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Abstract
Double metal cyanide (DMC), a heterogeneous catalyst, is a key factor for polymerization of amino acids. Based
on the hypothesis, the present study is designed to evaluate favorable environmental conditions for the chemical
evolution and origin of life such as effects of temperature and time for the oligomerization of glycine and alanine
on Metal(II) Hexacyanocobaltate(III), MHCCo. It has been shown that MHCCo is porous and because of high
surface area it has outstanding catalytic properties. Our results revealed that the Manganese(II)
Hexacyanocobaltate(III) (MnHCCo), Iron(II) Hexacyanocobaltate(III) (FeHCCo), Nickel(II) Hexacyanocobaltate(III)
(NiHCCo) complexes condense the glycine up to trimer and alanine up to dimer while ZnHCCo showed most
valuable catalytic properties that changes glycine into tetramer and alanine into dimer with the high yield. High-
Performance liquid chromatography (HPLC) and Electron Spray Ionizations-Mass spectroscopy (ESI-MS)
techniques were used to con�rm the oligomer products of glycine and alanine formed on MHCCo complexes. The
results also exposed the catalytic role of MHCCo for the oligomerization of biomolecules thus supports the
chemical evolution.

1. Introduction
Origin of life is still a mystery to the scienti�c world most prevalent question in science is how life emerges on
earth. Earliest fossil evidences suggest life on earth prior 3.35Ga [1, 2] and according to molecular clocks origin
was prior to 3.35 Ga [3]. Evolution might have not resulted from a sudden event it occurs due to series of events
even the cell complexities have not appeared at once. Cooperative interactions between bio-polymers of different
classes are a hallmark of biology [4]. In the ribosomes RNA makes protein and in polymerase protein makes RNA
[5]. The contradiction between metabolism and genetics which comes �rst is still in play. The �rst paradigm
advocates that there was an RNA world where dual roles were played by RNA as a catalyst and as a genetic
polymer. With time the pure RNA gave rise to proteins and DNA on the course to the present biological system of
RNA/DNA/Protein. The second paradigm supports that life originated from the protein prior to replicators’
existence, where pseudo-replication of GADV (guanine, adenine, aspartic acid, valine) proteins occurs. Generation
of peptides from amino acids with structure and function, a chemical evolution is a concern to origin of life
research [6, 7]. It is still a matter of debate which come metabolism �rst or genetics �rst for the scientists till today
whereas there are some research present which can attempt to solve this problem [8, 9]. Cooperative relationship
among molecules also might have extended probable mechanism for the buildup and perseverance of certain
molecules in the prebiotic environment. [7]. Navrotsky et al. 2021 suggested that amino acids, small peptides and
fatty acids might acted as structure directing agents for functional porous silica structure gathering that promotes
polymerization of amino acids and peptides along with other organic reactions [10]. Amino acids are the building
block, as well as essential components for the formation and growth of life.Proteins act as catalyst in
biochemical reactions, building materials for living cell, structural role inside the cell and found within the cell
membrane. In the origin of life, formation of amino acids may have been an important route [11]. Since the
pioneering experiments of Miller, it is extensively accepted that carbon, hydrogen, ammonia and water present in
the early atmosphere, under the in�uence of electric discharge, are able to produced amino acids [12, 13].The
prebiotic soup would likely have been extremely dilute with respect to amino acid concentrations vary from 4 ×
10− 3M to 10− 7M [14–18]. Polymerization of biomonomers was the next step in the origin life, but the major
problems mainly are low concentration and the short life times of amino acid in the many environments. As
suggested by Bernal (1951) in prebiotic reactions which produce polymeric substances, life minerals has a pivotal
role from which emergence of life takes place [19]. Biomonomers concentration and oligomerization by catalyst
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might happen because of minerals during the chemical evolution. There are number of conditions which in�uence
amino acid adsorption and binding by minerals/metal oxides/DMC as mentioned in previous studies [20–24].

