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Abstract: A study of the effects of the interactions with amino acids on the vibrational
spectra of Keggin heteropolyanions (NanH3-n[XM12O40]n-; n = 0,1,2,3; X = PV, SiIV,
M = WVI, MoVI) has been performed. Interactions occurred for all of the studied
compounds leading to changes and splits in the stretching frequencies. Depending on the
amino acid type, the IR bands for interbridge stretchings (M-Ob-M) and terminal
stretchings (M-Od) were affected.
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1. Introduction
Heteropolyanions (HPAs) are widely used as solid and green catalysts for fine organic synthetic
processes [1-8], corrosion resistant coatings, dopants in sol – gel matrices, membranes in selective
electrodes, in gas detection apparatus, in solid-state electrochromic devices, etc [9-12]. However,
although many HPAs have been shown to be biologically active, their biological properties have not
been investigated much. To date two types of activity − antiviral and, to a lesser extent, antitumoral −
have dominated their medicinal chemistry [13]. In the first area the effectiveness of these compounds
against several viruses such as vesicular stomatitis, polio, rubella, rauscher leukemia, rabies, etc, has
been studied [13].
The reasons for the biological activity of HPAs may include ionic size and charge, electron-transfer
properties, the behavior of polyanions in extremely dilute solutions at physiological pH, etc. [14].
Because HPAs are potent inhibitors of reverse transcriptase and other related enzymes [15],
understanding of the nature of the interaction of these compounds with other biologically relevant
compounds such as proteins has been an active focus of research. The anti-viral activity of this kind of
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polyanions is the result of their interactions with viral enzymes or, as recently determined, related with
their ability to bind to the viral cell envelope, and perhaps not with their ability to inhibit viral reverse
transcriptase, as thought before [16,17].
In order to shed more light on this action, we present here some results obtained a study of the
interactions of various heteropolyanions, related to the Keggin structure, with different amino acids
such as glycine, phenylalanine, valine, and leucine. HPAs are excellent molecular acceptors for a
number of molecular donor organic substrates containing N, S, O atoms, i.e. amino acids [18,19],
octohydroquinoline [20], and crown ethers [21].
A literature survey showed that, although the interaction of HPAs with amino acids has been
studied with different methods, the role of (S)-(-)-amino acids, has been largely overlooked, so the
novelty of this work lies in selection of (S)-(-)- amino acids as a study topic, and to the best of our
knowledge, no systematic study via FTIR spectroscopy of the interactions between Keggin HPAs (as
pure acid and salt) with these amino acids has been reported so far. Usually FTIR spectroscopy can be
used to confirm the interaction of HPAs with different molecules [22]. My goal was to show and prove
the initial interaction of HPAs with amino acids as the basic units of biological molecules in order to
assist in development of future compounds with selective affinity for particular amino acids. In other
words, I was looking for the answer to this question: Is there initial interaction between the selected
HPAs and amino acids? Using amino acids as counterions, I have undertaken a systematic vibrational
study of the interactions of HPAs with amino acids and showed that intermolecular interactions led to
a change in the frequencies of the metal–oxygen stretching bands. The results of this study should be
useful to other researchers for further investigations and could be extended from nitrogen-containing
molecules to sulfur- and oxygen-containing molecules.
2. Results and Discussion
The influence of counterions on the vibrational spectra of complex anions in the solid state has been
widely studied using several kinds of approaches. One of them, based on the factor group
approximation, considers the coupling between formula units in the Bravis cell (without regard to the
nature of the coupling), which supposes some previous knowledge of the crystal structure of the
studied compound. Another more chemical approach considers the anion-cation interactions as
perturbations on the charge-density repartition, on the geometry of the anion, and consequently, on the
vibrational spectra with respect to the isolated anion. This approach does not need any prior
knowledge of the crystal structure and can provide information about intermolecular interactions [23].
In this study, the interaction of amino acids as counterions such as glycine, phenylalanine, valine,
and leucine, with Keggin heteroppoly anions, NanH3-n[XM12O40]n- (n = 0,1,2,3, X = Pv, SiIV, M = WVI,
MoVI), were studied using vibrational spectroscopy. The IR frequencies were studied after preparation
and isolation of possible adducts in our laboratory according to the procedures described in the
Experimental section. The frequencies discussed are listed in Table 1, along with the corresponding
assignments.
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Table 1. Assignments in the vibration spectra of Keggin HPAs with amino acids as counterions.
Entry
1
2

HPA and HPA with amino acid
H3[PW12O40]
Na3[PW12O40]

