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‘A Literature Review of Interaction of Oxidized Uranium '.
Species and Uranium Complexes with Soluble Organic Matter

_’ by J. K. Jennings and. J. S.. Leventhal

Abstract:

Organic material is commonly found associated with uranium ores

in sandstone—type deposits. This review of the literature summarizes
the classes: and separatlons of naturally occurring organic. materlal

but the emphasis is on soluble organic species. The.main class of
materials of interest is - -humic ‘substances which - are high-molecular-
welght complex molecules. that. are soluble in alkaline solution.

These-humic: substances are able to solubilize- (make  soluble) ‘minerals.

and: also to. complex [by ion exchange and (or) chelation] many
cations. - The: natural process. of soil formation results in both
mineral decomposition and element complexing by organic- species.

Uranium in solution,. such as ground water, can form many species .

with other elements or complexes present depending on Eh and pH. 1In
natural systems. (oxidizing Eh, pH 5-9) the uranium is'usually present
as: a complex with hydroxide or carbonate.” Thermodynamic data for

these species are presented

Interactmg metals and organlc materlals have been observed -in

- nature. and studied in the laboratory by many workers. in diverse
~-scientific dlSClplmes. The: iesults are  not. easily compared.
- Measurements of- the degree of “complexation - are ' reported as
- ‘equilibrium’ stability constant determinations. This type of research
“has been ‘done for Mn, Fe, Cu, Zn, Pb, Ni, Co, Mg, Ca, Al, and to a
_limited. degree ‘for U. The use of Conditional Stability Constants has
: gi\(_e'nr quéntitative-"results. in some- cases. ' The. methods utilized in

experiments and calculations. are reviewed..
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L. " Introduction

The association of certain metals with organic materials has

beenr recorded. for: several-. .decades._' In 1938 Laatsoh-.obser.ved. tannic: -

substances. in the translocation: of iron and. aluminum (Kononova,

1961).. - The: association:. of uranium with organic material has. been.
~ demonstrated  in" the Uravan Miner_a._i Belt and the Grants, N. Mex.

prefault ore, where entire logs: in paleostream channels have  been

replaced with. coffinite.  Although the uranium—organic association
has been documented from a variety of environments (peat enrichment,
lignites: of WNorth. Dakota, black shale, sandstone deposits and

Precambrian. conglomerates), ‘the - mechanisms of concentration/fixa-

tion/reduction- of the: ur‘anium are poorly understood. -The association .
of uranium with organic matter does. not seem to. be a chance spatial
' relationship..  The' coexistence ' may occur from the. time of

‘mobilization - of the wuranium from its original  Msource" rock

(Schalscha. and others, 1967; Baker, 1973) until it 1is concentrated in

a reducing 'or'g‘anic-rich.- environment. '

A generallzed model whlch J.ricorpora'te's "the'- various factors
- 'eucounter.ed. the : natural env:.ronment would -be v.an aid - in
understandlng the: gene51s of a uram.um depos:.t. ThlSv model would
- include optimum: pH values for the formatJ.on of soluble and msoluble
:-'f'uramum-organlc complexes as well as orgam.c—materlal-to-metal ratlos‘

determmed m these complexes.

“To. be able to formulate thls generallzed model, 1t is necessary

- ‘f-'"'f'.u-.to, understand the components present ‘ -Thls_,vpaper»; summarizes work

BN



~ ‘done ' by’ various researchers.. It includes. information  on.organic

‘material, humic- and fulvic fractions: and their interaction with

various. metals:' and background . information on. aqueous uranium

‘gecchemistry' is presented to give a more: complete view. of the _‘

fundamental -components. -
II. Organic Material

Organic material--Occurrence

- The- nat'urally." occurring: ‘organic mater.'ial.f_ofi soils is formed from
de@mpos"ihcj plant and animal remains and'»fro,m biological and chemical
reactions. of the breakdown- pr.oducts_.‘: Organic material is. commonly
subdivided. into humic and ,nonhumicsubstances.. |

. Nonhumic substances ‘are well characterized, specific chemical

: compounds such as. hydrocarbons, carbohydrates, proteins, and other

smple - organic . spec1es These compounds.- are readlly degraded by
mlcroblal act1v1ty and have a. rather short l:.fe span in the so:.l.

~ The humic. fractlon is'the major organlc constituent of most.

; smls Accordlng to ‘Schnitzer and Khan (1972) these are "amorphous,

’ brown “or - black, - hydr‘ophlllc,n ac:.dlc, vpolydlsperse- s_ubstances of

molecular weights” ranglng from: several hundreds- to tens of thousands.

V:_Important characterlstlcs exhlblted by all humic fractlons are resis-
o "'tance to- m:.croblal degradatlon. ~~'The ability to- forrn stable water-
-’ soluble and water-msoluble salts and complexes w1th -metal ions and

“T.hydrous oxldes, : d to 1nteract w1th clay mmerals and organic

L compounds. »

Observed hum1c accumulatlons (Swanson and Palacas, » 1965) in |

‘1 near—surface sml layers from marsh depOSJ.ts, bay and bayou beach'
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sands,-mcuths.of~streams that_arefgclden—brown colored,,ground:water

seeps, and. organic: sedlments in bodies of bracklsh and saline waters

' are“,common. | The - humics . are: leached from decaylng land plantn

materials; : Surface or subsurface water then transports the soluble

" ‘and (or) . colloidal materlal to various, environments - where -

flocCulation~or‘precipitation‘of the humic substances occurs.

Organic material--Nomenclature

'There are. many schemes of”nomenclature for naturally occurrimj-
organic* material. ~ This: variety -of schemes is' unfortunate. Each
group' of geologists, biologists,. soil.scientists-and’chemists has a
different~approachvto'organic neterial andgatdifferent view of its
importance. | To the geclogist',‘ organic material is merely-. ’grcund
cover. To the blologlst, organic.,material is-.iife. forms and

ecologlcal systems‘- To-the- chemlst, organlc materlal is the chemical

. and molecular components. The entire frame of reference of the soil

. scientist lies‘within'the:realm of organics.. It is not surprising
) that.anyone~readimg the'literature-today*might'be‘confused-with the
~various:terms. ‘The" follow1ng scheme of nomenclature will be adopted

‘in thls study (refer to flgure l)

'Organlc materlal (OM): Material derived from decompos1ng
“ ‘biological material, either disseminated. (such as, ‘through a
sandstone) or- acumulated (as in peat bcgs)

"3%gﬁSoluble ‘organic: materlal (SOM) | That portion.of OM soluble in

- NaOH: solutlon, that 1s, alka11 extract, humlc materlal,
humus : . :

“rx?f{Kerogen. That portlon of oM” 1nsoluble 1n NaOH solutlon, that is, -

organlc re51due, humlns
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'Humio acid solid (HAS): That portion of 'SCM. prec1pltated by
- acidification to pH- 2, commonly referred to as. humic acid
(5R) | |
Hymatomelan;c'acid:. That,portion of HASusolubilized:by ethanol

Humic: acid residue (HAR): That port*on of HAS remalnlng after
hymatomelanlc acid- is. solublllzed

E‘ulv1c acid solution (FAS): The portion of SOM that remains. in
solution- after: ac:ralflcatlon to.pH 2, commonly referred to
as fulvic acid (FA) ,
‘ B-humus., Precipitate: that forms in FAS when pH- ad]usted to 4.8
Polysaccharides: Precipitates: that form when acetone is added to
FAS: S :

" Pulvic acid residue (FAR): Solution. remaining after precipitation
of 8-humus and polysaccharldes.

