6: 2XNUATIOUOC TWV WKEAVWV TNG yNnG. Copyrighted.
Ewkova 7: Copyrighted.

Ewkova 8: Ring of Fire Tectonic Plates. Copyrighted.
http://www.jochemnet.de/fiu/RingofFire.jpg

Ewikova 9: Late Paleozoic and Mesozoic early. Copyrighted.
https://classconnection.s3.amazonaws.com/927/flashcards/68927/jpg/2-
71305058701723.jpg

Ewkova 10: Plate Boundaries Diagrams. Copyrighted.
http://gallerygogopix.net/plate+boundary+diagrams?image=1463591318

Ewkova 11: Diagram of an opening rift valley. Copyrighted.
http://wps.prenhall.com/wps/media/objects/374/382993/Fg02 20.gif

Ewkova 12: Map with the Mid-Atlantic Ridge. Copyrighted.
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2NUelwpa Xpnonc Epywv Tpltwv
(3/13)

Ewkova 13: Copyrighted.

Ewkova 14: Sub-type of convergent plate boundaries. Pearson Prentice Hall, Inc.,
2005. Copyrighted. http://images.slideplayer.com/16/5003162/slides/slide 63.ipg

Ewkova 15: Sub-type of convergent plate boundaries. Pearson Prentice Hall, Inc.,
2005. Copyrighted. http://images.slideplayer.com/16/5003162/slides/slide 68.ipg

Ewkova 16: Sub-type of convergent plate boundaries. Pearson Prentice Hall, Inc.,

2005. Copyrighted. http://images.slideplayer.com/16/5003162/slides/slide 73.ipg
Ewkova 17: Copyrighted.

Eltkova 18: XAptn¢ He TLC TEKTOVIKEC TIAAKeC. Copyrighted.
http://www.agelioforos.gr/files/APortal/resized/tectonic-plate 425x.jpg

Ewkova 19: Tektovikeg mAakec. Copyrighted.
http://www.ubthenews.com/images/fisure 3 pangaea.jpg
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http://images.slideplayer.com/16/5003162/slides/slide_63.jpg
http://images.slideplayer.com/16/5003162/slides/slide_68.jpg
http://images.slideplayer.com/16/5003162/slides/slide_73.jpg
http://www.agelioforos.gr/files/APortal/resized/tectonic-plate_425x.jpg
http://www.ubthenews.com/images/figure_3_pangaea.jpg

>NUelwpa Xpnong Epywv Tpltwv
(4/13)

Ewkova 20: Copyrighted.
Ewkova 21: Copyrighted.
Ewkova 22: Copyrighted.

Ewkova 23: A View of the Earth's Oceans and Continents from North and South
Poles. Copyrighted. http://paos.colorado.edu/~toohey/fig 51.ipg

Ewkova 24: Copyrighted.

Ewkova 25: The ocean depths diagram. Copyrighted.
http://www.underwaterphotography.com/Dive-Sites/images/oceandepths.gif

Ewkova 26: Yopetpikny kapumuAn. Copyrighted.
https://classconnection.s3.amazonaws.com/99/flashcards/1694099/jpg/hypsome
tric curvel348438223623.jpg
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http://paos.colorado.edu/~toohey/fig_51.jpg
http://www.underwaterphotography.com/Dive-Sites/images/oceandepths.gif
https://classconnection.s3.amazonaws.com/99/flashcards/1694099/jpg/hypsometric_curve1348438223623.jpg

>NUelwpa Xpnong Epywv Tpltwv
(5/13)

Ewkova 27: The four spheres of the earth. Copyrighted.
http://www.bounford.com/images/thumbs illustrations/cork tele spheres.gif

Ewkova 28: Copyrighted.

Ewtkova 29: Ataypappa udpoAoyikou kUkAou. Copyrighted.
http://water.usgs.gov/edu/graphics/greek/wcmaindiagram.jpg

Ewtkova 30: MopLo vepou. Copyrighted.
Ewkova 31: Copyrighted.

Ewtkova 32: MopLo vepou. Copyrighted.
http://www.k12science.org/media/live/curriculum/waterproj/images/watermolec

ule.jpg
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>NUelwpa Xpnong Epywv Tpltwv
(6/13)

Ewkova 33: Temperature and phases of water versus energy (as calaries).
Copyrighted.
http://www.ocean.washington.edu/courses/oc400/Lecture Notes/CHPT3.pdf

Ewkova 34: Diagrams “The Results of the H-Bond”. Copyrighted.
http://www.chem1.com/acad/sci/aboutwater.html

Ewkova 35: Phase water. Copyrighted.
http://twistedphysics.typepad.com/cocktail party physics/images/phasewater.gif

Ewkova 36: Copyrighted. http://www.chem1.com/acad/sci/aboutwater.html

Ewkova 37: Mopula vepou. Copyrighted. http://www.chem1.com/acad/sci/wat-
images/tetrahedral water molecules.jpg

Ewkova 38: Nano scale water. Copyrighted.
http://www.cheml1.com/acad/sci/nanowater.jpg
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http://www.chem1.com/acad/sci/wat-images/tetrahedral_water_molecules.jpg
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>NUelwpa Xpnong Epywv Tpltwv
(7/13)

Ewikova 39: The change in liquid water structure and density with temperature,
from Libes, 1992. Copyrighted.
http://ocean.stanford.edu/courses/bomc/chem/lecture 02.pdf

Ewkova 40: Water sp volume. Copyrighted.
http://www.cheml.com/acad/sci/aboutwater.html

Ewtkova 41: Aldypappor LEYLOTNC UKVOTNTAC Kat l0kou oykou. Copyrighted.

