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Abstract 

Production of amino acid based vesicles using sonication method was employed to determine its encapsulation efficacy towards 

gadolinium(III) nanoparticles as potential drug carrier. The sonication process involved precursor namely sodium N-

lauroylsarcosinate hydrate with 1-decanol to produce vesicle in 92 wt.% of water. Gadolinium(III) nanoparticle was then 

encapsulated into the vesicle system. The structure of Gd2O2CO3 nanoparticles was confirmed by X-ray Diffraction technique 

(XRD). Attenuated Total Reflectance Fourier Transform Infrared (ATR-FTIR) spectroscopy indicates the presence of bonding 

that formed the vesicles. The size distribution of the obtained gadolinium encapsulated vesicle was examined using Transmission 

Electron Microscopy (TEM). It has been proven to be a potential nano-sized drug carrier. 
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Abstrak 

Penghasilan vesikel berasaskan asid amino menggunakan kaedah sonikasi telah digunakan dalam menentukan pengkapsulan 

nanozarah gadolinium(III) yang berpotensi sebagai pembawa dadah. Proses sonikasi melibatkan prekursor natrium N-

lauroylsarkosinat hidrat dengan 1-dekanol untuk menghasilkan vesikel dalam 92 wt.% air. Nanozarah gadolinium(III) 

kemudiannya dikapsulkan ke dalam sistem vesikel. Struktur nanozarah Gd2O2CO3 telah disahkan menggunakan teknik 

pembelauan sinar-X (XRD). Spektroskopi transformasi infra merah Fourier (ATR-FTIR) menunjukkan kehadiran ikatan yang 

terbentuk ke atas vesikel. Taburan saiz yang nanozarah gadolinium terkapsul ke dalam vesikel dilihat menggunakan mikroskop 

elektron trasmisi (TEM). Ia telah terbukti berpotensi sebagai pembawa dadah bersaiz nano. 

 
Kata kunci:  vesikel, pengkapsulan, gadolinium, sonikasi, pembawa dadah 

 

 

Introduction 

Nanomedicine is defined as a material used for specific diagnostic or therapeutic purposes in the scale range of 1-

100 nanometers [1]. These therapeutic carriers have been increasingly used as drug delivery vehicles for the vast 

advantages that they offer due to their small size and versatility [2]. Gadolinium nanoparticles are very important as 

nuclear, phosphor, optical and electronic material [3-5]. Gadolinium is another new class of radiation sensitizers [6] 

because they could be easily viewed in vivo through the use of magnetic resonance imaging (MRI). MRI is a 

popular technique because it has a good soft tissue contrast [7] and high spatial resolution with non-invasive in vivo 

visualization [8]. In clinical use, the size of the nanoparticles has to be small to limit the toxicity due to poor renal 

clearance which is 6 nm, in order to allow complete and exclusive renal elimination after intravenous injection [9].  
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Vesicle has already been proven to be important as carrier system and for studying basic biology and medicine 

related to cell membranes [10]. Vesicle is a bilayer membrane structure consisting of a closed fluid chamber 

encapsulating aqueous solution [11, 12]. The vesicles were proven to have a good characteristic and potential as a 

drug delivery vehicles or carrier [13, 14]. In the present investigation, our goal is to encapsulate the gadolinium 

nanoparticles with amino acid based vesicle. The samples were characterized with various instruments such as 

transmission electron microscopy (TEM), Fourier transform infrared spectroscopy (FTIR) and X-ray diffraction 

(XRD). 

 

Materials and Methods 

Materials 

Sodium N-lauroylsarconate with 95% purity was purchased from Across Organics (New Jersey, United States of 

America), 1-Decanol with 99% purity was purchased from Sigma-Aldrich and Nitric acid with 69.0 – 70.0% purity 

was purchased from J.T.Baker (Thailand). Gadolinium(III) oxide carbonate was purchased from Sigma-Aldrich 

with 99.8% trace metals basis. Deionized water was used to prepare all samples.   