- One of the. principal sources of organic material (OM) occurs as
thef result' -of soil formation. . The- accumul-stion of bacteriological
decomposnlon of plant debrls transforms various components of the

b:.ologlcal env1ronment J.nto potentially important components of the

‘geologic realm.

”b‘ol'ec'ular form of E‘AS-HAS,

- As shown “in table 1 (Schnltzer and_ Khan, 1972) the elemental

' -‘-_‘compos:.tlon of HA. and FA is predomlnantly ‘carbon, oxygen, hydrogen,
“-and' nitrogen, w1th some- sulfur. The FA's. contaln less carbon and'

| :'r-'v-__-..more oxygen than. the HA‘s and humlns. ‘

The s:.mllarlty of the v151b1e absorptlon of SOM, regardless of

."f:'";.the SOM orlgln, 1nd1cates a smllar, but hlghly heterogeneous complex ‘_
'structurea FA solutlons are “more- mtensly colored than equally,

S '"-"::-;:_.fjfconcentrated HA solutlons (Schnltzer and Khan, l972)



_Even though. the ultrvaviolet: (uv) spectraiof' SOM--are fe_atureless}‘
the characteristic. shape of the‘-v spectra of SCM 4from various origins -
| again: indicates- similar form of the orvganic'. comple:r. Chromophores .
(linkages.or.v groups_: that confer color) found in. SOM are C=C"and C=0; -
auxochromes- . | .(groups : that; enhance chromophore: color) found are:
predominantly COH. and CNH,.. |

Generalized structures for FA 'and HA, shown on figures 2 and 3,
ar\e;.' popular medels. These generali_zed‘ structuresr are onJ.y schematic
and several further points need to be made .r:egarding them. The SOM .
is. actually ;three ‘dimensional_ » SO that it has a ,var-iety' of. shapes and
- sizes which include voids as well;:as- : protrusions.; This. complex
- . geometry allows the trapping of',water and metal ions. | In addition,

: various humic-'mlecules:“'can" interact with each other. Measur‘en\ents
-of the: 'apparent'v molecul‘ar weight and size vary considerably depending
on such thim.;s-'as.- 'pH and. such variations are caused by this
co'ag’ulation'-r(Wershaw’and Pinckney, 1971 Gjessing, 1965)"

The generalized ‘structures of figures 2 and’ 3 do not show the
‘heteroatoms m.trogen and sulfur whlch are present in humic material.
' Thesewatoms »may;-vbew "partlcul,arly- mportant. in .the ‘binding of metals
due’ to their. ability -to«formvchelatesr | Finally €figure 2 does not

~ show "the’ aliphat-ic“ ('iong'.‘ tchain-saturated-‘ -carbon) component- of as many

"as 14 carbon ‘atoms (Ogner, 1973) Ogner‘""fomd‘fsix“ CH, units to. be

the most ‘common’ cham length, wh1ch would connect aromatic nuclei

5un1ts 'toge'ther. ThlS result lS qulte dlfferent from' the malnly

R hydrogen bonded structure shown on flgure 2._ Flgure 4 is our

- "ﬂ{lrendltlon of: & HA whlch mcludes the above mentloned features.
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Table l.-Elementary composition, in- percent, of humlc
. substances from soils: and other sources: ‘

(Dataafrom«Schnltzer;andrKhan, 1972)

. Soil HA's ‘
56.4: 5.5 4.1 1.1 32.9
53.8 5.8 © 32 .4 - 36.8
56.7 5.2 2.3 . .4 35.4
56.4 5.8 1.6 .6 35.6
60.4 3.7 1.9 .4 33.6
60.2 4.3 3.6 a 31.9

o Lake sediment HA ‘
53.7" 5.8 5.4 a 35.1
, - ‘ Coal HA ’ o '
64.8 = 4.1 1.2 1.2 . 28.7
Biologically synthe51zed HA's
54,5 5.1 8.5 a - 31,9
42.5 "~ 5.9 2.8 1.7 47.1
47.6 4.1 .9 W 473
- 58.9 - 3.3 T 3 448
. | - Water FA |
46,2 5.9 . 2.6 a " 45.3
' a . 501l humins
55,4 5.5 4.6 0.7 33.8
5.3 - 6.6 - . 5.1 .8 . - 31.8

“¥Not determined.
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From’ ultlmate and. functlonal group analysesy. between 68. and 91

percent of- the oxygen in humus and humlns is accounted for in

~ carboxyl, phenollc, hydrox;de, jalcholOJ.c hydroxide, carbonyl, and

methoxyl groups (table 2). Greater. than 90 percent of this: oxygen. is

thus. accounted for .as. functlonal groups - in soil FA (Schnitzer and

- Khan, 1972).. The. oxygen in humic substances is predominantly in the

carboxyl. groups. {~COOH) and to a lesser extent in phenolic hydroxyl
(ph=OH) and carbonyl (RC=0).

. SOlublé: organic. material :_(SOM)’ is composed of between 1 and 6

' 'Percent_ nitrogen (Schnitzer‘ and Khan, '1972). After acid hydrolysis.

| of SOM, 2‘&-55 percent of SOM nitrogen is. amino acid nitrogen (table

3) and 1-19 percent is amino sugar nitro’gen‘, Small- quantities of

- purine and pyrimidine bases (guanine, adenine, cytosine, thymine and.

uracil have~ been -identified. in the acid 'hydrolyzates)' Amino sugar
nitrogen is the form of glucosamme and galactosamine.

A large percentage of SOM nitrogen is not released by ac1d-

. 'hydrolysis;- This:. nitrogen‘ is- either' chemically bonded- to or firmly

adsorbed on the humic materlals (Schnltzer and Khan, 1972)

‘ Solublllzmg Qropertles of organlc material

Baket (-1973)‘. extracted  scluble orgamc materials from a .podzol

’-'soil.." | '-_He- then allowed a 0.1 percent ‘weight/volnme aqueous. solution
vv:o‘fif the :s‘ol_ub‘le, organlcmaterlal tor--r:eact wth minetal grains: for 24
“ijhours;?Jﬁanyfof1the“metalzhumates formed hadeOWfsolubility in water,
L n‘but thelr solublllty mcreased m the presence of the. SOM solution.
B .‘Schalscha and others (1967) ~~used sallcyllc_amd, whlch -occurs

naturally 1n small amounts, to. dlssolve iron- from mlnerals. : The

12



Table&Z.-Distribution»ofﬁqugen.in humic. substances

(Data from Schnitzer and Khan, 1972) .

