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IRON(iH1) DIETHANOLAMINE AS A NEW
ADSORBENT FOR CHROMATOGRAPHIC
SEPARATIONS OF PHENOLS

D. K. Singh and Pallavi Mehrotra

Department of Chemistry
Harcourt Butler Technological Institute
Kanpur-208002, India

ABSTRACT

A new adsorbent iron(IIIl) diethanolamine has been
utilized for the chromatographic geparations of phenols. RF
values of 31 phenols in ethanol and ammonia solution of four
different concentrations have been studied. On the basis of
difference in Rp values various analytically important
qualitative separations of phenols on impregnated papers
and quantltative separations on columns of iron(Iil) dieth-

anolamine have been achieved.

IN ON
Interest in adsorbents for the separation of differ-
ent phenols has increased greatly in recent years (1-4).
Clark suggested the use of ion exchange papers for the sepa-
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ration of phenols (5). The inorganic ion exchangers stannic
molybdate (6) and zinc silicate (2) have been utilized for
the separation of phenols.

Chelating resin in Fe(l1IIl) form has been utilized
for separation of phenols (7). A difficulty with ligand exch~
ange chromatography is that a fraction of metal ions bound
to the resin is removed when an eluent with a free cation is
uged.

Recently, zinc-silicate in Fe(III) form has been
employed for ligand exchange ;hmmatographic separationsg of
some phenolic compounds (8). However, iron(IIl) based inorg=
anic ion exchanger has ..not been reported for the separation
of phenols. Iron(I1I) diethanolamine is superior due to its
chemical stablility and high affinity for phenols. The mater-
ial is falrly stable in hydrochloric acid upto 2 M and in
ammonia upto 4 M (9). In our present studies we have used
iron(IIl) diethanolamine as a potential adsorbent for the
phenols. The phenols have been separated qualitatively on
impregnated papers and quantitatively on columns of iron(I1II)
diethanolamine,

MATERL DM

Reagents, Iron(IXI) nitrate (BlH, India) and diethanolamine
(BH, India) were used. The phenolic solutions were prepared
by dissolving them either in water or in ethanol depending
on their solubilities. The Follins reagent was prepared
followin_g the standard method (10) for the spectrophotomet-

ric determination of phenols.
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Apparatug. Chromatography was perfomed on impregnated
whatman No.3 paper strips (15x3 cms) using 20x5 cms glass
Jars. Ultraviolet-visible spectrophotometer, Perkin Elmer

model=552 was used. for spectrophotometric measurements.

Preparation of impregnated paperg. Whatman No.3 paper
strips of required size were dipped in O.1 M iron(IIl) nit-

rate for 15-20 seconds and dried at room temperature. They
were then dipped in 0.4 M diethanolamine for 40-45 seconds,
the excess of the reagent was drained off and finally the

strips were dried at room temperature.

Prepgration of Adsorbent. Iron(I1I) diethanolamine (IDA)
was prepared by mixing O.1 M solution of iron(III) nitrate

and 0.4 M solution of diethanolamine in the ratio of 1:l
{9). The mixture was allowed to stand at room temperature
for 24 hours. The precipitate was filtered, wasghed and dried
in an oven at 40°C. The product broke into small particles
when immersed in disttlled water. Iron{IIIl) diethanolamine
was finally ground and sized by sieving to 60-100 mesh,.

RESULTS AND DISQUSSION

Sorption capacity. To determine sorption capacity 1 g iron
(I1I) diethanolamine was supported on a glass wool in a
column. - 10 ml fractions of predetermined amounts of phenols
were then passed through the column and the phenol collected
in/the effluent was determined. The amount initially taken

minus the amount found after the passage through the column
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gave the amount of phenol retained by the adsorbent. The pro-
céss was continued until the amount of phenol in the fraction
remained the same before and after passing through the column.
The results presented in Teble 1 reveal that sorption capa-
city varies from 23.16 to 83.10 mg/g. The affinity of
1ron(III) diethanolamine for phenols is by virtue of the
ability to form complexes of varying stability with iron(III),

