Available online at www.der phar machemica.com

Y

L =w=

\)

\ Scholars Research Library FQK\%‘%;I

Scholars Research

+*De,
% ej

Der Phar ma Chemica, 2015, 7(9):182-188
(http: //der phar machemica.convar chive.html)

| SSN 0975-413X
CODEN (USA): PCHHAX

Spectroscopic analyses of water hyacinth: FTIR and modeling approaches

Medhat | brahim® Osama Osman®, Abde aziz Mahmoud*' and Hanan Elhaes’

Spectroscopy Department, National Research Center, 33El-Bohouth S. 12311 Dokki, Giza, Egypt
2physics Department, Faculty of Women for Arts, Science, and Education, Ain Shams University, 11757 Cairo,

Egypt

ABSTRACT

Water hyacinth has received attention because of its potential to remove pollutants when utilized as a biological
filtration system. It could remove several heavy metals as well as some organics. In the present work, water
hyacinths from fresh as well as polluted water were collected. FTIR and XRF were utilized to study the structure of
water hyacinth collected from different media. Semiemperical quantum mechanical calculations were utilized at
PM6 level of theory to simulate the molecular structure of the plant based on the obtained experimental results.
Results concluded that, water hyacinth could be described as a composite of cellulose and lignin as well as some
metal oxides.
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INTRODUCTION

Aquatic plants such as water hyacinth showed pialenise in the remediation of pollutants from aguat
environment [1]. It could be utilized in aquati@aonophytes treatment system (AMATS) which is a wstablished
environment protective technique as a phytoremiedigtrocedure for removing pollutants [2]. Watgaébinth that
belongs to the family pontederiaceae stands asléenging, most productive invasive aquatic plamtarth posing
extreme risk to the ecosystem. Water hyacinth agnated in the American tropics and spread totralpical
climate countries. Due to vegetative reproductiod sigorous growth rate of this plant, it dramalticampacted
water flow, blocked sunlight from reaching nativguatic plants, and starved the water of oxygergnokilled fish
and also acted as a prime habitat for mosquitoesypal biomass from land plants is composed of58%6
cellulose, 20-40% hemicellulose and 15-30% lignih.was also found to have high nitrogen conterd @m
combination with cow dung it can be used for biogaxiuction [3]. It has high tolerance to pollutj@and its heavy
metal and nutrient absorption capacities qualifipituse in wastewater treatment ponds. The agijdic of water
hyacinth in effluent treatment is indicating theodwmrption capacity of the water hyacinth for theatment of
wastewater including heavy metals as well as somasirial effluent [4-9]. However, phytoremediatisneasy to
operate and cost-effective and can convert waséewaitrients to valuable biomass. Moreover, agualiints can
directly absorb nutrients from wastewater and dbawonpete with crops for agricultural land [10-13A host of
aquatic plants, such as water hyacinth, duckweatenettuce, pennywort, Canna Lily and reed, Haaen used for
wastewater treatment. Plenty of previous studagetshown that in these aquatic plants, water htfadias the
largest production rates (more than 140 t/ha/yeam) the best wastewater treatment performance $14-1
However, comprehensive comparison, including biem@a®duction, nutrient recovery efficiency and iétion
potential of biomass, was not assessed in thed@stuAdditionally, previous studies show thatldueed has the
higher protein (more than 40%), starch content érihian 45%) and lower fiber content than the otmaratic
plants, hence providing it with more utilizationtential [16-17]. It is indicated that, carboxylogip plays an
important role in the removal of pollutants [18]ater on, the mechanism of pollution control usingdified water
hyacinth re-introduced [1] the possible interactioetween the modified plant and Cd has been prov&he
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modified water hyacinth is utilized to a wastewatentaining Cd, the results were satisfactory nmetias short as 2
hours [19]. A model is prepared in order to desetiie mechanism of its interaction with the surcbng inorganic
structures [20]. Furthermore, the investigation waisducted for comparison between the plants palysi well as
chemical treatment. It is shown that the crystajlimf the plant is partially enhanced after micem& heating;
which means that physical treatment of the planicc@nhance its atomic arrangements [21]. Based upese
studies water hyacinth could be described as oskulike material [21, 22]. Recently microsphexanf chitosan
and dried water hyacinth was prepared. The prepariedosphere shows the potential of removing Plmfro
wastewater 1.62 times higher than the dried watacinth [23].

In the present work FTIR and XRF are conductednayae water hyacinth collected from different need3ased
on spectroscopic data, molecular modeling at PMél lwas conducted to prepare a model to simulatertblecular
structure of the plant.

MATERIAL AND METHODS

2.1 Samples collections and preparation

- Triplicates of water hyacinth were collected froouif locations. River Nile at Tamooh, Giza is coes@dl as a
control.

Three drainages namely

1- Qalyob agricultural drainage.

2- Shoubra Elkhima agricultural drainage.