Carboxyl: Phenolic: Alcholoic Carbonyl. Methoxyl = Percent

OH

\

-oxygen

Soil HA's

43.8 - . 13.2

6.1 24.9

136 388
42.2° 24,7
4.8 7.1

13.6 . 21.4
15.2 7.8
12,7 4.1
9 23.4
a 14.8

1.5

1.4

96.5
74.9
68.4 .
91.2
78.1

Coal HA

2.1 . 16.2

a a- .

9.4

74.4

- 801l FA's

65.9  11.8
6.6 9.1

1I.s° 5.8
12.9 11.1
16.4 - 3.7

1.7

1.9

4.1
182.5
91.2

Soil humins (kerogen)

3.0 9.9
26,10 1240

a. - 227
Cca . 2807

1.9
1.5

70.5
68.4 -

. 2Not determined.



Table 3.—-N1trogen dxstrlbutlon in -HA, FA, and a. hun1n Eractlon

(Data from- Khan andg Sowden, 1971)

Tyoe: of -

N distribution after acid hydrolysis, in-
' percent of total N in:material.

N content Amino acid . Amino-sugar Ammonia: N accounted.

material in percent N N N for
HA 4.87 8.3 1.3 19.8  49.4

3.87. . 26.4. 3.6  15.1°  45.1
Humin- 4.60 36.1 1.3 22,1 . 59.8

- — e
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'resultant complex had - a: d:.stmctly red color and a large stablllty -
constant. Soluble decompo51t10n products of aeroblcally mcubated'
luCErne:’soxl were: utllJ_.zed; by Bloomfleld;, and_‘.Kelso, (1973) in their
studiy:“ of Amobilization:: of - metals‘. "'They' .found; that vanadium;z and. -

uranium were exten51vely solublllzed by larger molecular weight =

const:.tuents of lucérne decomposition products. Ry

The relative- stability of metal-organic complexes has: an. effect
on the competition -of metals for the various. complexmg sltes on the

.orgam.c‘ structur,e;» Becau e. the functlonal complexmg groups of the

SCM are so prevalent,' 1t is. conce:.vable that SOM. iS5 a better

complexer than reducer of metal ions (Baker, 1973) «Bloomfleld‘ and

}Kelso- (1973), however,. suggest- that fJ.xat-lon.,of-Mo, V, and U by

organic matter follows the reduction of these metals. :

Oxygenated water. was necessary “for solubllJ.zmg uranium in

- laboratory experiments of Szalay and Samsoni - (1969). Anions present

in water also affected d'i‘ssol'utionrof« uranium. -Distilled water that

-.was free of air, _--okygen; "and. ‘carbon dioxide - dissolved only small

anlounts'“of“ uranium. = Aerated. water and water containing 2 percent

NaHCO3 were much better solvents.. An inorease in carbonate content
above thls value dld not seem to increase the solvent activity of the

. solutlon.

3 Metal-organlc relatmnshlgs
| There are two major ‘sources; for the organlc materlal ‘that occurs_
’VVfJ.n ground water.f_< The - flrst«:major v'source '1s the reglonsgof soil. |
"'“:_»--Vs_:_,formatlon from Wthh soluble . organlc materlal * leached and

-*,;,:,;transported v1a the ground-water system.; Schmtzer (1969) found that o

C1s
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- som occurs in all soxls and accounts for: 25: to 75 percent of the
v total. ‘organic - matter. Other accumulatmg and decomposmg plant-
debris. would ; also serve- 'as-eur.’face or near-su‘rfac_e sourcesvof organic.
.r:nater'ial',. The eecond'-majon,. sou'rce‘- is' from- accurhulaced, plant debr:‘is
that nas.= been bnx:ied‘ and isde(:or'nposing. at: depth.. This second surce.

. of organic material can be found disseminated throughout. a

sedimentary body.. The disseminated pieces. can be as small as grain
coatings or as large: as entire trees.

The: co'nplexmg of. Cu2+ | 3+, and AL3* by: SOM was characterlzed

in part by - Schnltzer and Skinner (1963A). From various analytical

proc,edures, a molecular weight of SOM- was determined :(Schnitzer" and

D’esjar:dins-.,' 1962) .. E‘erric" iron, Al3+, and;-.AC"uz"" formed water soluble

1l molar complexes with soluble organic material (SOM)- at pH 3, and

2:1 water-soluble complexes at pH 5. The formation of water-

insoluble 6:1 complex was also suggested.

Khan (1969) found that A. addition of low concentrations- of

: ‘n\etallic compounds' to an o:ganic' solution would produce metal-organic

: complexes. ‘Metal hydroxide formation ‘was - not' observed. '~ As the

'concentratlon vof” mtalllc cations was . ‘increased -'a portion was

complexed and the excess’ was prec1p1tated at the ‘usual pH of
hydrox:Lde prec;.pl.tatlon of the metal catlon. However, lron and -
. alummum-« catlons did vnot‘;pr,ec1p1tate_ ,as» humates- when .added a'c the low
z‘."fconcentratlons.» As ?titf:ation‘ -‘vof“rth‘e' méﬁal 3 ions" ‘with dilute base
proceeded, the prec1p1tate of alumlnum- and 1ron-humate complexes was
’ "-""hydrolyzed and began to dlssolve as- the pH rose. above 7 ~In a "

.f:-‘j'1:strongly alkalme medlum the complexes were completely hydrolyzed,

SOTR
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,resultlng in formatlon of alummate anion- and fernc hydroxlde.‘

" As much as 60 welght percent of the FAS studied by Schnltzer

(19'69)9 was composed. of . functional groupss such as . carboxyls,

hydroxyls; 'aandfcarbonyls .which are attached to 'a. p_redominantly ,

afomatic" skeleton. ‘Schnitzer and: Skinner (1963A and B) selectively

" blocked various .f‘unctional. groups.. From - their results they

postulated that. there . are. two types of reactions that account for

' practicall’y.‘; all of the metal retention by the organic material (OM).

