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Abstract – This work reports the synthesis and the thermoresponsive self-assembly behavior of 

carboxymethylcellulose-g-JeffamineM2070 and carboxymethylcellulose-g-JeffamineM600 copolymers in aqueous 

media. They were prepared through the grafting of two different types of amino-terminated poly(ethylene oxide-co-

propylene oxide) chains onto the carboxylate groups of carboxymethylcellulose, by using water-soluble carbodiimide 
derivative and N-hydroxysuccinimide as coupling reagents. The grafting efficiency was confirmed by infrared and the 

degree of substitution by 1H NMR integrations. The salt effect on cloud point temperature was evaluated into different 

solvents (Milli-Q water, 0.5M NaCl, synthetic sea water (SSW) and 0.5M K2CO3) by UV-Vis and dynamic light 

scattering (DLS) measurements. Both copolymers showed lower cloud point temperature in 0.5M K2CO3 than in 0.5M 

NaCl and in SSW, which was attributed to the  higher ionic strength for K2CO3 combined to the ability of  CO3
2- to 

decrease polymer-water interactions. Copolymers chains displayed higher hydrodynamic radii than CMC precursor at 

25 and 60 °C in saline solutions, and self-associations changed as a function of the environment and copolymer 

composition. 
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Introduction 

In the last decades, amphiphilic polymer systems and their self-assembly in aqueous media 

have attracted much of attention thanks to their variety of applications such as drug delivery 

systems [1], surfactants [2] and rheological modifiers [3]. Among the existing amphiphilic systems, 

copolymers based on polysaccharides are of particular interest due to their renewable and abundant 

origin, their biocompatibility & biodegradability and their natural hydrophilicity exhibiting by 

hydroxyl groups. Besides, associative properties can be fine controlled with external stimuli (such 

as pH, temperature and ionic strength) by grafting smart or responsive polymers on the 

polysaccharides backbone. The external stimuli induce a transition in solubility or conformation of 

the copolymer in the presence of a solvent [4, 5]. 

The methoxypoly(oxyethylene/oxypropylene)-2-propylamine is one of the thermosensitive 

polymer families known under the trademark name Jeffamine
®
 [6]. The poly(ethylene 

oxide)/poly(propylene oxide) ratio as well as molar mass are critical parameters that influence the 

LCST (lower critical solution temperature) of these polyetheramines (ranging from room to high 

temperatures) [7-10]. The amphiphilic character of Jeffamine
®
 promotes the phase separation in 

aqueous medium in response to small temperature changes around the LCST. This phenomenon can 

be explained by a quick and reversible hydration–dehydration of the linear chains [6, 11]. 

Interestingly, the monoamine-terminated polyetheramines enable their covalent linkage to others 

materials. 

Carboxymethylcellulose (CMC) is a chemically modified cellulose derivative with large 

water solubility, applied in many areas, such as food industry, cosmetics, pharmaceuticals, 

suspension agents, viscosity increasing agents and controlled release of drugs and pesticides [12]. 

Grafting of smart thermosensitive chains onto polysaccharide backbone have proved to give very 
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interesting properties, such as thermothickening materials [12, 13], faster enzymatic degradation 

[14], and gelling materials [15]. 

Herein, novel carboxymethylcellulose-g-JeffamineM2070 (CMC-g-JeffM2070) and 

carboxymethylcellulose-g-JeffamineM600 (CMC-g-JeffM600) were synthesized and the structure-

self-associating property relationships were investigated in different aqueous environments.  

 

Experimental 

Materials 

Sodium carboxymethylcellulose (CMC) was purchased from Sigma-Aldrich and its weight-

average molar mass of 5.9 x 10
4
 g/mol was determined by static light scattering in 0.1 M NaNO3 

aqueous solution at 25 ºC. The content of carboxyl groups was determined by 
1
H NMR [16] and 

was found to be 1.00 carboxyl group per anydroglycose unit (DS= 1). Jeffamine
®
 M-600 and 

Jeffamine
®
 M-2070, amino-terminated polyethers, were kindly donated by Huntsman Corporation. 

