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ABSTRACT: Carboxymethyl cellulose (CMC) films doped with nickel chloride hexahydrate have been prepared by casting technique. The

phase transitions and thermal stability of the prepared samples were investigated by differential scanning calorimetry and thermogravim-

etry. The optical absorption was recorded at room temperature in the wavelength range of 190–2500 nm. From the absorption edge

studies, the values of the Urbach energy (Ee) were found to be 0.58 eV in case of the pure polymer; however, the Urbach energy values

were found to be in the range of 0.64–1.0 eV under additional different percentages of nickel chloride. These energy values indicate that

the model based on random fluctuations of the internal fields associated with structure disorder is preferable and transitions are made

between band tails. Refractive index, complex dielectric constants have also been determined. Color properties of the prepared samples

are discussed in the frame work of CIE L*u*v* color space. VC 2012 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 000: 000–000, 2012
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INTRODUCTION

Polymers combined with metal salts are useful for the develop-

ment of the advanced high-energy electrochemical devices such

as batteries, fuel cells, electrochemical display devices, and photo

electrochemical cells.1–5 Also, they have been successfully

employed in areas such as removal of harmful trace metal ions,

because of their highly selective adsorptivity for heavy metal

ions. They have also been given much attention with respect to

the recovery of rare metal ions of great value and production of

colors which have different applications.6,7

In recent years, Niþ2-doped optical materials have received

much attention.8–12 The initial and terminal states of the elec-

tronic transition are strongly coupled to the lattice phonon

modes and the associated emission bandwidth becomes much

broader than that of rare-earth ions such as Erþ3, Ndþ3, Prþ3,

and so on. Thus, the emission usually covers the wavelength

range of 1100–1600 nm. Much of the present interest centers on

the possibility of Niþ2-doped materials as active media for

broadband optical amplifiers and tunable near-infrared laser

systems. Nickel behaves as coloring agent in various materials

for different applications.13

CMC is one of the important cellulose derivatives and

generally prepared through the reaction of alkali cellulose

with monochloroacetate or its sodium salt in organic

mediums. It is nontoxic water-soluble polymer possess many

available qualities, such as filming, emulsification, suspension,

water maintaining, bind, and inspissations. Therefore, it has

been used for many applications such as medicine, food,

textures, electrical elements, papermaking, printing, and

dyeing.

Therefore, this study is devoted to prepare a composite

system between NiCl2 and CMC polymer and study the

effect of Ni2þ ion on thermal and optical properties of

composites to probe their uses in the industrial

applications.

EXPERIMENTAL

Materials

CMC with molecular weight approximately 250,000 was

supplied by BDH Chemical Advantec Toyoroshi, Japan. Poole

England and nickel chloride hexahydrate were supplied by BDH

Chemical Advantec Toyoroshi, Japan.

VC 2012 Wiley Periodicals, Inc.
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Methods

Preparation of Samples. The solution method was used to

obtain film samples. Weighed amounts of CMC were dissolved

in a mixture of distilled water and ethanol (ratio, 4 : 1) using a

magnetic stirrer at 50�C on water bath for 4 h. The appropriate

weighed amounts of NiCl2 were dissolved in distilled water at

room temperature. Solutions of CMC were mixed with

NiCl2�6H2O to give 5, 10, 20, and 40 wt % of Ni-doped CMC

using magnetic stirrer at 60–80�C. The samples’ designation is

summarized in Table I. Films of suitable thickness (�50 mm)

were casted onto stainless steel Petri dishes, and then dried in

an open air at room temperature (about 30�C) for about 6 days

until solvent was completely evaporated.

Thermal Analysis. Thermal analysis was carried out using a

computerized differential scanning calorimetry (DSC) and ther-

mogravimetric analysis (TGA) Shimadzu-50, Kyoto, Japan.

Measurements were carried out under nitrogen atmosphere (30

mL/min).

Spectroscopic Analysis. The absorption spectra of the samples

were performed using Perkin-Elmer lambda 4b spectrophotom-

eter over the range of 190–2500 nm. The tristimulus transmit-

tance values (X, Y, Z) were calculated using the transmittance

data obtained in the visible range according to CIE L*u*v* sys-

tem. Also, the CIE three-dimensional (L*, U*, V*) color con-

stants, whiteness (W), yellowness (Y), chroma (C*), hue and

color difference (DE) were performed.

