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Metodologie

* stanoveni koncentrace jednotlivych species
- whyphenated* (kombinované) techniky - spojend aplikace
pokrocilych separacnich technik s naslednym vyuZitim nékteré

ze spektralnich metod, které umoZituji jednoznacnou identifikaci
chemické species

analyza inertnich komplexii - (bio)makromolekuldarnich sloucenin a jejich komplexii
nebo toxickych organometalickych sloucenin

* stanoveni celkové koncentrace analytu (resp. celkové koncentrace

inertnich a labilnich komplexit)
stanovené analytické koncentrace vSech pritomnych ldtek

v chemickém systému - vstupni data pro vypocet koncentraci
Jednotlivych forem analytu (chemickd species) prislus§nym
programem p¥i znalosti jejich stechiometrie a rovnovdazinych konstant,

které jsou korigovdny na experimentdlni podminky
(teplota, iontovd sila, aj.).

Stanoveni koncentrace species

iontu kova

je obtizné, protoze:
 koncentrace jsou nizké, zejména kvuli mezi
detekce neinvazivnich analytickych technik (napf.

ISE, voltametrické metody)
* analytické techniky majici vhodnou citlivost (napf.
ETAAS, ICP-MS) umoznuji stanoveni celkové

koncentrace iontu kovii
» prekoncentracni nebo separacni techniky

umoziujici jejich stanoveni mohou rusit
rovnovazné zastoupeni jednotlivych species —
experimentalni ovéfeni

Size-exclusion

HPLC

1. Detect the presence of stable metal or

metalloid species in a sample by SEC .

HPLC with a sensitive element selective "

detector (ICP-MS or HR ICP-MS) Jon-exchange
HPLC

2. Check whether your signal contains

only one species by using orthogonal 7 35 me, min

separation techniques (IEC or RP HPLC,
CZE) with ICP-MS detection

#

3. Scale up the separation procedures to
isolate and purify the target species

w0 @™ % & 5

i
(Meanp

g T Etecn MS
4. Complete its characterization by ESI 13770 rospray
tandem MS, NMR, etc. Determination of
molecular mass

Lobinski R., Potin-Gautier M., Analusis 26, M21-M24 (1998).
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Kinetické aspekty speciace
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Burgess J., Analyst 117, 605-611 (1992).

Kinetické aspekty speciace

Labilita (termin z kinetického nahledu na vlastnosti komplexu),
nemsa souvislost s termodynamickou stabilitou

— rychla substituce jedné molekuly ligandu jinou
za soucasné tvorby nového komplexu
(rychla vymena koordinovanych molekul molekul ligandu)

ML +L* < ML*+L
Obecné trendy:

skomplexy iontii prechodnych kovii jsou méné stabilni nez analogické komplexy

s jinymi ionty kovii
*w$Si koordinacni cislo komplexu — mensi labilita komplexii
* chelatové komplexy jsou méné labilni nez komplexy vznikajici s unidentdtnimi

ligandy
* neutrdlni (nenabité) komplexy jsou méné labilni nez iontové komplexy

Labilita (chemicka) — labilni komplexy (fyzikalné-chemické metody)
elektroanalytické metody — voltametrie,
spektroskopické metody — NMR nebo luminiscen¢ni metody

Burgess J., Analyst 117, 605-611 (1992).

FPLC-ETAAS (katex)
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Tos1 t6 1 25 3 38 4 45 5 85 8 08 T 75 8 8 8 85 10 Milagic R. a spol., Analusis 26, 381-388 (1998).
Time (min}

VytiSténo prostiednictvim FinePrint - zakoupite na www.fineprint.cz



- o
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S e
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7 381-388 (1998).

Ptehled rovnovaznych konstant

IUPAC databaze - piehled vSech hodnot publikovanych v
literatui'e

¢ J.Bjerrum, A.E. Martell, G. Schwarzenbach (Eds.) — kniZni
verze od 50. let

. PC verze — piehled do r. 2007

NIST databaze — kriticky vybér (A.E. Martell, R.M. Smith, R.

Motekaitis) — od 70 let

JESS expertni systém — P. M. May 2001

TUPAC - kritické databdze (NTA, EDTA, jiné polyaminkarboxylaty,

F-, CN-, SCN-, aminokyseliny) — publikované v ¢asopise Pure
and Applied Chemistry

Ni(II)-Glycin(ovy) projekt

(kruhovy test)
Titrace Laboratori
1 2 3 4 log
1 9.649(1) 9.644(1) 9.649(1) 9.6693) | K,
12.046(2) 12.058(2) 12.076(3) 12.1213) | K.
2 9.637(6) 9.633(2) 9.665(1) 9.640(3)
12.045(9) 12.039(3) 12.077(1) -
3 9.662(1) 9.660(5) 9.665(1) 9.639(4)
12.075(1) 12.054(10) e e
4 9.666(1) e e 9.643(4)
12.0832) - e 12.108(6)
Pramér 9.654(13) 9.645(14) 9.660(9) 9.648(14)
12.062(20)  12.050(10)  12.076(1) 12.115(9)
Dopor. 9.651(12)
hodnota 12.071(26)

Braibanti A. a spol., Talanta 29, 725-731 (1982).
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log B,
log B,

5.646(14) 5.601(3) 5.631(2) 5.562(2) log By
10408(14)  103433)  104022)  10269(8)
13.849(21 4) 3

5.635(3) 5.634(3) 5.632(2) 5.573(3)
103914)  1031123)  104322)  10.287(4)
1125)  14813(114 3

5.629(8) 5.699(161) 5.633(1) 5.599(2)
10386(56)  10508(157)  10.423(1) 10356(2)

5.635(3) 5.566(4)
10.376(4) 10.271(6)
0(22)

5.630(8) 5.688(18)
10.384(8) 10.410(19)
13.794(14) 14.263(29)

5631(16)  5.61348)  5.6296)  5.591(38)
10.386(19)  10.342(76)  10.411(14)  10.328(75)
13.826(71) _14.186(577) 13.925(33) _13.772(354)

potenciometrie -3.70 (fix) 1963 Dunsmore,

-6.04 +£0.01 model s (4,6) Sillén

species

1321 (<-12.97)
1653 £ 0.01
-6.10 ( < -5.86)

potenciometr

UV/VIS 2,2) -6.13 £0.02
spektroskopie (3,4) -12.57 £0.02 Havel
3,5 -16.81 £ 0.02
1=3.0 M Na(ClO,) Lubal P., Havel J., Chem. Papers 51, 213-220 (1997).

- signal noise

- parameter correlation
- residual correlation

« nonenormality

- statistical optimization
eritorion

- weighing
- Monte Carlo effects

tempetature electrodel titrant ,,fish-bone“ diagram
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Median and mean values from 1000 resampling cyeles, jackknife estimates, and non-inearity and non-normality corrected BC,
canfidence limils for acidily constants of arsenazo LI from polentiometric litration daita of arsenazo 111 with standardised NaOH

p K pKus pKas P ket p Ko p Kz P A
Median 30, 52 0, 92, 93, as, 10.9
Mean 30, 5% 78 92, 9.2 9.8, 120
Upper 0.6 ¢. L. 3y 57 53, 94, 9.5 995 s
Lower 0.68 c.L. 260 s T 905 8.9; 9.7 103
Jackknife mean E 44 73, 92, 9.0, a8, 105,
Jackknife sid 005 <006 S0.08 £ 006 0407 0.4 =005
Acceleration corr, i —0.022 0023 —~0.010 0035 —0030 aro —&.107*
Bias-corr. 7., ~0.150 0.036 0030 —0.074 ~016 04 108
BC, corrected cL
Upper 0.68 c.L. EES 57 83, 94, 9.4, 10.2, 29,
Lower 0.68 ¢ L. 25 4k 76y 90, B8y a8, 12
Upper 0.90 ¢ L. 35, 61, 55, a6, 9.6, 10.9, 20,
Lower 0.90 ¢ L. 20, 46, 73, 89, 85, 97, 1

L. confidence limit, std. standard deviation, corr. correction

Meinrath G., Anal. Bional. Chem. 382, 1652-1661 (2005).