Erastova et al. 2017 also indicated that minerals provide surface and thus afford peptide bond formation in
prebiotic environment [25]. Amino acids and their condensation for the formation of peptide /proteins are vital in
prebiotic chemistry as it is the key reaction for present life which involves amino acids/peptides/proteins [26].

Clay mineral as a heterogeneous catalyst for amino acid condensation has been widely accepted for primitive
peptide bond formation [27–32]. Active surface and edges on the clay minerals (kaolinite and montmorillonite)
formed the prebiotic peptide [33–36]. Reactivity on the adsorption process was quite slow, and condensation of
few oligomers occurs still it play crucial role not only to concentrate the peptides but also stabilizing the peptide,
disfavors the hydrolysis, leading to chain elongation propagation of formed peptides [36]. Pure silica and alumina
have also been investigatedin this context, showingeven more favorable properties than composite natural
minerals [37–43].

Metal ions play signi�cant function in prebiotic chemistry, for the glycine and alanine polymerization [44]. Egami
(1975) found that the concentration of minor transition elements (Mo, Zn, Fe, Cu, Mn, and Co) in primeval sea to
be 7-100nM [45]. Later it was proposed that divalent transition metal ionsmight have formed complex compounds
by using simple biomolecules which settled at the bottom of the sea shore. It may provide surface as a result
interaction; oxidation and condensation processoccursand may help in the problem of polymerization of amino
acid in aqueous solution [46].

In this paper, we evaluated the catalytic ability of MHCCo complexes for the formation of prebiotic peptides.
Series of MHCCo complexes synthesis are described in the current work. In particular, we investigated
polymerization of glycine and alanine without using drying/wetting cycle, as MHCCo complexes as catalyst.
Entire experiment is carried out at differenttemperature 60 ºC to 120 ºC for the time of 5 weeks.

2. Materials And Methods

2.1. Chemicals required
Potassium hexacyanocobaltate (III) (Fluka), Mn(NO3)2 (E. Merck), Fe(NO3)2(E. Merck), Ni(NO3)2(E. Merck),
Zn(NO3)2(E. Merck). Sodium hexane sulphonate, H3PO4, CH3CN (HPLC grade)and standard of peptides were
purchased from Sigma-Aldrich.During the experimental studies throughout Millipore water was used.

2.2. Preparation of Metal Hexacyanocobaltate (III)
Kaye and Long, 2005 method [47], followed for the synthesis of MHCCo complexes from potassium
hexacyanocobaltate(III). 10 mmol of potassium hexacyanocobaltate(III) dissolved in 100 mL Millipore water, the
solutions thus formed was added to the solution of 18 mmol metal nitrate in100 mL Millipore water drop wise.
The precipitate formed was allowed to anneal in the mother liquor and �ltered on bucker funnel. The formed
precipitate washed with Milli pore water, dried at 60 ºC, powdered and sieved with 100 mesh size.

2.3. CHN, TGA/DTA, XRD
ElementarVario ELHI CHNS analyzer was used for carbon, hydrogen and nitrogen percentage present in MHCCo
complexesanalysis.Water of crystallization found in MHCCo complexes was monitored by Thermal
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analyzer.10ºC/min heating rate was carried out throughout the measurement, while Al2O3 as a referencewas used.
X-ray diffraction technique was used for the authentication of MHCCocomplexes. The relative–intensity data and
interplanner spacing (d) were in good agreement with the reported values.

2.4. Infrared spectra
The vibration frequencies of synthesized MnHCCo, FeHCCo, NiHCCo and ZnHCCo complexes matched with the
previously reported data [48–50]. The FT-IR spectra of MHCCocomplexes were recorded in KBr pallet on a Perkin
Elmer FTIR spectrophotometer.

2.5. Surface area measurement
The surface area of MHCCo complexes were analyzed by theBrunauer-Emmett-Teller (BET)[51]method on a
surface area analyzer.

