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Study of Starch Based Biodegradable Polymeric Surfactants for 1 

Better Cleansing Activity 2 

 3 

 4 

ABSTRACT 5 

In the present case, biodegradable starch interactions withvarious surfactants has been studied for 6 

the investigation of ability and cleansing activity of starch-surfactant-water system. The 7 

surfactants investigated were sodium dodecylsulphate(SDS), sodium 8 

octanoate(NaOct),cetyltrimethylammoniumbromide(CTAB) and tween-20. The DS of 9 

starch is 0.8 and the concentrations of starch were varied from 0.01 to 1% wt/v. The effect 10 

of mixing on the micellisation of the ternary surfactant solutions can be described to a good 11 

approximation by taking into account only the effects of the volume difference between the 12 

hydrocarbon chains length. Mixed micelle formation with starch depends on the chain-length 13 

difference in the same way as for starch-surfactant micelle. Aggregation of the mixed 14 

micelles of the surfactants and the polymer coils produced a gel-like complex phase. The 15 

water content of the gel phase in equilibrium with aqueous solution increased when the chain-16 

length difference between the two surfactants increased. The more surface-active component is 17 

strongly enriched in the polymer complexes of gels and it showed maximum cleansing activity 18 

of respective detergent. From the experimental results of viscosity, surface tension and other 19 

physical properties it indicated that adding starch in detergent as soap filler these properties 20 

have changed. The complexes were analyzed and characterized by FTIR, XRD and SEM. 21 

Some of the complexes exhibited excellent emulsifying efficiency and surfactants performance 22 

properties with this biodegradable starch polymer. 23 

 24 
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 27 

1.  INTRODUCTION 28 

The cleansing activity of soap-detergent is one of the most important phenomena in our daily 29 

life. Thus the improvement activity of soap-detergent is obviously required forbetter quality and 30 

performance of surfactants. The biodegradable polymers derived from natural resources are 31 

Comment [E1]: Remove the  “The” has been 

removed 



 

2 
 

potentially very interesting substitutes for non‐biodegradable petroleum‐based polymers. 32 

Anattractivefieldof application of thesepolymers is theiruseas packagingmaterials. Forthe current 33 

petrochemicalbased productsrecycling is often neither practicalnor economically feasible 34 

[1].Natural polymers such as starch, cellulose or proteins are potentially very interesting starting 35 

materials for biodegradable packaging materials. 36 

 37 

In particulars, starch is an attractive as it is relatively cheap and abundantly available. 38 

However, thegeneral picture emergingfromthese 39 

studiesisthatindilutesolutionthesurfactantmoleculesadsorbpolymerchainsas micellaror 40 

micelle-likeclusters.Ageneralphenomenoninsystemsofpolyelectrolyte and 41 

oppositelychargedsurfactantisthatcomplexesofthesecomponentsseparateasawater-42 

swollenphaseinequilibriumwithverydiluteaqueoussolution.Generally,the rich 43 

phasebehaviorofsurfactantsinwaterisalsocharacteristicof starch-surfactant 44 

complexesin contactwith water.Thus, in complexes, the interactions may be intra and/or 45 

intermolecular. The balance depends on the structural parameter necessary for softening the 46 

polymer, such as the nature, lengths and content of  hydrophobic groups, their distribution 47 

along the starch, the hydration capacity, the degree of polymerization, polymer concentration 48 

and on other parameters such as salinity, pH and organic co-solvents [2,3]. Among the 49 

associated polymers, amphiphilic polysaccharides with a natural non-toxic and biodegradable 50 

carbohydrates are of particular interest. They were prepared by the hydrophobic modification 51 

of a variety of polysaccharides, such as corn, potato [4], hydroxyethylcellulose, 52 

carboxymethyl cellulose [5,6] and pullulan [7]. Increasing interest has been focused on the 53 

structure–solution property relationship of amphiphilic polysaccharides [8-10]. The 54 

associative behaviors of hydrophobically modified carboxymethyl cellulose and 55 

carboxymethylpollulan were studied after the amidation of these polysaccharides in DMSO 56 

