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reaistant oonnlexes «with metal 1oas ond elays and thue oonastitute
ar inportont oart od 8 il h::;trawsa { 7giUyilie uxnerinoatally it has
been found that about HU-8H, of the total hunic acid nolocules
aa hae been ideat!iicd is nade of anino aoids, hoxoos. ines,
molyoyellic aryuantico nid oxyoen odatalning fuanctiosnal grouna.
The renninlyy wknowa feactisie hove veen ass uied $o conslst of
enpily oxidionbleo hoternerelle ¢ononents haviag highor desree
of unasturation suffleivnt to cause the dars colour characteorige-
ties for all tyocs of hude oubatnuces (l2se it has boeu susyested
fron che~ical degradatiocu tud cacetrasco ic studliss that huiloe
neids esataln or roadily sive rise to a oonslex arontic core,
ronronsible DY e cele 0ignalp, to hich are attached n nunbor
af cherdeal wiits Celey 1a) nlyonohharides (b) ovoteins (o)
ai nle nhonols &, wotals.

seeording o den 1d) hunde subetanoces nay bo broadly
divided iuts hu-de acids nud fulvie aolde. <Jhe h.uniec acid ocon~-
stltutes that fraction 2% the woil orgacic zatter which is soluble
in dilute nilkald but is orecel-dtnted . ith zincral nclde. ‘he
fulvie aocide aro eoluble 1a both olkall ond sclde ia the hunilo
noid 'rouce a ol oortion begoumes soluble in octhanol or in
othor, 1% in tormed hyindoolandc acic’i. Again, thore ie anothor
fraction  hich is insoluble ia oeld and al alil cooun o hunine

dshouszh wtonls are aos.ed $2 be crooent as salio of

~G00H, andon formation by chelatiow with henolie rouss is an
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attraotive alterunative, mrticularly ia view oi the ioa exchangoe
aud sesjuestration rovertics of hunie subotauces. ihe aualogy of
tho humus like substouaces obtalnod by varisus cshenical cousidere-
tions of different wWnones with anino acids aleo nroves the
forerning nsaunniinan v the chesieal strueturs ol natural
hude subatonccs (14418916417 /s rhe different ohysicsl st.idics
Celles Laley -eieidie 0t0e and chenioal nronortics, Lile netal
rotontion rud ovoloex Dorping teadeascics of syanthetio model hule
subgtan-es fadicate that these substauces are osnionsation Hro=
duste of divveront qulioncs nae oddng scldey brought about ia
goll by soe onlox shyoles chonloal othods.

che Dorondion ~ns anturs of hawue in 5011 derond ocon=
nletely woon onvirsa ontol ¢rad tlons 1.3 (1) upoa the orgaulo
residues of ~lobbo =ud sadmnlo (440 by the t700 of aspitoation
58 fertitimors o’ | Teon noaures cuald L141) oro rotation as also
(ilv) wnon olinatice oosudlitione heog inetore iallucnce and produce
a variety of tyocs of husus maberdalse 1o ever groon fLorosts,
surface onil huwue doos wot interact wiih netals nad olaye and
an Jives rise tn humua wterdnla.

Jhe humae osnceal of soll variee counilerably fron el
to about 2% .. s lo wot dlstributed owvenly throush the soil

do:the “he eracentratisn of huus docresses  ith ‘acrcane in

derthe % hon got hishest comcoatration iu the wior Li=30 o1

25 thoe 8olle i the brown foroot soli ao well as Jor rod and

i
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yellow s>il, the exlotonce o hinus is spaotiocally ail bslow
the umer 18 o7 0d2Zolic eoil has a 2one at the Junction of
the surface lavor ~n? the mineesl @il layers 4 well ar of
hunue <0dsol may hove an accaoalotion of hucie satter 1la tho
151 - horigone .o thin t/oe of 511 the totnl organie natter oy
bo wrto O=6 by wel bt and 7H=3 . of this can bo extractod as
hude neoid.

