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ABSTRACT. Biopolymers are referred to the bio-degradable polymer that is derived from living organisms in 
nature or synthesized from renewable materials but needs polymerization. There are consisting of monomeric units 
that bond together through a covalent bond to obtain large molecules. A biopolymeric blend of sodium 
carboxymethyl cellulose/sodium alginate (Na-CMC/SA) film was prepared by the casting/solvent evaporation 
method. In addition to the molecular structure, the optical and molecular geometry of the collected films were 
characterized. XRD of binary blend investigated the interaction and miscibility among two biopolymers. FTIR of 
the blend spectrum explicated the conferring of the two polymer group’s vibrations. UV/Vis and optical studies 
appeared a peak in the binary at the wavelength (227 nm) which explained the high combination between two 
polymers. Molecular geometry clarifies the assignment of vibrational spectra of pure polymers which implied the 
important role of the (C=O) group as eventful regions for the two polymers. 
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INTRODUCTION 
 
Casting solution is applied to develop membranes by casting technique. The principal components 
of the solution system are polymer, solvent, and diverse additives can be also appended. The 
proper choice of the polymer must be soluble in the selected solvent which is strictly related to 
the final membrane application. Even the selection of the solvent is based on specific prerequisites 
but is not arbitrary. Various modifiers in the casting solution allow adjusting film properties based 
on the final film performances and utilization, although the lowest concentrations of used 
additives [1].  
 Sodium carboxymethyl cellulose is advertised as odorless and tasteless fibrous or granules 
powder with hygroscopic properties that are white, slightly yellowish, or greyish (off-white). It is 
practically insolvable in ethanol but easy to be dissolved in hot or cold water which yielded with 
water a viscous colloidal solution. Na-CMC has received more attention owing to its low price 
(abundance), aptitude to form membranes, better biocompatibility, super water solubility, and 
swell susceptibility [2-4]. 
 Sodium alginate has many attractive physical and biological properties, such as low price 
compared to natural casings, linear, hydrophilic, high availability, solubility in water, moisture 
reservation, excellent biocompatibility, perishable, and higher viscosity. Alginates have favorable 
film-forming properties the thin layer in the alginate solution can eliminate the thin film of 
moisture by evaporation and is impermeable to oil and fat but can help them to redissolve in water-
by-water vapor. The biocompatibility of sodium alginate has been evaluated broadly in vivo and 
in vitro which depends upon the alginate composition and purity level [4-7]. 
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 Although sodium carboxymethyl cellulose is high solubility, and good physiochemical and 
biological properties, it needs adding another polymer to enhance its mechanical and 
morphological properties. So, blended two polymers with each other or more promote featured 
properties from the interaction with another polymer. 

Lee et al. [8], encapsulated curcumin to sodium alginate/carboxymethyl cellulose blend as an 
upgraded drug-carrying system. The upgraded system is characterized by (FT-IR), (SEM), and 
(XRD) which exhibited the compatible interaction between curcumin and biopolymer. They 
concluded that the percentage of curcumin release increased with increasing carrier concentration. 
Nwabor et al. [9], encapsulated Crude ethanolic with sodium alginate–sodium carboxymethyl 
cellulose (CMC) for the food system and biomedical application. They characterized the matrix 
by morphology, micromeritics properties, particle size, physicochemical parameters, and 
antimicrobial activity testing. These tests appeared good encapsulant properties that kept bioactive 
extract. Da Silva Júnior et al. [10], an integrated polymeric blend of sodium carboxymethyl 
cellulose and sodium alginate comprised carbon dots as a stable eco-friendly membrane. They 
characterized the matrix by transmission electron microscopy (TEM), X-ray diffraction (XRD), 
Fourier transforms infrared spectrophotometer (FTIR), mechanical tests, and other tests. 
Therefore, these tests appeared to have good completion of the synthesized membranes due to the 
residence of polymers. Mohamad et al. [11], developed a hydrogel (Na-CMC/SA) as a wound 
bandage. They resulted in the clear homogeneity of the hydrogel formulation. So, this hydrogel is 
utilized for highly suppurating wounds due to its traits. Salama et al. [12], prepared a ternary 
system of carboxymethyl cellulose/sodium alginate/chitosan biguanidine hydrochloride as an 
edible film. Prepared films confirmed by using FTIR, XRD, TGA, WVP, mechanical, and 
antibacterial properties which showed some changes in structures, mechanical and antibacterial 
properties improvement of studied films after adding chitosan biguanidine hydrochloride. 
Hameed et al. [13], prepared copper oxide nanoparticles (CuO NPs) loaded with carboxymethyl 
cellulose and sodium alginate matrix (CMC/PEO). They are characterized by using XRD, SEM, 
and UV-Vis which appeared significant changes upon the addition of CuO NPs, especially in the 
energy gap which shifts toward lower frequency. Also electrical and dielectric analysis enriched 
after adding different content of CuO NPs. So, this study showed that nanocomposite membranes 
are optimistic for supercapacitors applications. 

