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Jfe call s pKa Logd 3l dguaall gl of ass Adulaill Al

O5—S Latic aa g of Lei€ay b oLl 6 0 of eiSar Y BR3H0 5 SiM4H,0
.B(OH)35 Si(OH)4 Jis Hydroxides ciela JS5 e

L dadd oLl i JAS as Aag, iS5 B ol ol o S o

Si** 41,0 ——— Si(OH)4

B*.3 H,0 —» B(OH);
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(O 38 5 Gloa (8a (NH4OH) 38 5 46 jnay
sbaaie,Jse 1 = (NH4OH) 3855 oS 1y

10“4.8
(OH)? = 10" =—> (OH)= ——
2
10"
(H") = = 1018 —=> pH =11.6
10*

: e 1/10 = (NH4OH) 13 5 sic
(OH)? =10 —=> (OH)?=10"*%. 10" = 10°*

(OH)?=10°% —=> (OH) =-2.9 —> pH=11.1

bl g paaall e O dlSis B Jalaal) pH Ll -8
Influence of the pH of the solution on the dissociation of an
:acid or a base
(BU—) <& da p0 o853 pH (53 Jslaa B bl Jf (nes 3505 20
PH U o3s dagy a0 dasl g pmeadl e JS dissociation
:L_,_ﬂj]l__s Sy Toba g Sy
1 laall L“;ﬁ)_pﬁ“ U dem gy (S -1
HF — F +H’
(H") (F)
————w=Ka
(HF)

(FF) Ka

(HF) (HY

pKa o Jsely pKa=pH ,(F )= (HF)y ,(H") = Ka 58 Lvie
1055532 = pH e 438 ,3.2 = HF U

Ve



| AlP AYOH AOH) |
PH| | | |

5 10.

Sl Al ieay o b€ el s SE e of i of oSa a5 Lea
Lo gl pH (o 5933 sl A8y pudbal IS8 Jaii gy dasagll (5 eaainll Vg 2a g0 (510
saandll Ablisl e SUEEYT Cgeg 385 oF cong Allal oda S el eaiell pKa Aad
ol ) Al of el
:Solubility and solubility products 443} slaag Qe -3

salall capd 5 o3 Sl 5 solute e Al el e odale Jsladt (o sy
e 3_lse ,saturated solution asiall Jslssll 5 ,solvent el ey gl g ALl
O i e b X e s el ae ddiall salall cpe Al ¢ el agd (35S0 Jslaa
.equilibrium
:Solubility of salts 7> cligd -1

A el byl S 1Y

(Na*) (CI) &—— NaCl

1l e AL Bale
) e gt
Joatacall il Jd

Ay Balal p Aol Salell G 3 s Alls Jelill 134 Jiey

(Na™) (CI)
RE e
NaCl

oo S ol Ak il (NAUL) o el 03 5 oo <l e 3 ke 0K

1 = e el oSas constant
ol Y il 0se o o Aladl oia 8 Sl s 5 Sy Kisp = (Na*) (CP)
e e ) 1Y S Ksp oo ) 0588 o Dl 53 g gall Ailiaal <l e
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O i o Bliall Jal ge @llig, 80 58 5 6 (aliad asBil Al p 333 saal
Ksp =PS 5% gkl dallh 3 ool Lagdlaa
telall (8 MY Gl LAY lan (8) Jsaad o

slalh (B el Gand (SP) 443 plas e 1(8) Jsan

CakF; 10.5 CaCO;,

MgF» 8.2 FeCO4 10.5
BaSQ, 105} MgCO, 5.1
CaSO4 4.5 FBPO;; 21.6
BaCQs; 8.8 AIPO, 22.1

) ehaa A8 ma A e Bule s e

PP JUIPNE SV P KV X DU PRI\ IO JRPR, el o a gl Ga
¥ T\ [Ty Lk [ WOR P NN R RSP PO
Sl s 0 8 6ala W s, o) el ol gd 835 I elld (a3 g i g
Y ol dapds e

{Ca80, (s}_.‘\ull.ﬁi el ~1
relell el o350
Ca =40
$=32
40 =64
136
(Ca*® (SO, H =10+
10022 =10 /2 =[ SO 4] = [Ca*?)
10 -2.25 — 10+0.75 ) IO—3
0.75=log5.6

vi



(Ca*?) = 5.6 x 10°° mol/L = 5.6x40 / 10° g/L.

224 /10° g/L. = 0.224 g/L

(S04 =5.6 x 107 mol/L= 5.6x96 / 10° g/L.
=537/10° = 0.537 g/L.

(CaSO4) = 5.6 x 136/ 10° = 0.761 g/L

:CaCOs ﬁ’ﬂ"‘dml Ciligy S -2

(Ca*th (CO5~ )=10 3

(Ca+2): ( C03" ) — 10 8.3512 = 10-4.17 i 10+U.33 ) 10-5
0.83 =log 6.7

(Ca?)= (CO;")=6.7x10"

(Ca™)=6.7x 40/ 10° = 0.00268 g / .= 2.68 mg/L

(CO3™) = 6.7 x 60/ 10° = 0.00402 g / L = 4.02 mg/L.
(CaCO3)=6.7x 100/ 10° = 0.00670 g /L = 6.7 mg/L.
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il el ol
Ca=40

C=12

30=48
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Oxidation and Reduction

:Introduction dasia -1

b ey f s pall a3 50 Lk Juasy Blee Oxidation 3ausY!
(Y ) 3 3aly3) 0y Y o AR el LS AT e bl cilia i)

Fet? ——pFe™ | O —— 1120,

SRl ciad) 3 Led Juasy Reduction gls 31 o d 5y W
iy bt S B L e dastil ¢ AT inay cmpall inll (g8 el
:(‘5.1...»5‘9':

Fe*? ———> Fe*? e, — O

oAy el Jelin a1 g 5auSYE Ades i B e
i g gl 8 Jeany ¢ ululh g (manll Jelis 8 43 Y] cAcido-basic reaction
L g KO i a4 J) AN 5 0uSY! ddee (6 Lty