[6,7].In a previous study, the hydrophobization of various polysaccharides were investigated, 57 

such as hydroxyl ethylcellulose [11], carboxymethyl cellulose [12], xylan[13], and 58 

carboxymethylstarch [14,15] by the esterification of hydroxyl groups using classical (with 59 

acylchloride and mixed anhydride) and unconventionalmethods.The interactions  of  60 

surfactants  with  cationised  cellulose,  has  been  studied  by Goddard et al. [16,17] and 61 
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nonionic cellulose ethers have been subject of extensive studies by Piculell and 62 

Lindman[18]. The structure of starch is very similar to cellulose, but the difference on the 63 

bindings, which link the monoglucose units to form the polymer, makes their chemical 64 

behavior very different. The polymer chains in starch are much more flexible than in cellulose, 65 

making the polymer more soluble in different solvents. The polymer chains of amylopectin in 66 

starch are also branched, whereas cellulose has completely straight chain. Thus, actually 67 

starch is very different material to cellulose despite of their chemical similarity. 68 

 69 

The Infrared spectra of starch and related compounds have been studied for a long time by a 70 

number of authors [19,20]. These authors studied the infrared spectra in the detection of 71 

chemical changes in starch and some other starch-surfactant derivatives and investigated the 72 

effect of hydrogen bonding and change in crystalline structure on the infrared spectrum of starch. 73 

Starch-surfactants complex interactions of H- atom of starch within the surfactant molecule by 74 

the H-bonding process are now subject to IR absorption of the functional groups which may vary 75 

over a wide range. 76 

 77 

From the above mentioned features, it can be depicted that many researchers have paid their 78 

attention on this field. In spite of half century of great effort, many academic aspects such as, 79 

chemistry, chemical reactions, bond formation on starch-surfactants interaction are still open for 80 

discussion.The purpose of the present investigation is to explore the effect of starch interaction 81 

on various surfactants for better understanding the mechanism of starch and surfactants 82 

complexes studied by the ternary phase diagram, interfacial surface tension and viscometric 83 

measurement. The instruments like XRD, SEM, FT-IR etc. were used to characterized the 84 

product samples in these investigations. 85 

 86 

2. MTERIALS AND METHODS 87 

2.1 Materials 88 

Starch was purchased from UNI-CHEM, China and its degree of substitution (DS) was 89 

0.80starch solution was prepared by heatingin water in an autoclaveat120oCfor 30min.All 90 

solutions were prepared at least 24h before measurements were performed. The surfactants 91 
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sodium dodecylsulphate(SDS), N-cetyl-N,N,N-trimethylammoniumbromide(CTAB), sodium 92 

octanoite(NaOct) were purchased as analytical grade and were used without further 93 

purification.The water used was ion exchanged and distilled.Its conductivity, and 94 

reducedviscosity were 2.0 µs and 4.0 dm3/mol,respectively and its surface tension was 71.5×10-
95 

3±0.5 N/m at 30oC. All other chemicals were analytical grade and used without further 96 

purification. 97 

 98 

2.2 Methods 99 

2.2.1 Surface and interfacial tension measurements 100 

Surface tension was measured with a drop weight method (Stalagmometer Instruments).In the 101 

calculationof surface tension;the correction factors of Huh and Mason [21]were used. 102 

Thereproducibleresultsbetween measurementsof thesame sample was ±0.5 N/m. The results of 103 

the surface tension measurement were calculated from the equation below: 104 

 
rf

mg

π
γ

2
=  105 

where, f is equalto
3

1

v
,v is  the volume of the drop and r is its radius, mg is the weight of falling 106 

drop andγis its surface tension.  107 

 108 

A drop of the weight (mg) given by the above equation has been designated as the ideal drop. 109 

Repeated measurements (2-4 times) were conducted on each sample from which equilibrium 110 

surface or interfacial tension values were obtained by averaging the values at very long periods, 111 

where the surface and interfacial tension values showed little or no change with time. Prior to 112 

running tests with the starch solutions, the instrument was calibrated with water and then 113 

checked by measuring the interfacial tension between water and pure starch. 114 

 115 

2.2.2 Viscosity 116 

Viscosities were determined with an Ostwald viscometer according to British standard (Fisher 117 