Ptehled typi rovnovaznych konstant

 protonace ligandu — protonacni konstanty

» vznik komplexti — konstanty stability
* heterogenni rovnovahy

- rozpustnost pevnych latek — soucin rozpustnosti

(rizné faze)

- reakce s plynem

- reakce na povrsich

 redoxni rovnovahy

Typické metody pro stanoveni
rovnovaznvch konstant

* Spektroskopické metody (NMR, UV/VIS/IR
spektroskopie, luminiscenéni spektroskopie, MS,...)

* Elektrochemické metody (potenciometrie — redox, ISE,
aj.; polarografie, iontova vodivost, ...)

* Termodynamické metody (kalorimetrie,

extrakce/distribuce mezi dvéma fazemi - iontoménice,
méfeni rozpustnosti event. parcialniho tlaku, ...)

* Separacni metody (chromatografie, elektroforéza)

* Specialni metody (reakéni kinetika, kompetitivni metody
— velmi stabilni systémy, ...)
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Metoda Médium Typicky Typickd  Typické  Nezbytnd Specilni problémy

rozsah  Koncentrace  mnoZstvi Eistota
log K analytu  sloudeniny
10M
THNMR jakékoliv <1 >3 01-20mg stiedni paramagneticky material
(deuterované) zpiisobuje malé zmény
BCNMR jakékoliv <3 >2 520mg. mali chemického posunu
uvVIS voda +omezent (7] 2to-4 10100 @ vysoki prekryti absorpénich pisi
jakékoliy
Luminescence voda; +omezent 2.7 3to-6 10 Q@ extravysoki  pekrytiabsorptnich pisi,
kékoliy zhiSeni
IR nikolik rozpoustédel 7] [T 14100 @ vysoki prekryti absorpEnich pési
Polarimetrie voda; +omezené <2 “lto-2 10-100 @ vysoki menSisprivnost
jakékoliy
CD/ORD voda; +omezent 16 3to-5 0.01-1 mg vysoki
jakékoliy
Kalorimetrie voda; +omezent (o) “lto-3 110mg  extravysoki 1(9H), vedlejsi chemické
jakékoliy reakee
Potenciometrie
pH (ski. eloda, hlavné voda 212 Slto-4 0.1-10mg  extravysokd H zdvislost
ISE hlavné voda 26 2t0-5  0.01-10mg vysokd M/X givislost
Voltamperometrie hlavné voda 27 2t0-7 1Qtolmg extravysoki  redox (reverzibilnij-aktivni
Konduktometrie jakékoliy 26 2t0-6 1Qtolmg  extravysoki nabité substrity
Jakgkoliv plyn <lng mali mengisprivnost, nespecifické
Rozpustnost jakékoliy 15 0.1-10 mg stéedni ‘mikrodisperzni roztoky
s vodou nemisitelné 25 0.01-1 mg stredni j

Dil¢i (postupné) rovnovazné

konstanty

o Protonace ligandu:

K, = [HL]/[H'][L] H'+Lo HL
K,»= [H,L]/[HL][H'] HL+H' ©H,L

e Tvorba komplexu:

K, = [ML}/[M][L] M+L <ML
K, = [ML,)/[MLJ[L] ML + L & ML,
Ky = [ML,]/[ML,][L] ML, + L & ML,

Celkové rovnovazné konstanty

e Protonace ligandu:

B = HLY/[H'[L] H +L& HL
Bz = [HLY/[L][H L+2H < HL

e Tvorba komplexu:

B = [MLJ/[M][L] M+ L <ML

B = IML,J/[M][L]* M +2L & ML,
B = IML;]/[M][L] M +3L & ML;
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Cu(I)-1,4,7,10-tetraazadekan(trien) ﬂp = [M_H_ L. |/[M]?[H]¢[L]"

P

H;0 M+ L& ML
log B, =20.24

H.O Cul
2
CH*N}:T o M+ H* + L & MHL
h S omgr log By = 20,24+ 3,55=23.79
B e A ML + H* < MHL
CH4—CH. —
? Hg(lf — log K=3,55
(|)H
CHy —NHy|—H,N
nel N/ et M + H,0 + L < M(OH)L + H*
e ek log By ;;=20,24-9,2=11,04
2 2 =l
H0 Cu(OHL ML(H,0) & M(;);-I)L +H"
log K =-9,

MATICE STRUKTURNICH KOEFICIENTU

SraZeci rovnovahy

HgIZ (S) < HgIZ (aQ) Kruzp
Hg?* (aq) +2 I (aq) < Hgl, (aq)

Hgl, (s) < Hg* (aq) +2 I (aq) K

I=0,5M NaClO, (Sillén 1949)
_[Hgl,(aq)] _

= ~[Hgl, (a -
rozp [HgIZ (S)] [ g Z( q)] lOg KIOZP 4,13
[Hgl, (aq)]
B =[ngfw log , =23.82
24 1r7-12
= [He JI'T° ~[Hg" [I'] = Kow log K, =log K., —log /5,
© [Hegly(s)] B, =-4,13-23,82 = -27,95

Srazeci rovnovahy
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SraZeci rovnovahy

Rovnovazna reakce log *K,
AI(OH); (amorf.) + 3H" < AP* + 3H,0 9,66
AI(OH); (bayerit) + 3H" < AP + 3H,0 8,51
Al(OH); (norstrandit) + 3H" < AI** + 3H,0 8,13
AI(OH); (gibbsit) + 3H" < AP~ + 3H,0 8,04
AIOOH (boehmit) + 3H" < AP* +2H,0 8,13
AIOOH (diaspor) + 3H" < AP* + 2H,0 7,92
ALSi,04(OH), (halloysit) + 6H' < 2A1* + 2H,Si0, + H,0 8,72
ALSiO(OH), (dickit) + 6H™ < 2AP* + 2H,Si0, + H,0 5,95
ALSi,04(OH), (kaolinit) + 6H" < 2A1* + 2H,Si0, + H,0 545

Reakce s ucasti plynt

IAP = aktuélni aktivitni iontovy soucin, Satura¢ni index = log (IAP/K,)
- pozitivni (pfesyceni), negativni (nenasyceni) — pouziti pro speciacni vypocty

KH: [gas(aQ)] /pgas

Plyn pKy
N, 3.195
H, 3.092
0, 2.900

CH, 2.82
NO 2.726

N,O 1.593

CO, 1.468
Hg 1.062

H,S 0.992
SO, 0.092

NH, -1.759

CO,(9) T CO,(aq)
€0, (aq) === H,CO,(aq)
H,C0, (ag) &= HCO;(aq)
HCO; (ag) === CO¥ (aq)

2- 92
K :KHK*KIKZ :w
Pco,

prot
log[COY ] = log K +2 pH + log peo,

log K,

rozp

Srazeci reakce s ucasti plynti

UO03 (aq)+ n CO3 (aq) pe— [UO,(CO,), T (aq)
U0 (aq) + COZ (aq) == U0,CO, (s)

rovnovazna hodnota
konstanta

log K ¢ -17.62
log K, -14.18
log B, 9.23

log B, 15.37
log B, 21.86

Meinrath G., J. Alloys Comp. 202, 89-93 (1993).

