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Abstract

Based on the hypothesis on the presence of double metal cyanides in the primeval seas and their role as
prebiotic catalyst, adsorption of RNA components, 5΄-GMP, 5΄-AMP, 5΄-CMP and 5΄-UMP on metal(II)
hexacyanocobaltate(III) (MHCCo; M=Mn, Fe, Ni, Zn) has been investigated. The adsorption data obtained at neutral
pH were found to follow Langmuir adsorption in the concentration range 1.0 × 10-4 M to 3.0 × 10-4 M. The value of
Langmuir constants, Xm and KL were calculated from the slope and intercept of the respective isotherms. On the
basis of infrared (IR) spectral studies of ribonucleotides, MHHCo, and ribonucleotides-MHCCo adducts, we propose
that the nitrogen base, carbonyl and phosphate moiety of ribose nucleotides interact with the outer divalent metal ion
of the MHCCo. A higher affinity as well as larger amount of adsorption of all the four ribonucleotides was found on
the surface of FeHCCo, having a surface area of 238.67 m2/g. Based on our finding, it is proposed that surface area
of MHCCos plays an important role in ribonucleotides adsorption by MHCCos. Among nucleotides studied
adsorption affinity of 5΄-AMP was found maximum.

Keywords: Adsorption; Isotherms; Metal(II)
hexacyanocobaltate(III); Ribonucleotides; Surface area

Abbreviations
IR: Infrared Spectroscopy; FE-SEM: Field Emission Scanning

Electron Microscopy; MHCCo: Metal Hexacyanocobaltate; 5′-AMP:
Adenosine 5′-Monophosphate; 5′-GMP: Guanosine 5′-
Monophosphate; 5′-CMP: Cytidine 5′-Monophosphate; 5′-UMP:
Uridine 5′-Monophosphate

Introduction
It is generally accepted that the transition metal ions present in

primeval seas, might have complexed with simple molecule available to
them. The concentration of these transition metals in primeval seas
was estimated to be 7-100 nM [1]. Kobayshi and Ponnamperuma, 1985
[2] also have reviewed the possible roles of trace elements in chemical
evolution. Cyanide has been reported as a product in several simulated
prebiotic experiments and is supposed to have been readily available
under primitive Earth conditions [3,4]. Since cyanide ion is negatively
charged, a good sigma donor and a good π-acceptor [5], a strong
ligand, is capable of forming stable complexes with different transition
metal ions in different oxidation states [6]. It is therefore, reasonable to
assume that cyanide ions might have complexed with different
transition metal ions present in primeval seas, forming a number of
soluble and insoluble metal cyanide complexes. As most of the double
metal cyanide (DMC) complexes are insoluble in water, it is reasonable
to assume that they might have locally settled at the bottom of
primeval seas or at its shores. Double metal cyanide complexes could
have provided surfaces onto which biomonomers concentered by
means of selective adsorption. Biomonomers so concentrated could
have been protected from degradation and undergone condensation,

oligomerization and redox reactions etc. producing the essential
molecules for the formation of first living cell.

Double metal cyanide (DMC), Ma
I[MII(CN)n]b.xH2O is an

inorganic coordinated polymer with three-dimensional network, in
which the inner metal MII is linked with the external metal MI by
several cyano-bridges (MII-C≡N-MI, generally MI=divalent metal ions
such as Zn2+, Fe2+, Cd2+, Co2+, Cu2+, Ni2+, Mn2+ etc. and
MII=transitional metal ions such as Fe2+, Fe3+, Co2+, Ni2+, Cr3+,
Mo4+etc.). The external metal MI on the surface of the DMC is
generally considered to be the active site for their catalytic functions.
Aside from their solid state chemistry and structural characteristics,
these compounds have gathered intense recent interest because of their
molecular magnetism, photo magnetism, ferromagnetism [7-9],
optical [10], electrochemical [11], ion-exchange [12] and ion sensing
[13] properties. Beside these applications DMC might have acted as
prebiotic catalyst during the course of chemical evolution [14-24].