Through 
1
H NMR [17, 18], their PO/EO compositions were found to be 9/1 and 10/33, and their 

molecular weights 597 and 2048 g/mol, respectively. N-hydroxysuccinimide (NHS) and 1-ethyl-3-

[3-(dimethylamino)-propyl]carbodiimide hydrochloride (EDC) were supplied by Carbosynth. 

Sodium chloride (NaCl), magnesium chloride (MgCl2), sodium sulfate (Na2SO4) and calcium 

chloride (CaCl2) were provided from Sigma-Aldrich. Potassium carbonate (K2CO3) was purchased 

from Analar Normapur and sodium nitrate (NaNO3) was obtained from Merck. All the compounds 

were used without further purification. 

Synthesis of the graft copolymers 

The amidation reactions between carboxyl groups of CMC and amine-terminated 

Jeffamines
®
 were carried out in deionized water, by using EDC/NHS as coupling reagents, at room 

temperature according to conditions given in Table 1. In a reaction vessel equipped with a magnetic 

stirrer, 1 g of polysaccharide was dissolved under stirring in 150 mL of deionized water for at least 

24 h. Jeffamine
®
 was separately dissolved into 50 mL of distilled water. The solutions were 

combined and subsequently diluted with 50 mL of deionized water, and the reaction mixture was 

left stirring for at least 30 minutes. The pH was adjusted to ~ 5 with addition of 1 M HCl. After 30 

minutes, appropriate amounts of NHS and EDC were respectively added and the reaction was left to 

proceed during 24 h.  
 

Table 1 – Experimental conditions of grafting reaction and experimental grafting rates 

Samples code Backbone 
CMC 

Side chain 
Jeffamine 

Coupling agent Degree of Substitution 
(%)* 

 [COO
-
] [M-2070] [M-600] [EDC] [NHS]  

CMC-g-JeffM2070 1 2 - 4 2 14 
CMC-g-JeffM600 1 - 2 4 2 16 

* Determined by 
1
H NMR 

 

The graft copolymers were purified by tangential flow filtration (TFF), using capsules with 

MWCO of 10 000 g/mol from Pall. The system was washed with 0.5M NaCl in order to screen the 

electrostatic interactions between EDC-urea byproduct and the carboxylate units of the backbone 

and also to remove unreacted Jeffamine
®
. At various time intervals, aliquots were withdrawn from 

the filtrate in order to check the elimination of impurities. Finally, the system was washed with 

deionized water until the conductivity of the filtrate reached ~10 µS/cm, and the copolymers were 

recovered by freeze-drying. 

Infrared spectroscopy 

The infrared spectroscopy was performed on a Spectrum Two
TM

 FT-IR Spectrometer from 

Perkin Elmer. The solid samples were analyzed in KBr pellets scanning from 400 to 4000 cm
−1

 

whereas the liquid ones (Jeffamines
®
) were put in CaF2 disks and scanned from 1000 to 4000 cm

−1
.  
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1
H NMR spectroscopy 

1
H NMR spectra were performed with a 400 MHz Bruker Avance DRX400 spectrometer in 

D2O. 

Sample Preparation 

Synthetic sea water (SSW) was prepared according to the ASTM D 1141 – 98 standards. 

The salts in a concentration higher than 1.0 g/L were applied, namely, NaCl (24.53 g/L), MgCl2 

(5.20 g/L), Na2SO4 (4.09 g/L) and CaCl2 (1.16 g/L), giving an ionic strength of 0.722. Appropriate 

amount of polymer was added to the SSW and left stirring overnight. The other solutions were 

prepared by adding the polymer into Milliq water and left dissolving overnight. In the case of the 

other saline solutions, specifically, 0.5M NaCl and 0.5M K2CO3, the salts were later added to the 

polymer solution and left stirring for 30 minutes before the measurements. The 0.5M NaCl and the 

0.5M K2CO3 have an ionic strength of 0.5 and 3, respectively. 

UV-vis Measurements 

The determination of the cloud point temperature was made at 500 nm in a UV-visible 

spectrophotometer from Varian (Cary 50 Bio), equipped with a temperature controller. The cloud 

point was defined as the temperature corresponding to a 50% decrease in optical transmittance. 