Hosde ouvotauces beola, in iuationte osabaet with other
0241 esndltuonts, ¢ bt exiast ap freo ¢ aounade ia ormal
8741o in nny oioul Cloont sacounte Jho oanl 4ot wve usually oxinao=
sod froo o3il by water but they are nnde avallablo with the helH
nf chonlecal roocuto hich onu diaoiaco Holyviaeodt Callioioe

seperally sedd, olinli nud oo lex w) ageuts are woed Lor the

oxtractiohs

vho et 7t se sed i tho exteaction pocoduro o.
husde o baotancos £ro onil 3h04uld have wa) cadversal o 00lica-
Lildty ib: Jolctonens of extmetion (¢ wolcetive extrnctlive
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wato s wourlly ocosided Loz hasic oxtract ouse
£a11 44 the £ollouwin: wooe (1 cidic esiveats (11 basie

snlveats {3341 ohoint o wreata and (4iv) basie oolvenss with
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reduciin: oronortye i order $0 e o connlote extractlod, a
reli~laapy trect ont o the anil with &, HIL is eosautial to
deer . wed any biearbra tes aud carbow tes rreoeats Lur.a, this
‘rocesd o corbial Rydeolyois 5. orfn.de 0uns0dads 4y OCCUls
wathor of ovoern WL oged) ro artod the reooval oid o oort of
orpands mtber e il b troestowont gith Hel or v aclide o by
a oudtabio 62.b antion o0 bothe
Jhe roob oo owaly wced esivout Sor busile aattor cxtraction

T 3lAte 0.u89000 w0 il at o te jeratales fvo Poaue Gl COVRDe
tage Lo that 1t ozoirogte the Michest erooubage s. a0 wbal soll
acle attor than niy oober soivoat e.rpreatily availablos 2@
~aeotions have Doon vedogd ooaceraia 0sslble altotation laduced
10 the ozbroetoed % tor By thls eodivact. ro e 20 has
19 ratod that nl o aid 001l suscuoons abeorb aleolar 24y ea
£pa the ot oo herg. Soveral obucloe have boguw sade ic au atte b
b onoeovtatL chothor 2.0 s toration ocoures o n0be Yo BoLeolt ai

tereotive solvodt o aw bor of oowvonto 1110 aggl e iuti% N%,
205 g wed theldir Al epeab 633t wab oan e bogu trdcd by awy
arers, Jheose woocor bogle soliveats hove bees Dr.iad to be leao
alfoetive 1o aztnnt ion o0 aodo atter Sy a3ile  oroover
svroniceat aolubions mooed o5 1 ndn nsd ather cheoolle oo
sogente s orobably with carbohydrate consousite L2l 4 Large
Shober of G0 dleE ot Poasoube gasn 4D willuy SAE g 382030 By

oty L agctoue hnve buon btootod by orbis cad oove (&3, o
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enn thus be obtalaed (26437).

raotionntion of hy de oubatoices hawe been done by a
ranbor of toehnlouone e ocnibie nethed of feacstionntion is
feaotionnl mroeld dtotion Jroo golutions nt difiereat oil's woaed

b orbagor \£7, ond ohileht g (Bdje asgantiyy dractlioantion

s

by ol Jiliration on oriluouwo of o0 hadeg wezd gol hos bood trisd

Ty sooarntion of hocde neid by orado bepuel (BJ)e wchaitzor
LA aor ol 2o mrad covel. Deactlows of o 008201 Falvie

seid by un oo the cojushes o) oo hodeg sele whese .ract.ons

¢ 2 ornd An Uholy L horecvopnce  2iloe lap uel hte, nitrojou

eontont, o apd hounlie Coeraionty cele LW e leile DOCOUYR

Shig othad in beidcwed %0 Do o oucedl wthsd dor arodusing ore

s

bamarepenna £ecet’one o7 o1t hude cubntouocoe whreonto raohile

sanapation of &3 Torcat ha Yo oaodd feeotions Lo aloo nowm A34e

36 )

tande ecid boin: a heterogemnus zixt.re ol cholcaily
n:1808 s.batancon, vloculor sel ht of 8 single hasdc acid
eansst bo obin aode 100008 hnve Leeu cade to doboridianc the
syaraoe  olegular veirht ol a traction of hanlo acide don {(97)
ronartad nlee lar o ht ag J60 2ud 12350 o4 husiec acld fraccions
1 bnoleity o nud 4 rop cotivoiye oile ou) oDEiuod wleculor

