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Abst~a.ct-The nature o~ Cr(NH3)s3+ and Cr(enh3+ (en = ethylenediamine) adsorbed on chlorite, illite, and 
kaollmte has ~een studled by X-ray photoelectron spectroscopy (XPS). The interaction of the chromium 
comple~es ~lth the clays be~a.n at pH 3. l?uring the 7~d.ay interaction time the pH of the complex-clay 
suspensIOn mcreased to 8 for dllte and chlonte. For kaollmte the pH increased to about 3.6 with Cr(NH ) 3+ 

and to 6.4.with C~(en)?+. These pR ch~ng~s appear to be associated with a clay-cataJyzed hydrolysis·of 
~he chrom~um-amme complexes. XPS bmdmg-energy data for adsorbed chromium indicate that the dom
mant specl~s are .c.hromium aqua complexes. Nitrogen/chromium atom ratios, calculated from the XPS 
photopeak mte?-s.I~les, are less than 6: 1 for complexes adsorbed on the clays, suggesting that chromium 
complexes are 1mtJally adsorbed but subsequently hydrolyze to produce aqua-chromium surface species. 

Key Words-Adsorption, Chlorite , Chromium, Complex ions, IIlite, Kaolinite, X-ray photoelectron spec
troscopy. 

INTRODUCTION 

In recent years sophisticated spectroscopic tech
niques have routinely been employed to investigate the 
adsorption reactions oftransition metal eomplexes with 
clays, soils, zeolites, and inorganic substances, includ
ing infrared (IR), electron spin resonance (ESR), and 
electronie spectroseopic (ES) methods (see Table 1). 
Considerable information has been obtained on these 
reactions; for example, Knudson and McAtee (1973) 
and Swartzen-Allen and Matijevic (1975) found that the 
adsorption of cobalt chelates on montmorillonite ex
eeeds the exchange capacity of the clay, although the 
latter authors suggested that the enhaneed adsorption 
may be due to ion exchange. Koppelman and Dillard 
(1978) found that the adsorption of Co(NH3)r on chlo
rite proeeeded with hydrolysis of the complex and re
duction of Co(III) to Co(II). Chaussidon et al. (1962) 
and Fripiat and Helsen (1966) reported that adsorbed 
cobalt complexes may be destroyed by drying or out
gassing procedures . 

Burkheiser and Mortland (1977) showed that com
plexes of iron and copper are reduced upon adsorption 
on hectorite; however, Cu(en)32+ interacts with mont
morillonite to yield Cu(en)22+ with the day oxygens act
ing as ligands coordinated to the Cu(en)/+ ion (Burba 
and McAtee, 1977). Farrah and Pickering (1967a, 
1967b) demonstrated that anionic complexes of copper 
are not adsorbed to any appreciable extent on kaolinite, 
ilIite, or montmorillonite. Ligands in the complex ion 
apparently inhibit the precipitation of metal hydrox-

1 Present address: Georgia Kaolin Research 25 Route 22 
East, Springfield, New Jersey 07081. ' , 

ides. Velghe et al. (1977) reported that Cu(enh2+ ad
sorbs on montmorillonite as a square planar complex 
between tbe day layers. Using electronic spectral 
methods, Hathaway and Lewis (1969a) showed that for 
some ligands, nickel may be adsorbed in hexacoordi
nate and pentacoordinate ligand environments. Tbe 
formation of the six-coordinate complex is favored at 
high ligand:metaI ratios, wbereas low ligand:metal ra
tios favor tbe formation oftbe five-coordinate complex. 

Tbe interaction of cbromium with days bas received 
little attention, altbough Bartlett and Kimble (l976a, 
1976b) reported that chromium complexes, formed 
with organic matter in soil, appeared to stabilize and 
solubilize Cr at pHs where chromium hydroxide should 
precipitate. In addition, Coughlan et al. (1977) ob
served that Cr(NH3)63+ formed upon exposing out
gassed mordenite containing chromium to gaseous 
NHj , but that for L zeolite, the same treatment pro
duced Cr(III) bound to NH3 and lattiee oxygen. Cary 
et al. (1977) observed no differences in the aceumula
tion mechanism for aqua chromium and cbromium-or
ganie eomplexes in plants, and Cornet and BurweIl 
(1968) showed from EPR and optical absorption spec
troscopie data that adsorbed Cr(NH3)63+ on silica gel is 
in the same environment as that of an aqueous solution. 
The complex decomposes to chromia polymer on des
iccation. 