This study was aimed to prepare a biopolymer blend and to investigate the characterization, 
and evaluation of the structural changes of the prepared system as molecular structure and optical 
properties. 

EXPERIMENTAL 
 

Materials  
 

Sodium carboxymethyl cellulose rendered about (99.5%) of the purity percentage, solid physical 
state, and white powder color. From a (German Company, Engineering Chemistry), and (Carlroth 
Co.) were attained sodium carboxymethyl cellulose (Na-CMC) and sodium alginate (SA) 
respectively.  

 

Binary blend preparation  
 

Each of the (Na-CMC) and (SA) virgin polymers liquefy by stirring in (50 mL) of distilled water. 
Then polymer solutions were blended, stirred for one hour, cast on Petri plates, and incubated at 
50-degree Celsius for several days. The preparation process showed in Figure 1.  

Characterization of studied samples 

XRD verified information about the nature (crystal/amorphous) lattice arrangement which 
appeared for pure polymers and the binary blend was executed adopting a (PANalytical X'Pert 
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Pro XRD). IR absorption bands position alteration was inspected by adopting a (Nicolet™ iS™ 
10 FTIR Spectrometer). Samples' optical characteristics were ascertained by adopting the (Jasco 
Inc. UV/Vis-spectrometer V-570). The computed (HOMO) and (LUMO) orbitals of the samples 
were secured from the (Gaussian program). 
 

 
 

Figure 1. Flow chart of the sample preparation by standard solution cast technique and flexibility 
of the blend polymer films: Preparation of single films and binary films. 

 

RESULTS AND DISCUSSION 
 
XRD scans 
 
X-ray patterns of virgin polymers (Na-CMC and SA), and binary blend film (Na-CMC/SA) are 
displayed in Figure 2. Each of the biopolymers could have its crystal domain in their thin films 
that indicate the reflection images of the non-crystalline feature. An immense peak at an angle 
(22°) exhibited and indicated the amorphous structure of the Na-CMC spectra spectrum [4, 13, 
14, 15, 16]. An amorphous feature at an angle (21°) manifested the SA pattern [4, 17]. The blend 
manifests the immense band at 2θ = 21.6° that is allocated to the amorphous aura of the two virgin 
polymers [4, 18]. Finally indicate from the blending the amorphous polymers have a flexible 
polymeric backbone and investigate the interaction and miscibility among two biopolymers. 
 
FTIR analysis 
 
Figure 3 displays the FT-IR spectra of virgin polymers and polymer blends. The collected 
fingerprint groups of the samples are recorded in Table 1 [2, 19, 20, 21]. The creation of the 
hydrogen bond between the two virgin polymers is implied by the linking between the hydroxyl 
groups of two polymers, as shown in Sketch 1. Succeed by the disappearance C-H stretching peak 
and the sharpness of the asymmetric (COO−) stretching vibration due to the SA component in the 
blend matrix [7, 21, 22]. The polymer blend spectrum elucidated the contribution of the virgin 
polymer group’s vibrations. 
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Figure 2. XRD pattern of virgin polymers, and polymer blend. 
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Figure 3. FTIR spectra of virgin polymers and polymer blend. 
 

UV/Vis studies 
 

Figure 4 exhibits the UV/Vis spectra of virgin polymers and polymeric blend film that lie inside 
the range of invisible UV region. The Na-CMC, SA, and Na-CMC/SA membranes have an 
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absorption rate of 234, 227, and 227 nm, which potentially owing to the charge-relocate 
complexes' presence for the Na-CMC and polymer blend cases and the (–*) transition of the 
carbonyl groups (C=O) for SA case [7, 13, 16, 23-26]. 
 
Table 1. The bands position of virgin polymers and polymer blend. 
 

