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ABSTRACT 

As hydrophobic drug carriers, chitosan (CS) and Starch (SR) were copolymerized as biodegradable nanohydrogel and were 

functionalized with pthalic-anhydride and hexamethylenetetramine via 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide catalyzed 

coupling, respectively. The structure, morphology, physicochemical and drug loading performance of native and functioned hydrogel 

were investigated by using several characterization techniques. With the successive functionalization the significant properties like 

porosity increases and crosslinking density decreases due to the formation of hydrophilic contacts with aqueous solutions. The FESEM 

analysis revealed the hydrogel matrices with uniform particle size, porosity and deep pores with high internal surface area for extreme 

swelling and interacting with the drug and biomolecules for efficient drug administration.  The effect of induced functionalities on the 

physicochemical performance and release of hydrophobic- anionic model drug (Bromocresol green) were studied at physiological 

conditions. The drug release capability of the synthesized nanohydrogel was increased from 65% to 80% and 85% by successive 

functionalization. The drug administration in selective hydrogel was not significant, presumably due to stronger H-bonding and 

entanglement within the system which was finely tuned by the induced hydrophilic, flexible and biocompatible functionalities in term of 

extended interfaces for the drug solutions. The physicochemical and electrokinetic performances suggested the selective hydrogel as 

promising carriers for the hydrophobic- anionic drugs at physiological conditions. 
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1. INTRODUCTION 

 The biomaterials in the form of hydrogel matrices, with 

bioactive interfaces and developed functionalities, serves best to 

reflect the theme of controlled drug delivery. Further, how to 

induce the sensitivity (like antiviral, antimicrobial, amphiphilic 

and drug administration capabilities) into selective hydrogel 

network (SHN) to deliver and hit the targeted sites at 

physiological conditions is still unanswerable [1, 2]. Therefore, the 

hydrogel and their surface modification by desired functionalities 

with understandable chemistry, synthetic strategies, low-

temperature treatment, chemical control, better compatibility, high 

surface area (for drug administration) and versatile external 

surfaces (available for functionalization by desired biomolecules 

and ligands) has no matching if explored properly. 

A three dimensional network of polymers made of natural or 

synthetic materials possessing a high degree of flexibility due to 

large water content is called hydrogel. Under physiological 

conditions, they are able to retain a large amount of water or 

biological fluids and are characterized by a soft rubbery 

consistency similar to living tissues, making them an ideal 

substance for a variety of applications [3, 4]. Hydrogel with 

characteristic properties such as desired functionality, 

reversibility, stabilizability and biocompatibility meet both 

material and biological requirements to treat or replace tissues, or 

the function of living tissues, as well as to interact with the 

biological system and different hydrophilic and hydrophobic drugs 

[5, 6].  

Biomaterials are ideal to fabricate a different hydrogel system for 

clinical practice and experimental medicine due to: ease of 

availability from renewable resources (like plants, animals, algae, 

and microbes), the diverse structures, functionalities, desirable 

properties and pendant groups that cannot be mimicked by 

synthetic materials to work at physiological conditions [7]. Thus, 

the most promising, biocompatible and biodegradable chitosan 

and starch were considered as the starting materials to fabricate 

chemically- crosslinked hydrogel networks. The biodegradable 

polymer such as chitosan, a pH-dependent polycation, where the 

relevant chains are able to interact with oppositely charged 

molecules through electrostatic interactions, is highly 

recommended for drug delivery, wound dressing, tissue 

engineering and biotechnology applications. Chitosan is known to 

protect the drug from hostile and antagonistic environment. 

Chitosan is only soluble in water at a pH that is below 6.5 (≈ pKa 

value of chitosan), where the protonation of the amine group will 

help to create positive charges and the resultant repulsion of the 

group will assist in solubilization and swelling. Another important 

aspect of selecting chitosan for the proposed system is its efficient 

removal through renal filtration and enzymatic degradation [8-11]. 

Similarly, starch is known as the most common polymeric 

carbohydrate. In pharmaceutical industry starch is used as safe 
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tablet disintegrant, binder and long-term stabilizing agent as 

excipient (a substance formulated alongside the active ingredient 

of a medication, for the purpose of long-term stabilization. Starch 

is introduced as new material to produce interpenetrating hydrogel 

networks. In hydrolyzed form starch can be employed as 

monomer/ oligomer [12]. It can also be grafted to produce 

functional polymers. Therefore, this combination of chitosan and 

starch is a clear sign to produced safe, biocompatible and 

functional hydrogel to act as controlled drug delivery system at 

physiological conditions. 

