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For example:

Element
Nitrogen

Iron

Manganese

1C table can exi1st 1in more than one oxidation state.

Oxidation State

N (+V)
N(+IIT)
N(O)

N (-III)

S (+VI)

S (+1ID

S (0)
S(-II)

Fe (+1IT)
Fe (+1I)
Mn (+VI)
Mn (+IV)
Mn (+III)
Mn (+1II)

Why study redox (reduction/oxidation) reactions:
1. Redox reactions fuel and constrain almost all life processes.
2. Redox reactions are a major determinant of chemical species present in natural
ENVIrONMeEnts,

Species
NO;3

NOy

N

NH;. NHy"
S04

5.0 31'

Sl.'.'l

H,S. HS™. §*
Fe't

F E2+
MnO,*
MnO; (s)
MnOOH (s)
Mn™




Thermodynamics:

The basic relationship between Ey°and free energy 1s:
AG,°= -nFE}° (1):

where: AG;® 1s in joules (not KJ). F = Faraday’s constant = 96,500 coulombs/mole =
the charge of one mole of electrons: and n = the number of moles of ¢ transferred.
Linking (1) into the general free energy equation:

7(products)’

AG,=AG? +RT In (2)

w(reacants)’

AG, AG,” RT | x(products)

- =— - In :
nF nF nF m(reacants)”

(3)

RT o (products)®
En=En — In (1 < J‘:-
nF m(reacants)

(4)

at 25 °C and on a logjp basis. with R = 8.314 J/mole degree:

0.0592 a(reduced s 1es)®
E, = E,° - logio ’T(IE{. ul-:e apem.e-:.} i
n m(oxidized species)

(3)

at equilibrium. howewver. Ex = 0. and hence from (5) it follows that:
0.0592
n

Ep° = log;o K (6)



pE® Values of Redox Reactions Important in Natural Waters (at
25°0)
Reaction pE* PE%(w)*

%Gz(ﬂ] + HY(w) + & ;‘%HIO + 20.75 + 13.75

1 6 .. o1 3
$NOy + 5 H'(W) + & & {5Nx2) + 5 HO +21.05 +12.65

%Mn{.‘)z(s} - %HCD_{ (1Y + % H*(w) + e

= L Mnco,s) + % H.O
@ SNOy + H*(W) + & <

= MNO," +-5- H*(w) + & .~

(5) 3

1

B

1
(&) r3

NO, +L;- HY (W) + & & —
(" 5 CHOH + H*(W) + e =

(8) 5 CH,0 + H*(W) + & < + CHJ® + - H;0 ~0.06
(9) Fe OOH(s) + HCOy €10 + 2 H*(w) + &
" Fe"COy(s) + 2 H,O - 1.67°
1

(10) 5 CH,0 + H*(W) + ¢ = 5CH,OH —3.01

(1) £SOF +5 H*'W) + & = & Sts) + FH0 —3.30

1 - 1
(12) ?SDE_ + H ({w) + & = ?Hﬁ(g] + %H;D - 3.50
(13) —;—505 + H* & = %HS' + %H,G —3.75

(14) %5(5} + H*' (W) + e =& %H;Stsl —4.11
(15 CO, + H* & .=* % CH, + %Hat} —4.13

(16) Na(g) = % H*'(w) + e %NH,* —4.65

]
L
3
H

(17) H W+ & = TH@ 0.0 —7.00

1 1
(18) FCOx(g) + H™ (W) + & =" & CHy@) + % H.O —1.20 —8.20
*{w) indicates @y . = 1.00 x 1077 A and pE%(w) is a pE” at g+ = 1.00 x 1077 Ad.
*These data correspond to @uco,- = 1.00 > 107 M rather than unity and so are not
exactly pE"(w); they represent iypical aguatic conditions more nearly than PE" values do.