Bregk-through capacity. The break-through behaviour (11) of
resorcinol and pyrogallol was studied by passing 1 mg ml'l
solution of each phenol through a glass column, 0 cm x 0.39
cm? cross-sectional area packed with 1 g iron(IlI) dieth-
anolanine. The flow rate was maintained 0.5 ml min™2. The
results are plotted in figure l. This study revealed that

1 bed volume of resorcinol (corresponding to 10 mg retention)
can be passed through the adsorbent column without any trace
being detected in the effluent. For pyrogallol break-through
occurs after 6 bed volumes (corresponding to 60 mg retention).
The order of break-through curves obtained for these phenols
is similar to the order of their elution in the mixture
(figure 2d).

Rl-‘ values. One or two spots of phenol solution were placed

with a fine capillary on the impregnated paper strip. The

chromatography of 31 phenols was achieved in ethanol and
ammonia solution of four different concentrations. The Rp
values are summarized in Table 2. In alcoholic system only
bromocresocl green and phenolphthalein were detected with
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TABLE 1

Sorption capacity on iron(I1I) diethanolamine

g].. Substance Sorption capacity, mg/g
Oe
1 Resorcinol 23.16
2 Quinol 24.00
3 a-Naph thol 32.25
4 Catechol 51.18
5 Pyrogallol 83.10
127
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Figure 1 Break-through curves of Resorcinel and Pyrogallol
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TABLE 2

RF values of phenols

SINGH AND MEHROTRA

Phenols Ethanol O.01 M O.,1 M O.5 M 1.0 M

NH 40!-! NH 4OH NH 4OH NH 4Ol-I
Pyrogallol 0.08 0.09 0.09 0.09 0.10
Catechol 0.09 0.25 0.28 0.29 0.31
2,5-dini trophenol 0.59 0.62 0.62 0.64 0.70
2, 4=-dini trophenol 0.66 0.70 0.72 0.72 0.73
p~tert. amyl phenol 0.84 0.00 0.02 0.06 0.12
2-methyl resorcinol 0.75 0.45 0.50 0.58 0.59
O-ni trophenol 0.13 0.58 0.65 0.73 0.75%
m-ni trophenol 0.67 0.47 0.52 0.63 0.72
p~-nitrophenol 0.77 0.48 0.60 0.62 0,67
Quinol 0.74 0.26 0.3% 0.40 0.42
Hydroxyquinone 0,77 0.33 0.33 0.34 0.36
Phloroglucinol 0.60 0.3% 0.42 0.5 0.56
Vanilline 0.57 0.53 0.63 0.74 0.74
2,4-dini tro-1-naphthol 0.88 0.33 0.35 0.40 0.42
Bromocresol green 0.25 0.43 0,60 0.74 0.80
p~cresolgreen 0.64 0.37 0.65 0.70 0.70
Picric acid 0.79 0.67 0.68 0.70 0.78
Phenolphthalein 0.89 0.16 0. 0.33 0.54
Phenol 0.50 0.02 0.06 0.08 0.10
Resorcinol 0.71 0.45 0.50 0.52 0.5
P~bromophenol 0.25 0.33 0.36 0.39 0.57
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TABLE 2 (continued)

a=naph thol 0.76 0.00 0.05 0.07 0.14
p=naphthol 0.82 0.25 0.3 0.35 0.58
Bromo thymol blue 0.68 0.61 0.65 0.72 0.89
Tannic acid 0.00 0.00 0.04 0.0% 0.13
O-cresgol 0.72 0.05 0.10 0.20 0.32
m-cresol 0.81 0.34 0.40 0.43 0.56
3s4-Xylen=l-0l 0.68 0.24 0.32 0.44 0.53
Xylenol orange 0.06 0.12 0,22 0.32 0.37
Gallic acid 0.13 0.10 0.12 0.12 0.32

Salicyclic acid 0.51 0.56 0.62 0.68 0.74

ammonia otherwise all the phenols gave coloured spots and no
separate detector was required. The spots obtained on these
impregnated papers were compact and discernible. The results
show that increased concentration of ammonia causes increase
in RF values. This behaviour can be attributed to the high

solubility of phenols in higher concentration of ammonia.

impregnated pgper chromatography separations. Separations were
tried for phenols having appreciable difference in RF values.