The  major reaction (I) involves -simultaneouély ‘both the acidic

carboxyl and phenolic hydroxyl groups. In the minor reaction (II)

only the connected:carboxyi's participate.

o oM 0, OH
%, Y o
“'
it I . \ C=-0~ \\ g\
yF—Q. + y2* m—— o}
o ¢ | +u*
. & oacll
0 oM _ :
N/ O\v,O‘CU
- o" ¢ |
iy‘)e. T el e’
P o) + OUZ‘ - \0» * H’

The Type I carboxyl is ortho to a phenollc—OH group; the Type - IT ,

o carboxyl ls adjacent to another carboxyl group renderlng it less
B j_,.r:fac:.dlc than Type I. _ |

Fulv1c ac1d solutlon m soxls can- dlssolve and ~transport -

o substantlal amounts (as much as 84 g E‘e/g FAS' and 49 mg Al/g FAS) of .

metal under ac1d1c cond:.tlons (Baker 1973)



scboeplte plus ruthex:fordme (U02CO3) (flg 7)

IIT. Uranium in-Solution-

- Uranium-system.

In the ,U-OszZQ‘-‘-system there are two stable: solids.,. uraninite
(U0,). and schoepite (-Uoz(oa)zazo) (Eig. 57. Soluble or mobile forms -
occur in acid and dlstlnctly alkaline solutions. The main stable
ions are vt1022+, UOZ(OH)V , and. HUO4 (Fig. &%) . Pure or néarly pure-
water such " aS: found in the U-0,-H,0 cystem is therefore a poor
transpofting medium. for uranium under earth. surface conditions.

Ground water is seldoht-,' if ever, pure. Water in contact wii:hv
various minerals: and air dissolves and carries. carbonate and

bicarbonate ions: relatively readily.  Total dissolved. CO, content

,‘(Coz.(ég).-FCO§+HC0'§+H2C;O3) in natural waters commonly is 10@-380 ppm..

' 'The addltlon of: C0;5 to. the U-0,-H50 system decreases the solid fleld

and mtroduces new soluble carbonate species.

The solid: phases in the U—OZ-HZO-COZ system are uraninite and

g
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" The- ',solublef species: are: the uranyl anion»c':omplexes dicarbonato—

“uranylate‘ (UO‘Z(CO3)22H202f)' and trlcarbonatouranylate (UOZ(CO3)3 ).

These: are commonly referred to: m geochemlcal llterature as uranyl

dJ.carbonatj.e» (UeC) - and ur_anylA v-tr‘lcarbonate' (UTC) , respectively (fig.

7.

Subsurface- waters. that. earry significant €0, ‘and- uranium (VI)
and other metals may also contain significant: sulfate, chloride,

sodium, 'calcium,.. ‘and. magnesium." Sulfate and chloride anions do not

-2

px:oduce any msoluble phases but SO4 will complex w1th uranium below..

_ pH 3.5 to. form UOZ(SO4) =6 and UOZ(SO4);3. (Hostetler and Garrels,

1962) .
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', Thermodynamlc data

Using the standard free energy of format:.on glven in Hostetler
and Garrels (1962) (table 4) the followmgneqmllbmmn constants (K)-

can be calculated for reactions between predominant species in the -

. Eh/pH diagram of figure 7. The ‘authors' calculations are. given in

table 5., The K value was calculated in the followmg manner:

Example: UOS" + OH™ === uo,0u*

AG? = standard free energy of reacﬁ-ion
= standard free energy of formation of products-
. standard. free enérgy' of Afor:ma.tion of r:eactanté
AGQ = (<287.4) - (-236.4 + (-37.6)) = -13.4 Keal

AGD = -RT' In K
where K is the equlllbrlum constant (p 39)

AG° < -3.001987 Real (298%K) 1n K

deg.mol
o
. MG _ -13.4 Kcal
~0.001987-2C3> _(2989k) . -0.0@1987_&_(29801() ’
deg.mole deg.mole
1n-K = 22.63 |
(Uogoa*) o

- ‘ 9 _ )
K =6.73 x 187 .= (Uoz) (OH-)

22



‘ Table 4 -—E‘rae—energv values {AG) from the- elements

at 259C

- and 1 at.nosphere total opressure” -
'_ (Data frcm Hostetler and. Gar:rels, 1962)

»Aqueous;r species’ x;’. (Kéal) Solid phases AG (Kcal)
HO . -56.6% U0, ~246.6
it 0.0 UO4 (OH) 5"Ho0 ~398.8
o™ =376 0,05 -385.0
HyC0® 0 -149.68 V04 -271.0
B0y~ 3 -149.31 V0, -381.0
"% 126022 0 V,0¢ -344.0
K" - ~67.46 Ky (U0g) V03°3H,0  =1.294.8
HoVO,~ - -248.8 -

oyt o -236.4

vt -138.4

u(on)*% -193.5

voyomt . -287.4

HUO,” S -317.6

00, (003) 5" 20,072 -630.0

U0, (C05) 3™ | -648.0.
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Table 5. ;6Calculated’K values

[Equatlons are written so that products are the stable species.

Underlined species: are in the SOlld form]

Equation

“20.. U0y+1/205408 auo4

K
1. voft+on™ vo,oH* 6.73x10°
2. UO,0H"+C03 UC,C04+0H™ | 4.07%12%
3. U0,003HI0THAL  10,)D3) 5" 2,072 9.41x103
4. U0,004+ICOT+OH ™ +H50 uoz(m3)2°2azo‘2 4.53xz108
5. U0, (CO3) 5" 280724003 UOz(CU3) st 6.30x10°
6. . U0 (CH) 5" Hy0+3003% U0, (C03) 3H+20H™+1,0 58.
7. HUOZ+2H,0 UO,(CH) 5*HAQ - 9.9%1¢3
8. uodtaET utsEp 2.18x12".
9. uvortd+t uttgo 14.30
15. uow™+1/20, vobtsrt 3.79x163%
11._“%4-’5*' UOH+3+azo'- 4.38x192
120 wo,+2atl/20, vodt L0 1.66x1334
13, U0y+L/20,#10 U0 0HM4OH™ 9.56x1513
14, U05HI,0+1/209#C03  UO,CO+20H™ 3.89x1922
15. - UC,+1/20,+1,003 UQ,CO5+,) | 8.44x1233
16 U0y+1/205+1,C03+C05428,0 U0, (C03) 5" 20,0724 - 7.97x1837
17, UO,+H,0+1/20,+2C03+2M, - Uoz(coj)z-zazo‘2+zoa': _  3.5sx1z25
18.  U0,+1/20,+H,C04#2007 . U0, (CO5) 4+41,0 1.38x194
19, 'U05+H,0+1/20,+300F 103 (C03) 3H+2067 2.31x133%
20, U0p(0H) 57H0 %+1/202+3uzo : L.zl
o 3.85x1224

SR T
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 for a metal complex forming four coordinate bonds::

1IV. Metal-Organic Associations,

Metal-organic bqnd'

A simple, isolated: ion exists. only in the gaseous phase. When "

‘considex:ing'-x a metal ion (M)- in aqueous. solution, the reactions it

participates- in. would be ‘complex‘ reactions, where one or several of
the solvent molecules (H,0) would be replaced by other groups.