Leisht as L06L nud L0bL DOr tuo huide acdd (pactioas by dlui.sion
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fractions fron cach huaic acid, one having molcao .lar weight

lens than 6000 snd the other ranging rfrom 504,000 to 100,000
«orphaw ot al. (44) caleulated molesular weight of codium hunate
from a sandy soil vhich ranged between 2,0 x 1‘08 to '1.2 x 106.
Jrlov and Govakova (45) determinoed tho molec.dlar weight by light
scattering nothod and found the moleocular velght to be 84d x
.’t()3 for hunie acid fron .od vodzolic s0il ond 062 x 163 for
huwide acide derived fron choroosams fhose large dilferences in
moleoular welht of husie acids of dilleront origin detorained
by different nothode nud extmaction nroecedwra npPe ~onalble due
te uncnocifle Trectisnation nrocefure. 15 18 2130 inown that the
mylec dnr weisht of hish wlecular weisght substonces deternined

hy some cyyosonnie mothods ore vory often auch locer than the

woelshts Jdeteriined ly semonmetry or by ultracontrifuse.

* large awsber of workers have ouigested that many notals
are capable of fornming otable ocoaniexes with aoil orgmile natter
(8G,47,43), .vidence »f cholation ohon £roa tho obsorvation that
ma*m ia™ are unable to raslace all the t.“}tzgt una+am other
heavy netale those arc adsorbed ironm solution by soil organio
aatter,. ;af:as;z*am;“:; to diferent noosible tynse of linkages botween
functional grouns of hunic acide and the inorsanic soil congtituente
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three main tynes of motal orgacic derivatives are impoftant (6).

(1) .ho fonic tyre, with norticisation of carboxyl and
shenolic hydroxyl gruss, leads to the corresronding hamates
and favates W tho knoun resct sn of salt Lotnations

(11) Ihe seslpoler type, {ormed Wy coordination linkagee
with nartioination of amino, iaino, keto and thio-other groupe,
leads to oammlax eonnounds of the chelate tyreon.

{141) » ty»e that 1o formed by olerimtion oifecte and
hydrogen bridge linknges with goeclal sarticination of teminal
funotional ¢roups, Joruing coanounds o the adsorpllon Wpe.

But in the hunic ncid chenistry nost of the authore used
the toerm “oooplex® ox "chelate® Jor ail tyoes of lLinkages mene
tionod adovee i yach, viadidy 0f cubious to Bogatively charged
aroups of an isa egchomjer liks aoll orgunic ontier always iovole
ven clestroutatic Joroes o sone eiteat. JCh boads nay slee have
a wore or less gbroagly covalsat charactere tho bond between metal
ions o the Jirest traasition serles nud the ¢iymrlexing sites of
hasle selde is uadoubtodly partly covalent in charactors

Ligy clacrals hove defindse awd waell dolined values of
oation oxchunge oasacliless Jul husue iractious have oo well
defined -otlon exchange casacities whioch wry Jron sourge t0
source as -0ll aa with tho 208hod of cxbracstion 10l colle It
has boou ouwnd thnat the comileniag . he oat sond o iaflusnced
by 1ts chavgeds .ims e axchaases more thaa da' at a0y parti=

cular hydrogen loa coassutratiod (47)e 3 tho extent of exchange
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the pthor hasd brondbout ot als (64) fo:d a oredoninant ole
0: earboxylic acid arouns in case of calelun and eopror exchanie.
schndtzor nnd odnner (55, £9.6d that blooszing of eithor neidic
carboxyla or chenolie by rex 1 enused eigairicoat reductions in
“atnl retentione hus ther ¢ouc'uded that both smuns roacted
ptaltanerusly wit the letal iounse. slthough thoese authors {ind
no ovidence Jor venctisus oi t(he earboayl srowns, aecording to
their o dulon these recctions cau ot bz exciuded Irs: the
‘uterset onh cechn ins bet ocon 90il orgoiiio motter cigd netal loaa.
sonrd o 1o Lewlo ond orondtont (86, cheoolic orsune of nodel
substance with o Lel {0 Cuiily ot off Geb fized o Connori at
nll Geby 437 wmo.e 0f couper were Lised wnd ot sil &6y 204 MR

. were rized. ¢ hao beew concluded that aa intercetlioa with
shewplic hydroxyl  roung is reooous. ble Lor the rosald o oXe
GO