Spots of the mixtures were placed on the impregnated strips
and developed with the desgired developer. Those practically
achieved are summerized in Table 3. .éaparations of O=nitro-
phenol from m-nitrophenol and a-naphthol from p-naphthol can
be easily achieved. Some ternary separations have also been
possible on thesge papers.
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TABLE 3
Separations achieved on impregnated 1ron(Ill) diethanolamine
papers
:%: Separations achieved Solvent
1 Catechol (0.08) - Resorcinol (0.70) Ethanol
2 Catechol (0.08) - Quinol (0.74) ’
3 Catechol (0.08) -« Phenol (0.50) ’s
4 Catechol (0,08) ~ 2-Methyl resorcinol(0.72) ,,
% Catechol (0.08) « Phloroglucinol (0.66) .
6 Catechol (0.08) ~ Picric acid (0.78) -
7 O-Nitrophenol (0.12) =~ p-Nitrophenol (0.77) ’e
8 O-Nitrophenol (0.12) - 2,4~Dinitrophenol(0.64) '
9 O«Nitrophenol (0.12) = 2,5-Dinitrophenol{0.60) -

10 O-Nitrophenol (0.12) - Picric acid (0.80) .
il 0-Nitrophenol (0.12) - Quinol (0.74) 2’
12 O-Nitrophenol (0.12) ~ m-Nitrophenol (0.66) ’9
13 O-Nitrophenol (0.12) - O-Cresol (0.70) v
14 Pyrogallol (0.08) - Phloroglucinol (0.60) '
15 Pyrogallol (0.08) - Quinol (0.76) ’y
16 Pyrogallol (0.08) - Resorcinol (0.68) '
17 Pyrogallol (0.07) - 2-Methyl resorcinol(0.70) .,
18 Pyrogallol (0.08) - Hydroxyquinone (0.75) ’s
19 Pyrogallol (0.08) - Phenol (0.%0) } '
20 Bromocresol green(0.24)- Phenolphthalein (0.90) ’e
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TABLE 3 (continued)

Xylenol orange (0.06)
Xylenol orange (0.05)
Xylenol orange (0.06)
Xylenol orange (0.06)
Xylenol orange (0.06)

p-Tert.Amyl phenol(0.00)-

0-Cresol (0.05)
O-Cresol (0.05)
O-Cresol (0.05)
O-Cresol (0.05)
O-Cresol (0.05)
Tannic acid (0.00)
Tannic acid (0.00)
a=Naphthol (0.07)

a=Naph thol (0.07)
Phenol (0.08)
Phenol (0.08)
Phenol (0.08)
Phenol (0.08)
Phenol (0.08)

peTert. amyl phenol(0.60)-
p~Tert. Anyl phenol(0,06)-

Gallic acid (0.,10)
Gallic acid (0.10)

p=Tert. Anyl phenol{0.86) Ethanol
2-Methyl resorcinol(0.72) .9

Phenol (0.%0) "
O~-€Eresol (0.70) ’s
m-Cresol (0.80) ',
Bromo thymol blue (0.62) 0.01 M
NH40H
2-Methyl resorcinol(0.46) '
m-Cresol (0.35) Y
Bromo thymol blue (0.60) ’e
Vanilline (0.52) ’
Picric acid (0.68) "
‘Phloroglucinol (0.35) '
Salicylic acid (0.%56) v
B=Naphthol (0.35) 0.5 M
NH49H
Quinol (0.40) '
Quinol (0.40) '
Phloroglucinol (0.30) ’e
Resorcinol (0.50) 9
Vanilline (0.72) ’
Picric acid (0.70) ’y
2-Me thyl resorcinol(0.56) ’e
m-Cresol (0.40) N
Salicylic acid (0.66) "
Pieric acid (0.70) )