The present investigation was therefore initiated to 
examine the chemical nature of surface chromium 
species following reactions of chromium complexes 
with illite, kaolinite, and chlorite. Using binding energy 
data and photopeak intensities from X-ray photoelec
tron spectroscopy (XPS), attempts were made to de
termine the nature of the chromium species adsorbed 
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Table 1. Characterization of transition metal complex ionlmineral systems. 

Metal 

Cobalt 

Iron 

Copper 

Nickel 

Chromium 

1 ADS = Adsorption isotherms 
EK = Electrokinetic 
IR = Infrared spectroscopic 
ESR = Electron spin resonance 

Technique1 

IR 
ES 
XRD 
EK 
IR, XRD 
XPS 

XRD,ORP 

ESR,XRD 
IR, ESR, XRD 
IR 
ADS 
ADS 
ESR, ES, XRD 
ESR, ES, XRD 

ES 
EK, IR 

ES 
ADS 
ADS 
ESR, ES 

ES = Electronic spectroscopic studies 
ORP = Oxidationlreduction potential measurements 
XPS = X-ray photoelectron spectroscopy 
XRD = X-ray powder diffraction 

on the surface of these day minerals and to establish 
the significance of hydrolysis and oxidation-reduction 
in the adsorption reaction, 

EXPERIMENTAL 
Materials and methods 

The identity and characteristics of the days studied 
were described by Koppelman and Dillard (1977) and 
are briefly summarized here. Chlorite from Ishpeming, 
Michigan, was obtained from Ward's Natural Science 
Establishment and has a cation-exchange capacity 
(CEC) of 16 meq/lOO g and a N2-BET surface area of 
14 m2/g, Hlite (API #35) from Fithian, Illinois, has a 
CEC of 20 meq/loo g and a N2-BET surface area of 49 
m2/g. Kaolinite, Hydrite RT, from Georgia Kaolin 
Company has a N2-BET surface area of 12 m2/g and a 
CEC of 7 meq/loo g. [Cr(NHa)6](NOa)3 was prepared 
according to the method outlined by Oppegard and Bai
lar (1950). [Co(enh](NOa)a was prepared from the sul
fate by dissolving the crude product in a solution con
taining 17 ml of concentrated HN03 and 60 ml ofwater 
at 60-65°C (Rollinson and Bailar, 1946). The solution 
was rapidly filtered, and 90 ml of concentrated nitric 
acid dissolved in 85 ml of 100% ethanol was added to 
the filtrate. Bright orange, needle-like crystals ap
peared upon cooling. The crude product was recrys-

Reference 

Chaussidon et al. (1962) 
Hathawayand Lewis (l969b) 
Knudson and McAtee (1973) 
Swartzen-Allen and Matijevic (1975) 
Fripiat and Helsen (1966) 
Koppelman and Dillard (1978) 

Berkheiser and Mortland (1977) 

Berkheiser and Mortland (1977) 
Burba and McAtee (1977) 
Farmer and Mortland (1965) 
Farrah and Pickering (l967a, 1967b) 
Thompson and Brindley (1969) 
Peigneur et al. (1977) 
Velghe et al. (1977) 

Hathaway and'Lewis (l%9a) 
Catone and Matijevic (1976) 

Coughlan et al. (1977) 
Bartlett and Kimble (1976a, 1976b). 
Bartlett and James (1979) 
Cornet and BurweIl (1968) 

tallized from water. The following carbon-hydrogen
nitrogen analyses were obtained: 

[Cr(NH3)6](NOah(calculated): N = 37.06; H = 5.29. 
(found): N = 37.00; H = 5.35. 