Source: Werner Stumm and James J. Morgan, Aguaric Chemistry, New York: Wiley-
Intereciences. 1970. n. 318. Reproduced with permission of John Wiley and Sons, Inc.
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What sets the pE in the ocean at pH ~ 8 and pO, 0.2 atm?
Probably the O, / H,O couple, this 1s the typical pE for oxic conditions.

O, + AH + e <=—>2 H,O E°=1.229
log K=283.1
n=4

(H,0)
(e ) (H")* pO,

K =

log K=2log (H,0) - log pO, -4 log (H™) - 4 log (e7)

83 = 0 -(-0.68) +4pH + 4pE

where (H,O) = 1 (=1.0 1n distilled water; 0.98 m seawater)
pO, =0.21 atm pH=8.01t0 8.2

So.pE=(83-0.68-32)/4=124 to 12.6, depending on pH. Positive pE
oxidizing environment.




What 1s the pE of water at pH = S in qu.llllbl"_lll:lll with the SO4/H;S couple (¢.g. anoxic
waters)? Assume that HS = 10 and SO’ 4~ =107 This 1s typical for the anoxic end-
member condition.

5{}41': +9H™ + 8~ <==>HS-+ 4 H,0 log K =33
1/8504% + 9/8H" +e- = 1/8HS + 1/2H,0 pE°®=+4.25
pE = pE° - log (HS-)* / (50,58 (H)*®

pE = pE® - 1/8 log (HS") + 1/8 log (SO4™) + 9/8 log (H')
pE=4.25+0.63-037 - 9/8pH

pE=425+0.63-0.37-9.0

pE=-4.49

The more negative the pE the more “reducing” the environment.




a. Eotw 10 oTolXelo BAAN0. Ayvomviag Ta oynpaTi(oueva tu-
YOV OUUTIAOKA YPAQOUUE TNV LOOPPOTIQ avaywyng Tou TpL-

0Bevouc o€ |ovooBevee:

TP 42" 2 TI*

onou E°=-1,247 V otoug 25°C.
To duvapikd avaywyng Tou Baldoaoiou vepou eival

E, =125 x RT/F = 12,5 x 0,0591 = 0,729 V.

Ano v e&iowon tou Nernst €xoupe:

3+
E, =E°4+ RT In aTl
nF aTlt

Kal n =2 OnoTe avTikablotTwvtag £xoupe v (3):

3;
0,729 =—1.247 + BT o 2Tl
oF

a Tl
n
3+
1,976 = 0059 |, aTl
2 aTl*
oTiOTE TEAIKA TIPOKUTITEL OTL
3+
log 211 _ 67
aTl
Kat
3+
aTl®

(3)

(4)

(6)

npaypa mou deixvel 6Tt To BaAlo Bpioketal anokAsloTka wg TI%¢

oT1o BaAdooto vepod.



O oidnpoc anoTehei To TéTapTo o agpbovia pérardo Tou ghoiold TNE yng. AnavtaTtal
ouyxva o OpUKTa dnwg o NupiTng kabog Kal o noAld NupImKd opuKTad O ONPaVTIKES NOCOTATES
(Cox P.A., 1995). Asv anotehei onpovTikd puno Twy Bolaooowy alrd o Sigpyaoieg eEaywyng
ahoupivag and To PwEitn kol napaywyhic ofsibinv Tou Tmaviou Snuioupyolv katd Ténoug
npofAfjpara (@umaves K., 1996). To peyolUTEpo NogodTd Tow oTo pAoid Tng yng Bpioketal und
popgn diwoBevdv 1iovTwy Ta onoia dpws ofeibovovTal ypryopa npog Tpigbevr) oty enpavenda.
Adyw Tng pikprig dioAutdTnTag Twv ofeibivy Tou TpioBevolg aidrpou n CUyKEVTpWON Tou OTa
odara eivar pikph, vnodsikvoovTag TV anaywyn Tou and Toug {wvTec opyaviouolds (Cox P.A.,
1995).