Scientific TM200) with a fluctuationof±0.1oC was used. The flow of time was recorded by a 118 

timer accurate up to ±0.01 second.  At certain surfactant/starch ratios the aggregates formedwere 119 

very mobile flocks, which tended to form in the samples. This could be partly avoided 120 

bydraining thecapillary fully between measurements. The results of the viscosity values were 121 
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calculatedfromequation below: 122 

 
c

t

tt

red
0

0 )( −

=η  123 

wheretis the measured efflux time of solutions and t0is the efflux time of thepure solvent (water) 124 

and C is the weight concentration of the surfactant, starch &surfactants mixed polymer. 125 

 126 

2.2.3 SEM analysis  127 

Scanning Electron Microscope (SEM) of potato starch, surfactant and starch-surfactant 128 

complexes were less than 4% moisture content before examined. Dried sample were taken onto 129 

the double-sided adhesive tape attached to the specimens tub. The excess sample was removed 130 

and the sample was placed in fine coater of gold coating for 150 sec. The coated sample was 131 

then placed in the sample chamber of the SEM. The sample was examined at a magnification of 132 

2,500 and 6,000 with the accelerating voltage of 10 kV. 133 

 134 

2.2.4 FTIR spectroscopic analysis 135 

Potato starch is a polymer, cetyltrimethylammonium bromide (CTAB) is a cationic surfactant 136 

and sodium dodecyl sulphate (SDS) is a anionic surfactant. About 0.2 g sample was dried in an 137 

electric oven at 105oC for 30 min. Tween-20 is a non-ionic highly viscous liquid. About 10ml 138 

sample was taken into glass tray and dried at 105oC for 2h. Samples with KBr was ground with a 139 

mortar-pastle and a pellate was made.FTIR of the KBrpellatewas measured with Shimadzu 140 

FTIR-470 infra-red spectrophotometerbetween 400 - 4000 cm-1. 141 

 142 

3. RESULTSANDDISCUSSION 143 

3.1 Surface active properties 144 

Some of the prepared starch-surfactant mixture lowered the surface tension of water, namely at 145 

lower concentration of the sample Table1. The functional properties of some of the prepared You 146 

have generally not discussed effect of all the surfactants. Please do discuss themsurfactant and 147 

starch mixed surfactant solutions were tested for emulsifying efficiency, washing power and anti-148 

redepositiveefficiency. The emulsifying efficiency was characterized by the stability of the 149 

paraffinic Tween-20/water emulsions and other surfactant mixture at definite ratio. The results 150 

summarized in Table 2 shows that some of the surfactant made emulsions of the oil/ water type 151 
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stable even after 24h.Starch mixed ionic surfactant cleansing efficiency was comparable to that 152 

of the commercial emulsifier Tween-20. Some of the tested mixture showed excellent washing 153 

power exceeding that of the anionic detergent, name SDS containing dodecyl chains. The anti-154 

redepositive efficiency was higher than the starting SDS, but moderate in comparison to starch 155 

used as a co-builder in detergents [22]. 156 

 157 

3.2 Analysis by viscometric measurement  158 

Table 1.The value of surface tension of all types of surfactants with added starch. 159 

 160 
 161 

 162 

Table 2.Critical micelle concentrations of binary surfactant mixture of SDS, CTAB, Tween 163 

 20 and NaOCt. 164 

 165 

Log conc. of 
surfactant 
solution (%) 

Conc. of 
surfactant 
solution, 
Mol/dm3 (M) 

Surface tension 
of SDS mixed 

with starch 
soln.(N/m) 

Surface 
tension of 
CTAB mixed 
withstarch 
soln. (N/m) 
 

Surface tension 
of Tween-20 
mixed 
withstarch soln. 
(N/m) 

Surface tension 
of NaOct mixed  
with starch 
soln.(N/m) 