3
4
5
6
7

H4[SiW12O40]
Na2H[PMo12O40]
H3[PMo12O40]
H4[SiMo12O40]
[leucine]xHy [PMo12O40]

8

[phenylalanine]xHy[PMo12O40]

9

[glycine]xHy[PMo12O40]

10

[phenylalanine]x Nay[PMo12O40]

11

[valine]xHy [PMo12O40]

12

[leucine]xNay[PMo12O40]

13

[glycine]xNay[PMo12O40]

14

[valine]xHy[PW12O40]

15
16

[phenylalanine]xHy[PW12O40]
[leucine]xHy[SiW12O40]

17

[valine]xHy [SiW12O40]

18

[glycine]xHy[SiW12O40]

19

[glycine]xHy[SiMo12O40]

20

[valine]xHy[SiMo12O40]

21

[leucine]xHy[SiMo12O40]

22

[phenylalanine]xHy[SiW12O40]

23

[glycine] xHy[PW12O40]

24

[leucine]xHy[PW12O40]

Vibrational frequencies
1080(s), 990(sh), 982(s), 890(s), 810(vs), 597(w), 527(m)
1081(s), 995(sh), 982(s), 922(m), 900(m) , 805(vs), 592(w),
522(sh)
1020(w), 981(s), 928(vs), 880(m), 785(vs), 552(sh), 540(m)
1068(s), 978(sh), 962(vs), 869(s), 785(vs), 593(w)
1064(s), 975(sh), 963(vs), 870(s), 810(sh), 785(vs), 593(w)
995(sh), 957(s), 904(vs), 855(m),770(vs), 535(m), 442(w)
1061.8(s), 973.4(sh), 961.4(vs), 867(w), 891(s), 810(sh), 794(vs),
739.1(sh), 677.3(sh), 668.7(s), 633.5(sh)
1062.7(s), 975(sh), 966.5(vs), 892(sh), 871.3(w), 889(s), 810(sh),
795(vs), 739.1(sh), 605.7(sh), 669.6(m)
977.7(w), 975(sh), 955.4(w), 909(vw), 925.3(w), 835.2(sh),
732(w), 668.7(s)
1061.8(vs), 975(sh), 967(vs), 891(s), 871.4(w), 800.6(vs),
741.7(vw), 668.2(s), 608.5(sh)
1062.7(s), 973.4(sh), 963.1(vs), 886.7(m), 867(m), 810(sh),
795.9(sh), 790.3(vs), 740.8(sh), 667.8(s)
1064.4(vs), 970(vs), 959.7(s), 896.1(s), 857.5(w), 791.9(vs),
740(sh), 673.8(sh), 668.7(s), 636.1(w)
1116.8(vw), 976.9(w), 976.9(w), 954.5(s), 922.7(s), 908.2(w),
836.9(sh), 733.1(sh), 675.6(sh), 667.8(s), 610.3(sh)
1080.7(vs), 990(sh), 982.8(vs), 995(sh), 893.6(vs), 811.2(vs),
738.2(w) 668.7(s)
1061.3(w), 976.9(s), 990(sh), 924.5(s) 880(sh), 794(s)
1133.1(w), 975.1(vs), 1015.5(s), 975.1(vs), 985.1(sh), 922.7(vs),
890.1(w), 794(b), 667.8(s), 635.2(w)
1016.3(s), 971.7(vs), 981(sh), 924.5(vs). 888.4(w), 867(w),
794(vs), 679(sh), 667.8(s), 635.2(w)
1014.6(s), 972.5(vs), 989(sh), 925(vs), 935.3(sh), 889.3(w),
788.9(vs), 667.8(s)
1073.7(vw), 976.4(m), 896.2(vw), 837.3(w), 732.2(w), 678.5(sh),
669.1(s)
1079(vw), 976.9(w), 897.9(w), 834.4(w), 733.1(w),668.7(s),
615.5(sh)
1063.5(vw), 976.9(w), 904.7(w), 790.6(vw), 737.4(w), 668.7(s),
614.6(sh)
1071.2(sh), 960.9(s), 920.9(s), 891(sh), 880.9(w), 747.8(w),
668(s)
976.9(w), 900(w), 838.6(vw), 830.1(vw), 788(w), 733.9(m),
668.7(s)
1081.3(vs), 979.4(s), 896.5(s), 807(w), 740.8(w), 678.8(sh),
668.6(s)
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It is suggested that in the studied amino acids the relative position of COOH and NH2 groups is
very important, as these functional groups should be adjacent for interaction to exist. From the
information in Table 1, it can be seen the intermolecular interactions between the oxygens of the
polyanions and amino acid nitrogens led to changes in the intensity and position of the corresponding
IR bands.
The [XM12O40](Keggin structure) consists of one XO4 tetrahedron (Y = SiIV, GeIV, PV, …)
surrounded by four M3O13 sets (M = WVI, MoVI) linked together through oxygen atoms (named M-ObM). The YO4 tetrahedron is assumed to vibrate almost independently from the rest of the anion. This
assumption is particularly valuable for X = PV. The symmetric and asymmetric stretching of the
different kinds of M-O bonds are observed in the following spectral regions: M-Od bonds
(1,000-960 cm-1), M-Ob-M bridges (inter bridges between corner-sharing octahedra) (890-850 cm-1),
M-Oc-M bridges ("intra" bridges between edge-sharing octahedra, (800-760 cm-1). Only the M-Od
stretching can be considered as pure vibrations: the stretching involving Ob or Oc atoms present some
bend character [24,25].
In our study, the IR spectrum of the present compounds exhibits the characteristic frequencies of