Ito Balhdomo vepd epgavilerar o peyaho nogooTd und popiprp AenTdv kKohhoeibdw
aiwpnuiTwy Tou TOnou Fe(OH): i dAlwy udpofuoupnAdkwy. Eival ywwoTrd 4T g noocdTnTa TNg
TaEewe Tou 10 M anavTa oe xaBapd SiaAuTéc poppéc onwe Fe(OH)?, Fe(OH),", Fea(OH)*"
Kal popipés opyavik@y oupnAdkwy, ol onoieg Swadpapatifouv onpavTikd Biokoyikd Kai
yewhoyikd pdho (Rue E.L., and Bruland K.w., 1995, Powell R.T., and Donat J.R., 2001, Boye
M.BE. et al., 2003). On guykevTpooeg Tou gibfpou ora fparta, 1Sgitepa onig KABETEG KATAVOUES
Touw, ennpealovrtar nokhd andé Tig emkpoToloe; ofeboovaywyikéc ouvinkec. AMAayéc Tou
ofeifoavaywyikol Suvopikol npoxkahodyv SwAutonoinon Tou kal peTagopd Tou O Jwveg
nhoumdTepec o& ofuydvo oTig onoieg waraPuBifetal, SnuioupyovTac neployés nAoloiec OE
peTarha nhnoiov Tng Siempaveag iffuaTos-vepol (Kalnejais L. et al., 2007).

Kata n dwedikacia avapng vddnivwv palwv onig exBoAeq notopwy anopakpUveTal OE
anpavTikd nogoard oo yaunhhic akardrnrag pépoc Tng exkfolnc (0-5%e), eva n anopdkpuvan
ohorAnpaverar oyebov ek’ oloxkAfjpou péyp n aAaTdéTnTa Va pTacEl oTO 15%e (Liss P.S., 1976,
Boyle E.A. et al., 1978, Sholkovitz E.R., and Copeland D., 1983).

O gidnpog sivan anapaitnTo ixvooToiyeio kobBog ouppeTéxel o NoAAd evepyd KEvTpa
Eviupwy K TIE NpWTEivEC nou peTagépouv To ofuydvoe oTo aipa. Aadpoportiler eniong
eEaipenikd onpavTikd pdho oTig Broxnuikés Siepyacieg peTapopds nAekTpoviwy nou AapBavouv
ywpa katd Tn diadikacgia Trg QuwToglvBedns KAl Thg avopyavonoinong Tou opyavikol ulikol
npoc GioEeidio Tow dvBpaka.

H pikpr nepiekmkdTnTa Tow ot Udata Tng aveikTrig Balaocoog pnopei va Spaosr weg

NepIopIOTIKGS napdyovTac avanTuEng yia Toug opyavigpols (Martin J.H. et al., 1994, Cox P.A.,




Which oxidation state of Fe (+2 or +3) 1s expected to be more abundant in seawater (pE =
13.75 and which m the deep waters of the black sea (pE = -3.5)? Consider this reaction:

N
Fe +1hH) (9)<== Fe  +H

Which 1s composed of two half reactions:

+2

3 2
reduction Fe +e<—>Fe logKy = 13.0

ox1idation 1/s Ho(g) <==> HJr +e” logK3 =10
By convention, K3 =1 (AG°=0)

(Fe')
(Fe)(e)

(Fe'?)
(Fe')

K1=K2xK3= K| =K, =
IUgK] — _log(e_ )+ log

For seawater: log (Pe Fe N =
1+

13-13.75=-0.75; (Fe*"/Fe’™)=0.177 Fe’" abundant
For the black sea: log (Fe*"/Fe’) = 13 =