U0,CO; (aq) (A:> UO,CO, (s)

=log K, +log B, =-14.18 + 9.23 = -4.95
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Srazeci reakce s ucasti plynii

V0,034
=34 80. vol’ uo,c0)]
= vo,co,
g 0,
2 Vo2 60
g “
2 40.
V0,03
5
V0,05 20
vo,(co);
T T T 4 5 6
-12 -10 -8 -6 -4

log [CO3]

Meinrath G., J. Alloys Comp. 202, 89-93 (1993).

Redoxni rovnovahy
Latimerovy diagramy

Fe’" —< > Fe’ —2 > Fe’

Feh e’ FeZ\

o E%,=0.771V
Fe” —=—Fe Eyy=-0.44V
Fo* — 3¢S Fe E% =7V

AG® = -nFE°
AGY,, = -1F(0.771)
AGO, = -2F(-0.44)

AGY,y = AGY, + AG%, = -1F(0.771) -2F(-0.44) = -3F(E'%,,)
— E% = (0.77142(-0.44))/3 = -0.036 V

. FE°

o 1
e =—log, K =———
e 080 RT In(10)

Povrchové reakce

Oxide

@

sorpce vody

Oxygen
4 Metalion

a) Hydratace na ploSném misté iontu kovu
b) Disociativni chemisorpce

Creicle Ohxygen

% “ H@ﬁ @D evasin %’Dﬁ v
RN

In structure (b))
al surface atoms are

nover Coordinativedy
satistied

actaniad from B, Schindler in ‘Adsomtion of inorganics a sobd-iquid interfaces’
M. #nderson and & Rubing, Bds.. #an debor Science, 1081

10
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Protonace

Povrchové reakce

Deprotonace

o]

@
oide (P owvgen

K™ = K™ xexp(-

s, A0y
SALOH M = ALOMT < 22 21

H
H
)
5 50
H
g
5
#

=reoP. —__
=FeOHPh 2, reoPhOH

a0 60 80

Distribution diagram for the surface complexetion of Ph™
(IPblr= 0.48 i) onto goethite (i=Fe-OHir= 0.8 mM). Based
on data from L. Gunneriusson, P thesis, Umed Universy, 1393,

C{OHy*

=
calloid

>-< surface
N charge

@ Wetal lon
Distribution curves showing calculated surface speciation of HFO Pevni fize | pH(bod Castice
100 nulového

@ niboje)
£ GFeOOH | 85 | 2-10mm
2 (goethite) [ (log Ky™ | 150-200
g 2747 mig!
£ log K™ =
H -9.51) | 2mmol.g”
250 FeOOH 81 | 500-40 nm
=] (Hydratovany | (log K™ | 40m’.g”
5 Ferric Oxide) | -7.18 =
2 log Ko™ | 0.16
£ -8.82) | mmol.g”
3 Fe,05 6.7
= AI(OH); 5.0

0 — L MnO, asi3

5 7 9 [ Si0, asi 2
pH
w _ gint AFy
Ion pairing BT =B xexpl RT )
=Fe-OH + POy = =FeOPO" +H' +H0 1919 =216
FeOH + PO, = sFeOPOH +H;0

<FoOH  H + H;P0, = Fo-0POH; +H0

100
= EFEF’CI‘H2
2
£
g
H ~
2 50 =FePOH B
£
2
s
[
g
2
£
£
0 1 [ (] 10
pH

Adsorption of phosphate (P,%]r= 0.8 mM) onto goethite
(=Fe-OHlr = 0.8 mh).
Addapted from: M. Nisson, Ph.D. thesis, Umed University, 1995,

Povrchové reakce

of ion adsorbed
S
S

A pHpze = Surface | Surface
" 20 E
- weak & :
Ha A dissocia 5 ,
30 5.0 70 9.0
pH

Adsorption of cations and anions to geothite (x-FeOOH)
Conditions: conc. of surface sites ca 1 mM, reactant ca. 0.5 mi

11
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Makrospecies a mlkrospemes

o

" YK, Z k.,

on 10 % \
H+
O ok _[HUJH]_ (+{IpH]

L] [HL]

-H* Kp MH] II][H’ ~
"’\X\ [I{2L] HL] @

Ty k (ll) / .

LA 10"":10413%05
K,=9,52 K= [ k@ 10 '
H,L* —_ HLO+H*

Makrospecies a mikrospecies
Tyrosin

Vzorec Strukturnivzorec Niboj pro skupinu
Karboxyl Hydroxyl Amin
H,L" “(m 0 0 +
8
o
on
H,L mm 0 +
o
o
HL 0. - - +
Nty
o
me - 0 0
o
o
[ o - 0
o
o

Makrospecies a mikrospecies

% K, ((‘OOI n NH;*
Tyrosin
NH;*
o
I

k(D) \ /: k,(I1)
K, =k, +k

a1 Ky 0

1 1 1 NH,
—=—

K, k(@) k(1) o
K, x K, =k, xk,(I) +k,, x k,(IT) e

K, (COOH)

\

H,L' H,L

12
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Termodynamické parametry

Tyrosin

Termodynamické veli¢iny pro makrospecies
Rovnovazna Hodnota AG AH AS
konstanta kJ.mol’! kJ.mol’! kJ.mol”
pK,(COOH) 2.25 12.8 25 35
pKi 9,04 514 38,2 -44
pK; 10,08 573 28,7 96
Termodynamické veli¢iny pro mikrospecies
Phar 9,54 24,6 -99
Pha 9,20 444 27
phy(T) 9.92 22,5 114
pka(1l) 9,58 93 41

Zdroj: Kiss T., Toth B., Talanta 29, 539-544 (1982).
1=02M (KCl), 1=25°C

Polyelektrolyty (huminové latky)

DOC (,,dissolved organic carbon*), DOM (,,dissolved
organic matter)

- rozkladny produkt biologickych produkti (napf. ligninu)

HC=0
(HC—0H),
COOH COOH
coon =0
R-CH 0
Q CH CH2
R’(llH
=0
|
WH
+

Polyelektrolyty (huminové latky)

VLASTNOST Poznamky EFEKT na pudu
Barva Typicka hnéda barva mnoha pid je Umoziuje zahfivani
Zzpiisobena org. hmotou
Retence vody  Org. hmota zadrZet voduazdo 20-  Pomahi predchazet suseni a

nasobku své hmotnosti

Kombinace Spojuje Castice pudy do strukt umoziuje propustnost plyn;
s jilovitymi jednotek (agregity) stabilizuje strukturu; zvySuje
mineraly
Chelatace Tvofi stabilni komplexy s Cu™, Mn™", .Pufruje* dostupnost
Zn®" a jinymi polyvalentnimi ionty stopovyrch prvki pro vyssi
rostliny
Rozpustnost ve  Nerozpustnost org. hmoty — ¢asteéné Malé ztréty org. hmoty
vodé asociace s jilem; soli M(IT) a M(IIT) louzenim

s org. hmotou jsou také nerozp.;
Isolovani org. hmota je astecné

rozpustnd ve vodé
PH vztah Org. hmmd pufiuje” pH pady naslabé _ Pomha nastavit/udrzet pH
cutrilni a alkalické hlavnich reakei v pidach
Vyména kationn (‘::Ikm.n acidita izolovanych frakei
kovi humusu je v rozmezi 3-14 mmol.g”

y (CEC)* pi
% CEC mnoha pid je
zpiisobeno org. hmotou

Mineralizace  Rozklad org hmoty poskyluje CO,,  Zdroj vyZivovsch prvki pro
NH.", NOy PO,* 2 SO rist rostlin
Kombinace Ovlivije bioaktivitu, odolnosta  Modifikuje pouZiti pesticidi
s org. biodegradabilitu pesticidi pro efektivni kontrolu