SN Sl e 508 G pe 85 e Y S dlee Juand (s
b i Joamny of Ll ey g Y Sl 326 Lotie 5 AT S al Ga ol
LJgad a8 el 1 o ¢ AT bl a8 5005 f A sl lianSl

i s 2l s 2kl hle s ¢ JAYD 5 ausY) s 3 Llee

Zn+Cu'* —» Zn"" +Cu
sl 8 iy ausls 8 i o ass Gl Jelil

Cly+2Br" —— 2C1" +Bn;
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RN BN P PO ST L IRVR R N
:Quantitative measurement  si (ubil -2
:Metal electrode in water slall 3 Saa 35080 ~1-2
A_Q..w,uL_.a_,.u'tSU.u)S.dY_,m Canall gam colall (& e Gl gy 2ic
omad e ol gl Wia o skl 4 Hydrated cations

M, solid + aq. o= M;" aq. + M, (solid)

(€75 M ag. e JS e R jaa 2y 538 ) 55 Als pa Y delil) 13 b Juay
sl e AaS) il Al el f g SV AgaSy el A MY 385

e S LS aasisdl el g 98 o o1l 138 calling oJla S e
ety el glys oS8 eopadl (Mt G 0l G sl () Jaaall o 8 ol
s ob—dd Jall o et g 009 ASY e JA 5 Ilaall ) Jsaall et e o
A ol Vn Sitg o S AT S pe Y s SN s sy of s
il 5w e 5 e Gl Mn o8 ol I il Alsd die
M; padl Reduction power

(bl gl y Jslaal o NS Rikie 8 A0l Sl clindl o Gl
AT G e g calig ¢ saS) 13 Electrical potential Lt 68 U 58 (S

b g Ak el Al (8 ¢ Jans el Gl o G KU 3 g0 2
53 35> oLty ( Ial eS¢ 5aSH (g3 35 ASYH e ¢ sl clldl ks
s Al (S e AL (o 3 s pall 098 Aallly cpmintall AL e SH ¢ gaS
O Sy e Jaa™ b 8 0o o0 el s g pall ¢ palll s Gl (g slany
cJglaell 5

g3 38T (e Ml oy pal (53 3 S e g ST Ji ddee o
tolin iy AT o ymidtall 2y geSH

M" aat e mas n g SSIYY U Tagy ¢ Mol 58 (63 35 S Aty —1
O oY agm ) G Cadl g S e iy I LS 5 iaag g cJglaal Y
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3y s gl Bk e 508 g cdas dumbiia s A34SH Al
229 SN el Sl Juany Alall o3n (b o glaall 5

A e 3335 gy ety SVl AT1 255 SN 3, 3 2 R dgn e 2
cslaadt 4 Mo g Gaeadl O G350 Jprnnng gransy bas 3 ST o g S
Juid iy b gas A gaS G5t Bale] dal ey e A geSl Lidie g
e e g () My o i o3l My" 8 (e il 5 S
-39 A

Mot sl s M saus] 3aai 45y ylal odgy

M, +M2+"_‘—“'""' M1+ + M,

Lod e g ey ) 3SINT A0 gaSl o )3 Ll Caday celiil ) jaiud ae
el gty Lie iy SSY) QUi elend die (gl o jiaa el Y Jos

ol (S aga sl A b eSS o ol o3 (pel g
Absolute  (3Maa LS andiud o oSars two opposing potentials (pica jaia
Sl 3@ pag . opiteal e dal g ISV U AN 5 68 s 308 5 48 e JSE measure
ol Jah aal g ag 681 o Jeldill ey canall 1ed g cbaaldy dgigasl ila (el 6l ya)
b S pall caad s 500891 Joliil A gaSl bl paiinal Jolith Conl f el

Ho &> 2H" +2e”

Standard oxido-reduction potential iy bl JI 58515 5auSYH ¢ 9e8

Lgsd 9 b -t a3 200 V = convention 13_)9 sdied (Gl Jelall Caad

dsma 1 = dylaall & Cingpuedl 308 51y 55n daiiia 1 = bainia Cini Hy Oy sl
(pPH=0)

s gl 5 23S 0 5 e o (Bo) Aunlll gl 1y 201 e o

gy S 5 Ban g (B Jalaall (B33 5m sall o sall S (588 Lanic QHH, 5y s3SI

ol lal Jan g o] (g dbon dabeall o pall 3 3 g allai T = Jolaall 8 S il
vy Jaruia
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Lol Jlaall b Agedill o Lo 9 g Banusl 4y gas 1(10) Jyand)

Mg + 20H ====% Mg(OH), +2e” -2.69
U +40H ==—210,+2H,0 + de "~ -2.39
AJ+40OH +=—2AI(OH), +3e” -2.35
Mn+20H &= Mn(OH)+ 2e "~ -1.55
Zn+ 20H ~ #== Zn(OH); +2¢” - 1.25
SO; "+ 20H == SOy +H 0 + 2e" -0.93
Se & Se +2 -0.92
Sn +30H ™~ #==—F Sn(OH);+ 2e "~ -091
Sn(OHY; +30H™ &2 Sn(OH)s +2e~° - 0.90
Fe+20H s——% Fe(OH), +2e" - (.88
H; ,20H " &% 2H,0 +2¢” -0.83
V(OH): + OH™ +== VO(OH), +e~ - 0,64
Fe(OH), + OH &= Te(OH); +e~ -0.56
Pb +3 OH &= Pb (OH); +2e" -0.54
ST &% S+2 - (0,48
2Cu + 20H" == Cy,0, 1,0+ 2¢” -0.36
Cr(OH); + 500 #=—= (10, + 4 H;O + 3¢~ -0.13
Cu;0 + 20H" + H,O &= 2Cu(OH), + 2e” -0.08
Mn(OH); + 20H ™ #=—* MnO; -+ 2H,0 +2¢~ -0.05
SeQy "+ 20H = Se0;  +H,0+ 2e’ +0.05
Pd + 20H " &= Pd(OH); + 2e~ +0.07
Hg + 20H #&==2HgO(red) + HyO + 2¢~ +0.10
Mn(OH); + OH ™ &= Mn(OH); + ¢~ +0.1
Co(OH); + OH™ === (Co{OH); +e" +0.17
PbO(red) + 2 OH ™ #===%Pb0, + HyO + 2¢ "~ +0.25
I" +60H =#=*[0; +3H,0 + 6c” +0.26
4 OH a====20, +2 H,O +4e" +0.40