Sodium carboxymethyl cellulose Sodium alginate Blend 
 (cm-1) Assignment  (cm-1) Assignment  (cm-1) Assignment 

3541 O-H vibrations 3450 O-H vibrations 3400 O-H vibrations 

3380 
Aliphatic fractions C-H 
[νas(CH2), νs(CH2), 
respectively] 

2912 
Aliphatic fractions 
C-H 

2919 
C-H stretching 

2926 N-H stretching 1600 
Antisymmetric 
stretching νas(Coo-) 

1605 
Asymmetric 
COO- stretching 

1613 
Asymmetric carboxylate 
νs(C=O)  

1417 
Symmetric stretching 
νs(Coo-) 

1417 
Symmetric COO- 
stretching 

1417 
Symmetric carboxylate 
νas(C=O) 

1325 
Antisymmetric 
stretching (C-O-C) 

1040 
Glycosidic 
linkages in 
polysaccharides 

1327 
Symmetric stretching 
vibration of alkyl groups 

- - - 
- 

1034 
Distinctive peaks of the 
glucopyranose ring 

- - - 
- 

 

 
Sketch 1. Interaction mechanism of two virgin polymers. 
 

Optical properties studies 
 

Figure 5 showed the optical properties studies as (a) absorption coefficients (α), (b and c) direct 
and indirect band gap (Eg

d and Ed
in), and (d) Urbach energy (EU) and collected in Table 2: 

(1) The absorption coefficients (α) can be estimated by Beer-Lambert's formula [25-27]: 

�(�) =
2.303 �

�
                                                                                                                                          (1) 

where A and d represent the absorbance and the film's thickness, respectively. 
(2) The power (m) indicates the transformation of the direct and indirect at m = 0.5 and 2, 
respectively. Furthermore, the bandgap can be determined as follows [13, 25-27]: 
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�ℎ� = � ( ℎ� − ��)�                                                                                                                                 (2) 

where (hν) refers to the photon energy, Eg represents the bandgap and A is the band tailing 
parameter. 
(3) The refractive index (n) can be calculated as follows [13, 28]:  

�� − 1

�� + 1
= 1 −  �

��
��

20
                                                                                                                                   (3) 

(4) The Urbach energy (EU) can be predicted utilizing the subsequent equational statement [29]: 

�(ℎ�) =  �ₒ��� �
ℎ�

��

�                                                                                                                               (4)  

where (αo) is a constant and (EU) is the Urbach energy. 
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Figure 4. UV-Vis spectra of virgin polymers, and polymer blend. 
 
Table 2. Optical parameters for the prepared blend. 
 

n EU Eg
in (cm-1 eV)2 Eg

d (cm-1 eV)2 α (cm-1) Samples 
1.82 2.97 5.7 4.89 5.45 Na-CMC/SA 

 

Molecular geometry 
 

The computed (HOMO/LUMO) orbitals of the virgin samples secured using the Gaussian 
program in addition to those reported in Table 3 were demonstrated in Figure 6. The (LUMO) of 
Na-CMC is situated in the carboxylate group (-COO) however the (HOMO/LUMO) orbitals of 
SA are located at (–COONa) [26, 27, 30]. As a result, the carboxylate group served as a crucial 
eventful site for virgin polymers. 
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Figure 5. Optical properties estimation curves for polymer blend. 
 

 
(a)             (-0.16319 Hartree) 

 
(-0.04600 Hartree) 

 
(b)               (-0.17725 Hartree) 

 
(-0.08631 Hartree) 

 
Figure 6. (a) Na-CMC and (b) SA monomers' molecular orbitals. 
 
Table 3. Chemical parameters of virgin polymers. 
 

Virgin polymer HOMO energy (eV) LUMO energy (eV) ΔE = (E2 - E1) (eV) 
(Na-CMC) -4.44  -1.25 3.19 

(SA) -4.82 -2.35 2.47 
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CONCLUSION 

Structural, optical, and spectroscopic investigations for the prepared samples have been studied 
in the present work. The following conclusions have been extracted. The XRD pattern of the 
polymer blend manifests the immense band at an angle (21.6°) that is allocated to the two virgin 
polymers' amorphous aura. The FTIR spectra elucidated the contribution of the virgin polymer 
group’s vibrations. From UV-Vis spectra, the blend has a summit at (227 nm) which agreed with 
(COO−) stretching vibration at about 1600 cm-1 corresponded to FTIR spectra. Molecular 
geometry indicated the carboxylate group served as a crucial eventful site for virgin polymers. 
Therefore, this obtained results in this work demonstrated that the polymeric blend seems to be a 
promised candidate in many applications, especially in biomedical applications. 