* Adaptoviino z F. J. Stevenson, Humus Chemistry, Wiley, New York 1982.
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Roztokova chemie huminovych latek
(HL)

Spatna moznost definice HL:

 absence jedinecné struktury HL

* variace fyz./chem. vlastnosti HL s ptivodem, zptisobem izolace,
extrakce a pfipravy roztoku - hystereze

+ absence anal. metody vhodné pro studium interakci HL

+ redoxni vlastnosti — oscilujici systém (?)

 oligoelektrolyt — vliv iontové sily roztoku

» agregace — supramolekularni struktura HL, pfistupnost
funkénich skupin

* polymer — neni definovan monomer — heterogenita
(polydisperzni stupei)

» proménlivé zastoupeni funkénich skupin

Polyelektrolyty (huminové latky)
Exp. veli¢ina — f([M], ¢;y5)
Popis pro acidobazické event.

komplexotvorné chovani K= [M(HS)] _ em~[M]
. diskrétni model — MI(HS) a1 [MI(HS)ota1
I(N :1,) nebo vi_ce'reakénich mist (N) tvorici ) K
rizné stabilni komplexy s ionty kovu ‘K=——8SCC
1+ K[M]

SCC (“site complexing capacity”) -

pFistupnost funkénich skupin ul cC
K — rovnovazna konstanta — pevnost Z 1+ K [M] i
koordina¢né kovalentni vazby i=l
* kontinualni model N
K = 17 SCC(K)dK
1+ K[M]

Polyelektrolyty (huminové latky)

IHA]

100 Molar Ratio, ---
[~ y 0 2 4 v ]“" 8
317 MAR .#, 346 MAR 4 35— —T—T— ‘ R
n 193 MAR

80— ™ .’ FLUKA T LN ] 1
s L - ® -t ] y
€ + 40— -
s °® S PH3.0
5 oo ° +F - P
o u o & r ° 1
5 t o F Fsemar R
o = Y S ask ° |
“‘2 a0 .DE‘_*' - 2 '. l’o. pH35

[ ] =J

® [ . pH =3.5 17 L [ .'. ﬁ pH4.0

- % = 50 .. pH50 |

Lo ] 193 MAR %
+ L ]
S T B B
o [X 02 03 5. L 1 R 1 R
0.0 0.1 02 03

Humate Concentration, g I

Vzorek Celkova COOH _Rel. molckulova Humate Concentration, g | !
acidita acidita hmotnost scc log K H
mmol g'  mmol.g’ M, (MJ/M,) mmolg" P!
317MAR  9.18 3.59 12700 (1.57)  1.85(6)  5.30(9) scc log K
346 MAR  11.07 5.26 7000235)  153(3) 491(4) mmol.g’
193 MAR 842 3.64 10200 (1.89)  1.014(4) 5.15(2) 3.0 143(4) 4.07 (1)
FLUKA  7.46 101 9800(204)  1.40(3) 4.40(2)
316 MAR __7.46 2.87 16600(2.02)  1.10(3) 4.33(2) 3'3 11'01103((14)) 55'2154((22)
Lubal P. a spol., Talanta 51, 977-991 (2000). 50 1.12(3) 6.14(1)
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Huminové kyseliny(HK) — diskrétni model

log ( °K)

1 = GLAUS etal 2000 (Eu)

4 CACECI1985  (Eu)

14 12 -10 8 ] -4

log[M]

Complexation data for Eu’ " by Aldrich humic acid at pH 5 and ionic strength 0.1 M and attempt to model the data using
a single-site {dashed and dotted lines, of. Eq. (8)) or a two-sltes approach (dot-dashed line. f. Eq. (15)). or a Freundlich type bind-
ing expression (solid line, cf. Eq. (19))

Hummel W. a spol., Appl. Geochem. 15, 975 — 1001 (2000).

Efekt teploty

aplikace termodynamickych zdkonti

AG=-RxTxInK =-In(10)xRxTxlogK =AH —T xAS

AH  AS
In(10)xlogK =—=+=+—
(10)ogK=="pr+ " %
isocoulombicka reakce
|'<,—- ASR
ur

Pd** + H,ox < Pd(ox) + 2H* isoelektronova reakce
I1=1M, T=2982K: log K= 3.34, AH" = -33.3 kJ.mol!
Pd** + ox* < Pd(ox)

I=1M, T=298.2K:

ox*:log K, =3.35, log K, = 0.86, AH'y,, = 1.4 kl.mol ",
= log K= 7.56, AH’ = -31.9 kJ.mol"!

Efekt iontové sily
mM+nL+pHO | M,L,(OH), +p H*
B _ [MmLn(OH),J[H* P
mP = ML) [H,0)P
a aP Y yP
0 _ OMaLnO), g . ML (OH), ¥+
VT ek T A o
1 Azl Cl+DP?
ogy; = Tai«ﬁ +Cl+DI* +...

k
1= ZC,'Z,'2
i=1

~a ~

AMFAL R AN L (OH), ¥ AH ¥

15

VytiSténo prostiednictvim FinePrint - zakoupite na www.fineprint.cz



Modely pro aktivitni koeficienty

Debye- Davis Brénsted Pitzer

Hiickel Guggenheim
(DH) Scatchard
(BGS)

Elektrostatické interakce dlouhého rozsahu
Nespecifické Specifické Ion-ion interakce kratkého dosahu
(tvorba iontovych pa SOCi:
Popis binarnich elektrolytovych systéma Popis slozitych (ternarni, ...
Zadné vyrazy pro miseni elektrolytil elektrolytovych systémi

)

Vyrazy pro miseni elektrolyti — popis
interakci mezi elektrolyty

logyi = -AZANI logyi = -AZ logyi=logy; oH logy =logy oH
[(NI1+D)-0.21] +Z gm; +Z By()m;+ E Cymmy
1<0.001 1<0.2..0.5 JISISES 1...20

108 Bnp—P 108 ayy o +AZZANL —log 30, +ACI+ADP +.

0" 14Ba/I

2 m 2 2 .52 -
Azi=mazy +nzf - Zg , ow,” P

AC=m Cyy+n C~Cy 1o, ~P Cir

AD=m Dy +n D ’DM,"L"(()H);, ~-p Dy

Pristup Ba; Nastavitelné parametry

m BGS (SIT) 1.5 AC |||

TEC variable a, AC, (AD)

Baes and Mesmer 1 AC’, AC”

Daniele, Sammartano 1.5 AC, AD®

a spol.

Pitzer 12 Pitzerovy:

AP AR (AC)

o n 57
* pouzit ve vyrazu D’

() parametry nastavené tehdy kdyz je nezbytné, jinak jsou nastaveny na nulu.

BGS (SIT)

*  Vyhody:
- relativné nizky pocet exp. dat umoziuje modelovéni pro riizné iontové

sily a druhy elektrolytii véetné extrapolace / — 0 mol.1"!
- metodologie je adaptovana i pro rtizné teploty — AH® = f(iontové sila)
- 8iroké pouziti pro ruzné ucely (NEA, IUPAC) — databaze vSech druhi
rovnovah (rovnovazné konstanty, interakcni koeficienty — mozna

fyzikalni interpretace)
* Nevyhody:
- omezené pouziti pro vicenasobné nabité ionty a slozité elektrolyty —

zanedbani ternarnich interakci pro smésné elektrolyty a iontovych
zavislosti interak¢nich koeficienti

- omezené pouziti pro organické ligandy — efekt media vs. tvorba
slabych komplexu

- nelze pouzit pro roztoky o vysokych iontovych silach
Lze tesit pouzitim modelovani podle Pitzerova ptistupu.