M(H0), + L= M(H;0) p L + HO I (1)
The llgand (L) is the electx on donor: group bound to the central ion
and can be either an uncharged molecule or a’ charged ion. - This

relationship can be showﬁmore simply in the following ‘schematic form -

M(H0)y + 4L == LML+ 4H,0 o : 2)
L L

If the "ligand comblnlng with the metal has two or more donor

.groups, so that'one. or more rmgs_are formed, the structure is then
,'termed - a chelate' (Greek derivation meaning ""claw") and the donor

:'group is: the chelating agent (Martell and’ Calvm, 1952).

cM+ AL = orbmens S &) )

“s Polynuclear: complexes contain. two. or more-central ions.
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Electrostatic attraction is not an adequategekplanat:_ion for - the

stability of the complex. = Chelate complekes,- where the ligand is.

| .attached to the metal through more: than one- bond have: exceptlonally

high stabz.lltles.
: The Lewis. acid-~base concept. of electron . donor-acceptor can be

applled‘-. 'to complex reactions between metal ions and. llgands.. A

complexation ~react‘ion. could then be: conSi'd'ered a neutralization

- reaction. The Algand acts as a base s:.nce it is an electron—palr

donor.  The: metal ion is an electron—palr acceptor and functions. as

an acid. LIt 1s~mp,ortant_ to note that carbon (the,major. element ‘in

organic material) does not- usuail’y participate in fthese complexes.

Carbon is not a. Lewis base and therefore has no -electrons to donate.
. Nearly' all ,_metalszfo'rm _complexes and' chelates. “Although there
is a large number of chelating agents, the denor'_ atoms are limited to

the strongly non-metallic elements of groups V' and ‘VI. Within these

- groups only 'nitrogen,. oxygen, and sulfur are commonly found in

-complexes' as: electron donor atoms.

' Manganese and 1ron J.n natural waters -

A series of: U.S. Geologlcal Survey Water upplyPapers by Hem

(19602 ahd B, 1963, 1965) and .Hem and: Cropper ,(1959).? report - on

‘ 'j studles of natural waters and various- characterlstlcs ‘of manganese
and’ :u:on in these waters.. 'I‘he most common form of ferric iron founa
o in: natural waters is Fe (OH)3. In the rangé pH 5-8 ferric hydroxlde‘

R f;f'_:',‘_,f is- a’ stable SOlld ‘that cormnonly forms c01101dal suspensmns.-; The

2

'”"’i’-frmost common form of manganese 1s the soluble Mn 1on. o "



The»:" ."physical, nature. of' the ferric' hydroxide precipitate depends |
on pH, concentration of iron and other ' ions. in "solurion,: remperature,.
and other:_factors;.,. .(.Jnder: certain conditions the precipitate may be- a '.
rapidly settlg;.ngvr floc that can remove other small. suspended pacticles
and: dissolved ions- from- solution. This preCipitatercan. also remove
organic colloids and microorganism..

Several: simple acids that are found in natural aqueous organic
so]_.utions. uere used tc study various cemplexes Vofdmanganese and iron.
One of the- acids - used-was metadigallic. acid which has been found in

| IR studies* of c¢olored material* from v}aters: (Lamar and Goerlitz,
1963). Natural water in contact with plant: debrls commonly contains
" tannic acid or chemlcally similar material: in solution. Tannic acid--
is. formed by hydroly51s of tannms, which are commonly present in -
~ vegetation as.are oxalic and- tarrarlc acid.

- Oxalic . ac1‘d' forms the -anion Fe'(C204)"2TV as. its most st.ablev
complex and tartarlc ac1d forms a similar ferrous complex. Ferric
comolexes formed w:.th oxallc and tartarlc ac1d are stronger than the

-/ferrous complexes. |

When excess tannlc ac1d was- added to: complex iron solutions the

_rate' ofr ox;.datlon' of 1ron-‘was-‘ a function of the rate' of .oxidation of
i | -the' tannlc"'acid'. ‘Hem (1966A)- demonstrated the ability of tamnic. acid
~ : o to form complexes w1th ferrous 1ron and retard its ox:.datmn in

| | water.. | _ | 1 | |

§ In a study of Mnt2" and tanm.c ac1d (Hem, 1965), the measured Eh .
* ualues of several solur.lons exceeded :.calcul-atedv:fvaluesr-.wh-lch :

R o mdlcated supersaturatlon w:Lth Mn+2 ~The dlfference between the .




calculated activity of manganese. -and the total - dissolved manganese

concentration. is - attributed . to complex formation. ' Using -this

approach it was determined that from 77 to 99 peréent of the.

manganese- was complexed..

‘ Conpl‘exes. formed between manganous ion and digallic acid were-

also studied. A 1l:1 mole ratio compiex of manganese and. digallic

acid was indicated at ‘a pH near or slightly above neutrality.

In general, stability constants determined for ferrous and
manganous -A compiexes with the same organic ligand show ferrous
complexes Ito, be more stable. . |

"Accumulation of uranium

Laboratory expé:iments- by Szalay (1964) showed lignite, peat,
and other decayed fossil plant debris absorb uranium from dilute

. aqueous solution in pH range of 3 to 7. He obtained absorption

 isotherms' with a steep rise at  low uranium concentrations. and.

determined. an- "enrichment" factor of 184 for peat, that is, in a

mixture of peat and water the uranium will be 18,800 times more
' concentrated ori\ the peat than in the water on a meg/g basis. He
founa' that peat could "fix" aé’ much as 1@ percent (by dry weight) of
~ uranium.  This fixation or "absorption" is .reversible, 'and-f.was

simiiar; to that ofl other cations. - In .<.>rder to determine- what
gomporvxenf of the peat. wa-s.-'-résponsible- for the adsorption, the peat
was extracted” with vdilute'vvNaOH*"s’élutidns._f’which removes ‘the humic

: ‘ac'id‘.‘ -_Aftexff‘ this* tr;éétﬁxen‘t ‘the vpeat.'ghad‘ lost the major portion of
itsj_; abil«ity-‘ t'o‘, fix‘,.-;-ur‘anium{,f and he' concluded that the humic acid was
'vre‘s_pén.s-‘ib-le;.fbr: '}fix\ing" the:»-i.:raniu'm.. fséélay_- (»1969):- él;o c_:onur\enis that

28
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' mvestlgated the La’

' the course of geologlcal tlme

~ the fixation of uranium in coals is: not reversible, and he- concludes

- that: secondary processes: have changed the -original association.

