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Abstract  

Grafting of acrylic acid onto potato starch in aqueous medium initiated by diode laser has 

been studied under N2 gas. The optimum conditions with respect to monomer 

concentration (acrylic acid AA), initiator concentration, graft copolymerization 

temperature, graft copolymerization time and exposure time of diode laser were studied 

in terms of percentage grafting efficiency (%GE) and percentage grafting yield (%GY). 

Potato starch-g-AA graft copolymer was characterized by FTIR, TGA for thermal 

stability, x-ray diffraction (XRD) for their crystallinity and scanning electron microscope 

(SEM) for surface morphology. The graft copolymer will be later used in drug delivery 

carrier to control cancer in brain and matrices for colon aiming medicine delivery 

systems. This study focused to new trends and latest developments in this area where 

diode laser was found to be efficient and clean method for synthesis Potato starch-g-AA. 

   

Key words: Potato starch, Graft Efficiency, Diode Laser, Grafting Yield, Drug Delivery 

Carrier. 
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1. Introduction: 

          Starch is a polysaccharide and present mainly in the form of hydrocolloids. It is the 

most abundant form of carbohydrate present in nature and has the highest rate of 

biodegradability [1,2]. Starch can be obtained from different sources such as grains, 

wheat, rice and green plants. Starch is soluble in water and present in two forms namely 

amylose and amylopectin. Amylose is the linear form while amylopectin is the branched 

form of starch (Figure 1). Both forms of the starch differ in the biodegradability, 

elongation and strength. Starch can be used for grafting because of its low cost, easily 

available, biodegradable and environment friendly [3]. 

         Starch is polymer having range of commercial applications, such as in 

superabsorbent [4], in adhesives [5], as removing organic dyes from aqueous systems [6] 

and as biodegradable thermoplastics in plastics industry [7]. Many vinyl monomers 

grafting the starch using this method [8,9] including grafting of potato starch by acrylic 

acid with (NH4)2S2O8 (APS) as an initiator [10].  

         Among the variety of initiating the vinyl monomer onto polysaccharides, C.A.N 

have the simple mechanism of electron transfer, and free radical formation [11]. As with 

cellulose, starch, chitin and chitosan the ceric ion a useful initiation for graft 

copolymerizing Gum Arabic, Gum Karaya and starch [12,13]. 

        To impart desired properties onto polymers, by the use of high energy source (g-ray, 

e-beam), plasma, UV, and laser (excimer, Ar
+
 laser), has been utilized through few years 

[14,15]. 

        Applying the radiation in grafting enables the change of polymer wettability, 

adhesion, printability, metallization, antifog properties, antistatic properties, and 

biocompatibility [16]. Radiation-induced grafting did not leaving residue [17]. We can 

initiate graft copolymerization in emulsion and in solid state
 
[18]. We can add new 

properties to the obtained graft copolymers [19].  

         Irradiation can be making out in air, inert atmosphere (e.g. N2) or preferably under 

vacuum. These conditions include the addition of polymerization inhibitors such as Fe   
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and Cu   salts, the use of good swelling agents (solvent), the selection of low dose rate 

[20].  

         If irradiation step is making out in air, the generated radicals shape peroxides and 

hydroperoxides, which initiate grafting upon connecting monomer units by thermal 

decomposition [21]. 

         Laser   light initiate grafting of monomers has attracted attention, therefore 

capability of laser to be adjusted to a specific wavelength, therefore exciting a particular 

band [22,23]. 

          Decomposition of cyclohexene -1, 4-cyclohexadiene and hexahydro-1, 3, 5-

trinitro-1, 3, 5 -triazine molecules excited via a multi photon process by employ of CO2 

transverse electrical discharge in gas and atmospheric pressure (TEA CO2) laser has been 

present by Zhao and coworkers
 
[24,25]. Exterior alteration over etching in the being of 

air by CO2 -pulsed laser has also done
 
[26]. The capability of CO2 - pulsed laser to graft 

many monomers on the surface of ethylene-propylene rubber to improved water and 

biocompatibility has been explained [27,28]. Ethylene-propylene rubber (EPR) has been 

surface grafted with acrylamide (AAm) and 2-hydroxy ethyle methacrylate (HEMA) 

using a CO2 - pulsed laser [29]. 

          Much work has been doing on the grafting of acrylonitrile
 
[30,31,32], acrylic acid 

[33] and acrylamide
 
[34,35] onto starch and its derivatives. Grafting of acrylonitrile onto 

gaur gum
 
[36,37], cellulose [38,39] and chitosan [36]. Meanwhile, several works do 

preparation of super absorbing polymers via alkaline hydrolysis of polyacrylonitrile 

(PAN)-grafted polysaccharides [31,37,38,40,41,42]. 