the Keggin structure in the range 1,100-600 cm-1. Compared with the initial Keggin structures (entries
1-6), the bands arising from the HPAs change obviously either in intensity, or in position. Comparing
the IR spectrum of the prepared compounds (entries 7-13) with the IR spectrum of H3[PMo12O40], the
vibrational band of the M-Ob-M of the present compound is split from 870 into two bands, due to
difference in the M-Ob-M bonds. As a typical spectrum, the IR of the interaction of H3[PMo12O40] and
phenylalanine is shown in Figure 2. Figure 1 shows the IR spectrum of phenylalanine alone. In Figure
2 for a correct comparison, the range of 600-1,200 cm-1 has been selected for phenylalanine (A),
H3[PMo12O40] (B), and H3[PMo12O40] with phenylalanine (C). This range is related to the fingerprint
region of POMs.
Figure 1. IR spectrum of phenyalanine.
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Figure 2. IR spectra of phenyalanine (A), H3PMo12O40 (B), phenylalanine and H3PMo12O40 (C).
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For H4[SiMo12O40] and H3[PW12O40] the vibrational band of the W-Od is split into two bands, from
981 and 982-990, respectively, due to the differences in the 12 W-Od bonds. This means that, in
H3[PMo12O40] the inter bridges between corner-sharing octahedra (890-850 cm-1) have been affected,
while in H3[PW12O40] and H4[SiW12O40] the M-Od stretchings have been affected. It is suggested that
i) the central transition metal can be affected the position of interaction, and ii) interaction of amino
acids has occurred with selective affinity.
In addition our findings show that many of the vibrational bands of HPAs have blue-shifted and
many of them have red-shifted, indicating that many of the bonds were strengthened and the others
were weakened. This means that the HPA has a distorting effect owing to the interaction between the
nitrogen atom of the amino acid and the oxygen atom of the HPA. Probably, the extent of distortion is
roughly parallel to the volumes of the organic molecules [26]. The strong band at 3,454 cm-1 (this band
was observed in all of the IR spectra) is assigned to the water molecules involved in hydrogen bond
interactions with HPA and the amino acid molecules to form an extensive three dimensional structure
[27]. The hydrogen bond can be formed via the protonated amino acid.
The obtained IR spectra for the interactions between H4 [SiW12O40] with phenylalanine (Entry 22),
H4[SiMo12O40] with luceine, valine and glycine (Entries 19-21) and H3[PW12O40 ] with glycine and
luceine (Entries 23, 24) show a strong deformation. This indicates that the HPA has a large distorting
effect owning to the interaction between the amino acid and HPA.
In conclusion, the results described in this paper strongly indicate that the HPAs have a strong
interaction with amino acids. Our results show that bond type in HPAs, as well as position of
functional groups in amino acids are important factors. Obtained results in this study are significant for
biochemistry, clinical chemistry and analytical chemistry and can be developed for different viruses
with different protein envelopes.
3. Experimental
3.1. General
All of the heteropoly anions and the amino acids were purchased from commercial sources. FTIR
spectra were recorded with a Bruker 500 scientific spectrometer as KBr pellets.
3.2. General procedure for the preparation of amino acid-heteropolyanion adducts
In a typical reaction, amino acid (0.5 g) was dissolved in a 1M HCl solution (10 mL) and solid
heteropolyanion (3 g) was then added and dissolved with stirring for 3 hours. The solution was placed
in a vacuum dessicator. After 5-7 days later the produced products have been formed as solid products.
These products were filtered and dried in air. Then were analyzed by IR spectroscopy. These results
are shown in Table 1.
References
1.