Zn Y e 3 5S4 G gene Z0SO4 o dslae dgn g dla (B D

oy die (Gl aill g 25 580 4 (e geie CuSOs o dglae AY) Galladl s

& toale yumy g ge elo sy i gaSl il Slea o dasape g (g ST

Cal by eoygatio ZnTT (ps8 lo el il Jens ZnSO; i cilidus Jslae
gitnn 70 A (Lo sl (35 se il 1) s STV et Zin™T a3
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PRl st Jelih 13a Giay o camg o0 gl O pean dic

0.059 (Fe'™
log
2 (Fe)

o (Fe™) 5 il Sy Wb Jliely 1= (Fe) 5S35 058 of i
::L.}a.w'l_}'a (:i:ug

05=-044 +

0.94
log (Fe™)= =31 —, (Fe')= 10"
0.03
138 B Jaslly e adl i o Ulle 685 o e Fe™ 385 o ing
Fet Y skl 8 and) spaall JalS 6% of Goa ity 3 0
&8 ¢ Fe™ (05 apa Y ausly o Fe'™ A8 yanl) oS digh dgn o
el Caadl JF 55AY1 5 300 Ay S

Lig+0.77 43 Fe* . & , Faittye-

F +3 \
EFZ-:Q; Jana 058 of gy wiil g 0.5 e b it 5 sl Ay g€ Tl s
(Fe™) b LS
0.5 = +0.77 + 0.059 log
(Fe*)
(Fe ™M 0.5— 0.7 T2 7
Log S = =-4.58
(Fe*?) 0.059 0.059
(Fe™) 1
—— 10~4.58 -
(Fe ™) 40.000
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sana (15 il 0.5 = ) 3iad s 5o 4008 e ad o Laa U1 oS
L Fe? JSal o daagh 8 25m sl sl
. Lol plaassh 8 clbydaill ians -4
:Some applications in analytical chemistry
Oyt 13 g (Y 8 gy Joball G M 5 Fe g0 S ) dseash (S -1
by v o(lagd Sl JSH) M 5 et e IS 08 - Jotaad saus) JUs
(e anll 303 dgxuﬁ o o 090 Lol b e
S bl g (el Jelii 8 e o AV 5 320aSYY B phae Aghas D s Sy -2
sa sl Jgh alasn G L ¢t o g «Jelell End  point el ddadi ayaad
LRV 5 301 A gt pilaal il ook g o (S
Tolsied Aitiag Ul Jasd i€ 5e o 5oke po o) a1y 520l U Apuilly
saana sl 5 ausl A5 geS die dale eda M @by ) 53RV sanSYl A gaS e
s a5 sansYE IV e AN (any Specific redox potential
( Phenatroline Ferrous sulfat (gt ik G s gilid) odig pé
Bo=-106 (5891 la ) pale blue <l &
(e Als) red as]

(D580 ol o« (33u80) Violet it < Diphenylamine Ol i —

Eo=-0.76
(J3al) ol mee < ( 3.5 blue 3,3 <« Methylene blue oddsall 303 ~
Bo=-0.52

:Limits of pH and Eh in nature 4kl & Eh  pH g3 -3
0.5 s sed b el Ll cd ~ 3.5 o gy aglad (b s pH G35 08 of ipH "l
ol ) (mas 5 (10.3=pKa HCO3™ Cgnaall (52 S8 (e st ikt
(9.9 = pKa) Si(OH)4
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G LA s S o Baglall B 50 g el 5S35l o gl s @ o sED -2
Gy Mg o b of Ld oS Y @l e o8 I g .Oxygen of the atmosphere
et elal) e lih i g Ll
HO&*120;+2H +2", EFEo=+123V

g A ¢ p I OB dpp e cs sl 50usl 3 8 3 30 cann g 4 i i
feball e Jelay

2H0+2CL, —>» O, +4CI +4H*
207 +4C1 —— 0, +4C1° ,BEo=123-136=-0.13V

Eh =+ 1.23 + 0.03 log(0)? (H*)? 1(x) Jelall 4y saS

aa i el o3n JJasd Bh=1,22-0.059 pH o Joans dlabaal o3a dagudiy o 256
deelilly any of (S Reducing  limit i 5aN1 as Wl o npdal Jo g b 528y

2 Al
Hy — p2H " +2e", Eo=000V

Al ) ol Bl oda Jelin g g J3al 48 Led o 5o 5 Jda i
‘Fe Aol aaslh Jha colal o535 an o 081 I 8V
Fe — Fe" +2¢”, Eo=-044V
Fe+2H"—> Fe™+H,, Fo=-044 0=-044 V
Ll Eo ¢f Jliels Spontaneous reaction 33 Jelitly Jelidl 1a o
Hy a—=22H" + 2e” sl o Al s

Eh = 0,00 + 0.03 log(H™)* - 0.03 log (H,)
Eh = 0.00 - 0.059 pH ~ 0.03 log (H,)
SRyl o wgsn daial Jalaiy of Sar Y o soued e b o Lay
toh slall dgay s & AV g paS) (s gual

AY



Eh = —0.059 pH - 0.03 log (H;) = - 0.059pH

«* Eh o pH g i 1 WS dly JS5 o ddbiaa) 3gast e Sy

>

~

=
=

1.4

12

1.0

0.8

0.6

0.4

0.2

0.0

.

Y.y
..