2.6. Reaction method
0.1 gram of MHCCo complexes and 0.1 mL of glycine and alanine amino acid (0.01M) were impregnated
separately. For peptide bond formation examination, the suspension was dried at 900C for 3h.Three different
temperatures (60 0C, 90 0C, and 120 0C) was used for the analysis of peptide bond formation and was
monitoredfor5 weeksi.e 7, 14,21,28,35days.The sample was analyzed weekly.No �uctuating drying/wetting
conditions were simulated.Glycine and alanine separately was used for the control experiment by heating at
required temperaturein an empty test tube of glass 150 x 15 mm.On completion of 1st week, adsorbed amino
acids and related reaction products were released by treating peptides condensation products obtained with 1ml
of 0.1M calcium chloride solution. The reaction product obtained was centrifuged and supernatantwas analyzed
by HPLC and ESI-MS analysis.

2.7 HPLC analysis
HPLC having column ((Spherisorp 5 µm ODS2 4.6mm × 250 mm) was used for the product analysis. The product
was analyzed at 200 nm wavelength by UV detector.Sodium hexane sulphonate (10 mM) acidi�ed with H3PO4 at
a pH of ~ 2.5 (solvent A) and CH3CN(solvent B) were used as mobile phase compositions at 1 ml/min �ow rate.
Identi�cation of obtained products wasdone by retention times and later on co-injection method was used for
further elucidation.Yield of the peptide bond formation was calculated by peak area of the products and standard
comparison(indicated in supporting data S1-S4).

2.8 Electrospray Ionization–Mass Spectrometry analysis
ESI-MS spectral data wererecorded on Bruker MicroTOF-Q II mass spectrometer on positive mode using direct
injection method in the range m/z 50–500.The mass analysis of the product obtained was recorded by mass
spectroscopy equipped with Electrospray ionization (ESI) source. Product ionization was done by following
ESIsetting: 10 psi Nebulizer gas �ow, 300 0C temperature, 4000 V capillary voltage, 5 L min− 1dry gas. In the
presence of ZnHCCo complex, glycine and alanine were heated for 4 weeks at 90 0C, and the ESI MS spectra of
the product analyzed.

2.9Field Emission Scanning Electron Microscopy FE-SEM
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The 2-D imaging, internal structure, and morphology of the complexes MnHCCo, FeHCCo, NiHCCo and ZnHCCo
were analyzed with the help of FE-SEM.

2.10 Statistical Analysis:
All the experiments were performed in triplicatesand the results recorded as mean of the triplicatemeasurements.

3. Results And Discussion
The �rst step of the material characterization is to identify the purity of the crystalline complexes. Figure 1a-
drepresentsMnHCCo, FeHCCo, NiHCCo and ZnHCCo complexes XRD patterns. JCPDS diffraction �lesareused for
analyzing theXRD pattern of MHCCo complexes. Diffraction peaks obtained are carefully matched with the
relative intensities of the MHCCo complexes, JCPDS �le no. for MnHCCo (22–1167), JCPDS �le no. for FeHCCo
(89-3736), JCPDS �le no. for NiHCCo (22–1184) and JCPDS �le no. for ZnHCCo (32–1468). The FT-IR spectrum
of MHCCo complexes showed four signi�cant peaks. In case of ZnHCCo, the band occurs at 2181 cm− 1

corresponds to strong CN stretching frequency, at 1607 cm− 1 peak represents the O–H bending of interstitial
water molecules, 700 cm− 1 occurs due to bending of metal-carbon while band occurs at 451 cm− 1 represent the
metal-cyanide bending. The bands occur due to otherMHCCocomplexes are indicated in Table 1. 