 

Synthesis gadolinium(III) nitrate solutions 

In order to obtain mixed assemblies, the required amount of Gd2O2CO3 was dissolved in HNO3 to form 5 mol/L 

concentration of nitrate solution. 0.1 ml nitrate solution was diluted with 500 ml deionized water. The pH of mixture 

was monitored and adjusted to pH 5 using deionized water. From this stock solution, only 0.08% of nitrate solution 

was used to synthesize amino acid based vesicles.  

 

Synthesis of control amino acid based vesicle  

Amino acid based vesicles were prepared according to the sonication method as reported previously by Akter et al. 

[15] and Rosli et al. [13] with several modification. Sodium N-lauroylsarcosinate hydrate was mixed with 1-decanol 

in a test tube at a molar ratio of 1:2 in 92 wt.% of deionized water. The solution was sonicated for 15 minutes at 

room temperature using a bath sonicator. To obtain micro emulsion, the solution was vortexed for 5 minutes at 1400 

rpm. The solution was then centrifuged for 15 minutes at the speed of 4200 rpm to obtain phase separation. The 

samples were left undisturbed for a few hours to achieve equilibrium. 

 

Synthesis of vesicle encapsulating gadolinium(III) nitrate nanoparticles 
Vesicle encapsulating gadolinium (III) nitrate nanoparticles was synthesized using the same method used to 

synthesize control amino acid based vesicle with minor modification, in which the encapsulated gadolinium(III) 

nitrate nanoparticles was added to the deionised water prior to its addition with surfactant (SNLS and 1-decanol). 

 

Characterization study 

To identify crystalline products, X-ray diffraction (XRD) pattern were collected on a Bruker D8 Advance, using Cu 

Kα1 radiation (40 kV, 40 mA) with a wavelength 1.54060 in 2θ. Attenuated total reflectance infrared (ATR-FTIR) 

spectra in transmission mode were measured on a Perkin Elmer FTIR Spectrum 400 spectrometer in determining 

molecular confirmation using pressed KBr tablets in a mortar. The formations of vesicles were characterized using a 

transmission electron microscope (TEM, Bruker HT7700 electron microscope, operated at 120 kV).  

 

Results and Discussion 

X-ray diffraction 
Based on the x ray diffraction patterns of powdered nanoparticle Gd2O2CO3 in Figure 1, three dominant peaks of 

hexagonal Gd2O2CO3 are observed. These peaks consist of peak 250 (at 2θ ≈ 31.8
o
), peak 175 (at 2θ ≈ 27.0

o
) and 

peak 115 (at 2θ ≈ 46.4
o
). These findings indicated that the nanocrystals consist of crystalline Gd2O2CO3 with an 

excellent peak fitting (JCPDS no. 00-038-0680). 
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Figure 1.  X-ray diffractograms of powdered Gd2O2CO3 nanoparticles 

 

Fourier transform infrared spectroscopy 

The characterization of nanoparticles was performed using FTIR at a wavelength between 500 cm
-1

 to 4000    cm
-1

. 

The IR spectrum of Gd2O2CO3 and Gd(NO3)3 nanoparticles are shown in Figure 2. The chemical bonds and 

functional group present in the characterized sample are as listed in Table 1. The peaks at 1100 and 860   cm
-1 

represent carboxylic acids functional group (O-C) and (C-O-H) of Gd2O2CO3, respectively. The alkene functional 

group of the Gd2O2CO3 nanoparticles are also present at peak 1400 cm
-1

 (=C-H & =CH2 stretch). Furthermore, a (C-

C) stretch (in-ring) of Gd2O2CO3 appears as a very strong and sharp peak at 1490 cm
-1

.  