-2.00 0.01 49.11 49.19 49.11 48.88 

-1.69 0.02 48.02 47.15 47.19 47.08 

-1.52 0.03 45.35 45.67 45.75 45.34 

-1.39 0.04 44.31 44.89 44.61 43.38 

-1.30 0.05 43.13 44.15 43.63 42.80 

-1.22 0.06 42.95 43.37 42.84 42.24 

-1.15 0.07 42.73 42.69 42.45 41.98 

-1.09 0.08 42.55 42.46 42.05 41.88 

-1.04 0.09 42.52 42.45 42.05 41.86 

-1.00 0.10 41.51 42.41 42.07 41.86 

Mole 
fraction 

SDS/ 
CTAB 

SDS/ 
Tween 20 

CTAB/ 
Tween 20 

NaOCt/ 
CTAB 

NaOCt/ 
Tween 20 

SDS/ 
NaOCt 

0 0.98 0.071 0.071 25.0 23.0 8.32 

0.17 1.10 0.074 0.081 28.2 27.9 9.75 

0.25 1.26 0.090 0.092 30.1 28.6 10.5 

0.50 1.60 0.128 0.122 39.6 37.2 15.0 

0.75 2.32 0.212 0.236 52.7 56.3 24.4 

0.83 3.03 0.296 0.406 62.3 72.3 32.2 

0.91 3.67 0.403 - 73.2 76.5 - 
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Fig. 1 Reduced viscosities of solutions 
surfactant mixtures. The surfactants 
(♦) and NaOct/Tween-20 (▲
mixtures was 1:1. The two-phase domain is indicated by the dotted 
 
 
 

 
Fig. 2 Reduced viscosities of solutions 
 mixtures. The molar ratios of the 
 (▲) and 1:5 (♦). The two
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0.993 96.7 95.5 97.5 95.5

 

Reduced viscosities of solutions of potato starch (0.01 wt.%, DS=0.80) and 
surfactants were NaOct(●), NaOct/CTAB (▼
▲). The molar ratio of the surfactants in the 
domain is indicated by the dotted line. 

 

Reduced viscosities of solutions of starch (0.01 wt %, DS=0.80) and 
ratios of the surfactants were1:0 (▼), 3:1 ( ), 1:1 

The two-phase domain is indicated by the dotted line. 

 168 
 169 
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0.80) and NaOct/second  
▼), NaOct/SDS  
in the surfactant  

0.80) and SDS/CTAB  
, 1:1 (●), 1:3  

  
 
 



 

 

 170 

Fig. 3 Surface tensions of solutions 171 

 mixture. The molar ratios of the 172 

 and 1:5 (♦).The two-phase domain is indicated173 
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177 
 178 
. 179 
 180 

Fig. 4. Surface tension of solutions 181 

 surfactant mixtures. The 182 

 NaOct/SDS (♦) and NaOct183 

 surfactant mixture was1:1.The 184 
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Surface tensions of solutions of potato starch (0.01 wt.%, DS=0.80) and SDS
ratios of the surfactants were 1:1 (●), 3:1( ), 1:0 (▼), 1:3

phase domain is indicated by the dotted line. 

 

Surface tension of solutions of potato starch (0.01 wt.%, DS=0.80)and 
mixtures. The surfactants were NaOct(●), NaOct

NaOct/Tween-20(▲). The molar ratio of the surfactants 
The two-phase domain is indicated by the dotted line.

 

SDS/CTAB  
▼), 1:3(▲)   

0.80)and NaOct/second  
NaOct/CTAB(▼),  

the surfactants in the  
domain is indicated by the dotted line. 
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Fig.1 shows the reduced viscosity of starch solutions containing different surfactant mixtures. 188 

The viscosity drop occurs at lower concentrations as the hydrocarbon chain length of the 189 

second surfactant is increased. Thus, the interaction depends markedly on the surface activities 190 

of the surfactants. The viscosity increase when excess surfactant begins to dissolve and at the 191 

same time, the added excess surfactant begins to form free micelles. Thus, theresultis an 192 

increased viscosity. The surfactant concentrationat whichthe sudden viscosity reduction 193 

occurred and increased,when the NaOct/CTAB molar ratiois decreased.The viscosity 194 

becomesminimum leveldue to the charge neutralization at a higher surfactant concentration 195 

than with the pure NaOct. From comparison studies at fixed starch concentration but variable 196 

surfactants concentration, it has been found that at certain concentration of surfactant surface 197 

tension value is minimum which indicated maximum cleansing activity appeared at the 198 

mentioned points. Fig.2 shows the variation of molar ratio of two surfactants; the log 199 

concentration vs. reduced viscosity. With an increase of log concentration of molar ratio the 200 

reduced viscosity decreased. Such behavior confirms the existence of a strong interactions 201 

between starch and surfactant.It can also be seen  fromFigs.3 and4 that log concvs surface 202 

tension values plot at fixed Critical micelle concentrations, the value of surface tension is 203 

minimum but after increasing logconc the surface tension curve is level off. Figure 3 shows the 204 

surface tension of solutions of NaOctandNaOct/CTAB mixtures in 0.01wt.% starch solutions 205 

as a function of thesurfactant concentration. Critical micelle concentrations are indicated by 206 

sudden changes in the slopes of the curves.When part of the NaOct is replaced by CTAB, the 207 