The MHCCocomplexes were further characterized by TG/DT analysis. Figure 2a-d represents the obtained
thermograms. With the help of TG curve of MHCCo complexes, degree of hydration was calculated. Figure 2a
represent thermogram forMnHCCo complexes that indicated mass loss which corresponds to nearly two water
molecules, FeHCCo complex showed a mass loss ofthree water molecules (Fig. 2b), NiHCCo complex showed a
mass loss of three water molecules (Fig. 2c), ZnHCCo complex showed a mass loss of four water molecules (Fig.
2d). The percentage of C, H, N in the MHCCo complexes were analyzed by CHNS analysis and are depicted in
Table 2. The experimental results obtained by elemental analysis matched with the theoretical value. The
synthesized MHCCo complexes were analyzed by XRD, CHN analysis, TG/DTA, are as follows:

1. Mn3[Co(CN)6]2.2H2O (Brown) ;

2. Fe3[Co(CN)6]2.3H2O (Blue);

3. Ni3[Co(CN)6]2.3H2O (Sky Blue);

4. Zn3[Co(CN)6]2.4H2O (White)

The Fig. 3a, 3b, 3c and 3d show the FE-SEM images and EDX spectra of MnHCCo, FeHCCo, NiHCCo and ZnHCCo
respectively. The structural morphology of FeHCCo, NiHCCo and ZnHCCo particles was observed to be spherical
and even, whereas that of MnHCCo particles appeared to be polygon in shape (square shape was observed
mostly). The particles size of FeHCCo, NiHCCo and ZnHCCo was found to be uniform suggesting a narrow size
distribution, and that ofMnHCCo particles was found to be non-uniform suggesting a wide size distribution. The
energy dispersive X-ray (EDX) spectra clearly indicate the presence of the corresponding metal in the MHCCo
complexes.

To �nd the catalyzing properties of the MHCCo complexes, the oligomerization reaction of amino acid (glycine
and alanine) were carried out at varies temperature i.e 60, 90, 120°C for 5 weeks (7, 14, 21, 28, 35 days)in the
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presence of MHCCo complexes. We studied the effects of temperature and time for the glycine and alanine
oligomerization on MHCCo complexes. The catalytic e�ciency of tested MHCCo complexes varies considerably
with time and temperature are shown in Fig. 4(a-c) to 7(a-c). The yields of MHCCocatalyzedglycine and alanine
oligomerization at different temperature 60, 90, 120°C on a completion of 5th week are summarized in Table 3
and Table 4.It is found that, product yield Vs time as functions of temperature behave linear relationship. The
yields on MHCCocomplexes are much higher than those produced in blank experiment. On the completion of 5th
week, diketopiperazine(DKG) of glycine and dimer of glycine, Glycyl-glycine (gly)2 was found in experiments of
glycine without catalyst, while peptide formation was not obtained in experiment of alanine without catalyst.
Formation of DKG(glycine), dimer of glycine and absence of condensation of alanine in the control experiment
from glycine and alanine in absence ofMHCCo complexes, the results is in accord with the previous studies [39,
52].MHCCo complexes provide the surface for catalyzing the thermal condensation of glycine and alanine at
relatively short time at temperature below 100°C. For identi�cation and quanti�cation of the obtained product in
the reaction mixtures were analyzed by HPLC and ESI-MS techniques.The analysis of the reaction products by
HPLC and ESI-MS revealed that peptides up to tetramer were formed from glycine while dimer in case of alanine.
The Fig. 8(a-d) and 9(a-d) represent the HPLC chromatogram showing the separation of diketopiperazine,
oligomers of glycine and alanine at optimum conditions. In the experiment, reaction was performed at varied
temperature from 60 to 120°C for 5 weeks without applying dry/ wetting cycle. The reaction was monitored per
week.