The functionalization approached aim to add the antiviral and 

antimicrobial properties to the selective hydrogel for efficient and 

safe drug delivery applications. In addition the selective functional 

moieties mean to act as chelating agents. Chelation therapy is the 

use of chelating agents to detoxify a patient's body 

of poisonous metal agents, such as mercury, arsenic and lead by 

converting them to a chemically inert form that can be excreted 

without further interaction with the body [13]. The 

functionalization moieties were selected as pthalic-anhydride (PA) 

and hexamethylenetetramine (HA) respectively. PA is considered 

as versatile intermediate in organic chemistry and used in the 

pharmaceutical industry as long term coating excipient 

characterized with antiviral properties. Further, 

hexamethylenetetramine (HA) which is a heterocyclic organic 

compound, soluble in water only at acidic conditions, having a 

cage like structure used as preservative and to treat urinary tract 

infection. It decomposes in acidic conditions to produce 

formaldehyde, which is highly bactericidal as bacteria do not 

develop resistance to formaldehyde.  The art and fundamental of 

selective functional moieties in carbodimide cross coupling are 

shown in Figure 1 as:  

 
Figure 1. Surface modification of chitosan built hydrogel with bioactive, 

hydrophilic, antiviral (A) and antifungal (B) ligands for efficient drug 

delivery. 

 

The objective of this work is to examine the formation of CS-co-

SR nanohydrogel and their respective functionalization with 

hydrophilic functionalities as pthalic anhydride (PA) and 

hexamethylenetetramine (HA) via 1-ethyl-3-(3-

dimethylaminopropyl) carbodiimide (EDC) with induced antiviral 

and antimicrobial properties in addition to producing hydrophilic 

contacts for extended interactions of functional hydrogel with the 

drug solutions for controlled drug delivery applications. 

2. MATERIALS AND METHODS 

2.1. Materials. 

Medium-molecular-weight chitosan (Mw = 95,000 g/mol, degree 

of deacetylation = 94%, viscosity of 1% solution in 1% acetic acid 

= 715 cP), starch (Mw= 750.64 g/mol, viscosity of 1% solution in 

1H2O = 425.75 cP), crosslinker- carbohdyrizide (CH), initiator-

Ammonium persulphate (APS) and 1-ethyl-3-(3-

dimethylaminopropyl) carbodiimide (EDC), pthalic-

anhydride(PA) and hexaethylenteteramine (HA) were purchased 

from Sigma Aldrich (St. Louis, MO, USA). All chemicals used 

were of analytical grade. All the buffer solutions were used as 

received without purification. All the buffer solutions were used as 

received without further purification. Deionized distilled water 

(DDH2O) followed by filtration through a membrane filter with 

pore size ≈ 0.45 microns (to remove any entrapped dust particles) 

was used for solution preparation, polymerization, dialysis and 

analysis steps. 

2.2. Synthesis and surface modification/ functionalization of 

chitosan built nanohydrogel. 

As per literature, chitosan built hydrogel have been synthesized 

from several methods [14-18]. In this study, C1CS-co-SR 

nanohydrogels were prepared by free radical copolymerization 

method as reported earlier [19]. By using the thermal initiator 

system, the hydrogels were prepared at 72 oC as sketched in 

Figure 2. Briefly, 650 mg of Chitosan was dissolved in 85 mL of 

DDH2O containing 1% of acetic acid for 20 h at room 

temperature. The temperature of the solution was then gently 

raised at the speed of 2 oC /min until the required temperature was 

achieved. 550 mg of dissolved starch along with a 0.5 M aqueous 

solution of the thermal initiator (APS) was added to the reaction 

mixture after one hour of achieving the required temperature. 

Exactly after 30 minutes of polymerization, aqueous solution of 

0.5 M crosslinker (carbohdyrizide) was added to the system under 

constant stirring and N2 purging. After some time the system 

became progressively thicker and was observed until it could not 

be stirred. The resultant hydrogel was then purified by 

centrifugation, decantation followed by frequently washing with 

DDH2O. Finally the hydrogel was purified at room temperature by 

dialysis for 07 days in membrane tubing (Spectrum laboratories, 

Inc., Rancho Dominguez, CA, USA; MW cutoff 12,000–14,000). 

The product was dewatered using ethanol for 02 h, cut into small 

pieces, grinded and again washed with ethanol and then filtered. 