Bamoharram, F.F.; Heravi, M.M.; Roshani, M.; Jahangir, M.; Gharib, A. Preyssler catalyst,
[NaP5W30 O110]14-: A green, efficient and reusable catalyst for esterification of salicylic acid with
aliphatic and benzylic alcohols. Appl. Catal. A Gen. 2006, 302, 42-47.

Molecules 2009, 14
2.

3.

4.

5.

6.

7.

8.

9.
10.
11.
12.

13.
14.
15.
16.

17.

3220

Bamoharram, F.F.; Heravi, M.M.; Roshani, M.; Tavakoli, N. N-oxidation of pyridine carboxylic
acids using hydrogen peroxide catalyzed by a green heteropolyacid catalyst: Preyssler's anion,
[NaP5W30O110]14-. J. Mol. Catal. A Chem. 2006, 252, 219-225.
Bamoharram, F.F.; Heravi, M.M.; Roshani, M.; Gharib, A.; Jahangir, M. A catalytic method for
synthesis of γ- butyrolactone, ε-caprolactone and 2-cumaranone in the presence of Preyssler's
anion, [NaP5W30O110 ]14-, as a green and reusable catalyst. J. Mol. Catal. A Chem. 2006, 252,
90-95.
Bamoharram, F.F.; Heravi, M.M.; Roshani, M.; Akbarpour, M. Catalytic performance of
Preyssler heteropolyacid as a green and recyclable catalyst in oxidation of primary aromatic
amines. J. Mol. Catal. A Chem. 2006, 255, 193-198.
Bamoharram, F.F.; Heravi, M.M.; Heravi, M.M.; Meraji, M. Synthesis of Silver Nanoparticles in
the Presence of A Green Heteropolyacid, H14[NaP5W30O110 ], and Their Catalytic Activity for
Photodegradation of Methylene Blue and Methyl Orange”. Int. J. Green Nanotech. 2009, in press.
Bamoharram, F.F.; Heravi, M.M.; Roshani, M.; Toosi, M. Synthesis and characterization of
silica-supported Preyssler nanoparticles and its catalytic activity for photodegradation of methyl
orange. Green Chem. Lett. Rev. 2009, 2, 35-41.
Bamoharram, F.F.; Heravi, M.M.; Roshani, M.; Jahangir, M.; Gharib, A. Effective direct
esterification of butanol by eco-friendly Preyssler catalyst, [NaP5W30O110]14−. J. Mol. Catal. A
Chem. 2007, 271, 126-130.
Bamoharram, F.F.; Roshani, M.; Alizadeh, M.H.; Razavi, H.; Moghayadi, M. Novel oxidation of
aromatic aldehydes catalyzed by Preyssler’s anion, [NaP5W30O110]14-". J. Braz. Chem. Soc. 2006,
17, 505-509.
Lomakina, S.V.; Shatova, T.S.; Kazansky, L.P. Heteropoly anions as corrosion inhibitors for
aluminium in high temperature water. Corros. Sci. 1994, 36, 1645-1655.
Tasumisago, M.; Honjo H.; Sakai, Y.; Minami, T. Proton-conducting silica-gel films doped with a
variety of electrolytes. Solid State Ionics 1994, 74, 105-108.
Sheu, H.C.; Shih, J.S. Organic ammonium ion selective electrodes based on 18-crown-6phosphotungstic acid precipitates. Anal. Chim. Acta 1996, 324, 125-134.
Giordano N.; Staiti, P.; Arico, A.S.; Passalacqua, E.; Abate, L.; Hocevar S. Analysis of the
chemical cross-over in a phosphotungstic acid electrolyte based fuel cell. Electrochim. Acta 1997,
42, 1645-1652.
Rhule, J.T.; Hill, C.L.; Judd, D.A. Polyoxometalates in medicine. Chem. Rev. 1998, 98, 327-357.
Kozhevnikov I.V. Catalysis by Polyoxometalates; Wiley & Sons: Chichester, UK, 2002.
Crans, D.C. Enzyme interactions with labile oxovanadates and other oxometalates. Comm. Inorg.
Chem. 1994, 16, 35-76.
Yamamoto, N.; Schols, D.; De Clercq, E.; Debyser, Z.; Pauwels, R.; Balzarini, J.; Nakashima, H.;
Baba, M.; Hosoya, M.; Snoeck, R.; Neyts, J.; Andrei, G.; Murrer, B.A.; Theobald, B.; Bossard,
G.; Henson, G.; Abrams, M.; Picker, D. Mechanism of anti-human immunodeficiency virus action
of polyoxometalates, a class of broad-spectrum antiviral agents. Mol. Pharmacol. 1992, 42,
1109-1117.
Inouye, Y.; Tokutake, Y.; Yoshida, T.; Seto, Y.; Hujita, H.; Dan, K.; Yamamoto, A.; Nishiya, S.;
Yamase, T.; Nakamura, S. In vitro antiviral activity of polyoxomolybdates. Mechanism of