It is well known that ribonucleic acid (RNA) molecule is a polymer
of ribonucleotides viz., 5′ -AMP, 5′ -GMP, 5′ -CMP and 5′ -UMP,
linked through phosphodiester bonds. It is, therefore, a matter of great
interest to understand how nucleotide molecules were concentrated
from dilute aqueous solutions of primordial soup and subsequently
polymerized into ribonucleic acid (RNA) and deoxyribonucleic acid
(DNA). Ribonucleic acid can catalyze the formation of peptide bond in
the ribosome, a key step in protein synthesis and to storing genetic
information, suggests that RNA might have played an extremely
important role in the formation of the first living system [25-29]. The
mineral surfaces could have played a fundamental role in the
configuration and protection of biopolymers on the early Earth. In this
connection, the adsorption of RNA components on mineral surfaces
has been studied extensively [30-37].
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In the context of the chemical evolution it seems relevant to study
the interaction between RNA components and metal
hexacyanocobaltates (MHCCos). The present contribution aims at
studying in detail the adsorption of all four nucleotides on the surface
of metal hexacyanocobalatates. Thus we have synthesized a series of
metal hexacyanocobalatate(III), e.g., Zn-, Ni-, Mn-, FeHCCo and
studied the interaction with ribonuclotides namely, 5'-AMP, 5'-GMP,
5'-UMP and 5'-CMP as to find the comparative study with the
previously studied DMC-nucleotides interaction.

Materials and Methods

Chemicals
Potassium hexacyanocobaltate(III) (Fluka), manganese(II) nitrate

(E. Merck), iron(II) nitrate (E. Merck), nickel(II) nitrate (E. Merck),
zinc(II) nitrate (E. Merck), 5΄-AMP (Sigma-aldrich), 5΄-GMP (Sigma-
aldrich), 5΄-CMP (Sigma-aldrich), 5΄-UMP (Sigma-aldrich) were used
as received. All other chemicals were of analytical reagent grade.
Distilled deionized water (Millipore) was used throughout the studies.

Preparation of Metal Hexacyanocobaltate (III)
MHCCos were synthesized from potassium

hexacyanocobaltate(III), K3[Co(CN)6] following the method of Kaye
and Long (2005) [38].A solution of K3[Co(CN)6] (10 mmol) in 100 mL
of water was added drop wise to a solution of the respective metal (II)
nitrate (18 mmol) in 100 mL of water with constant stirring. The
resulting mixture was kept overnight at room temperature, filtered
through a Buchner funnel, washed thoroughly with Millipore water.
The precipitate obtained was dried in an air. The dried product was
powdered and sieved through 100 mesh size sieve.

X-ray diffraction analysis (XRD)
The X-ray diffraction analysis of all MHCCoswas carried out using

Brucker AXS D8 Advance Diffractometer with Cu-kα radiation
(λ=0.1542 nm). The relative–intensity data and interplanner spacing
(d) were in good agreement with the reported values (JCPDS file no.).
The purity of MHCCos was checked by comparing the X-ray
diffraction data of the complexes.

CHN and AAS analysis
The percentage of carbon (C), hydrogen (H) and nitrogen (N)

present in MHCCos was recorded on an Elementar Vario ELHI CHNS
analyzer while the percentage of transition metal was determined by
Atomic Absorption Spectroscopy (Perkin Elmer AAnalyst 800).

Thermogravimetric and differential thermal analysis (TG/
DTA)
Thermograms for thermogravimetric and differential thermal

analysis of all the metal(II) hexacyanocobaltate(III) were recorded on
thermal analyzer(EXSTAR TG/DTA 6300, SII Nano Technology Inc.
Japan) at a heating rate of 10ºC/min. All measurements were carried
under a dinitrogen atmosphere using Al2O3 as a reference in the
temperature range 25-500 ˚C.

Field emission scanning electron microscopy (FE-SEM)
FE-SEM was employed to observe the attachment of ribonucleotides

on the surface of MHCCos. FE-SEM (Field Emission Scanning
Electron Microscopy) images and EDX (Energy dispersive X-ray
analysis) spectra were recorded using a FEI Quanta 200F microscope
equipped with an EDX spectrometer operating at 20 kV.

Surface area measurement
The BET (Brunauer, Emmett, and Teller) surface area of the samples

was measured by nitrogen adsorption isotherms on Nova 2200e
(Quantachrome) instrument. The surface area was determined by
physical adsorption of N2 gas at its boiling temperature.The
determined values of the surface areas of MHCCos are given in Table
1.