CMC(critical micelle concentration)increases with anincrease in mole fraction of the short-208 

chain surfactant. At concentrations considerably above those values corresponds to charge 209 

equivalence between the amounts of surfactant and starch, a complex phase containing 210 

highconcentrationsof surfactants and polymer is formed. The phase separation can be 211 

observed visually as a clouding of the sample. The two phase area is represented by a dashed 212 

line in theFigs.1 and 2. Phase separation takes place at higher surfactant concentrations when 213 

the fraction of NaOct increases (Fig.2). Increasing the mole fraction ofNaOct above 0.83 does 214 

not significantly affect the CMC, but the two phase area extends to higher concentrations.Fig.3 215 

shows the surface tension when a mixture of NaOct and shorter-chain surfactant is added 216 

(1:1mole ratio) at constant starch concentration. Although the effect is not very marked, the 217 

CMC is always higher than for pure NaOct. Theshift decreases when the chain length of the 218 



 

 

second surfactant increases. The219 

order NaOct<CTAB<SDS<220 

highly charged starch (DS=0.80221 

shorter is the chain length of the 222 

from nature, but detergent is chemical substance which is har223 

and not only this, the product is biodegradable hence 224 

 225 

3.3. H-bond formation with surfactant226 

 227 

228 

 229 

Fig.5H-Bond formation starch with 230 

cationic surfactants.   231 

 232 

 233 

234 
 235 

Fig. 7  Only anionic surfactant molecule.236 

 237 

 238 

From Figs. 5and 6, it can be seen that starch molecule have many hydroxyl groups and hydrogen 239 

atoms which may bind with ionic240 

bond. So breakdown of these bonds241 

of surfactant molecule. Hence, 242 

10 

Theconcentration at which thegel phase separation

<Tween20.Redissolution, which is not complete with this 

0.80), also takes place at a slightly higher concentration 

the second surfactant. Here it is mentioned that starch 

but detergent is chemical substance which is harmful for water living organism

the product is biodegradable hence it is also eco-friendly. 

urfactant 

Bond formation starch with    Fig. 6Onlycationic surfactant molecule.

anionic surfactant molecule.Fig. 8 Only Non- surfactant molecule. 

seen that starch molecule have many hydroxyl groups and hydrogen 

ionic surfactant molecule throughH-atom called intermolecular 

bonds are easily occurred in hydrophilic and/or hydrophob

of surfactant molecule. Hence, cleansing activity increased by adding starch

separation increases in the 

which is not complete with this 

concentration the 

that starch is obtained 

mful for water living organisms, 

 

Onlycationic surfactant molecule. 

 

seen that starch molecule have many hydroxyl groups and hydrogen 

intermolecular H-

hydrophobic parts 

by adding starch in ionic 



 

 

surfactants(SDS,CTAB. Again, t243 

withstarch molecule.It is clearly indicated244 

activity when it is used nicely as 245 

 246 

3.4 ScanningElectronMicroscopy(SEM)247 

Figs. 7a,b, c, d and e show the individual 248 

CTAB and starch-CTAB mixture respectively studied by SEM249 

d and e that the surface images 250 

The surfaces of the starch, SDS and 251 

like respectively. Similar effect was observed in the case of other surfactants. So, it is clear that 252 

certain temperature and concen253 

formation of H-bonds and changes its surface structure254 

 255 

256 
a. Starch         257 

 258 

                c. Starch with SDS mixture                                  d.  CTAB 260 

11 

Again, the non-ionic surfactants are unable to make H

It is clearly indicated that starch has obviously the property of cleansing 

 soap or detergent filler in soap-detergent industry.