             Recently a laser light used as initiator for grafting many monomers such as 3,3-

dimethyle acrylic acid grafted on GA [43]. Gum Karaya -g-acrylamide [44], Graft 

polyacrylamide onto GA [45].  3,3-dimethyle acrylic acid grafting in Gum Karaya [46], 

Gum Arabic-g- Acrylic acid [47], and  Synthesis of Gum Arabic-g-polyaniline using 

http://en.wikipedia.org/wiki/TEA_laser
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diode laser this study focused to new trends and latest developments in this area where 

diode laser was found to be efficient and, clean method for synthesis GA-g-PANI [48].  

              Nevertheless, as far as our information is concerned, until now, there is no 

literature concerning any research on the synthesis of potato starch -g- acrylic acid using 

laser diode anywhere else in the world.  

 

2. Experimental: 

Materials: 

           Potato starch was obtained from Sigma Aldrich and acrylic acid was obtained 

from Merk. Distilled water was used as a solvent. Nitric Acid (Molar Solution), Ethanol 

Absolute Assay > 99.8% supplied from England, and ceric ammonium nitrate C.A.N (Aldrich). 

1. Diode laser with wavelength of 532 nm and Power of 200 mW, supplied from 

(USA), continuous wave (CW) output.  

2.Fourier transform infrared spectrometer (FT-IR), model Perkin Elmer 2000 FT-IR 

system supplied from (Perkin Elmer, Norwalk, CT), using the KBr disk method (2 mg 

sample in 200 mg KBr) and then pressed into tablets. The scanning range was 500 to 

4000 cm
-1

 and the resolution was 1 cm
-1

. 

3. X-ray Diffraction was obtained by using Xe filled counteract solid state, system 

attached with liquid nitrogen cooled detector, model Bruker D 8 Advance (Germany), 

equipped with a θ-θ goniometer under the following operation conditions: 40 KV and 40 

mA with CuK α -radiation at λ 1.54056A°. The relative intensity was recorded in the 

scattering range (2 θ) of 4 – 60°. 

https://www.rpmclasers.com/product-category/cw-lasers-and-modules/
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4. Thermogravimetric analysis system (TGA) was recorded on a Rigaku Thermoflex, 

PTC-10A, Rigaku Corporation, Japan with 10 °C per min heating rate and Alumina as 

reference material, with the range of temperature from 10 to 700˚C. 

5. Scanning Electron Microscope (SEM), supplied from JEOL (Japan) model 840 A
o 

with 

an acceleration voltage of 1.0 kV, Samples were freeze-dried and by making a film of 

desirable size and coated with gold powder prior to SEM. Images were captured using an 

11.20 mm Ricoh Camera. 

 

Methods: 

(1)- Graft Copolymerization with (CAN): 

Weight 0.5 gram of potato starch and added 75 mL of water, stirred magnetically under 

nitrogen for five minutes, added required amount of (CAN) in molar nitric acid stirring 

for fifteen minutes to make possible consistence of ion one pair sites on the chain of 

starch, followed by addition drop wise of acrylic acid. Complete the volume to100 mL 

using distilled water. The grafting executed at 30
o
 C for 3 hours. The solution was cooled, 

clean with water ethanol many times to extract homopolymer and monomer did not react. 

The product was dried at 38°C to a constant weight. 

(2) - Graft Copolymerization by Laser: 

Weight 0.5 gram of potato starch and added water seventy five ml, stirred magnetically 

five minutes in nitrogen. Diode laser was used, as initiator, to irradiate the sample. The 

acrylic acid (monomer), complete the volume to100 mL using water. The grafting 

executed at 30
o
 C for 3 hours. The solution was cooled, clean with water ethanol many 

times to extract homopolymer and monomer did not react. The final product was dried at 

38°C to a fixed weight, and then proportion of (%GE) and (%GY) studied as follow 

[49,50]:  

 (%GE) = 100 (W2 –W1) / W1                                                   (1)  

 (%GY)  = 100 (W2 –W1) / W3                                                  (2)                                 
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Where W1, W2, and W3 denote weights of the potato starch, graft copolymer and 

monomer, respectively. 

3. Results and Discussion   

             Grafting of AA onto starch initiated by CAN was carried out depending upon 

different concentrations of CAN at different temperatures and various times to optimize 

the reaction conditions. The optimum conditions were starch (0.5 g/L), AA (0.142 g/L), 

and CAN (0.91 x 10
-
³ M)   at 30 °C in three hours. The percentage of graft efficiency and 

graft yield at the optimum conditions were 26 % and 76 %, respectively (figure 1). While 

the optimum conditions using laser irritation (532 nm) were starch (0.5 g/L), AA (0.142 

g/L), reaction temperature  30 °C, and 60 minutes exposure time. With percentage of 

graft efficiency and percentage of graft yield 36 % and 90 %, respectively (figure 2). 