IUPAC projekt
http://www.iupac.org/projects/2006/2006-010-1-500.html
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Critical review (SIT)

. TUPAC projekt Chemical Speciation of Environmentally Significant Heavy Metals
and Inorganic Ligands ( Cu(II), Zn(II), Cd(II), Hg(II), Pb(II) + inorganic ligands (CI-,
OH-, CO4*, PO,*, SO%»)

http://www.iupac.org/projects/1999/1999-050-1-500.html
K. J. Powell, P.L. Brown, R.H. Byrne, T. Gajda, G. Hefter, S. Sjoberg, H. Wanner, Pure Appl. Chem.
77(4), 739-800, 2005.

«  TDB projekt (NEA-OECD)

p: nea.f welc html
Grenthe 1. (Ed.): Chemical Thermodynamics of Uranium. Elsevier Amsterdam 1992.
Silva R. J. (Ed.): Chemical Thermodynamics of Americium. Elsevier Amsterdam 1995.

Rard J. A (Ed.): Chemical Thermodynamics of Technecium. Elsevier Amsterdam 1999.
Lemire R. J. (Ed.): Chemical Thermodynamics of Neptunium and Plutonium. Elsevier
Amsterdam 2001.

Guillaumont R. (Ed.): Update on the Chemical Thermodynamics of Uranium,

e S

w

Neptunium, Plutonium, Americium and Technetium. Elsevier Amsterdam 2003.
Gamsjiger H. (Ed.): Chemical Thermodynamics of Nickel. Elsevier Amsterdam 2005.
Olin A. (Ed.): Chemical Thermodynamics of Selenium. Elsevier Amsterdam 2005.
Brown P.L. (Ed.): Chemical Thermodynamics of Zirconium. Elsevier Amsterdam 2005.

el

Hummel W. (Ed.): Chemical Thermodynamics of Compounds and Complexes of U, Np,
Pu, Am, Tc, Se, Ni and Zr with Selected Organic Ligands Elsevier Amsterdam 2006.

10.  Pfipravovano Th, Sn, Fe, Mo

Critical review (SIT)

¢ CAMPADA projekt — materialové védy

(Cu(ID)/Cu(I), hydrolysis of Cu(II)Zn(1I), Co(IL), Ni(II))

1. Wang M., Zhang Y., Muhammed M., Hydrometalurgy 45, 21-36 (1997).

2. Playsunova N.V., Wang M., Zhang Y., Muhammed M., Hydrometalurgy 45,
37-51 (1997).
3. Wang M., Zhang Y., Muhammed M., Hydrometalurgy 45, 53-72 (1997).

4. Playsunova N.V., Zhang Y., Muhammed M., Hydrometalurgy 48, 43-63 (1998).
5. Playsunova N.V., Zhang Y., Muhammed M., Hydrometalurgy 48, 153-169
(1998).

6.  Zhang Y., Muhammed M., Hydrometalurgy 60, 215-236 (2001).

1 log,, K,"=3.39 £ 0.06 Ko = Sraon@ye _
Agg,=-0.40 £ 0.03 kg.mol! L ey,
] _[PAOOIH' T | Poonie _ g Praon?s
- 2 - 1
te [PA”" J[H,0X] 7, Vit on Vpa Vitsox
!— 44
5,5 log,y K" =log,y K, +108,0 Vruan + 210810 7y = 10810 Vg =108 Fitsex
2 log, 7, =—(+1)* D+&(H", ClO})m,
2. K, log, ? £(Pd” ),
Pd* + Hlox (N [Pd(ox)]+21—[* log,, (42 D+ £(Pd*, CIOm,,,
lo = &(Pd(0x), HCIO )y cio,
T H T 10835 1100 = £(H30%, HCIO, )y, = £(H;0%, NaClO, g0, = 0
lonic strength, mol.kg” log,, K, +2D = log,, K
~(£(Pd(0x), HCIO, ) + 2&(H", ClO;) — £(Pd™", ClO})mycio,
log,, B,"=13.1203 o _Ap
6] A8g= 06,201, kgmor! log,, Ky +2D =log,, K| = A&y, x My,
Q L
©
+
S
% Ll log,, B, +8D =log,, 5 = Az X mycp,
_S’ * Az, = (£(Pd(ox)}, M7) —£(Pd™, CIO;) ~26(0x™, M Ny,
Pd> +2 ox* 2= [Pd(ox),]”
1 2 3

lonic strength, mol.kg™
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Vstupni data

(species —
sloZeni, rovnovizné konstanty, aj.)

Analytické koncentrace Vypocet rovnovaznych koncenfra'ci:
komponent + LMA (,law of mass action™) pristup

anoven experimentiing + GEM (,Gibbs energy minimization) pristup

!

Voncenteac pecis Dostupny software:
* GEOCHEM
patoy K=f(K,]) *MINTEQA2
' *PHREEQC
Y “EQ3/6
|| Testovani shody mezi dvéma vypoity, & ‘|
dobry Vlastni databaze

Vystup

Rovnovizné koncetrace species
Tontova sila
Grafickd prezentace vysledkit
(distribucni diagram)

Kontrola spravnosti chemického

modelu

¢ definice zakladnich komponent
» pocet species a jejich stechiometrie (stanoveni

koeficienti g,_b) v systému
= pocet rovnovah a definice rovnovaznych

konstant (viz zakladni komponenty)
» vypocet rovnovaznych koncentraci v§ech

species v systému — kontrola max. koncentrace
— dikaz jinymi experimentalnimi metodami

, Komponenta Koncentration Komponenta Koncentration
KREVNI molL.I" mol.I"
Serum albumin 7.2 x107 Carbonate 25x107
PLAZMA nsferrin 25x10° Phosphate 1.6 x 107
Alaninate 3.7x10" Thiocyanate 1.4x10°
MODEL 2-aminobutyrate 2.4 x10° Silicate 14 x10"
Arginine 9.5%10° Sulfate 2.1x10*
Asparaginate 55x10° Ammonia 24x10°
Aspartate 5.0x10° Citrate 1.1 x10™
Cysteinate 23x10° Lactate 1.8x107
Cystinate 4.0x10° Malate 35x10°
Citrullinate 2.7 %10° Oxalate 1.2%10°
Glutamate 48x10° 9.5x10°
Glutaminate 52x10" 5.0 x10°
24107 42x10°
85x10° 43 x10°
1.0 x10° 1.2x10°
Hydroxyprolinate 7.0 x10° 1.1x107
Isoleucinate 6.5x10° 52x10"
Leucinate 12%10% 1.0 %1072
i 1.8x10™ 1.0 x10™"
2.9 x10° 1.0 x 102
58x10° 1.0x10"
6.4x10° 1.0 x 1072
21107 1.0 x10”
12x10%
1.5% 10"
1.0 x10°
3 58x10°
Valinate 23%10"

*  P.M.May, P.W. Linder, D.R. Williams, .. Chem. Soc. Dalton Trans. 588 (1977).
*  G.Berthon, B. Hacht, M. Blais, P. M. May, Inorg. Chim. Acta 125,219 (1986).
e N.V.Jarvis, LM. Wegener, J. Chem. Soc. Dalton Trans. 1411 (1995).
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Speciaéni analyza Mg(II) v krevnim séru