When we compared the runs, on the completion of 5th week, at lower temperature i.e. 60°C, only trimer of glycine,
Glycyl-glycyl-glycine (Gly3) were observed in the presence of Mn-, Zn-HCCoand dimer of alanine (Ala2) were
observed in the presenceof all three MHCCo complexes except FeHCCo but with low yield (Fig. 4a-7a) and without
the presence of localized heat sources. Thus, in the presence of MHCCo, abiotic peptide synthesis occurs at short
interval of time. It was observed that when the reaction temperature was 90°C, peptide was formed after short
reaction times i.e after 1week in both the glycine and alanine with comparable yield. It has been found that yield
of peptides were maximum on the completion of 4th week (Fig. 4b-7b) and after thatit was constant even at high
temperature (Fig. 4c-7c).Thus our result reveals that the favorable condition for the polymerization of amino acids
on the surface of MHCCo complexes are 90°C temperature and duration is 4 weeks. But in case of formation
ofDKP(Gly) and DKP(Ala) on MHCCo complexes, it was observed that formation was more favorable from
thermodynamic and kinetic point of view. DKP(Gly) and DKP(Ala) showed high yields, may be due to the low
concentration of aqua layer on the MHCCo surface as compared to surrounding temperature at 120°C which do
not favor elongation instead supports removal of water molecules from the dimeric glycine and alanine. In this
study we found that high temperature supports the formation of DKPs, previously reported studies also revealed
the same results [24, 31, 40]. Under hydrothermal conditions, rate of reaction for the formation of dimer and DKPs
was also studied by Kawamura and co-workers [53, 54]. Bujdak and Rojas [55] found that polymerization of
glycine and alanine using three different form of alumina i.e., acidic, neutral and basic and observed when neutral
alumina used as a catalyst shows maximum polymerization of glycine and alanine.Activated alumina has been
used as energy source for peptide bond formation [40], and this activated alumina oligomerize glycine upto (gly)11

[56]. Catalytic activity of Ferrihydrite is due to its nanoporous high surface which dimerize glycine and alanine
[57]. According to Ferris, oligomer upto 55 monomer long have been formed by using mineral surface [58] while
glycine condensation upto 16 unit (poly-Gly) have been done on SiO2 and TiO2 surface [59]. At low temperature
(-20°C) by using carbon dots as a photocatalyst polymerize amino acids to protein [60]. Glycine polymerization by
thermal condensation occurs on SiO2 [61] and metal ferrite surface [62].
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Double metal cyanide (DMC), Ma
I[MII(CN)n]b.xH2O is aninorganic coordinated complexes with 3D network. In DMC,

inner metal MII is allied with the external metal MI by number of cyano-bridges (MII-C ≡ N-MI) where MI=divalent
metal ions (Zn2+, Fe2+, Cd2+, Co2+, Cu2+, Ni2+, Mn2+ etc.)andMII=transitional metal ions (Fe2+, Fe3+, Co2+, Ni2+,
Cr3+,Mo4+etc.). In DMC, the active site is the external metal MIwhich supports the catalytic functions.It was
examined that DMC having varies inner and outer spheremetalsexhibited different catalytic properties. Ifexternal
metaliszincon the surface of octacyanomolybdate (IV), exhibited higher catalytic activity for the formation of
oligomers of glycine and alanine, comparedwithoctacyanomolybdate (IV) having other metals such as Mn2+,Fe2+,,
Co2+,, Ni2+,, Cu2+,, Cd2+ [24]. Present results showed that hexacyanocobaltate complexes having zinc as an
external metal also showed evidence of high catalytic activity towards glycine and alanine i.e formation of
oligomers of glycine and alanine, compared to other metals in outer sphere ofhexacyanocobaltate complexes
such as Mn2+,Fe2+, Ni2+. The Table 3and Table 4 shows the % yield of Cyclic (Gly)2, di-, tri-, tetramer of glycine and
Cyclic(Ala)2, dimer of alanine on the surface of MHCCo complexes. It was also observed that ZnHCCo and
MnHCCo oligomerize glycine upto tetramer, NiHCCo afforded glycine upto the trimer while the FeHCCo
oligomerize upto the dimer. ZnHCCo complex formed (Gly)4 (0.36%), (Gly)3(1.19%), (Gly)2(11.97%), DKP(Gly)
(15.73%) from glycine while (Ala)2(6.27%), Cyclic(Ala)2(8.31%) formed from alanine on the completion of 5th
week (35 days) at 90°C temperature. From the present study we also revealed that yield of glycine oligomers in the
presence of MHCCo complexes is much more than that of oligomer of alanine, due to high activation energy
required for alanine oligomerization [63]. Lower amount and e�ciency of catalytic sites may be the other factor
which can be responsible for lower oligomerization of alanine on MHCCocomplexes [64].Greenstein reported
thatstability constants of co-ordination complexes with amino acids are higher than the peptides supports the
formation of oligomers of glycine and alanine [65]. This mechanism revealed that as the chain length of amino
acid elongates, oligomers concentration decreases (Table 3 and Table 4). On the basis of % yield of glycine and
alanine oligomers in the presence of MHCCo complexes shows following catalytic activity trend:

ZnHCCo > MnHCCo > NiHCCo > FeHCCo

Surface area of MHCCo complexes (Table 5) and the yield of peptide bond formation (Table 3 and Table 4),
observed that surface area of MHCCo complexes plays an important parameter for the polymerization of amino
acids. Among MHCCo, ZnHCCo has highest surface area (683 m2g− 1) showed high catalytic activity for the
peptide bond formation while FeHCCo has lower surface area (S.A = 167 m2g− 1) exhibited minimum catalytic
activity.

The ESI-MS technique provide the additional analytical technique for the detection of oligomers of glycine and
alanine in terms of mass, m/z = (M + H)+ ions, M indicated the amino acid/oligomers to be analyzed. Figures 10
and 11 represents the ESI-MS spectrum of formation of oligomers of glycine and alanine respectively on the
surface of ZnHCCo at optimum temperature on the completion of 4th week. The ESI-MS (Fig. 10) clearly supports
the formation of DKP (glycine), dimer, trimer, tetramer of glycine.The76.1 mass of glycine obtained in ESI-MS
represents [Gly + H]+, 115 for [CycGly2 + H]+, 132.9 for [Gly2 + H]+, 189.9 for [Gly3 + H]+, 246.6 for [Gly4 + H]+.
Similarly in Fig. 11ESI-MS for formation of oligomers of alanine such as DKP (alanine), dimer of alanine at
optimum temperature on the completion of 4th week at the surface of ZnHCCo are shown. The 90.1 mass of
alanine observed in ESI-MS represents [Ala + H]+, mass value 143 and 160.9 corresponds to [CycAla2 + H]+ and
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[ala2 + H]+ respectively. The both ESI-MS and HPLC data matched with results obtained throughout the
experiments.

Divalent transition metal hexacyanocobaltates(III), in which central metal atom and carbon of cyanide group
bonded through coordinate bond. It is found that these porous, water insoluble, mixed valency octahedral
coordinated complexes are a part of Fm3m andPm3m space group [47, 66] with reduced size and high surface
area promoted high catalytic activity [47, 66–70]. In the present study, MHCCo complexes also showed high
catalytic activity for the production of peptide bond formationsbecause of mixed valency and high surface area.
The evidences summarized above suggestcatalytic activity of MHCCo complexes for the condensation of amino
acids and thus supported the chemical evolution of life.

4. Conclusion
The present results support the possibility of role of MHCCo surface chemistry in origin of life. The consequence
of time duration and temperature for the peptide bond formation on the surface of MHCCo complexes were
studied. This is the �rst time that MHCCo has been investigated in the oligomerzation of glycine and alanine
without applying drying/wetting cycling.ZnHCCowas the most effective among MHCCoandform considerable
amount of up to (0.36%) (Gly)4 along with (1.19%) (Gly)3, (11.97%) (Gly)2 and (15.75%) Cyclic (Gly)2 while in case
of alanine (6.27%) (Ala)2 and (8.31%)Cyclic(Ala)2. High surface area may be the main parameter, which provides
more area for chain elongation of glycine and alanine thus high yield of oligomers of amino acids on the surface
of ZnHCCo. It may be proposed that the MHCCo present on the primordial ocean provide favorable conditions for
production of prebiotic peptide bond, thus support the process of abiogenesis.
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Tables
Table 1

Infrared Spectral Frequencies (cm− 1) of
MHCCocomplexes.