(3) S g S (53 g Aldaud gy Aagedal

Eh = 1.22 - 1.059 pH

Oxidizing
] acidic
Oxidizing e
=l pH 3-5 basic “\"&-\
pH 9.5
. _EIZO Reducing
e acidic
— H, = Reducing
hasic
=,
RO N““"".‘_“h
| ! I | ! I |
0 2 4 6 8 10 12 14

L'gjufug.iwl dJﬂ\éh@?SljhepHJEhwwgiwidﬁﬂl 1(3) Jsa

Parallelogram g3ua)
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Jagpal o cdaesh pH 5 Bh S5 5 520 200 008 sy Ja g il 038 Jaail
@ mYY (g3 she g ke o AN pH s Bh O a1y sauSY) 40 pe agfy s 3l
OS5 A Y O sl dag aphall | b A
Aagahall B sualind) (sany b Ao clilall amy -6
Applications on the behavior of some elements in natare:
(4) JSS aml -]

Eh, V

1.4

.
-

1.0 —

0.8 —|r™ A
0.77 [ SRR R L PR ¥
0.6 — '\.‘ B '\..C “\\.-

. Fe(OH)

/

| S B
0.2 -— iy E

., Fe(OHN ™,

e [Fe™] =IM,

0.4 Fe™j=1M T Fe(OH); D

2 I
i, e T \\\.H\\\
o FeOB~_ |

O i S 107N g~
Fe '--.,.___\

| | | i | l
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G s S eagmy dla (b k) e 30 o Al (8 3n s of sl 05y
(Al Sl (& dladl oa LS 4y 55l A<l

metallic jiron  Haae yas -

.Ferrous Fe *? $ua -

FerricFe™ yam —

3o S A 5 it (el DA e DN gaall 030 Gy Jugail sy
‘Bo il J 521

1) Fe — Fe** + 2e” Eo =-0.44V.
2) Fe** P Fet? 4o Bo=+0.77V.
3) Fe +2H,0 —» Fe (OH), +2H* +2¢° ———— Eo=-0.07V.
4) Fe™ 4 3 HyO —b Fe(OH); + 30" +¢- ———— Fo =+ 1.06V.
5) Fe(OH), + HoO — Fe(OH); + H' +¢* ————# Fo =+ 0.27V.

Y v

chanagll 350 g gall o gall e g ASTYE Sl oy ABLD Dl apan A
Eo @l O a1 300881 20 0eS e Aol BR 1 aY1 5 80mSY) 433 508 ()85 Latic
selasi gl i (Bo oo Ji Bh o8 Ledie risaa (uSall 5 capall 50l laaie 2
caaadl A G paa e

055 Laie Alad oda Caaaly A d e el JIm Y (5 35V Jelil
Jelil) dal co a3 e clelall Gapn b agdn adad RS a3} Aiaidde Jau sl pH
s PH o 55&8 80 Jotal Jal e W e 8 g b sl pHL oS8 50le J Y1
Jelith 42 e Jlely O Jeliill (38 oo el da gl pH (5585 Loxie LG8 4 2
HY cim g sued) doad ang 8530 e clelall o 585 ¢ S0

Lo <8 cllle PH 0 oIS LS tlaga 1550 Jslaall pH canli (i) 4o
Jead 32081

oAb dmar s Ala ) etelil Jai Laie 380 o bl Clua (S
ol g Llaiia ol Jaee L 05 Uny 3 B Luvie

ropm JS1 el JSall s Siall Ol 31 s



L‘.n"\ﬁ".‘d.'-‘z’“':‘ L')SA':-' LQ‘J:L“ < Fe i:!Fe++ JFB++ a‘“:! Fe+++
(4 Jsa)
2 H TN PR Gy LIPS LU —— Fe**+ 2'\.11:.‘;5(1
(a) Fe'? — Fe*’
(b)Fe*? —— Fe (OH),
(c) Fe (OH), — Fe (OH),
Ol agand & abeay e lolill o il ol Ll pH 3 G ofa) Ahall A
i e» Equilibrium

(Fe*?)
Eh =+ 0.77 + 0.059 log —————
+3
ley) A ode b
(Fe®) =(Fe™) ,Bh=Fo=+0.77V.
1055 Ladie L
(Fe**)
(Fet )< (Fe®) s ¢+ 1<« ———— 0.77V.<Eh
(Fe'Ph
s Ay
] (Fe™)
(Fe'?)> (Fe ™ )sl 1> ——— 0.77V.<Eh
(Fe'?)

L0V, < 04y, 0o 00 o8 bl Bh Aadsa vie
JFe*? od sl ¢ u,-l-:—»—erJrz o oy of cas §Fe+3 )
(Fe ™)

0.4V, 1.0V, 0n % dliny 3 Taasl Bh e inid sic s
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CFe*? W Jpas o wsy Fe'® o Lmian of ey (Fe™)

(Fe™)
i(b) Alatl 5
O any Allall 3a 8y Fe(OH); o4 Fe ™ e maall dlla & Jigad Juany
sl Aateally
@"?
E =+ 1.06 + 0.059 log ———
(Fe'")

i 1 = (Fe*) €5 xe —

E=+ 1.06 +0.059 x 3 x log (H™)

88 i gy Leic ¢ Al ey (Fe(OH)3 Gan i Ladie b dlalaall sodiind
e 1 =(Fe™ )= (Fe*)
f ) s pH ) daid oty

107 —38

(OH™Y = = (OH") = 10.7: 107%¢ = pH =14
Jse 1077 = (Fe™ ) = (Fe ™) 38l o Losie
tpH - dad 58
. 107 = e, U PTE il
(OH ) = =10-31(OH )—10.—3—-—10 = pH=37

Leaie 5 cofilise oPlelii aa g aild (Fe — Fe™ ganma JJ Sl paall Jpas e —
Ay Fe "% 585 e IS (o ading Taa g c AT o Jmar 0sSa8 clogia gl Caang
augd pH e