The "'s.orption" of uranium is- finite, saturation. can be«'cbtained,

‘and’ the' sorption is reversible. Szalay cites that the lignin (from

plants) conxp'onent of humic: acid, which has a polyaromatic skeleton,
contains . a. number of attached polar groups, notably hydroxyl. and
carboxyl The carooxyl dissociates at a pH. of 5 or greater and thus

could ‘particioate in cation exchange..‘ The phenol' hydroxyl- does not

‘dissociate until a pH' . of 9 or greater and’ would not be expected to

partxczpate at naturally occurrmg pH values.
Szalay's (1964), initial laboratory - experiments were using

levels. ‘of - uranium = much highe'r.rg (169-1,0800x) " tnan natural

: COncentraﬁlons of uranium., He measured uranium contents of natural
. waters' in Hungary and’ found the ,maxi’nium_-to be @l pprﬁ (188 mg/ton).
" "Porous nylon bags--.containing-‘ péat-wexfe exposed : to natural. waters, and
‘a .‘several-thousand-fold' enrichment of uranium in the peat was noted

in field experiments.

‘ _Szalay' (1969) dealt with the question of ion exchange versus
chelation :of.: ='ur‘anium;' - Brege"r,-: Deul and- 'Rﬁbinstein' (1955)

+3. exchange with uranium: m a fossil uraniferous

'l:.gm.te “from -Dakota- and" obser.ved‘ “that on‘ly‘ﬂ-' a small. part ‘of‘ the

i iuram.um was exchangeable. Thls led them- to the . conclusxon that

uraruum ls flxed An- the form of an orgam.c complex. However, Szalay

: ."-(1969) reports ‘that - the 1on-exchange flxatlon of uranyl ion 1s only

the px:lmary pr:ocess, whlch 1s followed by secondary mmerallzatlon in
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Coleman-iahd, oéhé:éu‘(1956)u calculated apparent formation con-
stants*ofJa:complexvbetwéen.coppé:'and acid—washed:péat.~,An apparént
fprmation;éonstant»(Kcylis calculatad;from concentratiqn-of;species.
of interest and dqu'not téke,into»account‘sideareactibn or activity

of species.. The'peat—Cu.(II) reaction may be written in- two ways,

.with P referring to the concentration of peat functional groups:

Que,)
ca) ()2 , @

22~ + cutt

e oy (Cups) (B) | 5
2P+ Cu = Cuby + ' 1 Ko = (o) ()2 (3)

. When' calculating the  apparent formation constant the condition is
- sought where (CuP,) = (Cu™"). (that is, where the degree of formation

is Q.S);uimhen ch:_---'-.l’/(P')2 and. Kc ='products/feactant. R

| '"ﬁ;36;¢. f¥V



To evaluate equation (4) and (5) ‘acid-washed peat was shaken
witn,solutiona cohtaining;vafying amounts. of Cd(NO3)2 and 4 to 9.35
- milliequivalents of NaCH. The pH of eachihixtuné-was,measured and.
the degree of. neutaraliZation' calculated from the amount of base
. required to raise the pH to 7 in 1 N KNO3. - The points for each salt
concentration were fitted to a straight. line leading to the values of
pKa (the negative logarithm of he acid ionization constant) and n
' listed in table 6. |

To determine Kor n (the average number’ of acid groups bound for
each Cu(II) ion in thefsystem) was plottéd-against PP (the negative
logarithm-of“the<concehﬁration.of ionized peat). ‘

Two methods. were used by Himes and Barber (1957) to determine
£he— atabiiity' of a. zinc;soil organic mattar, complex. fhey first
assumed;that only one’ type of adsorption site existed and that the
chelation reaction- followed a Langmuir—type of curve which could be
extrapolated ' to: give - concentration of complexing. sites. By  this
method they obtained a. stability constaﬁt of log K.= 3.4 to 5.6 for a
' ﬁzinc—organic mattet complex.' ih-the secbnd‘ﬁethod‘they'equilibrated~

- zinc between the soil and a soluble chelatlng agent. In this second
nethod log K ranged:from 1.9 to 14.4.

Mlller and Ohlrogge (1958) were the first. to apply Schubert s .
| f«(1943) lon—exchange. method to -organlc material. ' "They used water
: --extracts- 'of“ barnyard . mar.iurv:e,-‘ --A'dr'ied and grodnd'- alfalfa, and animal

‘{feces to complex 21nc and remove - it from 5011 " There were at least

5“”5 two complexlng aSents in the extract, one or more of which formed at

31
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Table 6.~~Ionization constants of H-peat and formation constants

of Cu (II) -peat complexes

(Data from Coleman and others, 1956)

Cu (II) added RNO;  pKa on K

c. -
(18%moles/liter). (moles/liter) (x 1878)
2 8.01 5.5 2.2 80.0
2 6.1 4.8 2.2 8.9
2 , 1.0 4.3 2.2 1.6
6.6 1.6 4.3 2.2 1.9
6.2, 1.8 43 2.2 1.0
RETR
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'2:1 type complex and one or more of which formed a 1:1 éomplex.: " The -
"apparent" stability .constants (whiéh are given as lcg K values) of

 the combination of agents for zinc was found to be 7.8 at pH values

that varied. between 6.0 and 6.5. The ability of the extract to

‘complex zinc increased as the pH of the extract was increased from

6.8. to 6.5.
‘Stability constants of zinc-numic acid complexes were determined

by Randhawa and Broadbent (1965) by equilibrating zinc between a

cation-exchange .resin and a humic acid preparation.. The principle of

ion exchaﬁge~' equilibrium. was used to determine the ionic species of
zinc capable of forming complexes with humic écid., The relation'ships
aevéloped. by Schubert (1948) were then used to'determine the apparent
stability constants. AE pH. values of 3.6, 5.6, and 7.9 the apparent
stability éonstants were 4.42, -6..18',. and 6.8@, respectively. . '
-'Schni'tzer'~'and Skinner - (1:966)u determined  the molecular weight of

the fulvic acid preparation they used, thus they were.able to express

. cbncentra_tion of complexing agent in the classical manner of moles

" per liter.. Schnitzer -and Skinner investigated three metal ions to

"::- -&e_termi‘ne"'-.’if." their stabilitiés. in fulvic acid complexés followed the
Irving.-Willians‘ sex:i.es.': The s‘t’abiliéy constants of copper (II)-FA

' éomplexes‘-'w‘er.e 5.8“ (at pH '3; 5): and '8‘.7*-(at' pH 5.0) ;:' Fett-ra cornplexés
 were: 1.7 (at pd- 3.5) and 2.3 (at pH 5.0). Schnitzer and Skinner
detér'mi'ned..‘ froﬁp these data that the order of stabilities of the

> cpmplekes was " CuH>FeH$Zn++ ’which- ~does: not Afbll'ow' the Irving-
o . wllllams '- :séziejs'¢ ':o‘f‘"“'.Pb>Cﬁ>Ni>Co>Zn>cd§Fe>Mn>Mg' | (ai‘l’ "as divalent

- cations).