RESULTS AND DISCUSSION

Thermal Analysis

The thermal properties of composite system were determined by

DSC to investigate the effect of Niþ2 concentrations on the ther-

mal transitions of CMC (C0 sample). Figure 1 shows that the

pure CMC and those doped with Niþ2 give a broad and a rela-

tively large glass transition temperature (Tg). It was observed

that Tg decreases with the Niþ2 content increasing which leads

to the decrease of polymer rigidity. Furthermore, there are sharp

three exothermic peaks at 547, 595, and 643 K, respectively, for

pure polymer. These exothermic peaks correspond to degrada-

tion.14 Although the Niþ2 content increases, the endothermic

peaks were appeared at 504 and 649 K for C40 sample. These

two endothermic peaks can be attributed to thermal decomposi-

tion of the doped polymer. In case of pure polymer, the initial

weight loss of �16.0% up to 544 K is owing to the removal of

moisture present in the polymer. An extremely large weight loss

of �20% up to 639 K suggests that the CMC still contains

some volatile material as summarized in Table II.

Table I. Designation of X NiCl2 2 (100 2 X) CMC Composite System

X (wt %) Polymer composition Polymer number

0 CMC C0

5 95 CMC—5 NiCl2 C5

10 90 CMC—10 NiCl2 C10

20 80 CMC—20 NiCl2 C20

40 60 CMC—40 NiCl2 C40

Figure 1. The DSC and TGA thermograms results for X NiCl2 � (100 � X) CMC composite system.
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Optical Properties

Optical Absorption Analysis. The measurements of the optical

absorption and the absorption edge are important, especially in

connection with the theory of electronic structure of amorphous

materials. The spectrum of the doped samples (Figure 2) shows

an ultraviolet cutoff region whose width increases up to 235 nm

under addition of Niþ2 ions. The cutoff region comprises two

peaks at 195 and 205 nm and a visible band at approximately

400 nm. The peaks appeared at 195 and 205 are assigned to n-

p* electronic transition (R-band) of chromophoric groups in

CMC.15 It is well known that Niþ2 in the octahedral symmetri-

cal field possesses three spin-allowed transitions and two spin-

forbidden transitions as well.16 Accordingly, it is reasonable to

assign the absorption band observed at 400 nm to the spin-

allowed transition3A2g ð3FÞ ! 3T1g ð3pÞ. In addition, this band

position seems to indicate the presence of Niþ2 in the polymer

matrix mostly in octahedral coordination and this assumption

is supported by considering the large ligand field stabilization

energy of Niþ2 in octahedral symmetry compared with that in

tetrahedral symmetry17 (1.2 D for octahedral and 0.36 D for tet-

rahedral). Niþ2 would generally be expected to occur preferably

in octahedral symmetry.

Generally, the change in absorption spectrum of pure polymer

(C0) under addition of NiCl2 is an indication of chelate forma-

tion of Ni2þ co-ordinated with the hydroxyl and carboxymethyl

groups of CMC.18

Optical Parameters. The absorption coefficient, a(m) and

near the edge of each curve was calculated, using the following

equation19

aðmÞ ¼ �1

d
ln

ð1� RÞ2

2TR2
þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð1� RÞ4

4T 2R4
þ 1

R2

s2
4

3
5 (1)

where d is the thickness of the film sample, R is the reflectance,

and T is the transmittance of sample for incident photon. The

absorption edge is observed in the UV region (Figure 2),

depending on the value of the absorption coefficient (a) for

many amorphous materials. This region is usually known as

Urbach tail20 which is considered with a < 104 cm�1 and

depends exponentially on the photon energy (hm) as showing in

eq. (2):

aðmÞ ¼ ce
hm
Ee (2)

The width of the band tails (Urbach energy Ee) associated with

valence band and conduction bands was believed to be origi-

nated from the same physical origin. This origin is attributed to

phonon-assisted indirect electronic transitions between localized

states, where the density of these states is exponentially depend-

ent on energy.21 The Urbach energy arises from the random

potential fluctuations in the material into the band gap.22 The

values of Urbach energy (Ee) were calculated by determining the

reciprocal of the slopes of the linear regions of the curves as

shown in Figure 3 and summarized in Table III.

It is noted that the pure polymer sample has the smallest

Urbach energy (Ee ¼ 0.58 eV) and sample 20 and 40 wt %

Nickel chloride-doped CMC has the largest one (Ee ¼ 1 eV).

This can be explained on the basis that Urbach energy is gener-

ally used to characterize the degree of disorder in amorphous

and crystalline solids. Materials with larger values of Ee would

have a great tendency to convert weak bonds into defects.

Therefore, the value of Urbach energy is considered as a mea-

sure of defects’ concentration.