MHCCo Surface area (m2/g)

FeHCCo 238.67

ZnHCCo 213.64

MnHCCo 111.85

NiHCCo 100.19

Table 1: Surface area of MHCCos.

Spectral studies
The electronic spectra of5΄-AMP, 5΄-GMP, 5΄-CMP and 5΄-UMP

have been recorded on a Shimadzu UV-16001 spectrophotometer at
characteristic values of λmax259, 254, 278 and 262nm, respectively.

The infrared spectra of adsorbents, adsorbates and adsorption
adducts were recorded using KBr pressed disc technique by a FT-IR
spectrophotometer (Perkin Elmer-1600 Series).

Adsorption protocol
For determining the adsorption isotherms of ribonucleotides on

metal(II) hexacyanocobaltate(III) complexes, a moderate
concentration range of ribonucleotides

(1.0 × 10-4 M to 3.0 × 10-4 M) has been chosen in order to get
absorbance of ribonucleotides in the suitable range of the absorbance
scale on a UV-spectrophotometer.

Twenty five milligrams of the MHCCo were added to 5.0 mL of
different concentration of aqueous solution of nucleotide (1.0 × 10-4 M
to 3.0 × 10-4 M). Adsorption of ribonucleotides was studied at
physiological pH (~7.0) on all MHCCos. The desired pH value of the
resultant solution was adjusted by adding either small amount of 0.01
M HCl or 0.01 M NaOH solution. Mixtures were shaken properly for
about 2 min on Vortex shaker (Spinix) and kept at room temperature.
After 24 h the reaction mixture was centrifuged at 5,000 rpm on
centrifuge machine (REMI R4C) for 30 min. Absorbance of the
supernatant liquid was measured at the characteristic λmax of the
nucleotides. Concentration of nucleotides after adsorption for 24 h was
measured by comparing optical density (O.D.) of the nucleotides with
the help of calibration curve. The amount of nucleotide adsorbed was
calculated with the absorbance of nucleotide before and after
adsorption. The nucleotide–MHCCo adduct was washed thoroughly
with Millipore water, dried and subjected to IR and SEM studies.
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Statistical analysis
Adsorption studies were conducted in triplicate. The result of

percent binding was expressed as mean ± standard deviations.

Results and Discussion
The XRD patterns of MnHCCo, FeHCCo, NiHCCo and ZnHCCo

were analyzed using JCPDS (Joint Committee on Powder Diffraction
Standards) diffraction files and are shown in Figure 1. The JCPDS data
of MHCCos were carefully compared. All the diffraction peaks of the
experimental pattern matched with those of the relative intensities of
the compounds MnHCCo (JCPDS file number 22–1167), FeHCCo
(JCPDS file number 89-3736), NiHCCo (JCPDS file number 22–1184)
and ZnHCCo (JCPDS file number 32–1468). The MHCCos were also
characterized by TGA/DT analysis. The thermograms obtained are

shown in Figure 2. The thermograms of MHCCos showed a mass loss
corresponding to nearly 14, 15, 15, and 14 water molecules, for
MnHCCo, FeHCCo, NiHCCo, and ZnHCCo, respectively. The
elemental analysis data is given in a supplementary section (Table S1).
Results of elemental analysis affirm that experimental values are in
good agreement with theoretical values. From the XRD, AAS, CHN,
TGA/DT analyses, the closest molecular formulae of the synthesized
MHCCo complexes are as follows.

Mn3[Co(CN)6]2.14H2O

Fe3[Co(CN)6]2.15H2O

Ni3[Co(CN)6]2.15H2O

Zn3[Co(CN)6]2.14H2O

MHCCos H(%) C(%) N(%) Co(%)

Mn3[Co(CN)6]2.14H2O 3.03 (3.30)a 16.51 (17.00) 18.61 (19.83) 13.66 (13.93)

Fe3[Co(CN)6]2.15H2O 3.12 (3.45) 16.28 (16.58) 19.02 (19.35) 13.17 (13.59)

Ni3[Co(CN)6]2.15H2O 3.11 (3.42) 15.99 (16.43) 18.98 (19.17) 13.03 (13.47)

Zn3[Co(CN)6]2.14H2O 2.98 (3.18) 16.07 (16.40) 12.94 (19.13) 13.02 (13.43)

Table S1: Elemental analysis of MHCCos. * Bracket values are theoretical ones.