16.5: (Fe* /Fe’™) =3.16 X10'° Fe** abundar




H ocuykévTpwon Tou digAuTol payyaviou oro Baidoomo nepifdiAov napouoialsl oTig
NEPICOOTEPEC MNEPINTWOEIC MEYVIOTO OTA EMPAVEIIKA UdATA WC ANOTEAECOUO TNC EPUEDNC
PWTOXNUIKAG avaywyiknc diaghuTonoinonsg Twy ofeidiny Tou. And BioAoyiknc andwews Pia and
TIC M0 ONUOVTIKEC NapapeTpoug Trng BoAdooiac yewynueioc Tou payyaviou anoTeAsi 1
PaxTnpiakn ofeidwon Tou. Av Kal n ofeidwon Tou dicbevolc payyaviou npoc TETpAOOEVES ANO
To oEuyovo euvoeiTal Beppoduvapikd, eival eEIpeETIKG apyn oTo guvnbec pH Twv Bohooowvy Kal
yia To Aoyo auTo n digpyacia anoTeAel Kupiwg anoTeAeopa BioAoyikneg dpaong (Sunda W.G., and
Huntsman S.A., 1988). Ze oOpICUEVEC NEPINTWOEIC MaAMoTa n ofeidwon Aappavel xwpao
ECWKUTTAPIKA and Ta ida Ta PakThpia pPECw Twv onopiwv Toug. Ta eviupa nou kataAlouy T
ddikagia oEeidwong EXouv ¥apakTnpIOTEN ev PEPEl Kal £XElI Bpebei 6T nepieyouvy ¥aikd (Francis
C.A., and Tebo B.M., 2001 kol 2002). H pwToavacToAr Tng Paxtnpidiaknc auThc oteidwaonc
QUEAVEl Tr CUYKEVTPWTN KAl TO ¥pOvo Napapovhc Tou napayopevou diobevolg payyaviou oTa
empavelaxkd Baiddooa 0data (Sunda W.G., and Huntsman S.A., 1988).

To payyavio sival ixvnueTarlAo anapaitnmoe via 1 {wn kobwg ouppeTeExel oTn
pwTooUuvBeon. AnoTeAsl eniong cuoTaTikKe NoAAwv pPeTaAADEv{UPwY. AnoppogdaTal O HIKPO

NOCOOTO PETW TNC avanvong ano Ta {wa evwm O UWNAEC OUYKEVTPWOEIC NPOKAAE] PEiwON TG

nieong Tou aipatoc. ‘Exouv avagepdei eniong endpAaceiq OTO KEVTPIKO VEUPIKO aUoTnpa arAd kal

KANola ouoyEeTIon Tou Pe Tnv acgBeveia Napkivoov (Inchem, WHO, 1981).
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(5) What would be the Mn*" in equilibrium with MnO, in natural seawater at pH=8 in
equilibrium with Pgy = 0.20 thus, pE = 12.58. How would you answer change for the
Black Sea with pH= 8 and pE = -4? So under anoxic conditions would you expect
manganese to be in the form of Mn®" or MnO,?

Assume:
MnO,(s) + 4H" + 2¢ = Mn"" + 2H,0 logK = 2pE°=41.6

K = [Mno>)/ (HY (e)

log K =log [Mn*] - 4log (H") - 2log (e)

log (Mn*") =log K - 4pH - 2pE

for seawater log ( Mn"") =-15.56 or {}-IuH} =107 0r 2.7 x 10™° not abundant
for the black sea (Mn*") =3.98 x 10" so Mn”" is a lot more abundant in anoxic
conditions




Polymetallic or manganese nodules, are rock concretions on the bottom formed

of concentric layers of and around a core.

The core may be microscopically small and is sometimes completely transformed
Into manganese minerals by . When visible to the naked eye, it can
be a small test (shell) of a microfossil ( or ), @ phosphatized

: debris or even fragments of earlier nodules

Nodules vary in size from tiny particles visible only under a to large
pellets more than 20 centimetres across. However, most nodules are between 5
and 10 cm in diameter. Their surface is generally smooth, sometimes rough,
mammilated (knobby) or otherwise irregular. The bottom, buried in sediment, is
generally rougher than the top.