Complex Dielectric Constant and Refractive Index

Dispersion. The real (e0) and imaginary (e00) parts of complex

dielectric constant can be calculated from the following

equations:23

e0ðkÞ ¼ n2ðkÞ � k2ðkÞ (3)

Table II. DSC and TGA results for X NiCl2 2 (100 2 X) CMC

Composite Systema

DSC TGA

Polymer
number

Peak
temp. (K) Comment

Temp.
range (K)

Loss
(wt %)

C0

377 Endo 303–543.5 16.49

547.88 Exo 543.5–638.8 38.28

595 Exo 638.8–675.8 3.95

643.53 Exo 675.8–750 2.43

C5

372.03 Endo 303–534 16.8

541.71 Exo 534–555 18.71

555.35 Exo 555–576 3.61

576.17 Exo 576–694 8.32

655.6 Exo 694–750 13.6

C10

361 Endo 303–542 17.2

542.59 Exo 542–553 28.47

598 Exo 553–608 18.4

610 Exo 608–750 9.0

651.93 Exo

C20

360 Endo 300–528 14

526 Exo 528–673 38

553 Exo 673–750 11

611 Exo

633 Exo

CMC 40

357.96 Endo 303–488 13.6

497 Exo 488–557 14.6

504.82 Endo 557–644.7 9.25

538.56 Exo 644.7–750 11.93

641.24 Exo

649.12 Endo

aEndo, endothermic peak; Exo, exothermic peak.
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e00ðkÞ ¼ 2nðkÞ kðkÞ (4)

where n is the refractive index and k is the extinction coeffi-

cient. The dispersion of refractive index is shown in Figure 4. It

is seen that as wavelength increases the refractive index

decreases until reaches a constant value no (Table III). It is

observed that as Niþ2 concentration increases, the refractive

index values increase but still less than its value for pure poly-

mer in case of C5 and C10 samples and higher for other sam-

ples and this may be attributed to the variation of density and

absorbance of samples under investigation. e0 and e00 are calcu-

lated for composite system at different incident photon energies

and shown in Figure 5. We note that as Nþ2 concentration

increases e0 and e00 increase and this is owing to the increasing

number of ionizable charges and dipoles for samples under

investigation.24

Color Measurements. Figure 6 shows the variation of the tristi-

mulus transmittance (Yt) with wavelength in the range of 380–

760 nm for composite samples (C0–C40). It is noticed that the

behavior of Yt for all samples is similar as they have the same

Figure 2. Absorption spectrum of X NiCl2 � (100 � X) CMC composite system.

Figure 3. Urbach plots of X NiCl2 � (100 � X) CMC composite system.

Figure 4. Dispersion of refractive index with wavelength for X NiCl2 �
(100 � X) CMC composite system.

Table III. Values of Energy Tail (Ee) and Refractive Index (no) for NiCl2

2 (100 2 X) CMC Composite System

Polymer number Ee (eV) no

C0 0.58 1.73

C5 0.64 1.57

C10 0.68 1.66

C20 1.00 1.86

C40 0.99 2.2
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peak position at about 560 nm and a small peak at 470 nm.

Also, it is observed that Yt(max) changes irregularly with com-

position. The smallest and the highest Yt(max) values were

observed for the samples C40 and C5, respectively, and this was

attributed to the transmission values.

Figure 7 shows the position of all samples on the chromaticity

diagram and their distance to the white point. We see that all

samples lie around white point (E). The locations of the sam-

ples are distinct from each other, and a clear color gradient is

observed.

Table IV summarizes the color parameters L*, U*, V*, hue, W,

Ye
25 and color difference data, DL*, DU*, DV*, DC*, DE

between all samples and sample C0. We note that the color

Figure 5. Variation of dielectric constant and loss with energy for of X NiCl2 � (100� X) CMC composite system.

Figure 6. Tristimulus transmittance of X NiCl2 � (100 � X) CMC composite system.

Figure 7. Chromaticity diagram of XNiCl2� (100� X) CMC composite system.
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parameters change irregularly with composition. The color dif-

ference data indicate that the sample C5 is lighter than the

other samples. The sample C20 is redder, bluer, and more satu-

rated than other samples; in addition, it has high DE value. The

sample C40 is darker than other samples, has lowest redness

and highest DE value.

CONCLUSIONS

Polymer composite system based on CMC–NiCl2 was prepared

using a solvent casting technique. Thermal analysis techniques

were performed to find out the different phase transitions and

the thermal decomposition behavior of samples under study.

DSC thermograms revealed that position of Tg was shifted to

lower temperatures as NiCl2 content is increased. Optical meas-

urements indicate the presence of n-p* electronic transitions

which were interpreted in terms of Urbach transition mecha-

nism. The change in absorption spectra is found to be limited

to the position or intensity of the characteristic absorption

bands. This effect is related to the role of divalent cation in the

polymer structure and the ability of partly sharing as network

forming groups. Experimental data indicate that the octahedral

state of Ni2þ slightly increases with the increase of the nickel

content and this is correlated with the bond strength between

the divalent cation and the polymer matrix and the extent of

polarizability. The change of absorption spectra for the prepared

samples enables us to use them as UV filters or shields. The

color measurements show that there is an observable color gra-

dient between CMC and other composite samples. Owing to

the compositional dependence on optical measurements, these

composites may be suitable for optical data storage.
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