Y




Fe —» Fe'* St Jelal
Te —— Fe(OH), S Jelal

s Fe(OH)z o i Lpna 235 da 3 (A Ainiite pH asa s die Doy 1J 1 Jelill
= kel (Fe ™)
ol Aol S35
0.059
Fh = - 041 + ———— log (Fe*?)
2
Bh = - 0.44 V. 1ol ol 1 = (Fe ™) 385 oS 13
0 el 1077 = (Fe %) 385 S 13

0.059
Eh=-04l+ ———— logl0o™’
/)
(0.059 x - 7)
Eh=-0.41 + =.0.62V.
g

incaidis Bh poe sxdl e oy 18 (e 7 58 0 oy Eh e cuds f LIS
gm0 i gen et S 51 08 elim % Lgndp ol g clan
Fe(OH), (saad cilelal a5 a1 1 A0 Jolidh b
(Fe™™* 3855510 = pH «bi 1 = (Fe " ) 38 55 6.5 = pH)
el LS et ) g Al 8 (eelai 1077 =)
0.059
Eh=-0.07+ ——“;""“ log (H™")

=-0.07 +0.059 log (H")
=-0.07 - 0,059 pH
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Soil Colloids

:Introduction Aesia —1
el oYl (o S a8 e Soil colloids il (ol §ge) cilyy e el
55 g s 338 e e 5 50le i el clins 4 5 (g3 bl Led
s e b g Ay 5wl el dpaal a3 e g Ll Apdill paliall jran
LLaS) 5 A sasal paliall paed |k Bs caabla 38 a9l oda of sauy old
nad i a5 (3555 of (S T g e of Do (8 Cam cgeiahy I3 Lengd
otine Jtied ey el Cun g Aggiae g CalS A e cAfluel S L
e 2a Gl i g Jelill e bl iliad jealic (g e s AileH o ol
o sbadly s il elia b oy gl elaS el (e LS GALEN el (any o

RAP NN
eleliill ot aaal US55 L3 oS (Y el Tl cilys g2 Apanl 3
i 8y 3 il 2 plad) o Galodl ndll 5 gy i iy <0 Cliat g Bndad)
b i3 delectrostatic charge ASLoull 3l <) dals 5 gl <)
el el o dadl i Lages s ¢ hagSia 1 e Y Alaal il gl b uall
Ay st Aalie e SV o el JSE 6y ¢ e sils 1000-20 g edgs a0

-(Borkovec et al., 1993)
o) Anbusa gepnad) e (KN 2 Fin Lpaghy clyg all Aalia el (jad g3 4 jea a3
cllenl) ogd Jal o ipat W) e 508 8 o sl ciliadl g lia Sl 8IS,
el ((alant¥l) o 5aY) bjalls e ccilyg bl ada (o ol Addial
Gl il e S el gy e B el il A4 pead Al oAyl b JEN e
oo SY1 il of 3sls cchemical migration isuasll s aeh Ao o dy sl dpl
Aol Al el o G o oy ey g a3 et By gl shadl daliss
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Galwdl o B it ¥ clys i Baal of Qlld Y caul dy g 1l - gl e
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HA-Alfisols (temp.} 568 653 383 46 nd 4.3 3.9 28 nd  nd
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Totai acidity (mEq/z) by
Material Ba(Otl), KOH NaOH Ba acetafe
Peat 3.8 2.96 2.54 1.83

Pine forest soil 6.9 - — oo
Dunkirk soil (Ontarig) 4.3 = — -
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* Wietul lun recovery Gefore Alter

Titration product (mEqg/100 mg) . - titration titration
HA-AP* 0.445 115 - .08
_ HA-AP 0.226 07.0 5.12
HA-Fe™ 0,443 11,5 642
HA-1ig" 0,255 067.0 438
HA-Cu?* 0.448 115 6.82
HACu 0,283 07.0 6,03
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HA-Alfiaoly {trop.) 623 852 12 18 nd nd nd nd nd nd
HA.Incepticol (temp) 514 58 287 4.1 0d 6.0 2.4 3.6 nd ad
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MW > 30,000
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oo i o b e 06 caglS ol a1 (e uel Sl aae o s 8
Losie syl (b Loy poo PH (miiins ol ) Gimnd) 2L f 5 ectili i
pka 2y il < 5 2.4 =pH_J e (il el e ganal (5 )l Jadll ladiy
Aladl g s ol 50 il e gl e sl (8 g S e gane sl (fd s
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Ki , Kuv

K= (Ve- Vo) (V- Vo) Ke=(Ve- Vo)V,

HATEN

RO BUIRURLTA

(msead o JAN) E10 pasll =V,
kel (2 30nll) iSguadd JaaYl ansll =V,
hell Al anall =V,
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3osuall clijall b ol S Ky Apauliill @idlelae of el M cadl sy

By il A g iy 3ad) Ky o o Limsa Usli ) i 5 g 31 5all (30

o 3Vt o (31) JSih s ety s Ba/Fp L At gl ool g e peSlin] A gy

Gty a5 Ba/Bg o el i o 553 e Ao daddiill edialas <l cda sl

et A1 Y lenn haah i Y i S il of o A haalaal s
(Abu Nugta 1969, 1970) a1 Sl L Uy, Jil s s i

E4/Eg ratio

¥ = 592X + 610

¥ | r=o096""

{significant of the 1% level of
probability}

0.2 0.6 kO 1.4 K

il ueaill cy ABbaY (31) S8
Kd Agandisll cdlalaadl g il ) (g gasdl EAEG
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e Gl gay e Al sl W A g Ledad ol o gl Jagad il o4 5 cAaild
sl 8 il 2 Y g ke i Lo ga e sell LS pald o sagll i pen
iy Ul ol ligSa B SliS ol s ASE 053 e 5l Lelaat dgalsli
Gttt 8 il g Lo lllin e gpell (i guall Adiad g paidl Claa o oSal
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U=l Jax Si(CH3); TMS e pens o «(TMS) trimethylsilyl  Jabsa Jdpa 5
gl of (A8 piKe gy @l o Rkl gl Lo gane AR (e clgesagll o sall b
bl HY cpa g agl

R-COOH+TMS-CI ——+  R-COO-TMS+HC(!