Nodule growth is one of the slowest of all phenomena — on the order of
a centimeter over several million years. Several processes are involved in the
formation of nodules, including the of metals from seawater
(hydrogenous), the remobilization of manganese in the water column (diagenetic),
the derivation of metals from associated with

(hydrothermal), the decomposition of basaltic debris by seawater (halmyrolitic)
and the precipitation of metal hydroxides through the activity of microorganisms
(biogenic). Several of these processes may operate concurrently or they may
follow one another during the formation of a nodule


http://en.wikipedia.org/wiki/Iron
http://en.wikipedia.org/wiki/Manganese
http://en.wikipedia.org/wiki/Hydroxide
http://en.wikipedia.org/wiki/Crystallization
http://en.wikipedia.org/wiki/Radiolaria
http://en.wikipedia.org/wiki/Foraminifera
http://en.wikipedia.org/wiki/Shark_tooth
http://en.wikipedia.org/wiki/Basalt
http://en.wikipedia.org/wiki/Microscope
http://en.wikipedia.org/wiki/Geology
http://en.wikipedia.org/wiki/Precipitation_(chemistry)
http://en.wikipedia.org/wiki/Hot_spring
http://en.wikipedia.org/wiki/Volcano



http://images.google.gr/imgres?imgurl=http://faculty.uml.edu/Nelson_Eby/87.202/IMAGES/Manganese_nodule.jpg&imgrefurl=http://faculty.uml.edu/Nelson_Eby/87.202/Material.htm&usg=__VJBH5cJhuZEYuw9L80aMj1m9UEg=&h=917&w=600&sz=142&hl=el&start=9&um=1&tbnid=ICKjIzsIztB32M:&tbnh=147&tbnw=96&prev=/images?q=manganese+nodules&hl=el&rlz=1T4GGLR_enGR312GR312&sa=N&um=1

Xnuikr ovuotaon KovOUAwvV c1dnpo - uayyaviou

% OUYKEVTPWON Kata Bapog

ZUOTATIKO Meylotn EAdxLo Meon

MnO, 63,2 11,4 3,7

Fe,O, 42,0 6,5 24,3

SiO, 290l 6,0 19,2

Al,O, 14,2 0,6 3.8

CaCOQO; 7.0 2,2 4.1

CaSO, 1,3 0,3 0.8

Ca;(ROy); 1,4 txvn 0,3 MepIKEC TTEPLOXEC Kal BABN UPECEWS OIONEO - HAYYavIoUXwV
MgCO, 5.1 0.1 07 KOoVOUAwV Kal oggn;j/r\nogtjjsfigo%uigg;gufncrsa)q TOUG,

H,O 24,8 8,7 13,0 g o e —

ASlahuTto oc HCI 38.9 Meploxn BaBog AlatotnTa PuBuog augnoewg
m %o mm/ 1000 £tn

ATAQVTIKOC QKeQVOC 300 — 900 35 - 26 0,1 -

ATAavTikég (B. AyyAia) 50 — 200 32 - 35 20 — 500
BaATikiy Bakaooa 15 — 220 3,5 — 12 20 — 1000
OAaA. Tou MmdpevTg (APKTIKOG) 170 — 1000 34 — 36 1 — 500
Maupn 6dAaocoa 60 — 150 18 — 19 50 — 1000
Kaomia 8akaocoa 20 ; 100 — 1000
Qahacoa Tou Kapa (ApKTLKOG) 30 — 120 26 — 34 10 — 1000
Bopela Bakacoa 25 — 160 32 - 34 50 — 1000

Elpnvikog Qk. (N. Kaiipopvia) 120 — 800 35 — 36
Elpnvikog QK. (lanwvia) 114 — 260 35 ]