Figure 1: XRD spectra of metal hexacyanocobaltates (MHCCos).

The primary objective of this work was to check the suitability of
MHCCos as an adsorbent for the interaction with ribose nucleotides.
The preliminary studies on interaction of 5΄-AMP, 5΄-GMP, 5΄-CMP
and 5΄-UMP with MHCCos were carried out at neutral pH (~7.0).
Interaction of ribonucleotides can be correlated with negative charge
on the phosphate group and positively charged surface of MHCCos.
The pKa2 values for 5´-AMP, 5΄-GMP, 5΄-CMP and 5΄-UMP are 6.1,
6.1, 6.3 and 6.3, respectively [39]. In acidic medium nucleotides get
protonated, and thus have some more positive charge. Hence at lower
pH, interaction between positively charged surface of MHCCo and
nucleotide is likely not significant. At higher pH adsorption is less
which may be due to the competitive interaction of available–OH with
MHCCo(III).

Figure 2: Thermograms of MHCCos.

Dianion nucleotide will form by the dissociation of second proton
of the phosphate group in the nucleotide.This implies that at neutral
pH all the four nucleotides will exist in their dianionic form and thus
at pH above pKa2, nucleotides should show higher interaction between
negatively charged nucleotide and the positively charged surface of
MHCCos. It has also been reported that dianionic nucleotides form
stronger complexes with transition metal cations than monoionic
nucleotides [40]. Other workers also support that at neutral pH
adsorption of ribonucleotides was maximum on DMC [15,16,21,22];
metal oxides [41-43] and clays [44,45, 31]. Therefore, subsequent
adsorption studies were carried out at neutral pH (~7.0) over a wide
concentration range of ribonucleotides (1.0 × 10-4 M to 3.0 × 10-4 M)
and were found to follow Langmuir Adsorption Isotherms. Adsorption
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isotherms were obtained by plotting the amount of nucleotide
adsorbed, Xe (mg/g), versus their equilibrium concentration Ce (mol
L-1). The adsorption isotherms of ribose nucleotides for FeHCCo,
ZnHCCo,MnHCCo, and NiHCCo are shown in Figure 3. The initial
portion of the isotherm represents a linear relationship between the

amounts adsorbed and the equilibrium concentration of the ribose
nucleotides. At a higher concentration range, the isotherms showed a
saturation phenomenon indicating no further adsorption. From the
data of the curve at saturation, the percent binding was calculated and
is listed in Table 2.

Ribose Nucleotides FeHCCo ZnHCCo MnHCCo NiHCCo

5′-AMP 84.36±1.36 62.22±4.80 52.14±0.59 39.41±4.19

5′-GMP 79.79±1.67 64.16±2.03 49.10±2.64 37.83±3.38

5′-CMP 58.00±0.90 38.47±0.93 32.93±0.90 26.93±0.90

5′-UMP 43.18±1.48 34.65±1.31 30.43±2.39 25.06±0.48

Table 2: Percent binding* of ribonucleotides on MHCCo at neutral Ph.

Figure 3: Adsorption isotherms of Ribose Nucleotides on (a)
FeHCCo, (b) ZnHCCo, (c) MnHCCo and (d) NiHCCo at pH=7.0.

The adsorption data were fitted in Langmuir adsorption isotherm as
given below.

�� �� = �� ��+ 1����
Where,

Ce=equilibrium concentration of nucleotide (mole/liter)

Xe=amount (mg) of nucleotides adsorbed per gram weight of
adsorbent

Xm=amount of nucleotides adsorbed at saturation (mg/g)

KL=Langmuir adsorption constant (L/mol)

A typical plot of Ce/Xe Vs Ce in case of FeHCCo is a straight line
(Figure 4) and is found to follow Langmuir adsorption isotherm.
Similar plots were also obtained in case of MnHCCo, ZnHCCo and
NiHCCo. The plots are given in supplementary section (Figure S1).
The linear nature of the Langmuir plots confirms the formation of a
monolayer of the ribonucleotides on MHCCos. KL and Xm values were
determined and are shown in Table 3. Higher Xm values indicate a
higher amount of nucleotide adsorbed on MHCCos for monolayer
formation, while KL value is related to the enthalpy of adsorption. Both
the parameters Xm and KL depend on the nature of the adsorbate and
the adsorbent. If the amount of nucleotide adsorbed on MHCCos is
higher (high Xm), it is not necessary that they will bind very tightly on
the adsorbent and hence a linear dependency of Xm on KL is not
always true.