[Cr(H2NCH2CH2NH2h](N03h(calculated): 
C = 17.21; N = 30.10; H = 5.72. 

(found): C = 16.99; N = 29.88; H = 5.64. 

SampIes of the complexes were stored in the dark to 
prevent photodecomposition. Solutions of the com
plexes (approximately 100 ppm total Cr) were prepared 
using argon- or nitrogen-saturated, double-distilled 
deionized water. The pH of the solution was adjusted 
to 3 upon addition of the chromium complexes to the 
day suspension. The day suspensions were prepared 
by mixing 2.5 g of the day with 800 ml of argon- or ni
trogen-saturated double-distilled deionized water. Ad
sorption experiments were conducted at 25 ± 0.5°C. 
The methods ofmetal ion, pH, and silicon analysis were 
outlined in earlier publications (Koppelman and Dil
lard, 1977, 1978). 

XPS measurements 

X-ray photoelectron spectra were measured using a 
DuPont model 650 instrument and an AEI ES 100 spec-
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Table 2. Analytical data for chromium-complex solutions before and after reaction with clays.l 

Cr(NHs)63+ solution Cr(en)33+ solution 

Chlorite Illite Kaolinite Control Chlorite Illite Kaolinite Control 

pR 3.00 8.60 3.00 8.50 3.00 3.64 3.02 3.63 3.00 7.50 3.02 7.05 3.00 6.40 3.00 6.40 
Cr 90 79 100 83 90 85 90 89 85 72 85 65 85 76 85 85 
Si 0 2 0 2 0 0 0 2 0 2 0 0 
Mg 0 9 0 7 0 0 0 10 0 8 0 0 
K 0 23 0 11 0 1 0 24 0 11 0 1 

Time to attain 
equilibrium 
pR, (days) 2 5 >7 >7 5 5 5 5 

1 i = initial solution (pprn); time = 0 days. f = final solution (pprn); time = 7 days. Analyses by atomic absorption spec
troscopy. 

trometer. A magnesium anode was used on the DuPont 
instrument while an aluminum target was employed 
with the AEI spectrometer. Calibrations were carried 
out using vapor-deposited gold, carbon background 
from the spectrometer, or silicon in the days (Koppel
man and Dillard, 1977, 1978). Calculation of the atom 
ratios was accomplished in a manner similar to that pre
sented by Alvarez et al. (1976). Photoionization cross 
sections were taken from Scofield (1976). No alter
ations in the XPS photopeak relative intensities were 
noted as a function oftime or X-ray power level. Sam
pIes were exposed to the X-rays for no longer than 3 hr 
for each measurement. The measured binding energies 
and atom ratios represent the average of no less than 
four separate determinations for each sample. Pressure 
in the sampie region during X-ray bombardment was 
less than 1 x 10-7 torr. Sampie temperature during the 
measurements was approximately 30°C. 

RESULTS AND DISCUSSION 

Table 2 lists the pH and elemental content of metal
complex solutions before and after seven days of re
action with the days, as weil as the time necessary to 
attain a pH value that remained constant to ±O.2 pH 
units over a 6-8-day period. Tbe pH value measured 
after the time listed in Table 2 is hereafter referred to 
as the "equilibrium" pH. The "control" sampie con
tained no day, but was prepared in a manner identical 
to those that contained day. All analyses of superna
tant solutions were made by AA after the solutions had 
been separated from the day. 

XPS A12p, Cr 2p, and N Is binding energies for the 
day sampIes, the pure complexes, and se1ected chro
mium-containing compounds are presented in Table 3 
along with N/Cr atom ratios as calculated from XPS 
photopeak intensities for the day-chromium sampies 
and the pure chromium complexes. 