Aegukn Balacoa 30 - 160 26 — 32 50 — 3000




The chemical composition of nodules varies according to the kind of manganese
minerals and the size and characteristics of the core. Those of greatest economic

interest contain (27-30 %), (1.25-1.5 %), (1-1.4 %) and
(0.2-0.25 %). Other constituents include (6 %), (5%) and
(3%), with lesser amounts of : : : :

and
Nodules lie on the sediment, often partly or completely buried. They vary

greatly in abundance, in some cases touching one another and covering more
than 70% of the sea floor. The total amount of polymetallic nodules on the sea
floor was estimated at 500 billion tons. They can occur at any depth, even in lakes,
but the highest concentrations have been found on vast in the
deep ocean between 4,000 and 6,000 m .

Polymetallic nodules were discovered in 1868 in the , In the

of . During the scientific expeditions of the (1872-76), they
were found to occur in most oceans of the world. Nodules of economic interest
have been found in three areas: the north central , the in the
southeast Pacific, and the center of the north . The most promising

of these deposits in terms of nodule abundance and metal concentration occur in
the of the eastern Pacific between and


http://en.wikipedia.org/wiki/Manganese
http://en.wikipedia.org/wiki/Nickel
http://en.wikipedia.org/wiki/Copper
http://en.wikipedia.org/wiki/Cobalt
http://en.wikipedia.org/wiki/Iron
http://en.wikipedia.org/wiki/Silicon
http://en.wikipedia.org/wiki/Aluminium
http://en.wikipedia.org/wiki/Calcium
http://en.wikipedia.org/wiki/Sodium
http://en.wikipedia.org/wiki/Magnesium
http://en.wikipedia.org/wiki/Potassium
http://en.wikipedia.org/wiki/Titanium
http://en.wikipedia.org/wiki/Barium
http://en.wikipedia.org/wiki/Seabed
http://en.wikipedia.org/wiki/Abyssal_plain
http://en.wikipedia.org/wiki/Kara_Sea
http://en.wikipedia.org/wiki/Arctic_Ocean
http://en.wikipedia.org/wiki/Siberia
http://en.wikipedia.org/wiki/HMS_Challenger_(1858)
http://en.wikipedia.org/wiki/Pacific_Ocean
http://en.wikipedia.org/wiki/Indian_Ocean
http://en.wikipedia.org/wiki/Equatorial
http://en.wikipedia.org/wiki/Hawaii
http://en.wikipedia.org/wiki/Central_America

Inorganic Trace Metal Compounds That May be Stable under
Oxidizing and Reducing Conditions

Discrete Compound That May be Present

Oxidizing Conditions Reducing Conditions

Cadmium CdCO, CdS
Copper Cu,(OH),CO, CuS

Iron Fe,0, * x(H,0) FeS, FeS,
Mercury HgO HgS
Manganese MnO, * x(H,0) MnS, MnCO,
Nickel Ni(OH),, NiCO, NiS

Lead 2 PbCO; * Pb(OH),, PbCO, PbS

Zinc ZnCQO,, ZnSiO ZnS




B. Eotw 1o otoxeio yAwpro. @a gEetdooupe TNV muBavr cuvl-
napgn XAWPIKOV Kal YAwpvitwy oto Baldocolo neplpdiiov
XpnoomnolwvTag tTnv K Loopporiac kat v pE.

H woopporia

ClO; + BH* + e~ == CI- + 3H,0 (1)

£xel logk=147.,2 yuia pH=8,1 kal pE =12,5.
Amnd Tnv (1) rnpokUmnTel OTL

3
K = ci--8h,0

(2)

& &
Acio; "8 He " Ae-

Kat

= (3)

Av Aoyaplounow £xw v (4):

acio;

log =3IogaHzo—logk—GIogaH.—G|ogae- (4)

agcr-

Kal avTikaelotovtag myv (5)

Ao
log —% -0-147,2+6x8,1+6x12,5=23,6 (5)