MHCCo 5'-AMP 5 '-GMP 5 '-CMP 5 '-UMP

R2 Xm

(mg/g)

KL×104

(L/mol)

R2 Xm

(mg/g)

KL×104

(L/mol)

R2 Xm

(mg/g)

KL×104

(L/mol)

R2 Xm

(mg/g)

KL×104

(L/mol)

FeHCCo 0.99 16.13 2.13 0.99 16.39 2.09 0.92 13.52 2.93 0.90 8.77 1.64

ZnHCCo 0.94 14.92 1.83 0.97 15.38 2.15 0.98 7.04 1.47 0.96 7.09 1.55

MnHCCo 0.86 14.28 2.57 0.88 15.38 2.67 0.98 6.21 1.63 0.99 6.25 1.43

NiHCCo 0.99 11.76 2.46 0.95 9.52 1.60 0.92 6.03 1.90 0.90 5.75 1.71

Table 3: Langmuir constants for adsorption of ribose nucleotides on MHCCo complexes.
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Figure 4: A typical Langmuir adsorption isotherm of
ribonucleotides on FeHCCo.

Figure S1: Langmuir plots of ribonucleotides on (a) ZnHCCo, (b)
MnHCCo and (c) NiHCCo; Each point is the mean ± S.D, n=3.

FT-IR spectroscopy was employed to investigate the interaction
between the RNA components (5΄-AMP, 5΄-GMP, 5΄-CMP, 5΄-UMP)
and MHCCos. A typical FT-IR spectra of 5΄-GMP, FeHCCo and 5΄-
GMP-FeHCCo adduct at neutral pH were illustrated in Figure 5. The
main peaks of the FeHCCo were as the following: broad peak at 1608
cm-1 corresponded to the O-H bending of interstitial water molecule
and peak at 455 cm-1 was attributed with the Co-CN bending. For the
5΄-GMP molecule, the peaks at 1640 cm-1 and 1680 cm-1 were assigned
to N-H bending and >C=O stretching mode, respectively. The peak
centered at 1080 cm-1 and 978 cm-1 were assigned to the
υ(PO3

2-)antisymmetric and υ(PO3
2-) symmetric vibration, respectively.

A significant change of characteristics frequencies in 5΄-GMP-FeHCCo
adduct indicates an interaction between the 5΄-GMP and FeHCCo. A
shift towards lower frequency of >C=O stretching from 1680 to 1670
shows the involvement of the >C=O group in the interaction of 5΄-
GMP with FeHCCo. The strong peaks of υ(PO3

2-) antisymmetric (1080
cm-1) and υ(PO3

2-) symmetric (978 cm-1) shifted to the frequency
1110 cm-1 and 1014 cm-1, indicating that interaction is taking place
through the phosphate moiety of 5′-GMP with FeHCCo. The
absorption bands at 1490 cm-1of 5΄-GMPdue to N7-C8 stretching
mode of the imidazole ring shifted to 1485 cm-1 was suggested that
lone pair electron of N-7 position also involve in electrostatic bonding
of purine nucleotides with FeHCCo. Small shifting of pyrimidine and
imidazole ring frequencies in ribonucleotide was also observed upon
interaction with FeHCCo. Beside 5΄-GMP considerable shifting in
vibrational frequencies of other nucleotides (5΄-AMP, 5΄-CMP and 5΄-
UMP) was observed upon interaction with FeHCCo (Table 4). The FT-
IR spectra of the other ribonucleotides (5΄-AMP, 5΄-CMP and 5΄-
UMP) upon adsorption onto FeHCCo were given in the
supplementary section (Figure S2). Similar changes in frequencies of
all ribonucleotides with other MHCCos are summarized in Table S2-
S4. Therefore significant shift in typical infrared frequency of >C=O,
amino and phosphate groups suggested that the adsorption of
ribonucleotides is a surface phenomenon occurring on the surface of
MHCCos. Typical infrared frequencies of MHCCos were found to be
almost unaltered suggesting that ribonucleotide molecules do not enter
into the coordination sphere of MHCCos by replacing CN-ions.
Further, insertion of ribonucleotides in the coordination sphere of
MHCCos is very unlikely as CN-being a strong field ligand and can
only be substituted by other ligands under the presence of UV
illumination [46]. On the basis of above results we infer that the
interaction of ribose nucleotides occurs through the outer metal ion of
the MHCCos.