The quantity of chromiuni adsorbed on chlorite and 
illite is greater by about 3 ppm for the Cr( en)33+ complex 

than for the Cr(NH3)S3+ complex. For kaolinite the 
chromium adsorbed is almost doubled, from 5 ppm for 
the Cr(NH3)i+ complex to 9 ppm for the Cr(en)33+ com
plex. These results are similar to those previously re
ported (Koppelman and Dillard, 1977) for the adsorp
tion of other transition metal ions on chlorite, illite, and 
kaolinite. The quantity of metal ion adsorbed varies in 
the manner illite == chlorite> kaolinite. This result par
allels the measured cation-exchange capacity noted 
previously (Koppelman and Dillard, 1977). 

The increase in the pH of the test solutions upon in
teraction of Cr(NH3)s3+ with illite and chlorite and the 
increase noted for Cr(en)33+ with all three days indi
cates reactions other than simple adsorption. For chlo
rite and illite, the "equilibrium" pH for both complexes 
was greater than that for the control sampIe. On the 
other hand, the pHs ofthe chromium complex-kaolinite 
solutions were equivalent to those of the control solu
tions. To explore the chemical nature of adsorbed chro
mium, XPS spectra were measured for the chromium
day sampIes and for the pure chromium complexes. 

The binding energy for chromium in aqua and amine 
complexes is inftuenced by the donor properties of the 
ligands. The relative donor strength of the ligands is 
known from the spectrochemical series to be en > 
NH3 > HzO (Cotton and Wilkinson, 1972). Because 
strong donor ligands place a greater electron density on 
the metal ion, it would be predicted that the meta! bind
ing energy would be lower for strong donor ligands . Tbe 
observed Cr 2P3/Z binding energies vary in the manner, 
Cr(HzÜ)s3+ > Cr(NH3),r > Cr(en)l+, in accord with 
the predicted variation. Similar results have been noted 
for the variation in metal binding energy for cobalt com
plexes with nitrogen and oxygen donor atoms (Burness 
et al., 1973). It is reasonable to anticipate that the chro
mium binding energies for adsorbed complexes might 
showa similar variation with ligand donor properties. 

The measured binding energy (BE) for the Cr 2P3/Z 
level of each chromium complex-day sampie is 577.3 ± 
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Table 3. XPS binding energy (eV) for chromium-containing 
materials. 

N lslf2 N/Cr 

Compounds 
(Amine (Nitrate (Amine 

Al Cr 2P,n N) N) N) 

Cr(NOah' 9Ht O 577.9 
[Cr(NH3)6](NOa). 577.6 399.8 406.8 5.8 
[Cr(enh](NO.)a 577.3 400.7 406.3 5.9 
Cr(OHh 576.7 
Cr,0 3 576.4 

Cr(NHa)63+ -day 

Chlorite 74 .1 577.2 400.3 3.2 
IIlite 74.2 577.2 400.5 2.8 
Kaolinite 74.4 577.3 400.4 3.8 

Cr(en)a"+-day 

Chlorite 74.1 577.4 400.2 2.1 
IIlite 74.3 577.4 400.2 4.2 
Kaolinite 74.3 577.4 400.0 4.1 

0.1 e V , which is greater than the values measured for 
Cr(OH)a (576.7 eV), and Crt 0 3 (57.,6.4 eV). These data 
indicate that the chromium species adsorbed in the 
clay-chromium complex reaction is not the oxide or the 
hydroxide. In another investigation, KoppeIman et 
al. (1980) presented results indicating that at pH > 
5 chromium was present as chromium hydroxide on 
clays. This conclusion was supported by the fact that 
BE [Cr 2P3/2 (Cr(OH)3)] = BE [Cr 2P3!2 (adsorbed 
Cr(H20)63+)-clay] for chromium-clay sampIes prepared 
at pH > 5. 

