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Comparison of effectiveness of removal of nuisance anions
by metalloligs, metal derivatives of Octolig©R

DEAN F. MARTIN1, JEREMY S. AGUINALDO1, NICHOLAS P. KONDIS1, FREDERICK W. STULL1,
LAUREN F. O’DONNELL1, BARBARA B. MARTIN1 and ROBERT L. ALLDREDGE2

1Institute for Environmental Studies, Department of Chemistry, University of South Florida, Tampa, Florida, USA
2Metre-General, Inc., Frederick, Colorado, USA

The present study describes the effectiveness of removal of selected aqueous anions by several metalloligs, i.e., metal derivatives of
a commercially available immobilized ligand, IMLIG, Octolig©R. This material consists of polyethylenediamine moieties covalently
bound to a high-surface area silica gel (CAS Registry number = 404899-06-5). The metals involved are copper, cobalt, iron, nickel,
manganese, and thorium. The nuisance anions, studied as aqueous solutions, were arsenate, orthophosphate, selenite, sulfate, nitrate,
and nitrite. All six metalloligs tested were able to remove arsenate (280 ppb, > 99% removal) effectively. The effectiveness for other
anions varied, but all anions were removed by one metallolig or another. For example, for Colbaltilig, in deionized water samples,
removal was 96% for 20.9 ppm NO3-N, 98% for 29.6 ppm sulfate (as sodium sulfate). For Cuprilig, removal was 98% for 9.82 ppm
boron as boric acid, >99% for Cr as 212 ppm dichromate, 97% for P as 10 ppm HPO4-P, and 90% for sulfate as 29 ppm sulfate.
Removal of nitrate by Cobaltilig appeared to be adversely affected by the presence of sulfate. Manganilig and Nickelig were able
to remove >97% of 10 ppm P as Na2HPO4. Mechanisms of interaction are proposed that suggest six types of behavior and several
classes of materials are represented by these metalloligs.

Keywords: Arsenic, arsenic removal, Bangladesh, drinking water, Ferrilig, immobilized ligands, Octolig©R, toxicity.

Introduction

A variety of nuisance anions can be recognized. These in-
clude, but are not limited to, arsenic (III) and arsenic (V)
species, nitrate and nitrite, phosphate, and sulfate.

The problems of arsenic have been described previously
and extensively.[1−16] Briefly, the presence of arsenic species
in water can lead to skin lesions, hyperkeratosis, melanosis,
skin cancer, “black-foot” disease, and cancer of inter-
nal organs.[16] Problems with arsenic contamination occur
worldwide in such countries as Argentina, Bangladesh, In-
dia, Japan, Mexico, Mongolia, Peoples Republic of China,
Philippines, Taiwan, and the United States. A problem in
the United States involves a recent reduction of the drinking
water standard from 50 ppb to 10 ppb and the impact that
this decision by EPA has on water producers in the West
with comparatively few customers. Previous research[13,17]

demonstrated that arsenate and arsenite can be removed by
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chromatography using Ferrilig, the iron(III) derivative of
Octolig©R, a polyethylimine covalently attached to silica gel.

Other anions, however, are nuisance species that de-
serve attention, including nitrate, which is thought to be
the world’s most common contaminant of groundwater
aquifers,[18] and about 42% of the U.S. population has
groundwater as the source of their drinking-water supply.[19]

Nitrogen contamination is use-based: total nitrogen in
streams and nitrate in groundwater are highest in agricul-
tural areas, according to Ward and co-workers, [20] followed
by urban areas and areas of mixed land use.

The maximum concentration level (MCL) mandated by
the US Environmental Protection Agency (EPA) for nitrate
in drinking-water is 10 ppm (mg/L) nitrate-nitrogen (NO3-
N) or 44 mg/L of nitrate.[20] The World Health Organiza-
tion has a slightly higher standard, 50 ppm as nitrate or 11
ppm NO3-N.[21] The standards are provided out of concern
to protect infants from “blue baby syndrome” or methe-
moglobinemia, among other reasons.[20]

Phosphate ion is a nuisance species because in excess con-
centrations in surface water, it can assist the over abundance
of various algae, given other macro and micro nutrients.