The particles were dried in an oven at 70 oC for 48 h. The particles 

were stored in absence of heat, light and moisture after fine 

grinding. The feed composition is shown in Table 1. The 

functionalization of CS-co-SR hydrogel by the respective ligand 

known as pthalic-anhydride (PA) and hexaethylenteteramine (PA) 

was carried out as follows. 0.125 g of PA and 0.125 g of 1-Ethyl-

3-(3-dimethylaminopropyl) carbodimide known as EDC was 

dissolved in 70 ml DDH2O with continuously stirring for 10 h at 

room temperature. The solution was then placed in an ice bath 

followed by the addition of 100 mL of dialyzed hydrogel under 

continuous stirring for 5 h to functionalize the hydrogel via EDC 

catalyzed coupling of PA to replace -OH groups in CS units 

followed by dialysis for one week. A similar scheme was followed 

for the functionalization of hydrogel by HA, via EDC catalyzed 

coupling, to replace OH groups in CS units. Finally the hydrogel 
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products were dried in vacuum oven at 70 ◦C to gain a stable mass 

. 

 
Figure 2. Synthetic route of native (A) nanohydrogel and their 

functionalization with hexamethylenetetramine (B), and pthalic-anhydride 

(C) for extended interaction with drug solution and cellular surfaces. 

 

2.3. Significant properties of Hydrogel  

The significant properties of hydrogel including swelling, 

porosity, crosslinking density and quality of solvent (water) can be 

fully understood by applying Flory–Rehner’s equation.  Further, 

the porosity, number of pores, equilibrium swelling, equilibrium 

volume friction of hydrogel and average molecular weight of a 

chain between adjacent crosslinking points can be numerically 

calculated by using Flory–Rehner’s equation as shown in Table 2 

, respectively [20]. 

(a) Porosity. 

The porosity of the hydrogel can be assessed by using Eq. 1 [21]  

   (Eq. 1) 

Where ρF is the density of polymeric phase (pure polymer). And 

ρP is the density of the hydrogel.  

(b) Crosslinking density. 

The hydrogel particles (ω2) were allowed to swell in water until 

equilibrium to define the equilibrium swollen mass (ω0). The mass 

of solvent fraction (ω1) after swelling was calculated by Eq. 2 [21] 

   (Eq. 2) 

The equilibrium volumetric swelling ratio (Q) was calculated by 

equation Eq. 3 [21] 

  (Eq. 3) 

Where V is volume, ω symbolize mass, ρ refers to density, 

subscript 1 stands for solvent while 2 for hydrogel. The swelling 

ratio can also be calculated from the graph using equation Eq. 4. 

The equilibrium volume fraction of polymer in hydrogel  is 

given by the Eq. 4 

  (Eq. 4) 

Flory-Rehner’s equation based on the equilibrium swelling of 

polymer in solvent for three dimensional networks was adopted. 

The Flory-Rehner’s equation is given as Eq. 5 [21] 

     (Eq. 5) 

Where N is the crosslinking density (mol/m3), vs is the molar 

volume of the solvent water, which are 18.3 ml/mol. Using 0.5 as 

the interaction parameter of χ. 

The crosslinking density N and the average molecular weight of a 

chain between adjacent crosslinking points Mc were calculated by 

sing Eq. 6 [22] 

 (Eq. 6) 

It should be pointed that ρ2 was replaced with the experimentally 

measured density of each hydrogel, which was 0.45 g/cm3 for 

medium molecular weight. The solvent (water) density is 1 g/cm3 

with molar volume of 18 cm3 /mol. The value χ for copolymerized 

chitosan was estimated as 0.5 accordingly [23]. Such numerical 

investigations have significant effects regarding physicochemical 

and drug administration aspects of chitosan built hydrogel for 

controlled drug delivery applications. 

2.4. Solid state 
13

C-NMR analysis 

Solid state 13C NMR spectra at 50.28 MHz were performed on a 

Bruker AMX-200 spectrometer equipped with an HP amplifier at 

200.13 MHz and 120 W. In all measurements the spin rate was 

8 KHz. In order to obtain the best signal-to-noise ratio of all C 

signals and to minimize artifacts, the proper contact time was 

carefully chosen according to a previously reported procedure. In 

order to avoid signals saturation a recycle time of 40 seconds and 

a 13C pulse width of 3μs corresponding to a flip angle of 60° were 

used [24, 25]. 

2.5. Field Emission Scanning Electron Microscopic 

(FESEM) Analysis. 