The chromium 2P3!2 binding energies (Table 3) for 
chromium complexes adsorbed on the three clays are 
equaI, within experimental error, to the Cr 2p binding 
energies for adsorbed chromium aqua ions (Koppelman 
et al., 1980). In addition, the N/Cr atom ratio is 
less than that expected ifthe complexes were adsorbed 
as Cr(NH3)63+ or Cr(en)33+. It should be noted that the 
measured N/Cr atom ratio for the pure complexes is 
equal to that required by the stoichiometry of 
Cr(NH3)63+ and Cr(enh3+. These results suggest that 
upon adsorption the chromium complexes must be con
verted into an aqua complex . It is of interest that the 
N/Cr ratio for Cr(NHa)G3+ adsorbed on chlorite and illite 
is approximately 3: 1. If the amine is coordinated to the 
metal, the complex may be adsorbed as the 
Cr(H20MNH3)33+ ion. Alternatively, the uncoordinat
ed amine or the ammonium cation may adsorb on the 
clay along with an aqua chromium species. From these 
XPS data it is not possible to distinguish between these 
two possibilities. For Cr(NH3)63+ adsorbed on kaolin
ite, the N/Cr ratio 4: 1 suggests that dissociation of the 
complex may be less extensive. That the pH ofthe ka
olinite solution did not increase significantly during the 
adsorption experiments is in agreement with the N/Cr 
ratio. 

For the Cr(en)33+ sampies, the N/Cr ratio is 2: 1 for 
chlorite and approximately 4: 1 for illite and kaolinite. 
These results indicate that loss of two en ligands occurs 
upon interaction of Cr(en)/+ with chloritewhile only 
one en ligand dissociates from Cr(en)}+ in the reaction 
with illite and kaolinite. From the XPS results it is not 
possible to decide whether Cr(en)(H20).3+ is adsorbed 
on chlorite or whether Cr(en).{H20}z3+ is adsorbed on 
illite and kaolinite. The N/Cr atom-ratio data and the 
binding energy results for chromium and nitrogen do 
not exclude the possibility that en or enH+ may be ad
sorbed on the clays along with aqua-chromium com
plexes. The nitrogen binding energies are not sufficient
ly different from those of nitrogen in the pure 
complexes to identify readily the chemical nature ofthe 
nitrogen. 

In studies of the adsorption of Co(NHa)63+ on chlorite 
Koppelman and Dillard (1978) reported that adsorption 
ofthe complex proceeded via hydrolysis ofthe complex 
and subsequent reduction of Co(III) to Co(lI) . Because 
the mechanis1Ds for hydrolysis of chromium and cobalt 
complexes are alike in many aspects, it is likely that a 
similar process may occur with chromium (Basolo and 
Pearson, 1967). The XPS results suggest that hydrolysis 
occurs after adsorption. If hydrolysis occurred before 
adsorption , the pH ofthe solution would be sufficiently 
high to initiate the formation of chromium hydroxide. 
From the measured binding energies it is evident that 
the chromium species after hydrolysis is not chromium 
hydroxide. It is not likely that Cr(III) is reduced to 
Cr(II). The equivalence ofthe binding energies for ad
sorbed Cr(H~O)63+ (Koppel man et al. , 1980) and 
the hydrolysis products of Cr(en)a3+ and Cr(NH3)63+ 
suggests that the hydrolysis products are Cr(III) 
species . Of particular significance is the fact that for 
Cr(NH3) 63+ adsorption, the change in pH is greatest and 
fastest for chlorite and illite and slowest for kaolinite. 
A suggested mechanism for the adsorption/hydrolysis 
process (illustrated for Cr(NH3),r ) is: 

Cr(NHJ63+ + clay ---i> [Cr(NH3)63+ ]-clay (1) 

[Cr(NH3)6
3+]-cIay + nH20 

<=t [Cr(NH3)6_n(HzO)n3+]-cIay + nNHa (2) 

nNH3 + nH20 ~ nNH4+ + nOH- (3) 

In reactions (2) and (3), 2 < n < 4 if the N/Cr ratios 
are indicative of partially hydrolyzed chromium amine 
complexes. Unfortunately, the present XPS data can 
not be used unequivocally to determine the chemical 
nature of the adsorbed chromium or nitrogen species, 
aIthough it is c1ear that neither Cr(OH)3 nor Cr20 3 is 
present. 