Group/Moiety 5’-AMP Adsorbed 5’-
AMP

5’-GMP Adsorbed 5’-
GMP

5’-UMP Adsorbed 5’-
UMP

5’-CMP Adsorbed 5’-
CMP

NH2 1645 1689 1640 1639 - - 1688 1681

C(6)=O - - 1680 1670 - - - -

C(2)=O - - - - 1681 1667 1716 1722

Pyrimidine/

Imidazole vibration

1330 1333 1536 1538 - - - -

Imidazole 1215 1219 1368 1361 - - - -

υN-7-C-8 + δC-8-H 1480 1485 1490 1485 - - - -
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PO3
2- antisymmetric

stretching
1032 1110 1080 1110 1080 1103 1088 1111

PO3
2- symmetric

stretching
979 1012 978 1014 980 1019 985 1017

Table 4: Typical infrared spectral frequencies (cm-1) of ribonucleotides before and after absorption on FeHCCo.

Group/Moiety 5’-AMP Adsorbed 5’-
AMP

5’-GMP Adsorbed 5’-
GMP

5’-UMP Adsorbed 5’-
UMP

5’-CMP Adsorbed 5’-
CMP

NH2 1645 1660 1640 1638 - - 1688 -

C(6)=O - - 1680 1690 - - - -

C(2)=O - - - - 1681 1656 1716 1653

Pyrimidine/

Imidazole vibration

1330 1342 1536 1542 - - - -

Imidazole 1215 1218 1368 1362 - - - -

υN-7-C-8 + δC-8-H 1480 1484 1490 1497 - - - -

PO3
2-antisymmetric

stretching
1032 1083 1080 1114 1080 1117 1088 1113

PO3
2- symmetric

stretching
979 1018 978 1000 980 1003 985 1006

Table S2: Typical infrared spectral frequencies (cm-1) of ribonucleotides before and after absorption on ZnHCCo.

Group/Moiety 5’-AMP Adsorbed 5’-
AMP

5’-GMP Adsorbed 5’-
GMP

5’-UMP Adsorbed 5’-
UMP

5’-CMP Adsorbed 5’-
CMP

NH2 1645 1652 1640 1634 - - 1688 -

C(6)=O - - 1680 1690 - - - -

C(2)=O - - - - 1681 1664 1716 1657

Pyrimidine/

Imidazole vibration

1330 1337 1536 1540 - - - -

Imidazole 1215 1217 1368 1372 - - - -

υN-7-C-8 + δC-8-H 1480 1483 1490 1484 - - - -

PO3
2-antisymmetric

stretching
1032 1110 1080 1100 1080 1112 1088 1110

PO3
2- symmetric

stretching
979 1048 978 988 980 985 985 924

Table S3:Typical infrared spectral frequencies (cm-1) of ribonucleotides before and after absorption on MnHCCo.

Group/Moiety 5’-AMP Adsorbed 5’-
AMP

5’-GMP Adsorbed 5’-
GMP

5’-UMP Adsorbed 5’-
UMP

5’-CMP Adsorbed 5’-
CMP

NH2 1645 1651 1640 1636 - - 1688 -

C(6)=O - - 1680 - - - - -

C(2)=O - - - - 1681 1667 1716 1653

Pyrimidine/ 1330 - 1536 1541 - - - -
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Imidazole vibration

Imidazole 1215 - 1368 1361 - - - -

υN-7-C-8 + δC-8-H 1480 1486 1490 - - - - -

PO3
2-antisymmetric

stretching
1032 1110 1080 1111 1080 1110 1088 1109

PO3
2- symmetric stretching 979 1086 978 1086 980 982 985 942

Table S4: Typical infrared spectral frequencies (cm-1) of ribonucleotides before and after absorption on NiHCCo.

Figure 5: FT-IR spectra of 5΄-GMP, FeHCCo and 5΄-GMP- FeHCCo
adduct.

Figure S2: FT-IR spectra of (a) 5΄-AMP, (b) 5΄-CMP and 5΄-
UMPbefore and after adsorption on FeHCCo.