(continued)
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TABLE 3 (continued)

45 Gallic acid (0.10) -
46 Pyrogallol (0.08) -
47 Pyrogallol (0.08) -
48 o-Naphthol (0.07) -
49 a-Naphthol (0.07) -
5 a~-Naphthol (0.07) -

51 Tannic acid (0.04)
52. Pyrogalloel (0.10)

53 Pyrogallol (0.10) -
54 peTert.amyl Phenol(0.10)-
55 p-Tert.Amyl Phenol(0.10)-
56 Phenol (0.08) -
57 Phenol (0.08) -
58 a~Naphthol (0.14)
59 a-Naphthol (0.14)
60 a=Naphthol (0.14)

61 Catechol - Phenol
(0.08) (0.50)

62 Phenol « uinol
(0.08) (0.38)

63 a-Naphthol -~ m-Cresol
(0.06) (0.40)

64 Pyrogallol Quinol
(0.09) (0.40)

65 q-Naphthol

(0.14) l-naphthol

(0.40)

2,4-Dini trophenol (0.74)

O-Ni trophenol (0.70)
Vanilline (0.72}
2,4-Dini trophenol(0.74)
O-Ni trophenol (0.7C)
Picric acid (0.70)
Picric acid (0.70)
2,4~Dinitrophenol(0.70)

m~Ni trophenol (0.69)
m-Ni trophenol (0.69)
Bromocresol green(0.75)
O-Ni trophenol (0.73)
m-Ni trophenol (0.70)
2,4-Dini trophenol (0.70)
2,5«Dinitrophenol (0.68)
m-Ni trophenol (0.69)
- p-Tert.Amyl Phenol
(0.80)
- O=Ni trophenol
(0.70)

« O=Nitrophenol
(0.72)

- Plcric acid
(0.75)

2,4-Dini tro-~ ~ 2,4-Dinitrophenol

(0.72)

0.%5,M
NH40H

’
E R
0
e
L B4

s

1M

NH ¢

t B 4
L B4
L 3 J
re
”
LR
t R4

Ethanol

O.5 M
NH ,OH

1M
NH ,OH

1 B 4
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Golumn geparationg. A glass column 30x0.39 cn® cross-sectional
area was packed with one gram of IDA, The column was washed
with about 50 ml of distilled water. The sample solutions
containing the desired phenols having the largest differences
in Rg values were tried and those whose quantitative separa-
tion was achieved are listed in Table 4. The order of elution
and eluents for various separations are presented in figures 2,
The flow rate in all the geparations was about 0.5 ml min~t,
The results of this study indicate that RF values from
impregnated papers can be utilized to predict the chromato=
graphic separation on the packed columns. The results in
figures 2(a-i) reveal that most of the separations achieved
on impregnated papers are achieved quantitatively on the
columns of iron(IIl) diethanolamine. The positional isomers
such as catechol and resorcinol, quinol and catechol, O~ and
p-nitrophenol, a- and B-naphthol and O= and m-Cresol have
been easily separated on the columns of IDA. Other binary
separations are resorcinol from pyrogallol and tannic acid
from salicylic acid. Some ternary separations achieved are
2y4~-dini trophenol = O-nitrophenol - pyrogallol and 2,4~
dini tro=l-naphthol - catechol ~ tannic acid. The separations
are sharp and the recoveries quantitative. Talling is practi-
cally non-existent and small volumes of eluents are required
to glve compact chromatograms. This is demonstrated by the

elution curves (figure 2).