Fripiat and Helsen (1966) suggested that decompo
sition of a cobalt complex on montmorillonite at tem-
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peratures ~100°C is promoted by proton transfer from 
residual water on the c1ay surface. In such a process, 
proton transfer labilizes the corrdinated ammonia li
gand and thus facilitates loss ofNH3 from the complex. 
The decomposition process initiated by heating or de
hydration in vacuo for Co(NH3)6CI3 adsorbed on mont
morillonite (Fripiat and Helsen, 1966) was represented 
by reaction (4) below: 

6 (Co(NHa)s3+)ads + 12 H20 
~ 6 (CO(OH)2)ads + 18 (NH4+)ads 

+ 16 NH3 + N2 (4) 

Infrared evidence was presented to support the pres
ence of adsorbed NH4 + following complete decompo
sition of the complex. The experiments reported here 
for chromium complexes and previously for cobalt 
complexes (Koppelman and Dillard, 1978) differ from 
those presented by Fripiat and Helsen (1966). For the 
present study hydrolysis (decomposition) of the com
plexes is noted in the complex-clay aqueous suspen
sion. 

A mechanism for enhanced hydrolysis of the com
plexes could involve either acid- or base-catalyzed hy
drolysis since the acidity of the surface has not been 
determined or controlled under the experimental con
ditions of this study. If acid hydrolysis occurs, a pro
cess similar to that suggested by Fripiat lind Helsen 
(1966) could proceed in the c1ay-solution system. Al
tematively, base-catalyzed hydrolysis could occur in 
which the clay surface acts as a proton acceptor for a 
coordinated amine ligand hydrogen. Deprotonation of 
a coordinated amine ligand would yield a clay
(Cr(NH3)5NH22+) species, in which the chromium li
gand bond is labilized. Hydrolysis ofthe labilized com
plex would lead to chromium-aqua species on the clay 
surface. The reactions for a proposed base-catalyzed 
hydrolysis are summarized below for Cr(NH3)r;3+. 

Clay + Cr(NH3)r ~ [H-Clay-Cr(NH3hNH2P+ (5) 

[H-Clay-Cr(NH3)sNHzp+ + HzO 
....,. [H-Clay-Cr(NHa)4(HzO)NH2P+ + NH3 (6) 

[H-Clay-Cr(NH3MHzO)NH2P+ 
~ [Clay-Cr(NH3hH20P+ (7) 

Similar reactions could lead to further hydrolysis ofthe 
adsorbed complexes. The product of complete hydrol
ysis of the adsorbed complex would ultimately lead to 
adsorbed aqua-chromium(III). The formation of chro
mium hydroxide or chromium oxide as the final chro
mium-containing product is not consistent with the 
binding energy results. Because no effort was made to 
control the pH during adsorption, it is not possible to 
distinguish whether acid or base catalysis is the domi
nant process from the present experiments. Additional 
studies of the metal-complex adsorption processes us
ing other complexes may aid in providing details re-