Al g Bl e Raliied) (TMS —y Aldad) o gagl 2 gand ¢

ISl G g W e Al Sl By oSl ek (e A 3aad Ly g

Gt ey Lo 134 AR N Angagl) (gl g gimmy (o Sl 5 6 gy
il s ) il

‘Molecular weights of humic compounds 4 sl cils el 4ty 0l o 540

G =S A2 g0 de el LSl Cha 5l A 5l 55 Qlasiad o
O gl 5 ada Ll s Polydispersive il sasie o Gl jall o3s oY (IS
o oSen il 233 Aa 3 f Aialil o3 5 Tan 5 glice Lol Laa et sl 301
e P Py U LTS U W IR TYES I E O N e
A el oo
b LS b3 591 e sl T 38 s

The number-average M.w: b LS Mn el 40 gl Jaw giall -1

(ZnM )/n =Mn

HAATr
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AL eyl o = p
Sl ey el 5l o550 = M
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LYy «Osmometry gaaalill uldll oo Mn s dapd GIEN o

Cryoscopic el da 3 by kil 5 Tsothermal 5_j sl (5 sl s Diffusion

Lkt oS & gaw oShy 3t Juail o salidll (el A5k ¢ «distillation
200,000 555 3 A 5ah oY disd

P Mw ol oo SsM o giadl -2
The weight —average molecular weight

W:(ZHM 2)/(211M )

Gel —dhed il g Viscosity 4 ol Callad Juesialy 3ale (s baa
el 138 b Jeaih 33kl a0 filtration

Z-average molecular weight M2 gl ()7 Aoy =3
LY aaay

M—zz(ZnM 3)/(Z;n]ifl 2)

I3a 5 Ultracentrifuge A8 sially i il 43 sk ool 1 B Jextiad g

Gl liad el Gmgend Jant 3 cga saell LSSl ga BES SR G
Diffuse double- 5 jediie Aikl da 53 3e e glaia (685 iy s oSl aa 0 5
O adlail o e gl Aglee gl LD iy el o6 M daiiy cayer system
e g G cAaaiiie cu i G iﬁlc ] g o gy intermolecular s
Ay S Al e Y g Bl g Al il b g o) Bl iy Sl
age dsin I Jgma sl caniall o Jand Jiaill 200k inuh o) «Electrostatic drag
e sl 3olal s il - gua
Mo < Mw <Mz o gl 523eia o 5 el Al s
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30.000 i 1000 o A el 5:lall MR 8300 550 oy o it
Lo ey ccola 2 ) Ul ey 35 100,000 5 5as 38 iy 5 ol 380 of Lo
S edoal el 5al U CBEAYT 138 3 gnyy ol pia a3 Al dlli BN gy
el Aas sl (i panll sl )53 o Lale claviandl el (38,1 5 ity
Al (mpenl) b Lilie e
gl pgay el pendl Cund AxtYY Cilay e puaiall SO i s J8 e,
&l e bl g gin (fractions) datiaal o sadl § oSl of ek EPg N
Lo el (6 2005 i L 5 6 o (S Bl iyl s o iy bl
phsie oa

S G L gel G peadl Clicd 58 (G50 ol gl A Jlaaindy
Leia S S5 (15.000%) sl o5 fumisiag (30000 <) ial o550 Al
el pna f 50 Ga s of Wle il jaal ga el Giagendl 5%50 sas
Legioon Ltiad paa oo DD Jpaall (o jens Wl el 30 b A A g daall
BN

Lagu) sl paa g Laiadad o 3400 (26) Jsan
oSl SA 0 e A (Al

: Molecular volume Radius
Molecular welght A? A nin
30,000 23,622 178 178
5,000 3,937 9.8 0098 .

1,500 1,181 6.6 066
1,000 781 3.7 057
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Al S palt Agdlall & Jaall —6
Spectral characteristics of humic compounds

il o sl g il (35h ikl Guld
Ultraviolet and visible light spectrometry
ol el o el sl ad cigly b Adea g Apagell Sl 0151
il A o) Y A 8 L g mgeall o€ Chna s B ladldied Tl dla
o5y ity sl L 35V gl el (m pantl g 5 8 pae Ahia 22 aganll @l Ao gl
Dbl ey hae sl i senl) dlaal caniiall 55 (el o geall aplall 8
i) Ll sio 5 (o) e s 800-300 i e siie s ge Johd e bty
Jymndl 23y o gall ) S Qe il sae o pabaaiad) Sy e b (Ploting
o glaal il (32) JSAN Cpm s ¢ (Jaad) cagad s o

Log £ (Extiretion} +

\'Ag horlzon
\ Bop

. ' 1 t 3 By
300 400 500 800 700 &00nm

B g A ot e hasyh pasand B p gt paliaial (32) Jsa
Uxaall 3l 2 Sopodosols w2

isaall b (iany o Ve y Ape el N el el sy Jaid A e

JEAN RV W PR B ageall CDIA e carnd ie il 1 gl et Ll il
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01b (oo siiy a3 600 5400 da e gk dic extinction UiVl § alaiay) La
.Colour ratio ¢ ¥ 4

¢ gl Galbidlial Jano o index Jig §f cauiS Jexiud o3a gl R o
sl Saad St e G el f 8-7 e o) d oy Aol el <
A el 05591 S A el (i gend) S Al gl o gaal & sale Jaadls
G31 ciinsiall o s Yie 53 Auabial 3,10 A (i Ml el Amitiad
St al a1 s i Sl Y 58 T el imganl b ol Baadiy (Sl
Aaliiunal) Lia gl S gl EyfB s (any (27) Jgpaadl 3 il gy gLt
Lol 5501 ald i pel i gendl of Lin B S cilviead) clalial G O
O 8] (4.45-4.32) Locaisia By/Eg prd @5 558 (M. W>300.000) 400
el e 0083 3 (MW > 15.000) Gaisiiall 2 a0 03531 3 g gigll yin peal
(5.49-5.47) sl