Unon nddition of a notnl salt of a strng acid to an

aqz.f:zmm anlut’on Hf n wolybasic haide acidy tho »H goacrally
degrongcns the monltude oL L do deeroanse doeads on the ratio
of the o/ uitice o8 the notal nad the hydrogsu louw or tho
hude neild olyvanion nud on onecisl entrony cusiteration for
rolyacion (O7,. -ho poventlouetrico titratioa curve 30 a nolynorie
orgaaic aedd hos boow desoribed by  atohaiociy sad Loltali (U7)

ag o .euncrailsed lealerasn=iasoelbach o,uatlion,



whore 4 = the inteiancic dissocintiou comstaut 3f the solynerie
neid, oz arovoximntely s conotant and = dogree of acutrali-
antinn or Aiusocintione Van -4z (B5) tosted tho anllicability

of thio ejuatinn to haric acdds $itpated with oodiun lydroxide
~ad  ardin ~nd leove (A1) A1 she sano for argasle ntorial
£ an amidyen aolution of ncotylacotonoce iy

agtraatod Frn antl o Hh onn

lotting H arntant LoS—l{'l;l s 49 linoeny c.pve hng booa obbtalned,
i ent o thot She bohavisur of those orpgaalc subatninces dlflers
froc that of Tdmoar olrteore o b as oolysceyile ncld for uhich

tha oiuation hon bhoon dorivod (657).
cgiotouln ol

Jhin deviation oy be attrie
Hro than one tyse
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saovei:s dlaseib.otion of
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ng in the eoriee oo irvias ond «itlio (63;. artin aud deeve (5.
heve owcested $hot rrotous SitPatableo iu preseuce of ictal salts,
ey alon origiacte Troo the by 'potod sotal oo aud aot only iron
ghio orgasic pubstance. ‘hoy Ald (ot Liad the avove order of Hll
arone ~oalin, thoso aut ors LHuad & horiszontal dieslacenont of the
titeration curve ‘n tho srescane oF gonner enlt, which 544 bo
exnlained ao the for adinn of a basie conpop salds  haunn asd
Jtevonson L4 £ound the Ioilo. u; order 04 il dron Ior hunde
aetde n(7L) (i (1) {ut{1n) Koul i1, i, .hich ogress . ith
the 1rving Cilids serien nad conclufed that the bonds are alaly
gioetrootatic in notumee vhooo roesulic .ore in contraest oitn tho
soric of  artln ol occove (Do, who Louwid that tho order of il
roducting for oronaic attor Lpo a odanl U hapizon folloved
tha or ap

40113 niii:d @oi1i) Louli1)) oniil)
SPAoht md ochuitsor (Gu; ot chultser aud wolnaer (66 found
that caleiuwn cad aamesia onlte 4ld oot ladi.ouoe thoe titration
curvon of hundo nad Loavie oo0lde aud wloswl ~ud 9o 0r palte

o A67,) eoaciuded, fron
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@i oo ol o oo 00all oxiciabe Y 3
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he gtaon with o mubor o8 “i0fcrcut antaml af grathetic wdel

hiale ncide !
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vt ottt Doootor Bolon, o U800 04yWde ool choelatos
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sle oalto, oo oo ¢

5 &)

iorerauses Ln bhad etrcustiz Jor the dlvalaat

Tt



-1

ions at pil Bel were coneluded snd the boud streagth was found
to increase only slishtly ia the order Da(II){ §;a(m}<;§,g£ 1<
o{17, (ool utiinioeirayd onliiy o

But Blilse Guv:d) cad ve(ill) lone are tors L{irily bouad
and follow thip order ia their estout of interactiocn. 40 ex)lala
the »ii &ron oo n’tion of noetal lone in huslo aeld oolution,
Yoo 42k (67, crocoated coaviacing &v&‘&aim to cgtablioh tw
tynes of ronction ogheuiono: suaey 2t lover aud auoihoer, ab
Flohor obe Thas Doz cullll - hande aold exvnlex ot low pi oue
valonce of tho will) ioa 1o bo.nd $o0 o "{reo” salouic Poudy
apf the othor to a Jor wrly orotounted,y wensly aclidic TGy

Cefley 8 “honnlic hydmxyl grouwid




-16-

‘whereas at hichor ol srotous re dlssocinted Jran vater molecules
which were covaleutly bouad to the oosnor ioa, zZiving a hydroxo

corplexX, Qeles

B Co0 = coo\ /OH-
HA l Cu(HO)y — na , Cu(H,0) +H
L O o N~
Fia. 2.