 

 

Figure 2.  FTIR spectrum of (a) Gd2O2CO3 powder and (b) Gd(NO3)3 solution. 
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Table 1.  Vibrational mode assignment of Gd2O2CO3 particles and Gd(NO3)3 solution 

Modes of vibration Functional group 
Wavenumber (cm

-1
) 

Gd2O2CO3 Gd(NO3)3 

O-H stretch (wide,strong) Hydroxyl 3406.09 3330.65 

C≡N stretch Nitriles 
n.d 

2123.61 

C=O strecth (strong) Amides 
n.d 

1636.80 

H-C-H bend Alkane 1488.26 
n.d 

C-O strecth Ether 1395.45 
n.d 

C-N strecth Aliphatic amines 1104.94 
n.d 

                                       n.d Not detected 

 

Besides that, based on the spectrum obtained, C≡N stretch and C=O stretch of Gd(NO3)3 are also confirmed through 

the nitrile functional group (at wavelength 2123.61 cm
-1

) and amide functional group (at wavelength 6136.80 cm
-1

). 

However, these nitrile and amide functional group were not present in Gd2O2CO3 compound as there is no use of 

nitrogen in the preparation of these compounds. The reaction of Gd2O2CO3 and HNO3 is shown in equation (1). 

 

Gd2O2CO3 + 6HNO3 → 2Gd(NO3)3 + 3H2O + CO2                 (1) 

 

Before the synthesis and encapsulation of gadolinium(III) in the vesicle, 1-decanol and sodium N-lauroylsarcosinate 

hydrate were also characterized using FTIR. The spectrum of 1-decanol and sodium N-lauroylsarcosinate hydrate 

(SNLS) is shown in Figure 3. The chemical bonds and functional group present in the compound are listed as in 

Table 2. 

 

 

Figure 3.  FTIR spectrum of (a) sodium N-lauroylsarcosinate hydrate, (b) 1-decanol, (c) gadolinium (III) nitrate 

solution and (d) vesicle solution. 

 

 

 

 

 



Malaysian Journal of Analytical Sciences, Vol 21 No 6 (2017): 1235 - 1242 

DOI: https://doi.org/10.17576/mjas-2017-2106-04 

 

1239 

 

Table 2.  Vibrational mode assignment of sodium N-lauroylsarcosinate hydrate, 1-decanol, gadolinium (III) nitrate 

solution and vesicle solution 

Modes of vibration 
Functional  

Group 

Wavenumber (cm
-1

) 

SNLS 1-Decanol Gd(NO3)3 Vesicle 

O-H stretch (wide, strong) Hydroxyl 3425.37 3341.79 3330.65 3340.40 

C=C-H asymmetric stretch Alkenes 3210.79 
n.d

 
n.d

 
n.d

 

H-C-H symmetric and asymmetric stretch Alkanes 2920.67 2922.26 
n.d

 
n.d

 

C-H bend Alkanes 1465.36 1465.79 
n.d

 
n.d

 

C-N stretch Aliphatic amines 
n.d

 1056.42 
n.d

 
n.d

 

         n.d Not detected 

 

The strong and wide peak at 3500 – 3200 cm
-1

 represent the O-H stretch from the alcohol group of decanol. Based 

on the modes of vibration in Table 2, the wavenumber of hydroxyl group for sodium N-lauroylsarcosinate hydrate 

(SNLS) is 3425.37 cm
-1

 and 3341.79 cm
-1

 for 1-decanol. The formation of vesicle from mixing of SNLS and 1-

decanol at molar ratio of 1: 2 is confirmed through the present of strong and wide hydrogen bonding at the 

wavenumber 3340.40 cm
-1

. Besides that, it is observed that there is a weak mode of asymmetric and symmetric 

stretch on the methyl group of SNLS and 1-decanol at peak of 2920.67 cm
-1

 and 2922.26 cm
-1

. 