FESEM is a widely used technique in order to define the specific 

‘network’ arrangement in hydrogel .Scanning electron microscope 

was used to determine the morphology, porosity and composition 

of hydrogel particles and aggregates [26, 27]. The bright spots 

reflect small conductance of the hydrogel if the samples are 

scanned without coating for SEM analysis. The purified and dried 

gel samples were placed on an aluminum mount, sputtered with 

gold and palladium and then scanned at an accelerating voltage of 

5.0 kV. SEM analysis was conducted at the School of Materials 

and Mineral Resources Engineering USM by using ZESS Supra 

35 VP model according to ASTM-E986 (2010). The images at 5 

KX, 10 KX, 25 KX and 30 KX magnifications were captured. 

2.6. Photoluminescence analysis of drug loading and release. 

Bromocresol green with specific Absorbance of 423.25 nm was 

selected as model hydrophobic- anionic drugs to study the drug 

loading and release profile of native and functionlized hydrogel by 

using UV–vis spectrophotometer. Such a combination of model 

drugs selection is based on their potential application in term of 

investigating hydrophobic drug administration to a more than 40% 

of drugs are hydrophobic in nature which still need specific 
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hydrophilic ligands to counterbalance the amphiphilic balance at 

cellular surfaces.  

A fixed amount of dried hydrogel was allowed to mix with an 

aqueous solution of the drug with pre-determined concentration. 

Drug loading and release profiles were obtained from the hydrogel 

in a shaker incubator at 75 rpm at 37 ◦C. 04 mL of each solution 

was analyzed for the drug concentration/ 20 min delay by using a 

UV- Vis spectrophotometer. An equal volume of the same 

solution medium was added back to maintain a constant volume. 

The drug release study was investigated in a sophisticated 

dissolution apparatus by immersing 0.45 g of drug loaded dried 

hydrogel beads in 250 mL of pH 6.85 solutions. After mixing, the 

mixture was centrifuged at 75 rpm at 37 oC. 04 mL of the solution 

was taken for analysis with continuously replacing by fresh buffer 

solution to maintain a steady volume. Thus the concentration of 

the released drug was investigated in term of Absorbance followed 

by concentration differences. The in vitro release tests of all 

samples were conducted in triplicate at specified time intervals 

[28]. 

 

Table 1. Feed composition of A, B and C nanohydrogel. 

Sample 

Code 

Chitosan 

(mg) 

Alginate 

(mg) 

CH 

(M) 

SDS 

(mg) 

APS 

(M) 

B 

(mg) 

C 

(mg) 

EDC 

(mg) 

Curing 

hours 

Curing 

temp 
o
C 

Curing 

Dialysis 

A 650 550 0.5 10 0.5 - - - 23.5 75 7 

B 650 550 0.5 10 0.5 150 - 150 15 25 7 

C 650 550 0.5 10 0.5 - 150 150 15 25 7 

Table 2. Significant parameters of C1, C and C3 hydrogel. 

Hydrogel 

Code 

Density 

(g/cm
3
) 

Porosity 

(%) 

Polymer volume 

friction (ѵP) 

Mwof adjacent crosslink chain 

(Mc/ kg.mol
-1

) 

Crosslinking density 

(mol. m
3
) 

A 2.14 60 0.042 3.13 25.17 

B 2.35 68 0.031 3.44 20.31 

C 2.17 71 0.035 3.51 19.47 

3. RESULTS  

3.1. Solid State Nuclear Magnetic Resonance (
13

C-NMR) 

Analysis. 

In comparison to liquid- state 13C-NMR studies, the peaks in 

solid-state NMR spectra are very broad due to bulky 

group,anisotropic and orientation effects. Further, the intensity of 

peak lines are greatly affected due to low sensitivity and poor 

resolution as several peaks overlap each other at low resolution. 

The experimentally-determined solid state 13C NMR spectra of 

functionalized hydrogel samples coded as B and C are revealed in 

Figure 3 (A,B and C) respectively. The experimental peaks were 

compared with the reported literature. The desirable and 

characteristic peak for -C-NH2  is observed at 35-45 ppm (a), 

representing amine functionality in chitosan, responsible for 

swelling and de-swelling for controlled- drug administration at 

physiological pH. The resonance peak–CH2 40-46 ppm (b)  -C-

OH 50-55 ppm (c), -C-N 80-85 (d), amides 175-185 ppm (e ), 

carbonyl 190-200 ppm (f) could be attributed to the reaction 

between CS, SR and the chemical crosslinker carbohydrizide. The 

hydrogel functionalized with Hexamethylentetramine (B), has 

been verified by shifting of peaks and appearance of additional 

peak for heterocyclic ring (combination of C-N,-CH2, -N-C-N 

groups) in the range of 210-230 ppm. In case of hydrogel 

functionalized with pthaic-anhydride (C), the appearance of  peak 

for aromatic stretching around 200 ppm and absence of heterocylic 

ring (in comparison to (B) is a direct clue of the carbon resonance 

could be credited to the degree of crosslinking and induced 

hydrophilicity.  