Molecules 2009, 14

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.

3221

inhibitory effect of PM-104(NH4)12H2(Eu4(MoO4)(H2O)16(Mo7O24)4).13H2O on human
immunodeficiency virus type 1. Antiviral Res. 1993, 20, 317-331.
Liu, J.; Peng, J.; Wang, E.; Bi, L.; Guo, S. A novel amino acid salt of 18-molybdodiphosphate:
synthesis and structural characterization of (Lys)2H6[P2Mo18O62]·16H2O. J. Mol. Struct. 2000,
525, 71-77.
Crans, D.C.; Mahroof-Tahir, M.; Anderson, O.P.; Miller, M.M. X-ray Structure of (NH4)6(GlyGly)2V10O28.cntdot.4H2O: Model Studies for Polyoxometalate-Protein Interactions. Inorg. Chem.
1994, 33, 5586-5590.
Attanasio, D.; Bonamico, M.; Fares, V.; Imperatori, P.; Suber, L. Weak charge-transfer
polyoxoanion salts: the reaction of quinolin-8-ol (Hquin) with phosphotungstic acid and the
crystal and molecular structure of [H2quin]3[PW12O40]·4EtOH·2H2O. J. Chem. Soc. Dalton Trans.
1990, 3221-3228.
You, W.; Wang, E.; He, Q.; Xu, L.; Xing, Y.; Jia, H. Synthesis and crystal structure of a new
supermolecular compound: [C12H24O6][H3PMo12O40]·22H2O (C12H24O6=18-crown-6). J. Mol.
Struct. 2000, 524, 133-139.
Fu, X.K.; Chen, J.R.; Li, L.Q.; Wang, Q.; Sui, Y. Organophosphonotungstic HPA of Keggin Type
with Sulfo, Taurine and Glycine Substituted Ethylphosphonic Acids as the Coordinate Center.
Chin. Chem. Lett. 2003, 14, 515-518.
Rocchiccioli-Deltcheff, C.; Fournier M.; Franck, R.; Thouvenot, R. Vibrational investigations of
polyoxometalates. 2. Evidence for anion-anion interactions in molybdenum(VI) and tungsten(VI)
compounds related to the Keggin structure. Inorg. Chem. 1983, 22, 207-216.
Rocchiccioli-Deltcheff, C.; Thouvenot, R.; Dabbabi, M. Etude de la structure des niobotungstates
NbnW6—nO−2—n19 au moyen des spectres de vibration. Spectrochim. Acta 1977, 33, 143-153.
Rocchiccioli-Deltcheff, C; Thouvenot, R.; Franck,R. Spectres i.r. et Raman d'hétéropolyanions αXM12O40n− de structure de type Keggin (X = BIII, SiIV, GeIV, PV, AsV et M = WVI et MoVI).
Spectrochim. Acta 1976, 32, 587-597.
Peng, J.; Wang, E.; Zhou, Y.; Xing, Y.; Jia, H.; Lin, Y.; Shen, Y. Synthesis, electrical properties
and crystal structure of a new radical-ion salt based on π-extended bis(TTF) and a Keggin
heteropolymolybdate. J. Chem. Soc. Dalton Trans. 1998, 3865-3870.
Lihua, B.; Qizhuang, H.; Qiong, J.; Enbo, W. Synthesis, properties and crystal structure of
(Gly)2H4SiW12O40·5.5H2O. J. Mol. Struct. 2001, 597, 83-91.

Sample Availability: Samples of the compounds in Table 1 are available from the authors.
© 2009 by the authors; licensee Molecular Diversity Preservation International, Basel, Switzerland.
This article is an open-access article distributed under the terms and conditions of the Creative
Commons Attribution license (http://creativecommons.org/licenses/by/3.0/).