 

In the vesicle formation, strong hydrogen bond occurs between SNLS and 1-decanol.  The schematic diagram for 

interaction between SNLS and 1-decanol is as shown in Figure 4 [15]. The amphiphilic molecules consist of a 

hydrophilic polar head and hydrophobic non-polar tail [16], which tend to form different structures when 

environmental changes occur. The nitrogen group also contributes to the formation of vesicles. Since the molecular 

geometry for nitrogen group is trigonal pyramidal is an evidence for the interaction of strong hydrogen bond which 

occurs between one SNLS molecule and two decanol molecules. The arrangement of surfactants in the vesicle 

formed between the interaction of SNLS and decanol in aqueous medium can be seen in Figure 5, in which the 

hydrophobic tail of surfactants is shielded from aqueous medium whereas the hydrophilic head is in full contact 

with the medium. Thus, a bilayer structure of vesicle is formed.  

 

 

 

Figure 4.  Schematic diagram of hydrogen bonding formation between sodium N-lauroylsarcosinate hydrate 

(SNLS) and 1-decanol [15] to form a vesicle 
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Figure 5.  Bilayer structure of vesicle formed through the arrangement of amphiphile surfactants (SNLS and 1-

decanol) in aqueous medium 

 

The FTIR spectrum of encapsulated gadolinium(III) nitrate in the vesicle is shown in Figure 6. From the FTIR 

spectrum, the wavenumber 3500 – 3200 cm
-1

 represent the strong stretch of O-H bond in all samples. In the vesicle 

encapsulating gadolinium(III) nitrate nanoparticle spectrum, it is observed that there is a slight shift in the O-H bond 

peak in comparison to the control vesicle and gadolinium(III) nitrate FTIR spectrum. The shift of O-H bond is 

possibly attributed by the attachment of gadolinium(III) nitrate on the OH group [17]. Besides that, the shift in the 

peak of gadolinium(III) nitrate nanoparticle was suspected to be encapsulated in the amino acid based vesicles. 

Further analysis on the morphology of both control vesicle and vesicle encapsulating gadolinium(III) nitrate 

nanoparticle could be obtained from the transmission electron microscopy (TEM) characterization. 

 

 

Figure 6.  The FTIR spectrum (a) gadolinium(III) nitrate, (b) control vesicle and (c) vesicle encapsulating 

gadolinium (III) nitrate nanoparticle 

 

Transmission electron microscopy  

The morphology of synthesized vesicle and its size can be seen in Figure 7. From the TEM images, it is clearly 

shown that the control vesicle and vesicle encapsulating gadolinium(III) nitrate nanoparticle were formed through 

the spherical images of vesicle. The size of control vesicle ranged between 70 nm to 200 nm. Whereas, the size of 

vesicle encapsulating gadolinium nanoparticles ranged between 150 nm to 250 nm in diameter. 
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Figure 7.  TEM micrograph shows the formation of (a) control vesicle and (b) vesicle encapsulating gadolinium(III) 

nitrate nanoparticle  

 

Figure 8 shows the morphology of vesicle encapsulating gadolinium(III) nitrate nanoparticles which were stored for 

two weeks. A globular shape with a size of approximately 3 μm was observed. This shows that probably the 

synthesized vesicle is not suitable for storage and must be utilized directly after synthesized. This can only be 

further confirmed through stability test based on zeta potential using dynamic light scattering, which is currently on 

going. 

 

 

Figure 8.  The globular shape was formed after vesicle encapsulating of gadolinium(III) nitrate nanoparticles was 

stored for two weeks  

 

 

Conclusion 

Through this study, vesicle encapsulating gadolinium(III) nitrate nanoparticles was synthesized using sonication 

method. Through chemical molecular conformation and morphological characterization, it is proven that 

gadolinium(III) nitrate nanoparticles is encapsulated in vesicle. Therefore, this shows that the surfactant used in 

forming vesicle can be utilized in drug delivery, specifically in carrying encapsulated gadolinium(III) nanoparticle 

for medical purposes. 
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