wchaitzer aud skinuer (8.) zlso arrived at the samw conclueion
vhea lavestigmting on fulvio acidss in the reacotion iuvolving
copper it 1s ass.uod that the two ligands acting tosother in

binding netal ioas iy e neisghbouring eéardboxyl and nheuolie

bydvoxyl (xounse ‘hot this sit.ation ovours altiouzh sresuably
oot excluaively, is eonfired by the iaventisntion of ime snd
Sarber (6v), uchaltaer and .inner (55) and avics et ale (71)e
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Spa the ~Posased wlecular foraula ol the orygaale nattor,
Coplly (@:wﬁ,; {.0@‘1; RE5F gv ehaltaer o vesjardin (72) coouned
thnt at »i! 3 one smrﬁa&ym@ ngld crouny at ol § Liveo rrouns,
and at o 5 all olz carbozylic n01d srouns viero Siteatol. Thay
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fumerous attenpte have been mude to deternine tho atability oono~-
tante of metal-soil orga.lo matter complexes. ixtensive use has
been mnde by eoil soientiste (73,60,74-32) of uJchubert's (43)

ion oxchange ethod but essentially all o the ncasurencnte have
beon nade using the sinnplified ansroach desoribed by Jlortel and
valvin (34, “his deterniontion io based on the faot that the
quantity of metal bound to a kuown weight of resin at ejuilidrium
is proportional to the comcentration of froe ions in solution even
in jresence of a conplexant and the atability constant (5) follows
the relationship:

log[(2e/2)-1]1 = 1logK + X logCh,

where, the reaction is
A4xCh = -Chy

andy, .z the 4istrib tlon constant in adeence of the
connlexing agent,
A = the distribution constant in the presence of the
conplexing agents
F

+5ability eonatant 2L the complex .
£ = the nunber of noles . of oonplexing agent which
conbine with 1 20le of netal, i
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Oh = the con-ontration of the eoaplexing agent in noles

neye litre.

Randhawa and broadbent (77 calculated log= stability constant
for 8 in - hunic acid complex to be 442 at pH 3.6, 6.18 at pX
Be6 and 648 nt pH TeU. rrom the different valuse of x of the
chelating olec.iles in the connlex obtained at diiferent hydrogen
ion e-ncentrations (X = 1425 nt ol 3463 x z 1409 at pH D6} and
X = 1470 at pH 740), thees woriers assused a participation of
monovalent and divalent forn of ions in the reactione At low pH
values the a ount of the monovaient form is predominant, which
18 lowered with ifncreas ng ol valuee in favour of the divalent
forne froo the obeerved results it was also coucluded that the
congentration of the 14.and available for the ¢ranlex formation
in inorenved .1th deoreasin: hydroges lon cracestration of the
exchange solution.

24ller and Jhlrogge (76) found that there werc at least
two conplexing agents 1n @31l cxtract, oune or aore of which
formed a 211 type of oonplex aud one or zore of whisch formed 131
type of oonplex, the resulting average boing 188 8 1. The
"anparent” stability constant of the conblnation of agonts fop
«n({I1) wae found to be 7.3, The e>ncentratioa o the ligands was
detor-ined as the maxinun complexing abllity (1.CeA) of the oon=~
plexant., Courpron (79) using the sane loa exchange equilibriwnm
nethod found a erusidersbly lower log-stability countant valuo
of Bei7 Jor sa~hunic acid coaplex at pH 5404 whereas a value of
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7.0 wae calo.lated for Culll) ~ huaic scld cozplex at ths same

pHe Schuitzer and okinner (79) investigated in a sizilar way the
pH devendent stabllity from By horison of & pedsol and the netal
ione &ug;- §034'and Qn? at pH 3.5 and 5.0 and in a further pub-

2+
lication {aa)é the g?wplaxing yrogerties with the metal ions /b
ﬁ12+; Dy CoyCa and &§g+; The stability at pH 3.6 decrcases

in the follewin; orders
o+ g+ 2+ g+ 2+ 3r 2+ 2+
Ou )E‘e) By cb)> Co» ¢ad in) un) Mg