Ewikova 42: [81otntec Twv vypwv: entdavelakn taon. Copyrighted.
http://butane.chem.uiuc.edu/pshapley/Enlist/Labs/SurfaceTen/6.png

Ewkova 43: 2tayovidia vepou. Copyrighted.
https://c1.staticflickr.com/1/67/218819575 e9c8085cc9 z.ipg

Ewkova 44: Surface tension. Copyrighted. http://www.chem1.com/acad/sci/wat-

images/wetting.png
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http://ocean.stanford.edu/courses/bomc/chem/lecture_02.pdf
http://www.chem1.com/acad/sci/aboutwater.html
http://butane.chem.uiuc.edu/pshapley/Enlist/Labs/SurfaceTen/6.png
https://c1.staticflickr.com/1/67/218819575_e9c8085cc9_z.jpg
http://www.chem1.com/acad/sci/wat-images/wetting.png

>NUelwpa Xpnong Epywv Tpltwv
(8/13)

Ewkova 45: Copyrighted.

Ewtkova 46: Viscosity vs Pressure & Temp. Copyrighted.
http://www.ocean.washington.edu/courses/oc400/Lecture Notes/CHPT3.pdf

Ewkova 47: Kupla ovta otn 8dAlacoa. John Willey and Sons, Inc., 1999.
Copyrighted.
http://www.ic.ucsc.edu/~wxcheng/envs23/lecture6/11 4Principal ions sea.jpg

Elkova 48: Zuykevtpwon Twv LovTtwyv H kal toviopou tou vepou. Copyrighted.
http://3.bp.blogspot.com/-dWjDzJkHWOs/TpzmR5Vmf6l/AAAAAAAAABU/U-
SUe529LV0/s640/nacl.gif

Ewkova 49: Cybotactic region of ordered water molecules around a dissolved ion.
Copyrighted. http://www.cheml.com/acad/sci/wat-images/hydrated.gif

Ewkova 50: Electrostriction. Copyrighted.
http://www.ocean.washington.edu/courses/oc400/Lecture Notes/CHPT3.pdf
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http://www.ocean.washington.edu/courses/oc400/Lecture_Notes/CHPT3.pdf
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>NUelwpa Xpnong Epywv Tpltwv
(9/13)

Ewkova 51: Copyrighted.

Ewkova 52: Copyrighted.
http://www.ocean.washington.edu/courses/oc400/Lecture Notes/CHPT3.pdf

Ewkova 53: Surface salinity variation. Copyrighted.
http://oceanography.asu.edu/Oc Octl0 pos.pdf

Ewkova 54: Salinity variation with depth. Copyrighted.
http://oceanography.asu.edu/Oc Octl1l0 pos.pdf

Ewkova 55: Surface salinity in August. Copyrighted.
http://oceanography.asu.edu/Oc Octl0 pos.pdf

Ewkova 56: Surface salinity. Hellenic Center fro Marine Research. Copyrighted.
http://www.poseidon.hcmr.gr
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>NUelwpa Xpnong Epywv Tpltwv
(10/13)

Eltkova 57: Aldypappa empponc thg NAEKTPLKN G aywyLpotntag tov BaAdoolou
vepoU aro thn Beppokpacia. Copyrighted.

Ewkova 58: Niskin Bottle. Copyrighted.
http://courses.washington.edu/uwtoce05/niskin.jpg

Ewkova 59: Nansen water bottles before (), during (Il), and after (lll) reversing.
(From Dietrich et al. 1980). Copyrighted.
http://oceanworld.tamu.edu/students/satellites/images/nansen bottle 1.ipg

Ewkova 60: Copyrighted.

Ewkova 61: Ysi Salinity Meter. Copyrighted.
http://www.rickly.com/wai/images/YSI63MET.JPG

Ewkova 62: Mpoxoida Knudsen. Copyrighted.
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Ewkova 63: Mpoxotda Knudsen. Copyrighted. http://salinometry.com/wp-
content/uploads/2013/09/Knudsen-burette.jpg
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To Epyo aUTO KAVEL Xprjon Twv akOAouBwv £pywv:
Mivakeg

Mivakag 1: The anomalous properties of water. Copyrighted.
http://ocean.stanford.edu/courses/bomc/chem/lecture 02.pdf

Mivakag 2: The twelve most common ions in the sea. Copyrighted.
http://www.rsc.org/learn-
chemistry/resource/download/res00000057/cmp00000046/pdf

Mivakag 3: Copyrighted.
Mivakacg 4: To onueio téeswc tou Baldoolou vepou. Copyrighted.
Mivakag 5: H wopwTtikn tieon tov Baldoolou vepou. Copyrighted.

Mivakag 6: Emi tolc %o eAATTWON TOU OYKOU TOoU BaAACoLoU VEPOU O€ TILECELG
1000db o€ dtadopec Bepuokpaoiec kat ahatotntec. Copyrighted.
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Mivakag 7: MetaBoAn tou e1dkov BAPoUC Kal TG % EAATTWOEWCS OYKOU
BaAdoolou vepou, alatotntog 35%o kat Beppokpaciac 0°C. Copyrighted.

Mivakag 8: Comparison of seawater and pure water properties. Copyrighted.
http://ocean.stanford.edu/courses/bomc/chem/lecture 02.pdf

Mivakacg 9: Processes affecting seawater salinity. Copyrighted.

Mivakag 10: Relative conductivity of sea water. The Underwater Handbook: A
Guide to Physiology and Performance for the Engineer, Charles W. Shilling &
Margaret F. Werts & Nancy R. Schandelmeier, New York (1976). Copyrighted.

Mivakag 11: Effect of pressure on the conductivity of sea water. The Underwater
Handbook: A Guide to Physiology and Performance for the Engineer, Charles W.
Shilling & Margaret F. Werts & Nancy R. Schandelmeier, New York (1976).
Copyrighted.
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