garding the hydrolysis mechanism. The role of pH in 
the proposed reactions is under investigation. 
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Pe31OMe-C rrOMOll\hJO peHTfeHoBcKoÜ q,oT03JIeKTpoHHoÜ crreKTpocKorrHH (P<IlC) H3yqanaCh rrpHpOl\a 
Cr(NH3)63+ H Cr(3H)l+(3H = 3THJIeHl\HaMHH), al\COp6HpoBaHHhlx XJiOPHTOM, HJIJIHTOM, H KaOJIHHHTOM. 
B3aHMol\eücTBHe COel\HHeHHÜ xpOMa c fJIHHaMH HaqanOCh rrpH pH = 3. 3a rrepHOI\ B3aHMOl\eüCTBHj/ B 
TeqeHHe 7 I\HeÜ pH cycrreH3HH rJIHHhI (HJIJIHTa HJIH XJIOpHTa) H paccMaTpHBaeMhlx coel\HHeHHÜ 
YBeJIHqHJIOCh 1\0 8. IIpH HCrrOJIh30BaHHH KaOJIHHHTa pH YBeJIHqHJiOCh rrpHMepHO 1\0 3,6 c Cr(NH3)63+ 
H 1\0 6,4 c Cr("m)a"+. 3TH H3MeHeHHj/ pH, rrO-BHI\HMOMY, CBj/3aHhI c rHI\POJIH30M xpoM-aMHHoBblX 
COeI\HHeHHÜ, rrpHqeM rJIHHa BhlcTyrrana KaK KaTanH3aTOp. )J,aHHhle P3C 0 CBj/3YJOll\eÜ 3HeprHH 1\JIj/ 
al\COp6HpoBaHHofo xpOMa YKa3hIBaJOT Ha TO, qTO rrpe06JIal\aJOll\HMH BHI\aMH j/BJIj/JOTCj/ BOI\Hhle 
COeI\HHeHHj/ xpOMa. OTHOIIIeHHj/ aToMOB a30Ta K aTOMaM xpoMa, BhlqHCJIeHHhIX rro l\aHHhIM HHTeHcHB
HocTeü q,OTorrHKoB P<IlC, oKa3anHch MeHhIIIe, qeM 6: I I\JIj/ COeI\HHeHHÜ, al\COp6HpoBaHHblx fJiHHaMH. 
3TO rr03BOJIj/eT rrpel\rrOJIO)l(HTh, qTO COeI\HHeHHj/ xpOMa CHaqana aI\COp6HPYJOTCj/, HO rrOTOM fHI\PO
JIH3YJOTCj/, 06pa30BhIBaj/ BOI\HO-XPOMoBhle rrOBepXHocTHhle BHl\hI. [N. R.) 

Resümee--Die Natur von Cr(NH3)63+ und Cr(en)a"+ (En = Äthylendiamin), die am Chlorit, Illit sowie 
Kaolinit adsorbiert waren, wurden mittels Röntgenphotoelektronen-Spektroskopie (XPS) untersucht. Die 
Einwirkung der Chromkomplexe auf die Tone wurde bei pH 3 begonnen. Während der 7-tägigen Einwir
kungszeit wuchs der pH der Komplex-Tonsuspension bei Illit und Chlorit auf 8. Bei Kaolinit wuchs der 
pH mit Cr(NH3)63+ auf etwa 3,6 und mit Cr(en),3+ auf6,4. Die pH-Veränderungen scheinen mit einer durch 
den Ton katalysierten Hydrolyse des Chrom-Aminkomplexes zusammenzuhängen. XPS-Bindungsener
giedaten für adsorbiertes Chrom zeigen, daß die vorherrschenden Arten Chrom-Wasserkomplexe sind. NI 
Cr-Atomverhältnisse, die aus den XPS-Peakintensitäten berechnet wurden, sind kleiner als 6: I bei Kom
plexen, die an den Tonen adsorbiert sind. Dieses Ergebnis deutet darauf hin, daß die Chromkomplexe in 
ihrem urspriinglichen Zustand adsorbiert werden, aber anschließend hydrolysieren und Wasser-Chrom
Oberflächenarten bilden. [U.W.) 

Resume-La nature de Cr(NH3)63+ et de Cr(en)a"+ (en = ethylenediamine) adsorbee sur la chlorite, l'illite, 
et la kaolinite a ete etudiee par spectroscopie photoelectronique aux rayons-X (XPS). L'interaction des 
complexes de chromium avec les argiles a commence au pH 3. Pendant le temps d'interaction de 7 jours, 
le pH de la suspension de complex d'argile a augmente a 8 pour l'illite et la chlorite. Pour la kaolinite, le 
pH a augmente a a peu pres 3,6 avec Cr(NH3)i+ et a 6,4 avec Cr(en),3+. Ces changements de pH semblent 
etre associes avec une hydrolyse des complexes chromium amine catalysee par l'argile. Les donnees de 
l' energie de liaison de XPS pour le chromium adsorbe indique que les especes dominantes sont des com
plexes aquaachromium. Les proportions nitrogene/chromium, calculees d'apres les intensites des sommets 
XPS, sont sous 6: 1 pour les complexes adsorbes sur les argiles, suggerant que les complexes chromium 
sont initialement adsorbes, mais ensuite hydrolisent pour produire des especes de surface aqua chromium. 
[D.J.) 
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