scopy(SEM) 

show the individual surface image of starch, SDS, starch

CTAB mixture respectively studied by SEM.It can beseen fro

e images of the starch and surfactant are quite different 

SDS and mixture of these two looks likegranules, pop

Similar effect was observed in the case of other surfactants. So, it is clear that 

ntration, thestarch interacts with the surfactant

bonds and changes its surface structure. 

       b. SDS 

260 
c. Starch with SDS mixture                                  d.  CTAB  

make H-bond formation 

obviously the property of cleansing 

detergent industry. 

starch-SDS mixture, 

om Figs. 7a, b c, 

quite different from each other. 

mixture of these two looks likegranules, pop-corn and needle 

Similar effect was observed in the case of other surfactants. So, it is clear that at a 

n, thestarch interacts with the surfactants through the 
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     (e) Starch with CTAB mixture262 

 263 

Fig. 7SEM image of (a) starch, (b) 264 

(surfactant) and (e) starch with CTAB mixture265 

 266 

 267 

3.5 FTIR Spectroscopy 268 

It is always difficult to visualize the fundamental mode of vibrations269 

Hydroxyl groups show stretching (along270 

right angles to the chemical bonds) modes that give rise to absorption in approx ranges 3600271 

3100 and 1500-600 cm-1respectively. All molecules272 

such bands; the exact position of the absorption bands will vary with the local environment of the 273 

group. Detailed assignments for the bands observed in spectra of starch and surfactant complexes 274 

show a sharp peak at around 275 

(Tween-20). Fig. 8c does not show any sharp276 

sharp absorption peak is observed 277 

and interact with starch due to which starch278 

atom. 279 

 280 

 281 

 282 

 283 
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CTAB mixture 

(a) starch, (b) SDS(surfactant), and (c)starch with SDS mixture
(e) starch with CTAB mixture 

It is always difficult to visualize the fundamental mode of vibrations of polymeric molecules. 

l groups show stretching (along the chemical bonds) and bending or deformation(at 

right angles to the chemical bonds) modes that give rise to absorption in approx ranges 3600

respectively. All molecules possessing the hydroxyl group will show 

such bands; the exact position of the absorption bands will vary with the local environment of the 

group. Detailed assignments for the bands observed in spectra of starch and surfactant complexes 

 3400cm-1for hydroxyl group. In case of non

show any sharppeak for hydroxyl group whereas 

sharp absorption peak is observed in Figs. 8aand 8b. Both CTAB and SDS are ionic surfactants 

and interact with starch due to which starch molecule form inclusion complexes with them

SDS mixture, (d) CTAB 

of polymeric molecules. 

or deformation(at 

right angles to the chemical bonds) modes that give rise to absorption in approx ranges 3600-

possessing the hydroxyl group will show 

such bands; the exact position of the absorption bands will vary with the local environment of the 

group. Detailed assignments for the bands observed in spectra of starch and surfactant complexes 

se of non-ionic surfactant 

hereas a comparative 

are ionic surfactants 

molecule form inclusion complexes with them by H 
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 284 

 285 

 286 

 287 

 288 

 289 

 290 

 291 

 292 

 293 

From the IR spectra of Figs. 8.a, b and c,the following peaks are recognized: 294 

i. At 3400 cm-1, -OH vibration in C-OH group; 295 

ii.  At 1640 cm-1, C=O stretching in –C-OH group; 296 

iii.  At 1375 cm-1, -O-H in plane deformation in secondary alcoholic group; 297 

iv. At 3650 cm-1, N-H vibration in C-OH-N group; 298 

v. IR absorption spectraconfirms the complexes in between starch and ionic surfactants 299 

(CTAB and SDS).  To bind each other by the H-atom to form inter molecular H-300 

bonding with the help of dipolar moment partially positive and negative charge 301 

required.Figure 5 and 6 are shown above mention bonding but starch and Tween-20 302 

do not form any H-bonding due to lack of partial positive and negative charge in non 303 

ionic Tween-20 surfactant. 304 

The influence of ionic surfactant concentrations on properties of starch based films was 305 

analyzed byFTIR spectra. , mechanical properties of the fi lms, water solubility, and fil m 306 

morphology as reported below. 307 
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Fig.8(a) FTIR Spectra of  I: 
Cationic (CTAB) surfactant, II: 
Starch and III: Their mixture 

Fig.8(b) FTIR Spectra of I: Anionic 
(SDS) surfactant, II: Starch and III:     
theirmixture 