In vivo
L s
Ve Vo Mg?* stanoveni
ST
HO' Yy <’ \) 4 on
ML b o [Mgl;y; + [Mg g9 =
¢ Mgl + [MgL]
l ) won | Eliree g
=
40 20 0
ppm [Mg],qq — IMgL] =
< 2 y x K, - [Mg];,;
E
—_ 1 Krevni plasma
—
g pH=7.8K;=0.14(1)
;o [Mg];,i = 0.66 mM
2 Dil:[Mg];,; = 0.82 (2) mM
> -1 .
0 5 10 s AAS
24] =
y = [MaLl/[L], [Mg* ] = 1.08 (1) mM
Huskens J., Sherry A.D., J. Am. Chem. Soc. 118, 4396 4404 = 76 % volny Mg?*
96). . P
(1996), Mg-ISE identické vysledky
Podzemni Komponenty Hlubok# v krystalické skale Tuf v blizkosti _ Yucca
V()dy Pravdg, y konc. in (Nevada Test Site)
rozsah, mg.I" (ppm) Pravdépodobny konc. rozsah
MODEL mg.I" (opm)
Ca 25-50 1-20
Mg 5-20 0.05-2
Na 10- 100 45-95
K 1-5 1-5
Li 0.05-04
Fe 1-20 0.01-0.05
Mn 0.1-05 0.01-0.03
Al 0.004 - 0.03
Si 5-30 20-30
HCO;™ 60 - 400 120- 170
0, 0-25
cr 5-50 55-77
SO 1-15 18-28
PO 0.01-0.1
F 05-2 10-45
NOy 0.6-10
HS® <0.1-1
0, <0.01-0.07 18-64
pH 72-85 69-7.7
“D. C. Hoffman, G. R. Choppin, J. Chem. Ed. 63, 1059 (1986).
¥V 1 Prvek Domi ifc 1kova ki
Morska rvel Jominantni forma Cel o\;;gol:;cln(race
voda cl cr 549
MODEL Na Na* 469
Mg mg™ 52.8
S S0~ 28.2
Ca Ca™ 10.4
K K' 10.2
[¢ HCOy, CO;”, CO, ~2.1
N N, NOy <1.25
Br Br 0.84
o 0, <0.72
B B(OH);, [B(OH),|" 0.416
Si H,Si04 H;Si04 <0.18
Sr sr* 0.089
F F <0.068
Li Li* <0.025
Ar Ar <0.017
P HPO.”, PO~ <0.0035
Rb Rb* 0.0014
I 105 ~0.005
Ba Ba~ <0.00015
Mo MoOy4 0.00011

© RH. Byme in AM. Ure, C.M. Davidson (Eds.): Chemical Speciation in the Environment, Blakwell Science,
Oxford 2002.
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Spravny chemicky model

Species (p, ) TAEA (1992) NEA (1992)
(UO2),(OH), ) log"f(p.q) log " f(p,q)
poznamky
2,2) -5.5440.04 -5.62%0.04
(3,4) species nebyla S11.9£03
jednoznacné dokdzi
@3,95) -15.44+ 0.1, -15.55+0.1,
(1,1) 575+ 0.10 52403
(1,2) -13.00% 0.25 <-103°
(1,3) pochybnosto existenci | -192+04
(1,4) pouze jediny 33%2
experiment/chybnd
interpretace.
@1 4.05+0.15 251,
3,7 E 31+2
@7 species nebyla EIPESH
Jjednoznaéné dokdzina

pevna faze (S-UO,(OH), (¢): pK; = -4.932; ~UO; (¢): pK, =-7.702;
UO,(OH),.H,0 (c): pK, = -5.97)

Adaptovano z Meinrath G., Fresenius J. Anal. Chem. 368, 561-566 (2000).

Spravny chemicky model

Recommended hydrolysis and carbonate spesies (includ-

ing hydroxocarbonato and hydrogencarbonato species) and their » v
respective formation constants from OECD/NEA [16] and IAEA - !
[17] expert panels E
Species [16] ik} £ w
(Uncertaintics (Uncertainties g o
as 26) 1g K° as 16) g K° ©
(U0,),(0H)? 562+ 004 5,54+ 0.04 % »
(U0.);(0H): 544+0.10 =
U0,0H —576+0.19 3y
U0,0H; ~13.004 0.25
(U0,),0H ~406£015 a
(U0 (0H)? -
U0,),(0H); -
U0,(0H); -
(UO;);(0H); - £
UO,(0H) - H
(U0,),C0,(OH), - g
(U0;):0(0H),HCO;" -175 £05 - H
(U0} (CO5 )10 ) > 725 £20 - H
U0,C0;¢ 968 + 0.04 100 +02 ¢
U0,(C0,)* 1694 £ 0,12 170 0.1
UO5(CO)* 2160+ 0.05 216 +0.1
(U0;):(CO; ) S40 =10 534 +0B b

The formation constants 1g K are related to the general reaction
p U0 + q HO + r €O + s HOOy «= (UOy),(OH),
(CO,)HCO,) P+ g HY

wibution of species in equilibeiom with
il

and NEA[16] ()
ntervals

Pi‘ehled doporuéenych programi
pro vypodet distribu¢nich diagrami

Program, software Vypocetni moznosti Reference

HALTAFALL historicky prvni program 1
HYSS “user-friendly” vypocet v homogennich/heterogennich 2

systémech
implementace algoritmu z programu HYPERQUAD
MEDUSA “user-friendly” vypocet v homogennich/heterogennich 3
systémech

implementace HALTAFALL a SOLGASWATER
algoritmu

OPIUM vypodet rovnovaznych konstant z riiznych druhi 4

experimentélnich dat (homogenni systémy)

SPECFIT _ EFA _ 5
L.soft-modelling* vypocet distribu¢nich diagrami
z vicerozmérnych experimentalnich dat (homogenni

systémy)

T.N. Ingri, W. Kakolowicz, L. G. Sillén. and B. Warnqvist, Zalanta 14, 1261 (1967); 15, XI (1968);

2. a) http://www.chem.leeds.ac.uk/People/Gans.html; b) P. Gans, A. Sabatini, A. Vacca, Talanta 43, 1739 (1996);
©) L. Alderighi, Gans P., lenco A., Peters D., Sabatini A., Vacca A., Coord. Chem. Rev. 184, 311 (1999).

3. http://www.kemi.kth.se/medusa/

4. ) http://www.natur.cuni.cz/~kyvala/opium.html; b)(M. Kyvala, P. Lubal and I. Luke3, Determination of

Equilibrium Constants with the Opium Computer Program, IX Spanish-Italian and Mediterranean Congress on
Thermodynamics of Metal Complexes SIMEC 98, Girona Spain, June 2
5. a) http://www.biologic.fr; b) H. Gampp, M. Maeder, C. J. Meyer, A.D. Zubberbiihler, Talanta 32, 257 (1985).
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Struktura software

vypocet distribucnich diagramt

. VSTUP (analytické koncentrace)

. DATABAZE (rovn. konstanty, korekce pro dané
experimentilni podminky — teplota, iontova sila, aj.)