Sulfate can be a nuisance anion for two reasons. First, it is
an ion that can form a scale on pipes, with all the attendant
problems that require some method of control and related
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Removal of nuisance anions 1297

expense.[22] Second, it tends to be corrosive. Third, sulfate
ion is a problem in nuclear waste disposal.[23]While radioac-
tive waste might be incorporated into transportable glass,
the low solubility of sulfate (∼1%) in borosilicate glass is a
problem, as is removal of sulfate from nitrate-rich mixtures
presently stored in underground tanks.[24] A promising sul-
fate anion extractant could be the solution to the problem,
according to Eller and co-workers.[24] We believe that we
may have a cheaper method.

Finally, one may mention other nuisance anions: chro-
mate, molybdate, and selenite. These appear to be remov-
able using Ferrilig. This paper examines the efficacy of an-
ion extraction through use of metalloligs, i.e., metal deriva-
tives of supported ligands (IMLIGs), most notably those
derived from Octolig©R.[13,17]

Materials and methods

Synthesis of Cobaltilig

Method A. Octolig©R (200 mL , ∼120 g) as received , was
suspended in 150 mL of purified water in a 1-L Erlenmeyer
flask. Then a solution of 45.5 g (0.19 mole) of cobaltous
chloride hexahydrate (Mallinkrodt) in 150 mL of purified
water was added. The flask was stoppered, placed on a gyro-
rotary shaker bath (Model G67, New Brunswick Scientific)
at a setting of 5 for 2.5 hours, then the mixture was poured
into a plastic funnel with the bottom covered with mesh
(1000µ Nylon macro filtration material, Spectrum Medical
Material Industries, Los Angeles, CA 90054), and the solid
was collected. The dark pink solid was dried overnight at
60◦C, whereupon it appeared as a blue color (82.1 g, density
0.42 g/mL).

Method B. The same procedure was followed, except for
the matter of time. After shaking for 2 -2.5 hours, the sam-
ple was allowed to stand overnight open to the air before
the solid was collected. The product was a purple solid,
and when dried overnight at 60◦C, the sample remained
purple. An analysis was performed by Evergreen Analyti-
cal Co.; Reported: 5900 mg Co/kg. When the sample was
allowed to stand overnight, but with the top covered by a
piece of filter paper, material identical to Method A was ob-
tained, i.e., a dark pink solid that turned blue when heated
overnight at 60◦C. Obviously an excess of cobalt was used:
the filtrate(s) were evaporated to dryness, and the weights
for three samples were averaged 22.7 ± 3.4 g.

Synthesis of Ferrilig. A previous procedure[13,17] was fol-
lowed with modifications, e.g., consisting of dissolving 300 g
(1.0 mole) of ferrous sulfate heptahydrate in 400 mL of
deionized (DI) water at 80◦C contained in a 4-L Buch-
ner flask with a nitrogen atmosphere, followed by 300 g
of Octolig©R all at once. The mixture was shaken on a New
Brunswick Gyrorotary shaker bath (Model G76) at a set-
ting of 4 for overnight or for 30 minutes. The sample was

then collected by passing the mixture through a 1000-µ Ny-
lon macro filtration material (Spectrum Medical Material
Industries, Los Angeles, CA 90054) attached to the bot-
tom of a plastic funnel. The green filtrate was collected,
placed in a glass bottle, and stored under nitrogen until
needed for the assay. For both syntheses, a 10-mL sample of
green unreacted sample was titrated with 0.1781 N KMnO4,
which had been standardized against sodium oxalate.[25]

For two preparations, the amount of unreacted ferrous ion
was 0.213 (24 hr.) and 0.219 (4 hr) mole, respectively.[17]

Synthesis of Thorilig. The procedure used was similar
to that for Ferrilig. Thorium nitrate tetrahydrate (28 g,
0.05 mole) in 200 mL of DI water was treated with 30 g
of Octolog, placed on a shaker bath, and over a 15-min
period, 250 mL of 0.2M NaOH was added over a 10-min
period. Shaking was continued for 90 min, then the white
solid was collected by sieving (as with the Ferrilig prepara-
tion), dried overnight in a 60◦C oven.

Synthesis of Cuprilig. Octolig©R (120 mL, 81.5 g) suspended
in 150 mL of DI water and a solution of cupric acetate
monohydrate (38 g, 0.2 mole) in 450 mL of DI water were
mixed in a 1-L Erlenmeyer flask, placed on a shaker bath.
Shaking was continued overnight, then the sample was
collected (same procedure as with the other metalloligs)
and washed with several 100-mL aliquots of DI water.
After drying at 60◦C the weight was 47 g. The sample was
placed in the chromatography column and treated with
0.2 M NaOH, testing with neutral litmus until positive for
hydroxide, then the column was washed with a liter of DI
water. The filtrate was evaporated to dryness and weighted:
34.5 ± 2.1 g. This would indicate that about 10% of the
cupric ion was taken up.