The tentative structure was proposed for GMP-MHCCo adduct and
is shown in Figure 6 where structure of [Co(CN)6]3- contains one Co
site and four M sites (M being outer metal of MHCCo). Most metal
hexacaynometallates have a cubic structure. Metal ions are situated at
the corners of the cube and they are octahedrally arranged and
coordinated by the nitrogen or carbon end of the cyanide group. This
octahedral [CoIII(CN)6]3- complex bridged into simple cubic lattice by
M2+ ions creates a crystal consisting of alternating M2+ and Co3+ ions
connected through cyanide ligand. The charge imbalance between
[CoIII(CN)6]3- complex and M2+ ion leads to vacancies at one-third of
the [CoIII(CN)6]3- sites. These vacancies are completed by coordination
of water molecules with M2+ metal centers [47,48]. The structure
shows that the M(II) binds with the phosphate group and the
>C=Ogroup of GMP, therefore changes occur in the wavelength of
>C=Ostretching and symmetric and antisymmetric vibrations of
phosphate group.

Figure 6: Possible structure of 5΄-GMP-MHCCo adduct.

The surface morphology of FeHCCo before and after adsorption of
ribonucleotides was investigated using FE-SEM. Representative Fe-
SEM images (Figures 7a and 7b) show the morphology of FeHCCo
before and after adsorption of 5΄-GMP. The FE-SEM images also
demonstrated that the surface morphologies of both 7a and 7b are
different. Morphologically FeHCCo before adsorption seems to be
globular shaped particles of varied size distribution, which aggregated
after adsorption. Moreover, the adsorption of 5΄-GMP on FeHCCo is
further confirmed by the additional peaks for phosphorus in the
EDXA spectra (Figure 7a′ and 7b′).
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Figure 7: FE-SEM images and EDX spectra of FeHCCo before (a
and a′) and after (b and b′) adsorption of 5΄-GMP.

The trend in adsorption (% binding) of 5΄-ribonucleotides for the all
MHCCos was found to increase in order:

5΄-AMP ~5΄-GMP > 5΄- CMP > 5΄-UMP.

Table 2, shows that percent binding data of purine nucleotides (5΄-
AMP, 5΄-GMP) is more compared to that of pyrimidine nucleotides
(5΄-CMP, 5΄-UMP) on MHCCo. These observations may be explained
considering structural differences of purine and pyrimidine
nucleotides. Purine nucleotides which have one more ring compared to
pyrimidine nucleotides and a lone pair of electrons at the N-7 position
are adsorbed more strongly on MHCCos than that of pyrimidine
nucleotides. In addition absorption affinity of ribonucleotides on
MHCCos may also be described in term of differences in molecular
weight (size) of the adsorbates. Adsorption would also increase with
molecular weight since the larger the solute the greater would be
contribution of Van der Waal forces to adsorption affinity.

In the present study adsorption of ribonucleotides on FeHCCo
(surface area, S.A= 238.67 m2/g) exhibited highest adsorption capacity
whereas NiHCCo (S.A. =100.19 m2/g) showed minimum adsorption.
The results of adsorption studies suggest that surface area of the
MHCCos plays a dominating role in adsorption process which is
consistent with our previous studies. Earlier reports on the interaction
of metal hexacyanoferrates [15,21], hexacyanochromates [22] and
octacyanomolybdates [24] with ribose nucleotides also showed the
maximum adsorption on adouble metal cyanide compound having
highest surface area in the series.

Conclusion
Studies on interaction of ribose nucleotides with metal(II)

hexacyanocobaltate(III), (MHCCo), showed that among MHCCos,
FeHCCo exhibits the highest adsorption capacity and NiHCCo the
lowest for the all ribonucleotides. Adsorption affinity of MHCCo with
purine (5΄-GMP and 5΄-AMP) was higher as compared to pyrimidines
(5΄-CMP and 5΄-UMP). The strength of the binding of purine
nucleotides is greater than that of the corresponding pyrimidine
derivative, an effect owing to the larger size of the planar purine ring. It

may be proposed that the MHCCos present on the primitive Earth
provided surface for the adsorption of biomonomers. These
biomonomers were not only got concentrated from dilute aqueous
solution, but also were protected from UV-ray degradation during the
course of chemical evolution and origin of life.
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