Fig.8(c) FTIR Spectra of I: Non-
ionic (Tween-20) surfactant, II: 
Starch and III: Their mixture 

Mixture 
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Al l the starch films with and without surfactant appeared smooth, clear, and 308 

transparent.Film thickness was ranged from120 to160µm.The FTIR spectrum of a starch film 309 

(without surfactant) is shown in Figs.8a and 8b.A broad absorption band at 3268cm-1is 310 

evident, due to the stretching frequency ofthe-OH group, and a band at 2920cm-311 

1attributableto C-H stretching vibration [23].The presence of a strong absorption band 312 

at1648cm-1confirms the presence ofabsorbedwater in surfactant.The bands around 1413 313 

and1337 cm-1are assigned to -CH2-bending in plane and C-OHbendingvibration, 314 

respectively. The band at1149cm-1is due to C-O-C anti-symmetric bridge stretching[24].The 315 

FTIR spectrum of a CTAB film is shown in Fig.8b.The broad absorption band at3260cm-316 

1is due to the stretchingfrequency of the–N-H group [25] which overlaps the-OH stretching 317 

region at 3480-3440cm-1. Theband at 2876cm-1isdue to the C-H stretching vibration. The 318 

bands around1412and1319cm-1are assigned to–CH2scissoring and –OH bending vibration, 319 

respectively. The band at1060cm-1isdue to CH-O-CH2 stretching [23]. Spectra of CMC 320 

films showed peaks around 1592cm-1,attributable to anti-symmetric vibration of COO-groups 321 

[26] and [28]. Addingionic surfactant (SDS,CTAB) concentrations to starch 322 

filmsresultedin similar characteristics in the FTIR spectra (Figs. 8a and 8b). This indicated 323 

that the anti-symmetricand symmetric vibrations of C=Oand C-O bonds were enhanced, 324 

probably due to the disruption of intermolecular H-bonds between polar group present in SDS 325 

and CTAB molecule caused by added starch [26]. Thesymmetric COO-326 

stretchingwasfoundat~1411cm-1 inall film samples. The water absorption band of cassava 327 

starchat1648cm-1disappeared upon addition of CMC.The broadband located around 328 

3270cm-1appeared in all films and was caused by O-H stretching and intermolecular/ intra-329 

molecular hydrogenbonds[26]. The N-H band of CTAB and starch occurredat 330 

3267and3261cm-1,respectively. By blending starch with CTAB, the O-H band of films shifted 331 

to 3265-3272cm-1.The band of C-OH bending of starch film that appeared at 1337cm-1was 332 

shifted to1322-1333cm-1withSDS addition. Xuetal. [28]reported that the ester bonds were 333 

mostly formed between the hydroxyl groups in amylopectinbranches of starch and 334 

diazonium salt group of CTAB, forming a stable cross-linked structure.This is likely what 335 

occurred in the composite starch–ionic surfactant complexes film studied here. These results 336 
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were correlated with FT-IR spectra of rice flour -CMC blended film [29], chitosan-cassava 337 

starch-gelatin films [30],and corn starch-CMC-nanoclay bio-composite films [31]. 338 

  339 

4. CONCLUSION 340 

The investigations presented in this paper show that strong ionic interaction occurs between 341 

cationic and anionic surfactants (CTAB, SDS) except non-ionic surfactant (Tween-20) and 342 

starch polymer, leads to phase separation and precipitation of the formed amorphous 343 

complexes. Complex formation on starch depends on the chain length difference in exactly 344 

in the same way as for free mixed micelles.The separated complex phase is a hydrophobic, 345 

highly viscous and gel like containing 40 to 60% water. The highly and low water content 346 

of the complex phase indicates that the interactions between the starch and ionic 347 

surfactants are very strong and they are capable more effective cleansing than normal 348 

detergent available our indoor market but also biodegradable and eco-friendly for 349 

environment.The Ionic surfactants (CTAB, SDS) at concentrations above its critical 350 

micelle concentration reduces the inter-polymerassociation through micelles formation 351 

around hydrophobic (alkyl group) groups. The presence of a miscible starch molecule also 352 

reduces inter-polymer association by preferential salvation of the hydrophobic groups. 353 

 354 

 355 
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