3- Shoubra Elkhima municipal drainage.

- Samples were washed thoroughly then divided inbd and shoot.

- Samples were oven dried at 105 °C over night tarigetout moisture. The dried plants (root and shaere
ground separately in a bladed mixer to less thanmn.

- 2.0 mg of the dried samples were mixed with 198¢0KBr then pressed in pellet to be ready for FTiRlgses
following disc technique.

- Part of the dry sample was mixed for three minwigl low contamination binder (Wax,sBsOsN,) in a mass
ratio binder: sample is 4:0.9. The wax was usedtduts low absorption and low contamination foe glements of
interest, and the mixing time has been chosendwegmt sample caking and increase the pellet dtabilne samples
were transferred to Al cups and pressed using aabjid press (Herzog hydraulic HTP40, UK) at a e@tiding
pressure of 120 KN.crh for three minutes. High pressure and long presting was used for preparing pellet
samples in order to confirm the stability of x-myission of the samples [24]. Afterwards, the pelEmples were
ready for being exposed to a radiation source ®@®Ray fluorescence (XRF) technique for quantiatinalysis of
the samples.

2.2. Instrumentation

Fourier Transform Infrared Spectroscopy (FTIR)

Jasco FTIR 430 Fourier Transform Infrared Specttemeas used for recording the obtained IR speS&pectra
were recorded in a spectral range of 4000-400 crasolution of 4 cit and scan speed is 2 mm/s. Samples were
introduced as KBr pellet.

- Wavelength Disper sive X-Ray Fluorescence (WDXRF)

A multichannel high performance sequential Wavellergispersive X-Ray Fluorescence (WDXRF) spectr@met
(Axios 2005, PANalytical Netherlands) was useddoantitative analysis of water hyacinth samplee WDXRF
allowed rapid and accurate elemental analysis aaglable to deal with the different types of sampigbe form of
solids, fused beads, pressed or loose powder quid Bamples.

The X-ray tube in the present WDXRF spectrometer Rh anode and was operated at a maximum powek'éf 4
and a maximum current of 160 mA. To obtain highohetion spectra, five dispersive crystals were usétl the
WDXRF, namely LiF200, PE curved, PXI, LiF220 and @eved. To recognize all the elements in the sadi
samples, the characteristic radiation of the majanor and trace elements were recorded under wvadauten
different scans. Each scan covers a certain nuofiiie expected elements and the peak areas chtracteristic
radiation were measured. Gas proportional, Dupteksgintillation counters were used for recordimg intensities
of the characteristic radiations.

2.3. Calculation Details

Molecular modeling calculations were performed arspnal computer using SCIGRESS program system at
Spectroscopy Department, National Research CeRffe [Geometries of the studied structures wer@roped at
Semiemperical PM6 [26] method and vibrational sgewtere calculated at the same level of theory.&Sphysical
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parameters such as heat of formation, total eneimgl dipole moment, ionization potential and ncolar
dimension were calculated at PM6 semiemperical iyuamechanical method.

RESULTSAND DISCUSSION

3.1. FTIR and WXRF Results

FTIR was utilized to study samples collected fraffedent media. Fig. (1) and Fig. (2) present tAHdREabsorption
spectra of water hyacinth root and shoot colleétech the Nile as well as three drainages. The assént of water
hyacinth was already discussed in our previous WbrR3]. Table 1 presents the assignment for anakt shoot. It is
clear from Fig. (1) and Fig. (2) that the molecusénucture for water hyacinth is the same for ther fcollected
samples. The spectra show the characteristics bfmdgolysaccharides such as cellulose and protéihgse
findings are in good agreement with those obtaibefbre: that water hyacinth contains carbon, crpo#ein,
amino acids, phosphorus, cellulose, lignin anddifeids [27].

1.0 ———ar—r—v—v—r-r—o—r--r—v—-r——-r—T—r—a—r—

0.8 R3 “

R2
0.6 |

Absorbance
Py
H
=
),
e

0.4 RN

4000 3600 3200 2800 2400 2000 1600 1200 800 400

Wavenumber (cm™)

Fig. (1) FTIR absorbance spectra for water hyacinth root which collected from different media

It is important to describe the elemental compositof the plant using XRF techniqués shown in Table 2 the
results of metals as well as metal oxides are obthiwith the help of WXRF. Results indicate in gahehe
increase in metals as well as metal oxides contemtsot more than in shoot. Control samples shmmer values as
compared with other samples. Contamination incietse level of metals such as Zn, Ba, Sr, Cu andr'a level
of metal oxides varies depending on the sourcenfamination and different locations from which erahyacinth
samples were collected from the river Nile. As aagal conclusion from these XRF data one can ndkiae the
plant contains metal oxides similar to the struetof montmorillonite, so that the plant containsycininerals like
structure.
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Fig. (2) FTIR absorbance spectra for water hyacinth shoot which collected from different media