REFERENCES 

1. Jayakumar, A.; Radoor, S.; Radhakrishnan, E.K.; Nair, I.C.; Siengchin, S.; 
Parameswaranpillai, J. Soy Protein-Based Polymer Blends and Composites in Biodegradable 
Polymers, Blends and Composites, Woodhead Publishing Series in Composite Science and 
Engineering: Online Publication; 2022; pp. 39-57.  

2. Hu, D.; Qiang, T.; Wang, L. Quaternized chitosan/polyvinyl alcohol/sodium carboxymethyl 
cellulose blend film for potential wound dressing application. Wound Med. 2017, 16, 15-21. 

3. Hameed, S.T.; Qahtan, T.F.; Abdelghany, A.M.; Oraby, A.H. Effect of zinc oxide 
nanoparticles on physical properties of carboxymethyl cellulose/poly (ethylene oxide) matrix. 
Physica B: Condensed Mater. 2022, 633, 413771. 

4. El-Bana, A.A.; Barakat, N.M.; Abdelghany, A.M.; Meikhail, M.S. Effect of surfactants 
addition on physical, structure and antimicrobial activity of (Na-CMC/Na–Alg) biofilms. 
Polym. Bull. 2022, 1-27. 

5. Sahoo, D.R.; Biswal, T. Alginate and its application to tissue engineering. SN Appl. Sci. 2021, 
3, 1-19. 

6. Ahmad, A.; Mubarak, N. M.; Jannat, F. T.; Ashfaq, T.; Santulli, C.; Rizwan, M.; Ali, S. A 
critical review on the synthesis of natural sodium alginate based composite materials: An 
innovative biological polymer for biomedical delivery applications. Processes. 2021, 9, 137. 

7. Farea, M.O.; Abdelghany, A.M.; Oraby, A.H. Optical and dielectric characteristics of 
polyethylene oxide/sodium alginate-modified gold nanocomposites. RSC Adv. 2020, 10, 
37621-37630. 

8. Lee, C.H.; Nalluri, L.P.; Popuri, S.R. Optimization studies for encapsulation and controlled 
release of curcumin drug using Zn+2 cross-linked alginate and carboxy methylcellulose blend. 
J. Polym. Res. 2019, 26, 1-17. 

9. Nwabor, O.F.; Singh, S.; Marlina, D.; Voravuthikunchai, S.P. Chemical characterization, 
release, and bioactivity of Eucalyptus camaldulensis polyphenols from freeze-dried sodium 
alginate and sodium carboxymethyl cellulose matrix. Food Qual. Saf. 2020, 4, 203-212. 

10. da Silva Júnior, A.H.; Macuvele, D.L.P.; Riella, H.G.; Soares, C.; Padoin, N. Polymeric 
blends of carboxymethyl cellulose and sodium alginate containing functionalized carbon dots 
result in stable and efficient fluorescent films for silver and iron(III) sensing. J. Environ. 
Chem. Eng. 2021, 9, 105728. 

11. Mohamad, N.; Govintharaju, P. Development and characterisation (drug loading, drug release 
and expansion study) of carboxymethylcellulose–sodium alginate based hydrogel as wound 
dressing application. NVEO-Nat. Volatiles Essent. Oils J. NVEO 2021, 3990-4005. 

12. Salama, H.E.; Aziz, M.S.A.; Alsehli, M. Carboxymethyl cellulose/sodium alginate/chitosan 
biguanidine hydrochloride ternary system for edible coatings. Int. J. Biol. Macromolecules 
2019, 139, 614-620. 



A. A. El-Bana et al.  

Bull. Chem. Soc. Ethiop. 2022, 36(3) 

716

13. Hameed, S.T.; Qahtan, T.F.; Abdelghany, A.M.; Oraby, A.H. Structural, optical, and 
dielectric characteristics of copper oxide nanoparticles loaded CMC/PEO matrix. J. Mater. 
Sci. 2022, 1-14. 

14. Putra, R.S.; Rahma, T. Al-alginate as acid catalyst for FAME synthesis using electrolysis 
process. In E3S Web of Conferences. 2018, 43, 01002.  

15. Son, Y.R.; Park, S.J. Green preparation and characterization of graphene oxide/carbon 
nanotubes-loaded carboxymethyl cellulose nanocomposites. Sci. Rep. 2018, 8, 1-10. 