Synthesis of Nickelig and Manganilig. A suspension of
Octolig©R (120 mL, 80.4 g as received, 43.8 g after drying
overnight at 60◦C) 150 mL of DI water in a 1-L Erlenmeyer
flask was treated with a solution of either 0.1 mole of nickel
sulfate hexahydrate (Sigma) or 0. 1 mole of manganous
sulfate monohydrate (MCB), respectively, in 200 mL of DI
water, placed on a shaker bath overnight. Then the product
was collected as with the other metalloligs. Nickelig was a
bright blue solid, and Manganilig was a rust brown solid.

Chromatography experiments

Aqueous samples of deionized (DI) water or well water
were prepared and subjected to column chromatography.
As before,[13,17] a Spectra/chron peristaltic pump was used
to deliver aqueous samples to a chromatography column,
2 cm (id) by 20 cm and equipped with a glass frit and a Teflon
stopcock. The column was packed with 24 cm of appropri-
ate metallolig. Before packing, the solid was suspended in
water, swirled, and the fines were decanted, a process that
was repeated until no fines were observed. After packing
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1298 Martin et al.

and before use, dilute (0.1 or 0.2 M) aqueous NaOH was
passed through the sample until the effluent turned neu-
tral litmus paper blue, then the column was washed with
about 1L of DI water. Then the water samples were chro-
matographed. A rate of 10 mL/min was used. The fourth
50-mL aliquot of effluent was used for analysis, Total dis-
solved solids were measured and used as a guide to assess
a state of equilibrium.

A sample of tap water was analyzed by Evergreen Ana-
lytical (EPA Method 300). Anal.:96.6 ppm sulfate.

Analyses

Arsenic analyses were done on 250-mL aqueous samples
using Quick Low Range-test strips from Industrial Test
Systems, Inc. Rock Hill, SC. Nitrate and nitrite analyses
were done by a colorimetric procedure using a HACH kit
(Model NI-14). Orthophosphate was analyzed colorimet-
rically using a HACH kit (Model PO-24).

Analytical services were provided by two firms: (1) Con-
stellation Technology Corp., 7887 Bryan Dairy Road, Suite
100, Largo, Florida 33777-1452 for chromium analyses (us-
ing ICP-MS by diluting the sample with an internal stan-
dard) and (2) by Evergreen Analytical, Inc, Wheat Ridge,
CO for boron (EPA Method 200.8), and for sulfate (EPA
Method 300).

Results and discussion

Metalloligs are defined as metal derivatives of immobilized
ligands (IMLIGs), in the present study all are derivatives of
Octolig©R, and we believe that they can function in at least
five ways.

First, solubility changes can be a factor in one or more
ways. In the instance of Ferrilig, the iron(III) derivative of
Octolig©R, one may suspect, if not yet prove, the possibil-
ity of hydrated iron(III) oxide in pores of a high-surface
area silica-gel substrate. In that event, solubility of ferric
arsenate, for example, could be a key factor in reducing the
amount of arsenate in test waters.

Second, metalloligs can also function as ion-exchange
composites, as for example, when the hydroxide form is
available in Ferrilig. At a pH of 7, arsenous acid, H3AsO3
exists as essentially the free acid. But hydroxide ions asso-
ciated with Ferrilig would be able to form various species
of arsenic, e.g., H2AsO−,

3 HAsO=
3 , and AsO3−

3 that would
remain associated with the Ferrilig.

Third, simple chelation by non-coordinated mo-
noethylimine moieties, -NHCH2CH2NH- is feasible. This
is likely the situation in removal of uranyl ion UO++

2 by
Ferrilig in comparison with Octolig©R.[26] Here the results
are similar, and one may presume that the coordinated iron
is not playing a significant role.

Fourth, entry of an undesirable anion into the coor-
dination sphere of the metallolig metal, most plausibly
cobalt(II) or cobalt(III), may be expected. This is a likely

mode of action for Cobaltilig ( vide infra), and is a plausible
mechanism for sulfate, phosphate, nitrate or nitrite ions.

The fifth mode is as a bactericidal action, which could be
exemplified by Thorilig, a combination of thorium(IV) and
Octolig©R. A common isotope of thorium is Th- 229,(t1/2=7

× 103y) which is an alpha emitter.[27] And the potential
for bacterial control is evident, though it is unlikely that
permission could be easily obtained for this application.