. vypocet rovnovaznych koncentraci

— uéinny algoritmus pro viechny probihajici rovnovazné déje
v homogennim systému (protonace, komplexace, redox) —
vysoKky pocet rovnovaznych déju (40 ligandu + 10 iontu kovi

cca 4000 rovnovah
ECCLES (Evaluation of Contituent Concentrations in Large
Equilibrium Systems)
- moznost zahrnuti rovnovazné déje v heterogennim systému

(rozpustnost/srazeni, sorpce/desorpce, aj.)
+  VYSTUP - numericky
graficky (distribu¢ni diagram)

Vypocet volnych koncentraci

M+gL =22 ML p, =ML,
o LY
- b __mn
rH'+L &—/—= H,L ,BW T
q q
T, = [MFML]+.+[ML,]= Y [ML;]=[M]>_ [L} 1)

=0 =0

r q
T, =[LJ+[HL}*..+r[H,L]+[ML]+...+g[ML,] =[L]Ziﬁp',[H*]’Jr[M]Zjﬂj[L]’ ?2)

Predpoklady pro vypocet:

« systém musi byt v termodynamické rovnovaze.
(kritické v pfipadé heterogennich rovnovah — napf. pfesyceni, sraZeni)

e spravny chemicky model, tj. ro azné k y musi byt znamy pro vSechny komplexy
o vyznamné koncentraci (napf. ternarni a polynuklearni komplexy)

« rovnovazné konstanty musi byt pouzitelné pro dané experimentalni podminky
napf. iontova sila, teplota

COGS algoritmus a jeho modifikace
(,,concentration of generalized species®)

VSTUPni data: analytické koncentrace Tws To,
chyba absolutni £
chyba relativni &c (0,0001-0,001)

inicializace: (=0 [M]; =Ty, [L];= Ty, [H']=10""

1. krok vypocet Tyicare @ T1cale viz rovnice. (1), (2)
TM 1/2

2. krok vypocet (M., -[M], x( - )

(L] - [L] % (o2

L,cale
3. krok-test: JESTLIZE plati [M];., - [M];< &
[Llin-[L) <&

PAK konec vypoctu JINAK i = i+1
a skok na 1. krok s hodnotami
[M];=[MJ;s1 a [L];=[L]i

Variace — zdména > za 1/q (¢ > r) nebo 1/r (¢ <r)
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Newton-Raphsonova (NR) metoda

* obecna metoda pro fedeni soustavy f(x)=0:
nelinearnich rovnic iterativni postup X = Xq — F(Xq)F'(X1)
* vyzaduje odhad rovnovaznych Derivace - numericky vypoget
koncentraci - analyticky vypocet
* mensi robustnost, rychlejsi
konvergence vypoctu
q q
Y IML,]-T, =[MIY. ALY - T, =0 O]
J=0 j=0
r q
(LI, (H T+MIY_jB[LY - T, =0 2
i=0 j=1

X2 = Xq - J7 f(x)

Hybridni algoritmus
J (jakobian) matice parcidlnich derivaci COGSNR
pro jednotlivé proménné

,»S0ft modelling*

* metody faktorové analyzy (PCA, EFA, aj.)
e umélé neuronové sit¢ (ANN), PLS

e

T

b b L
Lo ——
2o 5

Log (eigenvalues)

Log (eigenvalues)
1

n e
= 10 Backward £ {

level

2
- Conc. window comp. 1|
Conc. winddw comp. 2

~———— Backward EFA

Conc. window comp. 3

» Fixed Size Moving Window —

Evolving Factor Analysis,
FSMW/EFA

450 T
350 M — i A A
250 2 il i i ns

Noise level

Log (eigenvalues)

)
°
T

1.00

0.80
0.60
0.40
0.20

Concentration

0.00

=
o
= o
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,,S0ft modelling*

A 5rCGC(2-aminopurine) CCGGCGCG3r,

I=0.15M NaCl, t=37°C

E A
F 041
z
3
2
£
< —
s =, A H
ol — £ w0 =
250 300 asp £ T
& 60r 3
3 H
E g £
<3 0 s g
a 8 350 400 450 500
g Wavelength (nm)
g
[ 0.5 — — . -
[ of ’ D
AN
= N\ 20 ;. a
- H \ £l /
C - Zoos A\ Ea /
< \ wl
g \ ™/
3 e P —
E 250 300 350 250 300 350
a Wavelengih (nm) Wavelengih (nm)
(]
250 300 350 Tauler R., Biophys. J. 81,2886-2896 (2001).

Wavelength (nmj

Umélé neuronové sité

Artificial Neural Networks, ANN’s)

Biologicka neuronova sit’

Umélé neuronové sité

o VYSTUPNI DATA

(rovnovazné koncentrace,
rovnovdzné konstanty)

Skryté neurony

Havel J., Lubal P., Farkova M., Polyhedron 21, 1375-1384 (2002).

De Viterbo V.D., Belchior I. C., J. Comp. Chem. 22, 1691-1701 (2001).
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Ptiklady

* Fe redox species v mineralnich vodach
M. Holbova, P. Lubal, Chem. Listy 99, 200-205 (2005).

* Uran(VI) species v mineralnich vodach
M. Germanicov4, P. Lubal, Chem. Listy 100, 821-827 (2006).

Speciaéni analyjza

Experimental o s o
flow chart
)|, ¢(HCO,)
/ / | )
T T .
No
AHEO: .
=
: Speciation
BUICHEY \X diagram calculation
Experimentol desian Sosetronhotometeic meameements \
/P
Fe redox species v mineralnich vodach
smésné org. ¢inidlo (Fe?* - 1,10-fenantrolin, Fe** - kyselina S-sulfosalicylova.
Uran(VI) species v mineralnich vodach
2-pyridylazoresorcin, pH = 8 (triethanolaminovy pufr)
1 HCO;
. v
Kalibr. pFimky 0,1 mM
o 2,0 mM
8
10,0 mM
8
3
2 04
02
o .
1 2 3 4 5 6
0.16
o(u), mg.I" = N n g
= 0.14 g 1 n .l. _m
2 0.12
S5 om0 nm
] 101 [
£ § ol -
,§ 2 o0s] L]
5 = o004
2 "u
< aal
0.00 -d
.02
.04
107 10° 10° 10* 10° 107 10"

¢(HCO;), mol.I"
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Stanoveni v modelovych vzorcich

2t species

o(U), mol.I" <(HCOy), mol.I”
dino  vypoiteno rel. chyba dino  vypoiteno rel. chyba
(%) (%)
Soutasné stanoveni uranu(Vl) a ititanu (31:6:2)
420x10° 424x10° 0.95 4.00x107 4.01x107 025
1.26x10° 1.29x10° 238 4.00x10° 4.14x10°7 3.50
2.52¢10° 2.52¢10° -0.02 4.00x10° 4.14x10° 3.50
420x10° 429x10° 214 9.00x10" 9.13x10° 144
1.26x10% 1.28x10% 1.59 9.00x107 8.97x107 033
2.52¢10° 2.52¢10° 0.03 9.00x107 8.77x10°7 -2.56
420x10° 4.24x10° 0.95 3.00x107 3.10x107 333
1.26x10° 1.29x10° 238 300410 312107 4.00
2.52x107 2.48x107 -1,58 3.00x107 3.06x107 2.00
420x10° 4.22x10° 0.48 7.00x107? 7.33x107 471
1.26x10° 1.28x10° 159 7.00<107 732107 4.57
252x10° 249x10° -119 700x10°  7.13x107 186
Stanoveni icitanu (31:4:1)

2.00x10°% 2.03x107 1.30

2.00x107 2.04x10° 2.02

2.00x107 2.02¢107 1.01

6.00<107 6.04x10° 0.68

6.00x107 6.04x107 0.72

6.00x107 6.05x107 0.81

1.00x10% 1.02x10% 021

1.00x10* 1.01x10° 0.12

1.00x107 1.01x107 011

Rel. chyba <5%

Stanoveni hydrogenuhli¢itanu v minerdlnich vodach

[Mineralni voda |Deklarovany obsah]  Nalezeny obsah | Rel. chyba (7o) [Studentuv 7 -test]|
HCO; (mol/l) HCO; " (mol/l)