The method described provides an excellent means for
the quantitative separations of phenols (in microgram amounts)
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Separations achieved on iron(IIl) diethanolamine columns

Sl. Mixture Eluent Eluate Amwount Amnount X
No. (ml) loaded found Error
(ng) (ug)
1 Resorcinol Ethanol 0 400 399.0 0.3
Catechol 2 M NH40H 40 500 490,.0 2,0
2 Quinol Ethanol 0 400 394.0 1.5
Catechol 2 M NHAOH 40 500 490.0 2.0
3 p=Nitrophenol Ethanol 0 350 344.1 1.7
O-Ni trophenol 2 M NH 4OH 50 400 404,090 1.0
4 Resorcinol Ethanol 30 400 398.0 0.5
Pyrogallol 2 M NH40H 50 450 440.0 2.2
5 m-Cresol 0.01 M NH4OH 40 350 353.5 1.0
O~Cresol Ethanol k o 425 420.0 1,2
6 p~Naphthol 0.01 M NH 40H 40 300 296.0 2.0
a-Naphthol Ethanol 30 200 404.8 1.2
7 Salicylic acid Ethanol k 400 398.,0 0.5
Tannic acid 2 M NH4OH 4 500 496,0 0.8
8 ‘2”,‘:;3111 tro- Ethanol 20 200 N06.0 2.0
O-Ni trophenol 0.01 M NH 40!-1 30 400 4£04.0 1.0
Pyrogallol 2 M NHOH 50 400 391.2 2.2
9 2,4=Dintro~l- Ethanol 20 300 4.0 1.3
naphthol
Catechol 0.0l M NH4OH 0 450 40,0 2.2
Tannic acid 2 M NH 4Ol-l L8 500 496,0 0.8
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Amount of phenol (pg)

Amount of phenol (pg)

L Ethanol L 2 M NH,OH N
I T
250r
Catechol
200k Resorcinot
150
100
50
0 ] ] 1 % J
0 20 40 60 80 100 120
Volume of etfluent (ml)
Figure 2a Separation of Resorcimol-Catechol
e €thanol ol 2M NHaOH -
1
2501
Cotechol
200+ Quinot
150k
100r
50
0 1

0 20 40 60 80 00 120
Volume of etfulent {mi)

Figure 2b Separation of Quinol-Catechol
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Figure 2c Separation of p~ Nitrophenol-o-Nitrophenol
le. Ethanol ™ 2M NH4,OH
€ 1 >
2501
200 Resorcinol Pyrogaliol
=
=
150
o
c
o
100}
I=
>
£
< 50
0 L | 1 1 © J
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Volume of effluent (mt)

Figure 2d Separation of Resorcinol-Pyrogallol
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L. 0.0t M NH40H ale Ethanol
< " —
2501
0-Cresol
200F Q m-cresol
o
2
35 150
c
o
<
a
B 100
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£
< 50
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Volume of effluent (ml)
Figure 2e Separation of m-Cresol-o-Cresol
L 0.01M NH40H ale Ethanol >
< e >
2501
200 o - Naphthol
@
=
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£
a
©
= 100—
3
o
£
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0 1 1 S 1 % 1
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Figure 2f Separation of B-~Naphthol-g-Naphthol

Volume of etfluent (mt)
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Figure 2g Separation of Salicylic acid-Tannic Acid
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Figure 2h

Volume of effluent (ml)

Separation of 2,4-Dinitrophenol-o-Nitrophenol-Pyrogallol
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. Etnhanol . 0.01 M NH 40H ;. 2M NH4LOH »
™~ T -1
250r

2,4-Dinitro-1- Catechol Tannic acid
naphthol

200

— —
o Ul
o [e»]

U
(o)

Amount of phenol (mg)

1 1 1 J

A4 —

0 20 40 60 80 100 120 140 160
Volume of effluent (ml)

Figure 2i Separation of 2,4-Dinitro-1-naphthol-Catechol-Tannic Acid

in a single column run. After each experiment the adsorbent
can be reactivated, However, the amount of adsorbent (IDA)
used for each experiment (1 g) is so small so that the cost
is minimal even if no recovery is attempted. Izon(1Il) dieth-
anolamine columns can also be used successfully for the remo-

val of phenols (polluants) from waste effluents.
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