A sixth mode of action may involve formation of a cyclic
complex, based on our observations with sulfate ion re-
moval (vide infra).

Synthesis of Ferrilig and Cobaltilig

Both materials represent a process of oxidation assisted by
the act of coordination, and this can be illustrated by con-
sidering the oxidation potentials Eo

298 For example, the oxi-
dation of iron(II) to iron(III) is not favorable (Equation 1),
But in the presence of cyanide, (Equation 2), the process
becomes much more favorable as indicated by the increase
in the value of the oxidation potential. [28,29]

Fe2+(aq) = Fe3+aq + e − Eo
298 = −0.771V[17]

(1)
Fe(CN)4−

6 (aq) = Fe(CN)3−
6 (aq) + e − Eo298 = −0.36

(2)

We presume that the availability of chelating moieties
in Octolig©R, i.e, NHCH2CH2NH would enhance the
oxidation potential even more, because of a chelate effect
not involving pπ -dπ bonding as in ortho-phenanthroline.
And one may note the progression of the oxidation process
in the synthesis of Ferrilig starting with a suspension of
Octolig©R (I,white) in aqueous ferrous sulfate (green) that
leads to a green solid (II, Equation 3) that slowly changes
to Ferrilig (rust brown, III, Equation 4) upon standing
while in moist air.

−03Si O Si CH2CH2CH2CH2NHCH2CH2

(I)
[NHCH2CH2] + Fe(II) → II (3)

II + O2 → −03Si O Si CH2CH2CH2CH2NHCH2

(III)
CH2[NHCH2CH2−]Fe(III) (4)

e− + O2 + H2O → 2OH− (5)

Presumably, hydroxide is produced as part of the redox
process (Equation 5).

Similar considerations apply to Cobaltilig. The oxida-
tion process for cobalt(II) to cobalt (III) is not favorable
for the aquated ions (Equation. 6), but it is enhanced in the
presence of a better coordinating agent, such as ammonia
(Equation 7). With an even better coordinating agent
(CN-), the value of Eo

298is +0.83.[28,29]

Co2+(aq) = Co3+aq + e − Eo
298= −1.842 (6)

Co(NH3)2+
6 = Co(NH3)3+

6 + e − Eo
298 = −0.1 (7)
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Removal of nuisance anions 1299

Table 1. Effect of passage of samples over a 2-cm (id) column packed with about 22 cm of Cobaltilig (Method 1) at a rate of 10
mL/min (50-mL aliquots were collected).

Sample conc. Medium water Fraction TDS ppm Eluant ppm % removal

Na2HAsO4

280 ppb
AsO4-As DI 4–9 83 ± 28 < 2 × 10−3 99
AsO4-As DI 10–14 84 + 47 < 2 × 10−3 99
AsO4-As Well 4–7 — 15 × 10−3 95%
KNO3

23 ppm NO3-N DI 4–6 147 ± 5 0.43 ± 0.15* 98
NaNO2

20.4ppm NO2-N DI 4–7 80 ± 5 0.005 ± 0.005 ∼100
Na2HPO4

50 ppm PO4-P DI water 4–5 — 9 ± 3 8

∗Nitrite was not detected in these samples.

And oxidation is achieved by allowing the mixture to
stand overnight in the presence of air. Again, presumably,
coordination by chelating groups, NHCH2CH2NH ,
would be associated with an even more favorable oxidation
potential. One may presume that given the structure of
Octolig©R (I), cobalt(II) ion could have a trans structure
—[Co(II) A,B {NHCH2CH2NH}2], where the moiety in{
} represents a portion of Octolig©R, and A and B are uniden-
tate ligands, chloride or water. This seems to be the initial
product that is obtained upon mixing (Method I) , and is
characterized by a pink color when moist and a blue color
when dried in the oven. That material is transformed upon
standing overnight in the presence of air (Method II) to the
cobalt(III) versions —[Co(II) A,B {NHCH2CH2NH}2],
which is pink when moist and blue after drying.