KAl 0 AOYOC XAWPIKMOV TPOG XAwpidvTta deiXvel My arouosia xAw-
pIK@OV and to Balacolo vepod:

Aci05 _ 103 (6)




(6) In anoxic basins dominated by sulfate reduction what will the dominant Iodine
species be? 1035 +6H + 6e-==1 + 3H,0 logK =110.1; pE=-457

Compare this with oxygenated seawater (pE =13), assume pH 1s 8 at both cases

logK = log {[I']/[IO57]} + 6pH+6pE =110.1

log {[T'}/[IO3']} = 89.1 for anoxic and —15.9 for seawater; so [I']/[IO;]=1.26x 10%

e.g. I dominant in anoxic conditions and 1.26 x 107" thus the dominant form will be
1odate IOz 1 seawater




FeVIKA, UMopoUUe OXETIKA amid va TpoPA&Poupe BewpnTiKa
TNV KUPLapXouoa Hop®n evog LOVTOG 0TO HaAacolo «OIAAUMQA».
AUCTUX®C OUWC TIOAU OTIAVIG Yla Ta LXVOCTOLXEla EIHACTE Kal O
B¢on va ermPBepai@®ooupe 0NV TPAEN TNV MPAYHATIKN LOP®PT} TOUG
oTn BaAlacoca. Kamote pHAAloTa n BewPENTIKN npoBAeYn dayeude-
TaL QMo TNV MEAYUATIKOTNTA Kat auTtd aroTeAEl £va OTOLXELO TIOU
sloayel apPIBoAieg yia 6An ) dadikaocia ™G BeWPNTIKNG XNUIKN G
Lag TIPOOEYYIOEWG.

Eva TéTtolo mapddelypa sival autd tou afwtou. Edv eixe amo-
KaTaoTabel loopporia cUppwva pe Tnv avtidpaon:

4NO§ + 4H+ _,,(_“_)'__ QNQ(Q) -+ 502 + 2HQO

TO HEYQAUTEPO TIOCOOTO TOU alwTtou Ba empeme va BpiokeTal
oTnv BAAACOA PE TN MOPPT TWV VITPIKOV Kat OXL TOU JLaAUHEVOU
agpiou. Ze pH =8,1 Kat pE = 12,56 £mpemne n HEPIKH TiEOn TOU
alwTtou va eivat Py, = 10~% atm Kal n CUYKEVTPWON TWV VITPIKWV
Cro, = 0.2 M &evi Kapia aAAn Hopen Tou va pnv Eeriepva Ta 107° M.
STV Meaypatikotta opwg n Py, = 0,758 atm Kal n ouyKevIpwon
TWV VITPIKWV oTiavia ¢tavel ta 30 uM oe ocuvribelg B6AAQCOEQ.




lowtov. 2Tn Bpadutnta eruteUewc piag wooppomiac étav
OEV EUVOEITAL KIVNTIKA. ZNUEIDVETAL OTL EVEPYELQ EVEPYOTION|OEWC
HOALG 45 kCal eival duvatov va emBpadulvel ouclacTiKd pia avTi-
dpaon ya 10° xpoévia. EToL, evid M.X. BEpUOBUVANIKA avagévoupue
avetn o&eidwon Tou Wwdiou and To 0Euydvo TPOS LWdIKA, KLVNTL-
Ka n avtidpaon eival oAU Bpadela pe aroTtéAsopa poAe 1o 30%
TEPITIOU TOU lwdiou va BpiokeTal ge HoPPN LWIKOV.

Agutepov. 21 BLOAOYIKA dpdon Bdaost e omnoiag yivovTal
QVTIOPACELG aVTIBeTEG amod TIG AvapeVvOUEVES OTNV TIEPLOXT] TWV
OPYQVIOU®V 1) TWV UTIOAEIHATWY TNG AMOCUVBECE®MS TOUC.

Tpitov. ZTC QWTOXNUIKEG dlepyaciec Tou AauBAvouv Ymwpa
OTA €TLPAVELAKA, KUPLWS, OTPpWUATA.