33 j 
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In_' 1967 Schnitzer and Skinner: continued their 1966 work on six
additional  divalent. metal ions, Pb, Ni, Mn, .Co, Mg, and.-Ca. At pH
3.5,«'stability constants: for the different metal-FA. complexes. were as

follows: Ni~-FA, 3.47; Pb-FA, 3.09; Co-FA, 2.20;Ca-Fa, 2.84; Mn-fA,

. X.47; Mg-FA, -1.23. At pH-5.8, log K values were Pb—-FA, 6.13; Ni-FA,

4.14; Mn-FA, 3*.78;' Co-FA, 3.69; Ca=FA, 2.92; and Mg-FA, 2.89.
These: stability constants give the foilowing order of
stabilities at pH 3.5 for the divalent cations: Cu>Fe>Ni>Pb>Co>Ca>-

ZnOMn>Mg.. At pd 5.8 the order is: Cu>Pb>FedNid>Mn Co>CadindiMg. The

~order of stabilities of the metal-FA complex differs from the Irving—

. Williams series at both pH 3.5 and 5.0.

The *~ ion. exchange: - equilibrium. method ‘, of determination of

sﬁabil’ity ‘constants . was compared with the method of continuous

_ variations by Schnitzer and Hansen (1970). ~ The methed of continuous

variations is based on variations of optical densities of solutions
containing different ratios of metal ion and complexing agent, while
simultanecusly maintaining a ' constant ‘total ' concentration - of

reactants. There was good agreement between these two methods as

- shown in the following table 7.

_ Malcolm and others (1978) - also used Schubert's method to

 determine . conditional Stabi‘lity"vconstants for fulvié acid complexes.
" At pH'3.8, 4.5, and 6.0 conditional constants were 2.7, 4.8, and 6.6,

'r.especﬁivély,.‘. -~ Malcolm’ (1972) - determined .' conditional - stability

constants: for both the ‘humic and fulvic acid fractions of soil and

'ged.ilnen:{:"'i"of‘gan'ic‘_ mai_:ter-.--""’-{«The.é‘ corstants -for these complexes. were

© determined’. at- a Acons"t’_ah't-v ':ionié-f_ s‘t'r‘ength‘- of vl;ﬁv' in- KCl " using
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.Table: 7.-=5tability constants of metal-FA comolexes at y—0.1

(CV=method) of continuous variations~

IE—ibn-exchange equilibrium method)
- (Data from.Schnitzer and Hanson, 1970)

Log K

Metal PH 3.0 pH 5.9

v IE v IE

cutt 3.3 3.3 4.0 4.9

a0 31 3.2 4.2 4.2

" co™ 2.9 2.8 4.2 4.1
pb™ 2.6 2.7 4.1 4.0
ca™t 2.6 2.7 3.4 3.3
antt 2.4 2.2 3.7 3.6
Mo 201 2.2 3.7 3.7
mg™ - 1.9 1.9 2.2 2.1
FEMY 6 — —  —

a 3.7%%3.7% - —

*Determined. at pH 1.7¢.. .
**Determined at pH 2.35.

.. 35
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radioisotopic tracer. methods.  The conditional stability constants

- were 4.0 (pH 4.5) and,6.6‘(pH.6;ﬂ) for fulvic acid-Co(II) complexes,

6.5[(98 4;5)ﬂand 8.3 (pH 6.8) for humicracid?Co(II) complexes; 5.4 )
(93_4.5) and»S,S.(pH 6,0).fo: fulv;C'acid-Fe(III) complexes;. and 6.8
(pH 4.5) and‘?lzt(pH:G.ﬂ)ufpr humic acid-fe(III) complexes.

The correlétion ‘between stability constants of zinc-humic and
zinc-fulvic complexes: and. the degree of humification was studied by
Matsuda and Ito (1979). Schubert's (1948) ion exchange method was
used to determinefStability constants for zinc-hnmic and zinc-fulvic
acid complexes, and a: significant 9051t1ve correlatlon was found with
the humic acids. By applying the correlatlon concernlng humic acids
to soil hdmusj‘itvwas cpncluded.that the adsorption strength of zinc
for'soi;lhumusaincreasedeith the progress of humification.

' V.. Determination of Stability Constants

Conditional Stability Constants

A'Conditional‘Stability Constant (CSC) - is defined as K = AN~

1/ (OrR:) ¥

where: Ao = distribution constant of metal between sclution and ion-

- excharge resin when organic material (HAS or FAS) is
absent, | |
X o= distribution cnnstant‘in ptesence of organics,
.(ORG)=wéoncentration'ofuorganiC'msterial,‘Solubletprganic Material,
" Humic Acid Solid or Fulvic Acid:Solution, -in moles/liter,
_ i, _ . D
xo= number moles organlcs/one mole metal complexed

A condltlonal stablllty constant is a lnaasure of the equ1l;br1um

36
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constant. for the reaction of interest, uncorrected for competing side

reactions. .

'Ear'ly_ work that quantified the rnetal-orgariic interaction used
various. names. for this qu‘ariti-f:ication number .. In the following .

review the names used for these "constants"™ will be the same as: used

by the. different authors. The definitions of these different

constants are given in the respective referenced papers. |
Stability constants have been used by several workers to

quantify the. asséciaﬁion between organic material and various metal

ions. Coleman and others (1956) 'determined "'forma_tibn'.',consta'.nts for

copper-peat; complexes. Himes and Barber (1957), Randhawa and

Broadbent (1965), and Miller and Ohlrogge (1958) determined constants

for the chelating ability of organic m‘aterial_' (SO-M)-' with various

metals.  Irving and Williams . (1948) postulated that within the

divalent metal series Mn, Fe, Co, Ni, Cu, and.Zn, as the ionic radius
decreases: and the ionization potential - increases, the stability

' increases, "reaching‘ ‘a maximum with copper. This has come to be known

as the Irving-Williams series. The results of Schnitzer and Skinner

indicated that the stability of some FA divalent metal complexes do

not  follow the. Irving-Williams -series, which would predict

Cuz"'>Zr12"“>E'e3+ r b'ut' instead are of the~ order Cu2+>E‘e3+>Zn2+ . Further

| work done by them (1967) on- addltlonal dlvalent metal ions at pH 3.5

AN and 5 ﬂ ‘also demonstrated dev1at10n from the Irvmg-W:.lhams serles.b

Malcolm and - others: .. (-197.0)r:- ‘demonstrated that the Conditional

- S‘i:abil'ity _. Constant - (CsC)  of . Fe3+ A complexes showed li't.tle’”

" dependence “on pH. The E‘e3+-FAv molai:. ‘ratio.-alsos shows negligible
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change acrossthe-pH'range@:'Increasing,the pH of the solution should
increase - the: negative charge  of the FA . by deprotonating the
fuhctional groﬁps,“ The overall effect is an increésenin'the~negative
sites available to: complex the metal ions. More molee of metal will
be complexed per mole FA'and a. lower FA-metal ratio will result. An
opposing effect is found among metal ions that form-hydroxo complexes
at higher pH. values. If the metal ion forms hydroxo complexes in the
alkaline pH range, the number of moles of metal complexed per mole of.
FA would decrease, thus increasing the FA—metal molar ratio. These

two. opposing tendencies can give rise to ‘increasing, constant, or

‘decreasing molar ratios depending on the ability of the metal ion to

- form hydroxo complexes.