More attention was paid to the cobalt(III) product be-
cause it seemed that this would the product that would be
ultimately standing in a moist environment. Either method
seemed to produce a product capable of removing certain
nuisance anions from deionized water. Arsenate in DI wa-
ter, for example, is removed by Ferrilig (99%) as well as
by Thorilig (99% ), Cobaltilig (99% by both versions), and
Cuprilig (Table 3). Also, both forms of Cobaltilig were suc-
cessful in removing nitrate-nitrogen from DI water (>96%,
Tables 1 and 2). And there was no nitrite ion detected in the
eluants. In addition, nitrite-nitrogen was quantitatively re-
moved from DI water by the Co(II) version of Octolig©R.
And both forms were capable of removing phosphorus
as Na2HPO4from DI water, though less impressively than
the other anions [82% removal with the Co(II) version of
Cobaltilig]. And while 82% may not be as impressive as
97% or 100% removal [Cuprilig, Manganilig, or Nickelig],
it was far superior to that observed for phosphorus removal
by Ferrilig, which was zilch [Martin and Aguinaldo, unpub-
lished results].

Phosphorus can be a nuisance nutrient, but it can also be
a point-source problem because of liquid and power coating
systems. Zinc coating can be achieved by spraying objects
with either liquid or powder formulations. One procedure

produced zinc ion as a component of waste water, which is
controlled by use of Octolig©R.[30]

There were complications when samples were tested in
well water or tap water, presumably because of interfer-
ing anions. Sulfate, for example in DI water, was quantita-
tively removed (98%) by elution over Cobaltilig (Table 2).
But when nitrate was eluted using tap water or well water,
reduced removal success was noted (Table 2), presumably
because of competition with sulfate ion, which could have
been significant, given the analysis of sulfate in the tap wa-
ter (96.6 ppm) On the other hand, it is possible that what is
exhibited here is a reflection of differences in preparations,
and the data in Table 2 indicate that up to 84 percent of
the 10 ppm NO3-N was removed in the presence of 3 ppm
sulfate.

The results with another matrix suggest a mechanism
of action, i.e., reaction with the coordination sphere of
cobalt atoms, something that would depend on relative nu-
cleophilicity, and in turn might be related to base strength.
In this regard, one might expect sulfate ion to be superior
to nitrate ion. The problem of sulfate interference may not
be as serious in practical terms as first glance would indi-
cate when one considers what is involved in reaching the
10 ppm nitrate-nitrogen requirement for drinking water, as
for example in Des Moines, Iowa.

“Nitrate removal during drinking water is expensive” as
noted by Jones and co-workers[31] who are operators at
the Des Moines Water Works. The Fleur Drive Treatment
Plant, built in 1991 ($4 million) is said to be the world’s
largest ion-exchange nitrate removal facility.

Their description of the process notes some significant
aspects of the process involved. River water is pretreated
(ferric chloride and powdered activated carbon). Subse-
quently the pretreated water is mixed with chemicals and
goes through underground “conventional” lime softeners,
which includes precipitation and settling processes. The ion-
exchange facility costs nearly “$3,000/day on many days”,
and generates up to 60,000 gallons/day of nitrate-laden
brine waste from media generation.[31]
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1300 Martin et al.

Table 2. Effect of passage of samples over a 2-cm (id) column packed with about 22 cm of metallolig (ca. 30 g) at a rate of 10 mL/min
(50-mL aliquots were collected).

Sample conc. Water Fraction TDS ppm Eluant ppm % removal

Cobaltilig (Method 2)
Na2HAsO4

280× 10−3

ppmAs DI 2–7 2.7 ± 0.4 <2 × 10−3 99
KNO3

20.9ppm NO3-N DI 4–7 146 ± 4 0.91 ± 0.1 96
10 ppm NO3-N DI 4–7 225 ± 33 6.5 ± 1.5 ∼ 35
3 ppm SO=

4
10 ppm NO3-N DI 4–9 86 ± 42 1.6 ± 0.7 84
3 ppm SO=

4
10.7 ppm NO3-N Tap 4–6 185 ± 1 9.91 ± 0.05 < 2
“ Well 4–6 181 ± 2.5 10.3 ± 2.2 ∼ 49
Na2 HPO4

36 ppm P Well 7 161.6 22 39
Na2 SO4

29.6 ppmSO4 DI 4–8 35.5 ± 1.9 0.58 98
Cuprilig
H3 BO3

9.82 ppm B DI 5 99.3 0.192 98
“ DI 6 103 BDL > 99
Na2HPO4

10.1 ppm P DI 4–8 ? BDL > 97
NaNO3

2.0 ppm NO3-N DI 5–10 7.± 0 0.92 ± 0.07 54
Na2SO4

29.8 ppm SO4 DI 6–7 23.5 2.9 90
DI 6–7 35±0.5 BDL > 99∗

K2Cr2O7

103 ppm Cr DI 7 104 < 0.04 > 99
Manganalig
Na2HPO4

10.0 ppm P DI 4–7 11.5 ± 0.5 BDL > 97
10.3 ppm P DI 5–7 15.3 ± 0.8 BDL > 97
Na NO3