A jaall dya gigdl 3 gall ol dpuss {27) b, Jsss
{Tan 1998) Usiaall bl o oe

Soil order Great group EJ/E,

Humigc acid, MW > 35,000"

Ultisols Hapludults {Cecil oil) 432
Ultisnls Paleudulis (Greenville soll) 445 -
Ultisols Haphudults (Cecll soll} 549
Ultisols Paleadults (Greenville soil) 547
Humie acids®
Spodosols Podzol 50
Alfisols . Dark Gray Forest goil 3.5
Mollisols Chemozem 33
MoHisols Chestnut soil 39
Adidisols Slerozem 4.3
Fulvie acids
Ultisols* Hapluduits {Cecil soli) 8.0
Unknown (Canada)® — 6.0-8.0
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n gl il el Uy-visible o jaly gt (b o seall s (Y
i) i i Al laiad ¢ 581 i Featureless 5 jsoe b s &y Uashas JS5
ol G (BE) Gy syt g (Lldiisl) oA 5 sind (By/Bp de il
JCs derivative spectrum  Gidall Cadall ey cadi Bae g Aabe (5Sh (la gall
dllae Jaxiul i dfluorescence spetra (3l chslo ALl i gast i g (33)
isa el as—eall o8 fluorescence excitationspectroscopy Sl s e
el s Uiy cpi 465 G g sha 2o 5 3pn e 13 ine has Rl
#1360 ai g Al faa Lol el 0o Ll o3l

-20

Log Ae

-1.0

300 400 500 600 70O nm

Spodosols s on dosnall Tagd pasaall idal el (33) Jsd

:Infrared specitroscopy s} el cad ddllad

Gl a5 (33 o e oialall (B ol penll i Aillaall o )
1 daars ccllmall 10 B Lgoalh b Gl any 3505 Go oo ol (e chaasiedl S5l
A 5 i iny 66 pcmdl Apapigh (s an o) sanl) it il 3t Y L
Sl a gl AU el gty Basde ddlladl ol Ol S g ¢ pa gand
TP lasell G gan s Aasaell imgaally Al il e sand s dpesed
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- WAVELENGTH [pm}
3 4 ‘5 E!i '73 E?E.O I'EI“!'

mi

FULVIG AGID

HUMIC AGID

HYMATOMELANIG AGID

3000 " 1800 1600 100~ 1000
WAVE NUMBER {cm''}

Bt ) SO Ly gl 2l puusth Luddil) g pantl ad radball (34) Jsd

i sie (58 aluial Jay p Bl il (i geall o Gkl o Baad LS
(s T 1720 ie €, T aa 2020-2980 o Cignan duy 45 s 3400 x50
Ao sanas L0 C-Hy OH 8 313l (Y 1505 " s 1650 sie 8 580 Saws gia buy i
sl Bl sl e COO 55 5mm UpnsS s S e gy (C=0) gy S
O g 8l Gl e 1000 sie 5 8 Jay 3 ¢ 5 . o gl ol (0 S
kil oda (A el e sl Ay e gasa ) gy ey 4305 Sl bes o shal
s SH e gena o Wy o il 1 2l -CH=CH, 4 <l BT i
a8l dalal) Al o 4l Ly 8 a Ll il o paall ol pend] i i gl e
Badwial)
ot ate CH 355y st Laliaiial s e gugll im pand (fi il
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1000 3o abuaial day 35 e siall (msonll cigalal Gy (Mgl e " e 1650
l..
‘AM
1 55 LSl ol cpe sl op i silaggll (agandl o gl AT
i S0y C-HL 3 3ial o b 358

i v gl gl 5 jpaall Fanai g aliaied] Ll 3 (28) Jad sl
c.._A

A gall Lald
wile ganall pf paadl il Jadi) abaial bl yd (28) Jaia
(Tan 1998) L4ia A AN 3 gall Ay gagd) ilgS pall gé daiha g

Wavenumber Vijgretenatl

em’t pm nm Proposed assignments

3400 294 2540 O-H and N-H stretch

3300 3.03 3030 O-H and N-H stretch

3380 2.95 2950 Hydrogen bonded O

3100 325 3250 NH, stretch

2985 335 3350 CH, and CH, stretch

2540 3.40 3400 C-H stretch

2920 342 3420 C-H stretch of CHy

2900 344 3440 Aliphatle C-H sireich

2820 355 3550 CH, and CH, stretch

2740 3.65 3650 Hydrogen bonded OH

2610 3,83 3830 Hydrogen bonded OH

" 3260 442 4420 Hydrogen bonded OH

1840 543 5430 C=0 sireich of cyclic anhydrides, and mixed
anhydrides .

1813 551 5510 C=0 stretch of cyclic anhydrides, and mixed
anhydrides

1785 560 5600 (=0 stretch of phenols and cyclic anhydrides

1750 571 5710 COOH and C=0

1725 579 5790 =0 of carboxyl and C==0 of ketonic carbonyl

1720 5.81 5Bl C=0 sixetch of carbonyl groups

1695 590 5900 COOH vyibrations

1680 . 1 595 5950 COO antisymmelric streich

1665 * 6.00  GOO0 Olefinic (=

1650 60-62 C=0 stretch (amide D)

1630 6,10 6100 Aromatic C=C, hydrogen bonded C=0, doubie
bond conjugated with carbonyl and COG™
vibrations

1613 619 6190 C=C and COO™

1610 620 6200 Conjugated C=C in ring with C=C, or C=0
of open chaing

1600 627 62700 Aromatic C=C
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Wavelength

Wavenumber ”

emt pn nm Proposed assignments

1590 6.29 6290 Mulfinuctear aromatic C=C and/or aromatic

C=C o

1575 635 6350 Salts of COOH .