Magnesia 0.0230 0.0238 + 0.0009 378 1.53
Korunni 0.0096 0.0093 + 0.0002 2.15 2.59
Rudolfiiv pramen 0.0260 0.0267 + 0.0007 2.62 1.73
Excelsior 0.00163 0.00164 + 0.00008 4.88 0.22
Bilinska kyselka 0.0733 0.0734 +0.0032 4.36 0.05
Vincentka 0.0791 0.0827 +0.0018 2.18 3.46
OndraSovka 0.0116 0.0117 nd. nd.
Hanacka kyselka 0.0270 0.0275 + 0.0003 1.09 2.89
Saratica 0.0092 0.00912 + 0.00003 033 3.46
Zajelicka horka 0.0141 0.0150 + 0.0006 4.00 2.60

Spravné a pi'esné vysledky analyzy

ti(95%, 2) = 4.303

Speciacni diagram

[CaP] ey = 500 mM
Mg ]y = 4780 mM

|_I""'r¢| = JdFmM

M lgpp = 3980 mM
[

4. 8 oy s,

|'-r
——__‘_\ I/l
L b /
\ wegbos
r

1w

Dt e { Ij:ﬁ:l II".II"

Fratli oa

3 S
o000, /__/-

00 ¥y = P2 EH
B0 0y = ET10mM

(] = 230mM
W0y gy = 09980

_Uopcom

%/  minerilni voda
l::{ “Saratica”

H = 6.98
I "I\. ( )
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| o P o2
TézZba uranu — Dolni RoZinka

Speciacni analyza U(VI)

i e Y

o o et 8 8 A0 B

bosiey o,

redox potential E, / [V]

2
e G. Meinrath, Fresenius J. Anal.
- ?‘; Chem. 364, 191-202 (1999).
3. o G. Meinrath, J. Env. Radi
? . 65, 175-193 (2003).
£
S o s sttt
8 b O mBtalings T s week]
=z ® i lings Z s woek)
B © = contret el unsfectsa oy sanum minieg [14]
PO N—
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Speciacni analyza U(VI)

Chemical Analysis of different mining related waters,

Component Concentration (mmol 1 ')
Mine w Mine water Tailing water ®
Schlema Konigstein ~ Helmsdorf H 3
Ca 69 59 03 2 H
Mg 1.6 07 0.9 2 5
Na 20.6 6.1 166.3 8 %
K 10 0.04 0.9 |3 §
u 0.021 0.073 0.025 =
CO,/HCO, /COT 39 <0.02 103 &
PO} <0.02 <0.02 029
ASO} 0.03 0.01 0.52 10
C1 33 38 258
TOCmg 1) 62.0 35 132.0 Tailing water from Helmsdorf —calculated uranium speciation.
pH 713 26 9.76
G. Bernhard a spol., J. Alloys Comp.
T - 2ox0e 3
roaos F
roxtos £
g
5.0x10% g
- }- 00 g
A 0.08 =
0 12 K4
02 &
350 400 450 500 550 600 650 700 &
Emission Wavelength / nm
IRLES spectrum of tailing water tram Helmsdor, <alcium (12.2
mmol 1) added, pH 8.0
Speciaéni analyza U(VI)
16x10°
3 1.4x10° Total concentration of suffate Species Fluorescence decay(ps), 1,
> 1.2x10° \ 0.01M U022+ 2.7+0.3
2 . v 000sm U0,50,(aq.) 43%05 4.9
g 1010 1 0omm
& ; Lo U0,(S0,),%(aq.) [11.0 £ 1.0 23
g 0040 U0,(S0,);*(aq.) [18.3 % 1.0
§ 60x0°
% ) | Reaction log g( 25°C)
4040 3.35 % 0.15
3 2+ 2- . B
2 oae U0,2* + S0, & U0,50,(aq.) IBI08w
. 421 £0.17
2+ 2 2
00 ? = - - o U0, +2 50,2 & U0,(S0,);:#(20.) |33 1 0.45 (a)
Delay time /ps UO,?* + 3 50,2 & U0,(SO,);*(aq.) |2.62 + 0.45 (A)

(W2, 1=1m

G. Geipel a spol., Radiochim. Acta 75, 199-204 (1996). 100

a0 |
Yoso | .. }+
+ oot &
404 oys0)”
2 ooy’
20 —-uosson”
0 i b
10¢ ? 10° 10"

<(SO,%), mol.I'!

Speciacni analyza U(VI)

Eaw Fan
2 (N0, 1M Ll N0y 28
A v
v
u
RN e Ewe s
oo ospesies
" woFeN0s o U0mOr .
" T Ch. Moulin., Anal. Chem. 68, 3204-3209
(1996).
“
«
: S L
: 1
= VoML P
" ‘L/L
o
o 1 2 ' ‘ 5 .

[HNG )
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Speciacni analyza Th(IV)

Thoetun species quaniication

5.4 ansyss, Quato 1 L4SO.

naawn o - " bt
L=t ‘ h

L s o s smuen | ou, 9% o )
S =10 Th(OHY™* ﬂ’"
N —
i o Th(OH),?  wn wa i
. ™ Lew PH=2,0

T T L T

e - oo, .
. = pH =3,

Ch. Moulin., Anal. Chim.
Acta 441, 269-279
(2001).

SRR e ST B
. l o 2 s

Fe(IIT)/Fe(I1) specia¢ni analyza

[Fe* ] o= 0.50 mM [€CO3¥ 1= 70.00 mM
Lake, stream
08 water
Hormal ocean
water
04 >
Bog water S
S :
= Eutropic lake =
water
0 | organic rich
waterlogged soil
Organic rich
saline water
04 =25C

JE. Fergussor; reproducet! with permission

Pu redoxni speciacni analyza —

Pu’t, Pu*', Pu(V)O,", Pu(VI)O,?* species —

kapalinova extrakce, srazeni

A-WE nm

/1 Ao
Fe specie:
M

A-I(M nm

A2z o

3+

A62am

Vysledky simultanni analyzy jonti Fe?' a Fe®* v neznd-
mém vzorku reakei se sménym ¢inidlem. Vysledky byly
vypocteny s pouzitim ANN (114:6:2. program Trajan™ —
linearni funkce)

A26 nm

Stanoveni v modelovych &) mer’| Rel.  e(Fe’) [mel'] Rel.
dano vypod- C::E;}iZl déno yypot-
ich 1eno ) teno
VZOrcic
285 285 0.07 29.0 29.1 0.37
10,0 10,0 0.00 6.0 6.0 0.17
235 235 0.03 23.5 235 0.04
28.5 28.5 0.04 6.0 6.0 0.13
5.5 5.5 0.18 29.0 29.2 0.69
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Stanoveni v redlnych vzorcich

Wsloidky spekinofotometrického staovent obshu fontl e a Fo' v miverihnich vodtich resked s smisngm Sinidlen,
Wisledky byly vypodieny s pouitim ANN {10152, 380-580 nm. program Trajan™ — lingini fuskee)

Rel chyba [%] ciFe [ Rl chyba [%]
Lodaoty teoreticke:
Karumi®
235 236 028 mo a2 1.54
285 286 021 [ ol 1o
60 6.0 061 290 293 1
610 59 REE 6 640 [
Radolfve premen”
235 234 -0,55 mo 459 =133
285 285 0.2k 6 640 0.2
a0 6.0 0,70 00 43 080
o 6,1 148 Gl 6l 148
Vincerha*
215 235 s 10 102 153
285 82 106 Gl 6l 115
60 5% -1,15 20 2490 032
611 6.1 131 6 60 045
Podetrodi’
235 236 038 mo 101 nsr
285 286 019 [ (24 006
o 58 L 200 87 108
baF 60 0,50 [ a0 020
Crrasdrat Bonik®
235 232 L 100 29 146
285 83 L Gl 60 [
60 60 017 20 2490 032
6.0 6.0 0,66 6.0 60 010

Dékuji za pozornost !
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