8.9 NO3 –N DI 5–7 28.7 ± 1.6 3.2 ± 0.4 64
8.8 NO3 –N DI 5–7 43.8 ± 2.7 4.2 ± 0.5 52
Nickelig
Na2HPO4

10.1 ppm P DI 5–6, 8 ? BDL > 97
Ferrilig**

∗Control run using Octolig©R only.
∗∗Significant removal (>95%) of arsenate, chromate, molybdate, and selenite was achieved.[7]

The problem of such brine was described by Martin
and co- workers[32] who referred to the Eliminate Project
whose goal is zero effluent nitrate.[33] Some 40 selected sites
in the UK have used specially developed nitrate-selective
ion-exchange resins. Though the drinking water is very
good, the resulting effluent (brine with high nitrate con-
centrations) constitutes a significant disposal challenge. An
electrochemical means of converting the nitrate-containing
brine effluent to nitrogen gas and reuse the ion-exchange
resin regeneration material is necessary.

One good example of this type of approach is the re-
moval and destruction of nitrate using water-compliant se-
lective materials such as Purolite’s A520E or Rohm & Haas’
Amberlite PWA 555. These materials are regenerated with
a concentration brine to regenerate the ion-exchange mate-
rials. Then the brine solution is sent to an electrochemical
cell (EDA’s SERIX-systems) to produce molecular nitrogen
and water.[34]

To return to the situation at Des Moines, calcium sulfate
is a sparingly soluble salt (Ksp = 2.5 × 10−5).[35] So the
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Removal of nuisance anions 1301

Table 3. Effect of passage of Na2HAsO4(in DI water), 280 ×
10−3ppm As samples over a 2-cm (id) column packed with about
22 cm of Metallolig at a rate of 10 mL/min (280 mL aliquots was
collected for analysis).

Metallolig Eluant ppm % removed Source

Cobaltilig <2 × 10−3 99 This Study
Ferrilig <2 × 10−3 99 Ref [7]
Ferrilig <2 × 10−3* 99 Ref [7]
Thorilig <2 × 10−3 99 This Study
Cuprilig <2 × 10−3 99 This Study
Nickelig <2 × 10−3 99 This Study
Manganilig <2 × 10−3 99 This Study

∗Well water.

concentration of sulfate in the treated water might well be
at a non-interfering level, owing to the presence of lime.
And the appropriate use of Cobaltilig would not produce
the problems of nitrate-laden brine.

Phosphate results (in different water) indicate that
Cobaltig could plausibly be used to remove phosphate from
point sources. One example that comes to mind is the appli-
cation to powder-coating systems for coating metal parts.
When galvanized steel is involved, waste water can contain
dissolved zinc , and Metre-General, Inc. devised a system
for removing this by-product with Octolig©R.[30] But phos-
phate can also be a component of the wastewater, and it
is likely that Cobaltilig or Cuprilig could be used to main-
tain acceptable levels of phosphate in the waste water, and,
perhaps, the zinc as well.

The results presented here indicate the significant poten-
tial for the use of metalloligs. Six metalloligs—Cuprilig,
Cobaltilig, Ferrilig, Manganilig, Nickelig, and Thorilig—
are capable of removing arsenic(V) from 300 ppb to 2 ppb.
Ferrilig is capable of removing other nuisance species chro-
mate, selenite, and molybdate.[17] Cobaltilig is capable of
removing sulfate, nitrate, nitrite, and phosphate, and this
can speak to potential application in water purification.
The evident inhibition of nitrate removal by Cobaltilig in
the presence of sulfate may indicate preferential removal
of sulfate ion, which could be an asset in the treatment of
radioactive waste by incorporation into glass “logs” (vit-
rification), which is a problem with sulfate ion because of
low (<1%) solubility).[24] One suggested solution, is a cyclic
molecule that is a promising sulfate extractant.[24] Another
solution may well be Cobaltilig or another metallolig, or
even Octolig©R, based on the removal of sulfate ion by this
material (Table 2). It is easy to envision cyclic entities involv-
ing polyethylenediamine moieties of Octolig©R with or with-
out metal ions, but with protons on appropriate nitrogens.
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