- The. Londltlonal Stablllty Constant is based. on concentration. of

.‘spec1es rather than on activities as is a thermodynamlc stability
constant. A CSCis dependent on'the.lon1C'strength~of_the medium and
includes no. corrections for  competing reaetions in which the species
- of intereet may‘be’involved; Although  a CsC isrhot;as‘precise as a

thermodynamic stability constant, it is very useful, as shown below.

One-brerequisite neceseary'for~determination of a CsC (Schubert,

'1948)j7is";het the -eomplek be of the typef'MKex7,ﬂwhere M = metal,

=-Iigand,.énd.x = number of moles Ke. (an 1nteger greater than or

fﬂequal*tO'one) But from results by Schnitzer and Skinner (1966 and
~ 1967),. Mlller and Ohlrogge (1958), and’ Randhawa and Broadbent (1965),
_the’ value for x (FA ~n‘etal-i;—molar-*-ratlo) "has varied' from 6.53 to

. .-,2 gg

The nethod conmnnly used to- determlne CSC 1s ‘the ion exchange

f3ge,
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equilibrium method developed by Schuberti,(l948). Schnitze;. and
Hansen (1970) checked values obtained from the ion-exchange methdd by
determinimg“CSC:for the same complexes by the method of continuous
variation (Rossotti and Rbssotti, 1961). Discrepancies.that occurred
between >résulté- from the two methods were traced  to. the extreme
sensitivity of the ion—exchange method to slight analytical variance.
Onﬁe'precautions~were.taken to maintain precision, the CSC calculated

by the. two methods were in agreement, and it was determined that 1:1

“molar (mononuclear) complexes do exist between FA and 18 divalent

metals.

Ion—exchange-Conditional Stability Constant . _

Schubert (1948) first used the ion-exchange technique to measure

stability constants for reactions between strontium ions and citraces

- and tartrates. This. technique incorporates an ion-exchange resin in
- the solution containing the metal and.the.chelating‘organic material.,

‘The ion-exchange method is dependent on the. fact that at equilibrium

the amount of ion held by a given amount of ion-exchange resin is

- proportional to the concentration of free metal ions in solution.

The equilibrium reaction for mononuclear chelate or -complex.

formation can be written

Ao - e
The: equilibrium constant'is<thenzdefined as
K=oy ™. M)

' The relationship for thé-metal ‘ion in’the presence of the ion--

S exchange.resin*is:shownnin*Maftell?and'CalVin“(IQSZ):"
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M 0 (68-ayg
where: A, = a constant (for exchange in absence of chelating
agent), -
MR: = moles of metal bound by a unit weight of cation
exchanger , |
(M) = concentration of all forms of the metal ion in
solution except. 'that found complexed,
a-o' = percent of the total metal used which is bound to
' exchanger, |
108-a, = percent of total metal used which remains in solution,
V. = volume of solution, and -
g = weight of cation exchancjer resin.

- Without making any suppositions con»cerningx mechanisms of
reaction .or' bond typés,." a stability constant can be determined by
'mea'sur'lihg“ "the cohcentration of metal in - solution at two
concentrations of the complexing agent. The temperatu}re,. pH, volume

- of solution, ionic - strength, ."and,. weight' of resin must all remain
: constant'; ' 'bThen'con'centrati’on of metal. ion in .solution should be
. negligible compared to that of the complexing  agent. It ‘is also
~ necessary- that thé_ resin not bind_«thé complexing :agen‘t. ' When working
, w.i-th: f’ul‘vic: and humic acids there is é» problem withhdsorption of the
Qgganicé onto - the: resin- at certaihan» values 'va'nd' f this.ﬁeffect}has to

* be taken into: consideration when-data are:evaluated.. -
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| The_dAi‘str’ibution constant is - measured in the absence of the
chelating agent (i,) and in the presence of the chelating agent ().
Since measurements are made under fixed conditions; the equilibrium
relation between fr.ee metal ion and the resin is maintained even in
the presence of the chelating agent (humic acid). When the chelating
agent is absent ‘ ',
M) = MR/A;, _ | (9)

' Because A expresses the relationship between ‘total metal species in

solutidn, (M)A +- (MLn) , and on the resin

M)+ (ML) = MRA | | _(18)

| Combining the  above two equations yields
(ML) = MR _ MR. ’ o (11)
‘ A A,

The equilibrium constant can: then be rewritten in the form

- K {A—‘l- 9-/(14)“ (12)
RN |

or 109(5.0_ _']) = log K + nlog‘(L) . - ' ’ .(13)

- Thus log K and n may -be obtained directiy from the intercept and
‘ slope: of a plot of log- [(A/N -1] versus log (L) is equal .to the

'concentration of all forms of the ligand in solution.

’ Accotdingr to Ringbom . (1963),. when complexation."reacti_ons are

- involved  in. the Ciom exchangen'.eqLﬁlibx:iumi the term - "conditional
.~ "constant"’ is most fitting. - Complexation ‘and chelation reactions may”

' cause tremendous <changes in- coricentration of reacting species.
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Activity coefficie_nts- are often difficult to determine due to high

charge: of. ions. Because the evaluation. of concentration. change is

often - within ofder:s. of magnitude, -the effect of the activity
coefficient is usually negligible..

To iﬁclude:- the effects of all side f:eactions and. interfering
factors_‘ in the mass-action equation definirig- the system would be very
difficult. The Conditional Stability Constant, therefore, quantifies
the reaction of ixﬁferest at the exclusion of these effects. However,
the analyst must be aware of the 'variables that. affect the CSC and
‘make all attempts to maintain them at constant values for the
- calculation of ‘A, and A. A major use of CSC's has been comparison of
binding . of ‘different metal ions to fulvic or hv..nnic-acids;‘ which under
identical and controlled conditions can give meaningful data.

VT'.’.,._Summary
Much is known about natural soluble- organic materials and aisé

about inorganic uranium geochemistry; however, the interaction of

uranium. and organics is not quantified. Work on other elements, such

as transition metal cations» and - their intéraction ‘with . soluble
' organic species, has been well ‘qu.ax‘utifi'ed' using Conditional Stability
.Constantf determination. This has led to a bette’rv A'underst"anding of
..meta'l‘-organic interactions in so}”il- and water systems. ‘

o v} The technique'»; of Conditional. Stability Constant determination

should be ,ap'plri-ed" tofuranium-gand,soluble organic matter to. quantify

. the relationship’ of .uranium. and- organic matter. - These exper iments

. can ‘give -insight: to the pH’ of - association as well as the mechanism

- involved.
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