Table 1. The band assignments of water hyacinth plant root and shoot

Shoot Root Band Assignment
3400- 3366 3388 OH
2925 -2854 2922 -2852 CH
1732.7 1738.5 Cc=0
1645.9 1634.4 Cc=0
1624.7 C-O symm.,
1590.0 C-O asymm.,
1516.7 C-0 of CHO
1421.3 1422.2 C-O of cellulose
1384.6 1384.6 OH phenolic
1318.1 1371.1 CH
1035.6 1035.6 OH

Combining both results one can conclude that watacinth is a composite of cellulose/lignin/protaietal oxides.
Those could be representing the functional grougaioned by FTIR and the elemental analyses obtaiyedRF.
These data could furnish the basis for moleculadeting in order to simulate the structure of thanplas in the
following section.

Table 2. The XRF concentrations of metals oxides as per centage; metal as ppm for water hyacinth plant root and shoot

RC R1 R2 R3 SC S1 S2 S3

Si0; 330 1195 331 492 030 033 030 0.13
FeO; 086 6.02 245 398 036 0.21 0.19 0.07
K:O 131 402 240 240 228 530 381 4.01
Al,O; 272 392 120 158 050 0.11 0.09 0.03
CaO 189 332 473 273 224 265 294 220
P,O5 024 120 205 240 0.16 0.68 0.83 0.50
MgO 143 120 0.78 046 118 042 054 0.23
Na,0 -- 1.14 140 0.67 -- 0.12 0.70 1.38
SO, 065 099 205 271 046 0.18 034 049
MnO 0.16 071 111 048 003 0.05 0.16 0.03
TiO, 0.13 066 023 029 001 0.04 0.03 --
Zn 380 478 128 325 75 53 46 41
Ba 194 239 278 245 84 -- --
Sr 112 262 344 194 118 116 181 95
Cu 36 185 162 159 20 116 215 --
Zr 33 120 65 58 10 16 34 15
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3.2. Molecular Modeling Simulation for Water Hyacinth

Based on the previous results, water hyacinth fispmsed of cellulose; lignin and some metal oxid¥scourse the
plant contains protein but for dried plant at 1058€er night the protein has suffered from degraaati
Accordingly the plant in its dry form is testedasomposite of 3 units of cellulose; one unit ghin; metal oxides
like CaO; FeO and Al(OH)that interacted with this composite through th&ifkage connecting the cellulose and
lignin.

Fig. (3) Smulated water hyacinth structure calculated at PM6 semiemperical quantum mechanical method. The structure consists of
three cellulose units, onelignin unit, amino acid (glycine), CaO, FeO, Al(OH); and five water molecules
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Fig. (4) Calculated vibrational spectrum for water hyacinth structure calculated at PM6 semiemperical quantum mechanical method.

The structure consist of three cellulose units, onelignin unit, amino acid (glycine), CaO, FeO, Al(OH); and five water molecules
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Fig. (3) presents the simulated water hyacinthcstne which was calculated at PM6 semiempericalntjuna
mechanical method. The structure consists of thedlalose units, one lignin unit, amino acid (ghg), CaO, FeO,
Al(OH); and five water molecules. Semiempirical calcoladi indicate that this assumption could be a reel o
Furthermore, the results indicate that the strectarresponds to the optimized structure at PMél lef/theory.

Fig. (4) presents the calculated vibrational spastof this model. Assignment of the vibrationahdcteristics at
this level of theory is out of scope while the cdédded vibrational spectra are only an indicationthe occurrence
of optimization of the studied structure.

Table 3 presents some physical parameters for #tervhyacinth model. The calculated heat of foiomats -
1596.640 Kcal/ mol while the total energy is -1483® eV. The calculated total dipole moment is 9.R&bye, the
ionization potential is 9.089 eV and molecular disien for the model is 20.738. It has been indicated earlier
that higher values of dipole moment are an indicafor the reactivity of the given structure [2829Vithin the
frame of quantum mechanical data, water hyacintss@sses high values of total dipole moment indatigaiis
ability to interact with the surrounding media.

Table 3. Calculated heat of formation (HF) asKcal/mal, total energy (TE) aseV total dipole moment (TDM) as Debye, ionization
potential (IP) aseV and molecular dimension (M D) as& for smulated water hyacinth structure calculated at PM6 semiemperical
quantum mechanical method.

HF TE TDM P MD
Cel3-Ligl-Gly-5W-MO  -1596.640 -14508.859 9.213 908 20.733

CONCLUSION

Water hyacinth from different media was subjectedXiRF and FTIR spectroscopic analyses. Based upon
experimental data the plant is simulated with PM@el of theory. The model simulates water hyaciasha
composite of cellulose, lignin, amino acids, metgides such as FeO and CaO, and metal hydroxide asiAl
(OH);, The whole composite is hydrated with five water @esoles. The present work will be extended in otder
simulate the plant with higher level of theory.
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