MHCCo νCN δOH δM−C δM−CN

MnHCCo 2170 1610 707 445

FeHCCo 2169 1607 695 456

NiHCCo 2175 1610 699 461

ZnHCCo 2181 1607 700 451

Table 2. CHNS analysis of MHCCo.
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* Bracket values are theoretical ones.

Table 3
Percent yield (%) of obtained products from glycine

Catalyst Percent yield of obtainedproductsfromglycine at differenttemperatureon the completion of 5th
week

No
Catalyst

MnHCCo

FeHCCo

NiHCCo

ZnHCCo

Cyc(Gly)2 (Gly)2 (Gly)3 (Gly)4

600 900 1200 600 900 1200 600 900 1200 600 900 1200

0.04

17.11

3.31

3.64

13.01

0.06

20.55

40.50

22.08

15.73

0.10

20.58

44.11

30.29

18.85

Trace

4.79

0.10

0.59

5.81

0.02

9.73

0.20

4.26

11.97

0.03

9.92

0.22

4.94

11.87

-

0.12

-

-

0.14

-

0.81

-

0.47

1.19

-

0.76

-

0.58

1.09

-

-

-

-

-

-

0.32

-

-

0.36

-

0.35

-

-

0.34
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Table 4
Percent yield (%) of obtained products from alanine

Catalyst Percent yield of obtainedproductsfromalanineat different temperature on the completion of
5th week

No Catalyst

MnHCCo

FeHCCo

NiHCCo

ZnHCCo

Cyc(Ala)2 (Ala)2

600 900 1200 600 900 1200

0.02

1.94

1.70

0.95

1.83

0.04

7.90

22.76

12.78

8.31

0.06

7.93

22.47

19.96

8.91

-

0.71

-

0.10

0.82

-

4.96

-

1.22

6.27

-

4.91

-

1.32

5.98

Table 5
Surface area of MHCCo complexes

MHCCo complexes Surface area (m2/g)

Mn3[Co(CN)6]2.2H2O 615.26

Fe3[Co(CN)6]2.3H2O 167.91

Ni3[Co(CN)6]2.3H2O 572.39

Zn3[Co(CN)6]2.4H2O 683.17

Figures
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Figure 1

XRD data of (a) MnHCCo, (b) FeHCCo, (c) NiHCCo, (d) ZnHCCo.
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Figure 2

TG/DTA curve for (a) MnHCCo; (b) FeHCCo; (c) NiHCCo; (d) ZnHCCo.



Page 17/24

Figure 3

FE-SEM Images and EDX Spectraof(a) MnHCCo; (b) FeHCCo; (c) NiHCCo; (d) ZnHCCo.
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Figure 4

Polymerization of amino acidonMnHCCo complexes at [a] 60, [b] 90, [c] 1200C.

Figure 5

Polymerization of amino acid onFeHCCo complexes at [a] 60, [b] 90, [c] 1200C
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Figure 6

Polymerization of amino acid onNiHCCo complexes at [a] 60, [b] 90, [c] 1200C
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Figure 7

Polymerization of amino acid onZnHCCo complexes at [a] 60, [b] 90, [c] 1200C
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Figure 8

HPLC chromatogram showing theproducts formed on the surface of [a] MnHCCo,

[b] FeHCCo, [c] NiHCCo, [d] ZnHCCo when glycine was heated at 90 0C on the completion of 4thweek.
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Figure 9

HPLC chromatogram showing theproducts formed on the surface of [a] MnHCCo,

[b] FeHCCo, [c] NiHCCo, [d] ZnHCCo when alanine was heated at 90 0C on the completion of 4th week.
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Figure 10

ESI MS spectra of obtained products on surface of ZnHCCo complexes when glycine was heated at 90 0C on the
completion of 4th week.

Figure 11
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ESI MS spectra of obtained products on surface of ZnHCCo complexes when alanine was heated at 90 0C on the
completion of 4thweeks.
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