At pH B840 the order is
2 g+ 8+ B+ 2+ a4+ 2+

>»b>m> m> Oo ) Ja) in ) iig
in those cases the authors resorted x valuea from 008 to 2,0
for conplexes of fulvic aclids with alne divaleat nctal ionss in
the later subiications they reovaluated the sarlier work on metale
fulvle acid conmplexen (73,68) and oouncliuded that the deviations
vere auo‘grimarily to analytinal errore but also that the oon~
contration o the metal comnnlexes had not aluaye beon negligidle
conpared to the lisand, iy using an insroved snaxytlahl method
snd low coucentrations of uetal ions schuitzer aund Hansen (73)
raported that "z" wvniues wore unity for nine motal fulvie aold
conplexes at pH & and 5 and st loule otrength of Qeies it lower
ionlo streagths, however, x was { i+0y presunably duwe to the
fomation of nixed £foe polynuclsar connlexes,



among othor mothode used so far for deterniniu; the stabi-
14ty constant and composition of the metalw-humic natter eomplexes,
speotrophotonetric and the poteantionetric methods are inportant,
sohnitser and ukinner (66) used Job's metied of coatinuous varia-
tion iu an atte ot t5 deter ine the oompositioun of oomplexes
forred between n soil fulvic ncid and a number of motal lone.
chaitser and lansen (73) emnloyed Job's method in an at.eapt to
deternine both composition and stability constante of {ulvie
ncid-etal oonnlexes. These authors found 1t to be a 1i1 type of
gonnlex for Ou(Il), u4(II), .b(II}), ve(Il), n(lIl), -B(II),
va(ll; and g(II) connlexee at pH 8.0 wd the ionic strensthe
of the wsolutions woere maintained at Uele ihese aubhore also found
that at ol 1,70 and iz Usly fa{11) and f£:lvic acid fomed a
molar 131 conplexs sidlarly at ionic strensth O.i and pH 2436,
M(I11) forned a 131 connlex with Zulvic acid, Gaxble et ale(dd)
et.dled the ﬂug*— - fulvic acid eholation o0quilibriua in Q.1 i
¢01 at 25% and concluded that Cu°' resoted with fulvic acid to
fron a site bound eslicyglio acid type coplexs ihe resst has
beeu eunorted by a Job's continuous variatioan nlot.

Conditlonal stability constante (80) of some nmetal fulvate
conplexes have boon dstornined by chean et ale (86) at %00 using
specific lon electrodes It has been assuned that zetals form site
bound complexes and found the order of alfiaity of some metals
toward fulvie scld as iig) vu) Cde -hean (47) niso studied the
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shelation resction between GuiIl) and fulvie acid usin; this
roelatively new direot aonmoach, 1.e., titration with a cuprie
fon selective eleotrode and found the equilibrium quotient of
2,8t Vel at 26°C and pH 340,

Tecently .tevenson et al, (38), stevenson (39,90) used
notentioretric nethod and Takamatesu et ale (91) used a new
teohni ;ue based on the conbined use of potoatiometric titration
nud ione~slective electrodes for She deteraination of stepwise
formation oonotunnte of different metal-hunio acid connloxes at
different il and ionic otrensth enmnloying the Bjerrus'c (30)
anproach ne modified by urecor et als (99). Yor a bivaient netal

ion, a two otep ~rocess . the reaction has boen assuncd, thus

b T +
myat =22 owy+ Bt

where the succensive coanstants by and by are given by
b, = (g ()
IRSIE
by = _ () (HY
(Ha) (A7)
and the overall coustant By in givea by

; %
Dp @ byby = _(dag) (L")
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Valuee obtained for the formation function B, and ?(HA/H) by
analysis of the titration curve of humic acide in presence of
netal salt are used to draw the formation carves It .as condlu~
ded thot 211 comnlezes ere {ormed elnultaneously with 131
conplexess ‘hus {or a conper-fulvic acid cmagzlax 108 & values
obtalned ranged fron 3.1 to 3.4 at pH 340 and lonlo strength

el (33)s Hu tho othor hand f£5r o “behanie acid coaplex the log

g Valuss .ere fnuwid to be as high as 3.2 to 048 at ionic streagth
1ess than 0,01 whore in 1o the (mg)/ (ﬁ')a(;ﬁa-*).