15701515  6.5-6.6 N~ deformation and C=N siretch (amide 1),

1550 - 645 6450 COO" anlisymmetric stretch

1510 6.62 6620 Aromatic O=C

1470 6.80 6800 Aromatic C=C

1460 6.85 685D CC-H,

1440 6935 6950 C-H strefch of methyl groups

1435 697 6970 C-H bending

1400 714 7140 COO antisymnetric streich

1390 720 T200 ‘Salts of CODH ; :

1300 770 7700 C=N siretch and N-H deformation (amide I1H)

1280 T.80 7800 C-0 stietch

1267 7.89 1890 Aromatic C-0

1230 8.10 8100 C-0 oster linkage and phenolic (-0

1170-950 850~ 8500~  C-C, C-GH, (~0O-C typleal of glucosidic

105 10500  ° linkages, polymerlc substances and S1-O m-

. purities in humic compounds

1035 - - 967 9670 . O-CH, vibrations

L B0 119 11900 Aromatic C-H vibrations

e pa gl el it i (5 AT Ayl (38,10 3.y S st Ll

Magntic resonance spec (MRS) uhirall cpil ddlbae —1

Electron 5 S A dainall chal il oy W iipe 6 o) puail I
(ESR) (38T casgn 3 oy Lm.i'l o s cparamagnetic resonance (EPR)
Ladall @ palill (B3 adl 5908 Jilad 28 Jastay 3 eloctron spin resonance
Nuclear magnetic (NMR}) ¢z g5 codainall o 85 .20 1 8 G gped) <l 5l
Ay geiiaall LS el 8 b gl oy aaad Aol b Caxind 53l resonance
- L
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‘Electron microscopy of humic matteriss sl salall g SSN lgadu)
Aie Ao gl gmpand A0 A Qs SSYD enadly pandll Jestid
ps—nn iy i s e g sSaall Lgilhal ga ganil dlldg ¢ pualall A Cilsisned
Lol a5y Ay il S Ao gagl) (im pantl e il o3gns clgdlans
a8 el s e Judhu B bue il S0 Gl dagi 5 2 15710
Transmission electron microscopy G mall i s B Slgniah Jlexindls
Jlaall 8 ekl lagandl o3 O il il 5 pe gagl ia ganll Aud 3 (B (TEM)
Ot a3 ate L0l At 23 1279 Lo el 3 e JCEH 3y S B220all EpLal
Scanning e iill g g leaiod) sdl 5 23100-20 Lgun o sk
Asi A 3 anay Al Chpea i B dage Ay electron microscopy (SEM)
(TEM) \gisbs o 1ol S Alaus gl 034 235 AgThoinn g B gl 5 il il y2m gand
s 3Sse 10-5 o2 5 resolution (183 se ces <l calal A0 1) pua (ot LY
3 s gy Orientation Lgessh i€y iyl 7 shu Jlel o 308 Lo LS ¢ i
Sl el Sl BN in el i gunll e paadl s fike dane §k
asaa g (35) JSEN g o gesll on S ad BT Rl o o (S
(SEM) —s 53 alal 4 ill 5 iy gig)
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Chemistry of soil-organin matter interaction

.Complex Formation and Chelation a3l 5 et &8 —1

s gl agle b Adie 3 g Al diedll 0S5 mbhaias Jexind Al
i S iy sl 008 o ed J pSa BV Al e o pall oA
za) AL A e digands (ailad) adaily)s Metal ion Y o o Jeld
Metal coordination compound ¢l Gulis o ye Jeléll @5 eny . Jy 5
g o Aap 85 Lain o g gSNL 7530 Jse e Sl osd oS -(36) Jsd
g gumall il g8 4y st Ly i 3S0a0 g o S sl amgs g SV g
el 3l i a3 LS First coordination sphere ¥l aubll calall Al
S iday iy Lol iy dalae 0555 WY el e Cltine oJplaall (B Aggaial
Auin A A5l 550l das g Al kil e o) AL dad o esa (A gl
oS Ay genall Wil e o 5 Coordination Number Bl sie o 3a3ae
il JS3 B0 W) (e gl 130 (5 chadbe it e gane cpo Sl 30 G day
.Chelate ring id\all 48s cai Heterocyclic ring 4 52l 5 plaia

NHE NH-3 NH3

\cl e MO\SI _-OH
0

% N c00”” oH

NHz NHz NHg 4

complex formation  chelation

Gl g el g3 (36) S
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i 4l sll Chale 4dS5) Chelation cdall ex i08) A€ Llee ¢
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J

yinh e 508 LAl 8 By agal il gapae Glide g
Mn, Zn, Cu, Fe, L@yl a8 oo We g ny Jalid of 5 dy 3l @l
2 35 e g sl I3 oy ¢ 3 Alee (e Auald Alag Jelill 3y Lo Llle 5 (Al
Aasipdl ool ikl b clgSl el L oeSh R e ANS am
AUl Jalaly Lk ey Ol AL 55K Y AN 0y 3 Shal il 5580

Lis) sl ay Covalent A4S Li sainall ciliS sl RSN P R
Ay (Uian (g el 30 Jal5 (f8 Al pay 13S0 Jolall b AL Ty 1<)
affinity of the iy < 38 24l 5 iy 3 pH_Y Jio s 18 oo e Iasine (550
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A e S A A3l Ay pmall DAY e 88 ofs A Jslae b
ALY ealindl S phe (S illg e Y1 el (Sl Jsea aidi
3 pally LD DA G e M1 oLl ) dseash e Laa it pspedSlly ala S
il B Ay geimall CULE all G a5 vhte gl

AN 5 Ay panl) (a gand) Alad 2
Effectiveness of organic acids in chelation
e 3 ey ilsieal (S5 el b A guinel) a ganl Alad of
s g—anll ol (4 S reactivity bl Aetill Gl Je s el Lol
3p g ol 2l Agada alliad <D Ay e i gen 10 sans ] & gl
JeS asn s ) Rpadall lpaatas gl Gpae Gaseny il JuS s S Do sene
phenolic — OH 43 yaill Jaul 5 1 e gana s “COOH a5 583 e gana (a
o o8 o el (S5 B i 5558 e o S sl ol Lt B
Ll oSldl oS il b o sl Bl 1 8 el 5856 a8 o &
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