TetapTov. XTIG avaykaieg AMAOUCTEUOEIC TWV UTIOAOYLOU®OV
HAG KAl TAPAAEIPELS EVOEXOUEVWG OUCLWOWY HOPPWV TOoU £EeTa-
(opevou oTolxeiou.

leuntov. XTta AavbBaopéva TEIPAUATIKA KAl OTATIOTIKA OTOL-
XEla, avaAUoElg Kal LETPNOELS HacC.
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Tehoc



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
EKMAIAEYZH KAI AIA BIOY MAGHZH 5 Ez rIA

ENEVEYON 6TNV UOLVWYid TNE YVWON

EE
YNOYPTEIO NMAIAEIAL KAl BPHIKEYMATQON IATKO KOINONIKO TAMEIO
Evpwmnaikr 'Evwon EIAIKH YNHPEXZIA AIAXEIPIZHX

Ei (K6 Kovwviké Tapei
— e Me tn cuyxpnpatodotnon g EAAGSag kat tng Evpwmaikig Evwong
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2 NUELWLOTOL



>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/

O&elboavaywyLkeg LoopporTtieg oto BaAlaaatlo meptBailov
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http://eclass.uoa.gr/courses/CHEM162/

>NUElwpo Avadopag

Copyright EBvikov kat Kamodiotplakov Mavernotiuov ABnvwy, MuxanA
2KOUAAOC, EppavounA Aaocevakng 2015. MuxanA 2koUAAoG, EppovounA
Aooevaknc. «Xnuikn Qkeavoypadia. Evotnta 1: OfelboavaywyLKeC
Loopportiec oto Baldooio meptBariov». Ekboon: 1.0. ABrva 2015. AtaBEoipo
amo tn diktuakn dtevBuvon: http://opencourses.uoa.gr/courses/NOC83/

¢ Ofelboavaywylkég Loopportieg oto Baldooto meplBaiiov
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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.

¢ Ofelboavaywylkég Loopportieg oto Baldooto meplBaiiov
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>nueiwpo Xpnonc Epywv Tplitwv (1/3)

To Epyo aUTO KAVEL Xprjon Twv aKOAouBwv £pywv:
Ewkoveg/Zxnuata/Awaypappato/Pwtoypodieg

Ewikova 1: O ofelbwoavaywylkog KUKAOC Tou payyaviouv ota BaAdooia ipoata.
Copyrighted.

Ewkova 2: Copyrighted.

Ewkova 3: Diameter deep tuber with 'growth rings'. Copyrighted.
http://geonieuws.geologienederland.nl/images/866b.gif

Ewkova 4: Manganese nodules. Copyrighted.
www.jamstec.go.jp/i/museum/30th/part6/image/p86 1.jpg

Ewkova 5: Manganese nodule. Copyrighted.
http://faculty.uml.edu/Nelson Eby/87.202/IMAGES/Manganese nodule.jpg
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>nueilwpo Xpnonc Epywv Tplitwv (2/3)

Ewikova 6: Manganese nodules. Copyrighted.
http://www.whoi.edu/science/B/people/sbeaulieu/H20 new/H20 images/mang
anese nodule 6.jpg
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>nueiwpa Xpnonc Epywv Tpitwv (3/3)

To Epyo aUTO KAVEL Xprjon Twv aKOAouBwv £pywv:

Nivakeg

Mivakacg 1: Values of redox reactions important in natural waters. Copyrighted.
Mivakag 2: XNtk ovotaon kovoUAwv odnpo-payyaviou. Copyrighted.

Mivakag 3: MNeploxec katl BABN eupéoswc oldnpo-payyoviouxwv KovoUAwv.
Copyrighted.

Mivakacg 4: Inorganic trace metal compounds that may be stable under Oxidizing
and reducing conditions. Copyrighted.
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