Teternination oL stability constants vas based on the
aasuntion that the »rotons whisch are liberated when netal ions
renot with hunde aclda ot 1ov ~H arose fron undicsocioted anoidie
functional mrounne -ith an increase in ol additloanl »rotons have
been libernted from hydration water of the nmotal ione (67). The
validity of this asswntisn was teated in experiments in whioh
goguontianl addition of metal ioa sere nade to solutions of the
huiic acid at constant nH (pll returncd to iuitial starting point
af'ter coch addition). sach addition of netal ijon denrosced the
Hil to & losoer extont than the nrevious addition and less and
less “OH uas re ulred to neutralise the llberatod srotons. .or
»bg* - hurde acld cowmlexee 1% was found that sore smtons were
1iberated at »H 5 and 6 than would be aceo ated lor by acidio
¢.nctional ;sroupss & 8inllar res.lt was obtained for Cu®' uhereas
gor 0a%* the amount of base req.lred 414 uot exceed the anount of
bnse cons.ined Jor no.tralisation 2f soldic funstional ~rouns even
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at pH 6,0. This has been ex-iained on the basis that extra proton
resulted fron the formation of lead and copoer oxide hydrate
whereas cadniun oxide hydrate has oot been formed at this ple ia
1ater nublicaetions, .teveuson (89,00, used the date obtalned fron
the sequential addition of metal lons at constant pH to calcoulate
the sterwise formnatioa constant of 3&?: ﬁbgf Gdg*‘anﬁ an?+‘-

hunie ncid comnloxes and £o.nd those to follow the order.

cu(II)) #b(I%;} ) 0a(11)) an(1I),

“his modified tanhniguerwas used for partic.larly troublesone
feat.ires o. the notentiometrio titration curves 0.8+, the horie
_zontal dienlacensat of the curves when titrated in tho presence
of metal lones. It has been sugsested that nixed connlexoe are
‘ormed, one being ohthallo aocld tyns and the other being salie
cylic acid tyoe coiplex, a8 aleo gusgested by other woriors. The
values of log i obtained froa theee studies were of several
orders of mapguitude thau those obtained by other mothods. Agaln,
1A contrast to other studieos, these authors found a vory lusig-
nificant dependence of log 4p oa the pH of the solution.
Although a nunber of methode have been used in deteraining
the stabllity conotante of reotalehurdo matter conploxes, none of
then seane to be une.lvocale 4pplication oo the sinplified
anproach (34; of .chubert's lon exchange equilivriua =othod to
the deter ination of the etabllity constants of notal - hunde
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a0id complexes has been oriticised Ly nany workers (98,935,954,
78)e Clark and Turner (U2) stated that the extrested soil oxganio
matter will forn metaliiec complexes when mixed with metal ion
solutions whore the central oroup would be the organioc molesule
coordinnted with more than one motal ione But the Sohubert's

isn exchange equilibriun techataus is only anplicable to eystens
vhero only 'iChy, type of connlexes have bosn formed (where X »
‘etal, Ch = ligand snd b is eu duteger ) 1)e 4uning et ale (93)
suroorted tho views of ulari ~nd furner (J2) and explained his
view 44 terms of the eariier resorted exverimental data. They
conc’uded that the metal fons 111 for: somnlexes with $he pelye
funetional -wmecromolecules like hu~io acid of the type :g0h,

where a) 1« The new interpretotion ol the lon~exchange equilie
briun method made by srdninml and steveuson (94) was developed
£frot the general eguation of .chubert (33} 4180 sunine et al,
(%) prosented a new aporoach t> the ion oxchange mothod consie
dering proper exnerimental ocuditions. tability of the eomplex
hne been explained In terme of maxinun complexing Yabili.t; (MeOuAe)o
they also denonstrated that go30 erronsous ass.nptions were made
when the ion exchnnge eiullibriun methos for the deternination
of stability constants of notallic conplexes was originally deve-
loned (83). iccording to them, theee assuiptions compensate with
each other but ouly wheu the conslaex inv.lved 1o of the HOMy
type, which 1s not forned cenerally with polyfunctional nesre-
noleeular substrates,
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in a recent rublication Jlovarthy et ale (96) reviewed
the literature dealing with the anplication of Job's mothod of
continuwous variations to the stady of soil organic matterwmetal
ious interactions and belisved that this mothod ie nmot direotly
applicable %0 the st.dy of s0ll organicematterwmetal lon iater-
actionss xplanation was also nronosed to asoount for the deoen-
tivo reculte wiich wero obtained by the application of this
method by other woriers. ‘hoos authors couclwled that for highly
eonnlicated structure and hetervgenity oi hunic acld aclequles,
astudles of the metal cotiplezes in teras of utolchionetry and
thermolymanie etability coastonte are hardly possibles. Jossible
interferences, duc to scattering oi 1li ht, durla; tho study of
eoil orgauic notter-netal ion reactions bY .eVe,vieible absorp-
tion apestroscony .ere eousidered to be & sorious linitation of

the sncotrostonio atudy.