             According to the grafting of AA onto starch using CAN and diode laser 

irradiation results which present that the grafting with diode laser irradiation is more 

effective than that with CAN.  

3.1. Characterization of potato starch -g- AA  

3.1.1. Gravimetric Estimation 

The noticeable weight difference between potato starch -g- AA and potato starch gives a 

clear evidence of grafting of AA onto potato starch. This weight difference forms the 

basis for the determination of grafting efficiency (%GE). 

 

3.1.2. FTIR analysis 

Figure (5) shows FTIR spectra of potato starch, acrylic acid, and potato starch-g-AA. In 

FTIR spectrum of potato starch a broad absorption band at 3395 cm
-1

 for O-H stretching 

vibrations and a smaller absorption band at 2925 cm
-1 

attributed to C-H stretching 
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vibration are observed. Wave numbers at 1153, 1078 and 1020 cm
-1

 describe C-O-C 

stretching (triplet for starch) and a band at 1638 cm cm
-1

 corresponds to water molecule 

[25]. 

More interesting are the peaks at ca 1700 cm
-1

, these are present both in pure AA and in 

the grafted potato starch but not in the potato starch. They can be attributed to carbonyl 

groups (C=O). The mere fact that, even after the severe separation procedure a distinct 

peak from carbonyl groups appears in the product means that there is AA present in it. 

This is proof that the acrylic acid is chemically grafted onto the potato starch backbones.  

3.1.3. TGA analysis 

The thermal behavior of pure and grafted starch is very clearly exhibited by the 

thermograms and derivatograms (Fig.4). Though both pure and grafted potato starch led 

to a two-stage weight loss, the onset temperature of decomposition.  Pure starch shows a 

characteristic three-step thermogram, where in the major weight loss (75.5%) occurs in 

the second step within the temperature range of 233-368°C. The third stage of 

decomposition is rather slow and results in about 11% weight loss up to 495°C. 

In case of grafted potato starch, the onset temperature of decomposition for the second 

step was as low as 133°C as against 233°C for that of pure potato starch. It is evident 

from table (1) that the grafted potato starch is thermally stable than the potato starch 

3.1.4 X-ray Diffraction (XRD) 

The X-ray diffraction pattern of potato starch and potato starch-g- AA is shown in Figure 

(5). Potato starch is known to be semi crystalline in nature due to the amylopectin 

fraction that exists into it. The area of crystallinity shows about 20 to 25% crystallinity of 

the total volume of potato starch granules [31]. Upon grafting of potato starch with AA 

polymer the number of counts of copolymer dropped too much from 1000 count for 

potato starch to 200 counts for potato starch-g-AA copolymer. This large reduction in 

crystallinity suggest that the grafting of AA polymer cause destruction of crystalline 

region and thus suggest that along with amorphous region, the crystalline region of potato 

starch is also involved in grafting [32]. 
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3.1.5 SEM photography 

From SEM photographs the morphology of potato starch, and potato starch-g- AA   can 

be determined. The scanning electron micrograph of potato starch shows a granular 

structure (Fig 6a). The grafted polymer (potato starch-g- AA),   showed different 

morphology, which it’s a porous structure can be seen in (Fig 6b). Such hollow structures 

may result from the agglomeration of smaller particles.  

 

4. Conclusions 

Graft copolymer of potato starch -g- AA was successfully synthesized by graft 

copolymerization using the initiator diode laser. The graft copolymer was characterized 

by FTIR and XRD, which elucidated the structure changes in comparison with pure 

potato starch. The SEM micrograph of grafted potato starch showed a porous structure 

providing better adsorption sites. TGA analysis revealed that graft copolymer had more 

thermal stability. The results of grafting yield and grafting efficiency from the graph 

confirm that graft copolymerization has been successively achieved. 
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Table 1: Thermogravimetric information with heat at 10 °C/min under nitrogen for 

potato starch and potato starch - g-acrylic acid. 

 

Sample Stages number  Temperature (
o
C) % Loss of 

Weight  

Potato starch 1 37 – 100 11.8 

2 233 – 417 75.5 

3 417 – 495 10.6 

potato starch-g-

acrylic acid 

1 35 – 133 10.5 

2 133 – 303 43.6 

3 333 - 352 45.7 
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Figure 1: Effecting reaction time of grafted copolymer, acrylic acid, and CAN. 
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Figure 2: Effect exposure time of laser on (%GE) and (%GY) of starch -g- AA 
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Figure 3: FTIR spectra of potato starch, potato starch –g- acrylic acid, and of 

acrylic acid. 
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 Figure 4: Thermograms of potato starch (a), and potato starch-g- acrylic acid  
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Figure5: X-ray diffraction pattern for: (a) potato starch; (b) potato starch-g-AA. 
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Figure 6: SEM photographs of: (a) Potato starch (b) potato starch-g- AA    

 

 

 

 

 

 

 