16. Aboelkheir, A.; Abdelghany, A.; Hanaa, D.; Abdelaal, M. Solvent free synthesis of the 
carboxymethyl cellulose/polyaniline silver nanoparticles composite thin films. Egypt. J. 
Chem. 2022, 65, 1-2. 

17. Baharun, N.N.S.; Mingsukang, M.A.; Buraidah, M.H.; Woo, H.J.; Teo, L.P.; Arof, A.K. 
Development of solid polymer electrolytes based on sodium-carboxymethyl cellulose 
(NaCMC)-polysulphide for quantum dot-sensitized solar cells (QDSSCs). Ionics 2020, 26, 
1365-1378. 

18. Silva, K.M.M.N.; Costa, B.L.; Nunes Dourado, L.F.; Silva, R.O.; Silva‐Cunha, A.; Santos, 
A.K.; Silva‐Caldeira, P.P. Four modified sodium alginate/carboxymethyl cellulose blends for 
prednisone delivery. J. Appl. Polym. Sci. 2021, 138, 50383. 

19. Abdelghany, A.M.; Menazea, A.A.; Abd‐El‐Maksoud, M.A.; Khatab, T.K. Pulsed laser 
ablated zeolite nanoparticles: A novel nano‐catalyst for the synthesis of 1,8‐dioxo‐
octahydroxanthene and N‐aryl‐1,8‐dioxodecahydroacridine with molecular docking 
validation. Appl. Organometallic Chem. 2020, 34, e5250. 

20. Ko, S.Y.; Sand, A.; Shin, N.J.; Kwark, Y.J. Synthesis and characterization of superabsorbent 
polymer based on carboxymethyl cellulose-graft-itaconic acid. Fibers Polym. 2018, 19, 255-
262. 

21. Lu, W.C.; Chuang, F.S.; Venkatesan, M.; Cho, C.J.; Chen, P.Y.; Tzeng, Y.R.; Kuo, C.C. 
Synthesis of water resistance and moisture-permeable nanofiber using sodium alginate–
functionalized waterborne polyurethane. Polymers 2020, 12, 2882. 

22. Han, Y.; Yu, M.; Wang, L. Physical and antimicrobial properties of sodium 
alginate/carboxymethyl cellulose films incorporated with cinnamon essential oil. Food 
Packag. Shelf Life 2018, 15, 35-42. 

23. Riyajan, S.A.; Nuim, J. Interaction of green polymer blend of modified sodium alginate and 
carboxylmethyl cellulose encapsulation of turmeric extract. Int. J. Polym. Sci. 2013, 2013. 

24. Abutalib, M.M.; Rajeh, A. Structural, thermal, optical and conductivity studies of Co/ZnO 
nanoparticles doped CMC polymer for solid state battery applications. Polym. Test. 2020, 91, 
106803. 

25. Al-Shamari, A.A.; Abdelghany, A.M.; Alnattar, H.; Oraby, A.H. Structural and optical 
properties of PEO/CMC polymer blend modified with gold nanoparticles synthesized by laser 
ablation in water. J. Mater. Res. Technol. 2021, 12, 1597-1605. 

26. Ahmed, E.; Aboelkhair, A.; Abdelghany, A.M. Structural and optical characteristics of poly 
(vinyl alcohol)/carboxymethyl cellulose/curcumin nanocomposites. Bull. Chem. Soc. Ethiop. 
2021, 35, 615-624. 

27. Menazea, A.A.; Mostafa, A.M.; Al-Ashkar, E.A. Effect of nanostructured metal oxides (CdO, 
Al2O3, Cu2O) embedded in PVA via Nd: YAG pulsed laser ablation on their optical and 
structural properties. J. Mol. Struc. 2020, 1203, 127374. 

28. Campbell, D.; Pethrick, R.A.; White, J.R. Polymer Characterization: Physical Techniques, 
CRC Press: Boca Raton, Florida; 2000. 

29. Awad, S.; El‐Gamal, S.; El Sayed, A.M.; Abdel‐Hady, E.E. Characterization, optical, and 
nanoscale free volume properties of Na‐CMC/PAM/CNT nanocomposites. Polym. Adv. 
Technol. 2020, 31, 114-125. 

30. Obot, I.B.; Onyeachu, I.B.; Kumar, A.M. Sodium alginate: A promising biopolymer for 
corrosion protection of API X60 high strength carbon steel in saline medium. Carbohydrate 
Polym. 2017, 178, 200-208.  