3.2. Scanning Electron Microscopic (SEM) Analysis. 

The Field Emmission Scanning Electron Microscopy revealed the 

native and functionalized hydrogel with nanoporous architecture 

with highly developed internal surface area and lower diffusional 

resistance as shown in Figure 4 respectively. The results also 

addressed that the cross-sectional of native and functional 

hydrogel did not resemble the surface structure. The hydrogel 

revealed co-continuous open porous structure, which showed that 

the product used as a drug and also loaded with a drug for 

interactions to stop the development of various infected cells 

inside the body. Such surfaces reflect higher interest for a variety 

of interactions both cationic and anionic in all aspects. The 

brightness observed in the images reflects the conductance of the 

nanohydrogel material as the samples were analyzed without 

coating to confirm the conductivity. Thus, the successive 

functionalization modified the morphology, porosity, cross-linking 

density and the surface roughness of the hydrogel which is 

desirable for better understanding and drug administration at 

physiological conditions [29]. Such fu`nctional hydrogel with 

extreme swelling capabilities due to extended interfaces with drug 

and cellular surfaces could be applied as an efficient drug delivery 

tool. 

 
Figure 3. Solid state 13C NMR confirmation of native and functionalized 

Chitosan-co- Starch based nanohydrogel. 
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Figure 4. Field Emission Scanning electron microscopic (FESEM) 

analysis of native (A) and Functional (B and C)  hydrogel dried at pH 

7.45 and T= 25 oC. 

 

3.3. Effect of pH. 

A system responding to internal stimuli like pH has more 

significance as compared to external stimuli. The proposed system 

acts as multi-responsive to various stimuli including pH, 

temperature, ionic strength and urea respectively. Regarding pH 

effect,  different pH exists in different parts of the body from 

saliva to extracellular tumor cells as blood (( pH≈ 7.4-7.6), 

intracellular tumor ( pH≈ 6.4-7.2), colon ( pH≈ 7.0-7.5), 

duodenum ( pH≈ 6.4-8.2) as per reported literature. Thus, the 

development of hydrogel is challenging for targeted and effective 

drug administration at specific pH without any side effect. One 

such system, aims to target the blood and intracellular pH is 

proposed which effectively work in the pH range of 6.0-7.50.  

The presence of specific groups either acidic/ anionic 

(carbonyl,carboxylic, sulphonic, carbonyl) or basic/ cationic 

(ammonium, amino) in the hydrogel matrices have the potential to 

donate or accept the protons in aqueous medium at specific pH 

[20]. Such pendent groups suffer from electrostatic repulsion 

followed by conformational modifications in response to the pH 

causing the hydrogel to swell and thus release the loaded drug at 

targeted site . Further, the stability in term of zeta potential from -

10 mV were observed at lower pH as compared to 26 mV at 

physiological pH (Figure 5). This reflects the biocompatible 

nature of the proposed system where highly interacting cationic 

groups are dominant in the pH range≈ 6.0- 7.45. Hence, at 

physiological conditions and at tumor site the hydrogel with the 

active functionalities have been identified with cationic and 

specified pH. This happens due to ions- counter-ions balance in 

addition to the protonated cationic groups present in chitosan per 

segment.  At lower pH, the hydrogel network is not yet protonates 

so present in shrunken state, but as the value increases  to pH≈ 6.5, 

which is comparable to Chitosan pKa value, (pKa≈ 6.54), the NH2 

groups in chitosan per segment get protonated in aqueous solution 

and thus several NH3
+groups of chitosan appear and suffer 

electrostatic repulsion, moving far apart from each other, 

absorbing enormous amounts of water to swell with an increased 

hydrodynamic diameter. A higher degree of ionization is required 

for higher swelling to release the entrapped drug/ bioactive 

species. So the art of release and controlled release of the drugs, 

dyes or proteins by the hydrogel network is hidden in the 

interacting groups, specified pKa values and specified pH of the 

system [30, 31].  For the efficient hydrogel,  highly reactive 

groups with extreme ionic mobilities, positive zeta potential and 

conductivities are required for prolonged and efficient drug 

delivery at the targeted site as determined for the proposed system 

which may be applied as a potential candidate for the described 

theme. 

Figure 5. Physicochemical (swelling) performance of native and 

functionalized hydrogel as a function of pH (1.68-12.45) at 37 oC. 

 
Figure 6. Representative profile of model- drug loading in chitosan built 

hydrogel functionalized with pthalic anhydride  in term of decrease in 

absorbance as a function of time. 

3.4. Thermo-kinetic of model drug loading. 

A representative profile for the time dependent model drug 

loading (after 20 minutes delay) in chitosan built hydrogel (B) is 

shown in Figure 6. The experimental absorbance obtained at 446 

nm wavelength reflect the standard absorbance of Bromocresol 

green which is in decreasing order due to decrease in 

concentration of the dye after effectively loading as a function of 

time ranging from 20-740 minutes. The stability and uniformity in 

wavelength revealed the  fact that structure of model drug was not 

affected during loading and w physically entrapped in hydrogel 

matrices. The drug loading up to 75.94 % and controlled release 

up to 85.56%  was investigated to explore the effect of surface 

modification, affecting the drug loading and release profiles of 

hydropbobic drugs at physiological conditions. To explore the 

effect of temperature, the drug administration was performed at 

different temperature ranging from 298-348 K and rate constant at 

each temperature was determined by applying Arrhenius and 

Eyring,s equation respectively. For in vitro drug administration 

such investigations could be applied as standard values as 

performed for the first time to explore the thermodynamic of drug 

administration for controlled drug delivery.  The selection of 

model drug (Bromocresol green)  also reflects the hydrogel action 

to perform in vivo at cellular level, making the hydrogel to be 

applied practically [1, 19]. As shown in Figure 7, a linear trend 

was observed in the reaction (interaction of drug with hydrogel) as 

a function of temperature. The first order kinetic was applied in 
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each case to investigate the reaction rate constant abbreviated as 

(kapp) with the correlation coefficient (R2) ranging 0.96-0.98. An 

increase in the corresponding interaction between hydrogel and 

drug administration was observed which may be attributed to the 

increase in collision frequency and extended interactions between 

hydrogel and model drug at higher temperatures. All The 

thermodynamic and thermokinetic parameters were calculated by 

plotting ln(kapp) and ln(kapp/T) as a function of inverse of 

temperature respectively. The results concluded that drug loading 

and release in aqueous medium at specific pH was a spontaneous 

process, without any real bond formation as verified from lower 

values of enthalpy. Also, the positive values for entropy expressed 

a  higher degree of freedom and non-stop interaction of model 

drug with hydrogel at specified conditions. The calculated 

parameters to reflect the spontaneous and physical entrapment of 

drug loading in hydrogel matrices are shown in Table 3. 
 

Figure 7. Representative plots of rate constant (kapp), thermokinetic and 

thermodynamic parameters as a function of temperature by applying 

Eyring equation (ln (kapp/T) vs 1/T), and  Arrhenius equation (ln(kapp) vs 

1/T) in chitosan built hydrogel. 

 

Table 3. The activation parameters for the model drugs in chitosan built hydrogel. 

Drug ΔH
*
 kJ/mol) ΔS

*
(kJ/mol.K) Ea*(kJ/mol) 

A 23.14 50.24 22.4 

B 20.48 55.13 18.20 

C 18.48 41.95 20.87 

 

4. CONCLUSIONS 

 CS-co-SR hydrogel was successfully synthesized and were 

functionalizedwith pthalic-anhydride and hexamethylenetetramine 

via EDC catalyzed carbodimide coupling respectively. With the 

successive functionalization the significant properties like porosity 

increases (from  60-71%),  and corresponding decrease in 

crosslinking density (from 25.17- 19.47 mol.m3) were calculated 

and were attributed to the formation of hydrophilic contacts with 

aqueus solution. The The FESEM analysis revealed C in form of 

uniform particle size, porosity and deep pores with high internal 

surface area for extreme swelling and interacting with the drug 

and biomolecules for efficient drug administration. The 

physicochemical properties with (z-average≈ 75-350 nm), 

polydispersity index (PDI ≈ 050-0.61) were observed by using 

laser light scattering. With the successive functionalization, the 

drug release was increased from 65- 81% respectively due to 

development of extended interfaces of functional moieties with 

drug solution and cellular surface.  

The physicochemical and electrokinetic performances suggested 

the selective hydrogel as promising carriers for the anionic drugs, 

as the release profile can be tuned and sustained with such 

biocompatible moieties. 
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