Static and Dynamic Light Scattering Measurements 

Scattering measurements were performed using an ALV laser goniometer, which consists of 

a 22 mW HeNe linear polarized laser operating at a wavelength of 632.8 nm, an ALV-5004 

multiple τ digital correlator with 125 ns initial sampling time, and a temperature controller. The 

aqueous solutions of polymers at 1.5 g/L were filtered directly into the glass cells through 0.45 μm 

MILLIPORE Millex
®
 LCR filter. The scattering angles ranged from 30° to 150°, with a 5° step. 

DLS analyses were made at 25 and 60 °C. Data were collected using digital ALV Correlator 

Control software. The counting time for measuring the elastic or the quasi-elastic scattering 

intensities was of 300 s. The relaxation time distributions, A(t), were in the sequence obtained using 

CONTIN analysis of the autocorrelation function, C(q,t). Diffusion coefficients D were calculated 

from Eq. 1:  
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where Γ is relaxation frequency (Γ = τ
-1

) and q is the wave vector defined as Eq. 2: 
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where λ is thewavelength of the incident laser beam (632.8 nm), θ is the scattering angle, and n is 

the refractive index of the solvent. Consequently, the hydrodynamic radius (Rh) was calculated from 

the Stokes-Einstein relation as follows: 
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where kB is the Boltzmann constant, T is the temperature, and η is the viscosity of the solvent. 

Results and Discussion 
Infrared spectra of CMC-g-JeffM2070 and CMC-g-JeffM600 (Fig. 1) confirmed that the 

amidation was successfully achieved thanks to the presence of the characteristic band of amide I 

(C=O) at 1656 and 1655 cm
−1 

and of amide II (N-H) at 1552 and 1553 cm
-1

, respectively. 

Additionally, the large band at around 3420 cm
-1 

was attributed to O-H stretching vibrations of 

CMC, and the band at 2920 cm
-1

 indicated the stretching frequency of the C-H groups from CMC 

and Jeffamines
®
. The carboxylate groups were detected with asymmetric stretching vibration peaks 

at around 1559 cm
-1

, and the band at around 1100 cm
-1

, ascribed to both ether groups from CMC 

and C-O stretching frequency of the polyetheramines [7, 19-21]. 
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Figure 1 – Infrared spectra of Jeffamine

®
 M-2070, Jeffamine

®
 M-600, CMC, CMC-g-JeffM2070 and 

CMC-g-JeffM600 
 

UV-vis measurements 

The cloud point temperatures (Tcp) obtained by UV-vis are shown in Table 3. None of the 

copolymers showed Tcp in Milli-Q water, indicating that the charges in the backbone make difficult 

the interactions among the Jeffamine
®

 side chains as well as increase in hydrophilicity of the 

copolymers when compared to the Jeffamines
®
. In the presence of salts, however, an interesting 

salt-dependent thermosensitivity appeared. Jeffamine
®

 M-2070, Jeffamine
®
 M-600 and the 

copolymers showed lower Tcp in 0.5M K2CO3 than in 0.5 M NaCl and SSW, which was attributed 

to the  higher ionic strength in 0.5M K2CO3 combined to the great ability of  CO3
2-

 to decrease 

polymer-water interactions, as known in the Hofmeister series [22]. 

 

Table 3 – Could point temperature (Tcp). 

Samples code Concentration (g/L) Solvent 

  Water 0.5 M NaCl SSW 0.5 M K2CO3 

Jeffamine
®

 M-2070 10 No Tcp 95 No Tcp 68.8 

Jeffamine
®

 M-600 10 51 43.9 48.3 27.7 

CMC-g-JeffM2070 5 No Tcp 89.5 85.3 48.5 

CMC-g-JeffM600 5 No Tcp 85 64.5 57.5 

 

DLS measurements 

The Table 4 introduces the salt effect on the Rh of CMC, CMC-g-JeffM2070 and CMC-g-

JeffM600. Both copolymers exhibited higher Rh than the unmodified CMC, in the order CMC-g-

JeffM2070 > CMC-g-JeffM600, which indicates that the longer the graft, the higher the volume 

occupied by the macromolecule in the medium. But, at 25 °C, CMC-g-JeffM600 and CMC showed 

two relaxation modes in SSW, the fast one attributed to the free polymer chain and the slow mode 

to aggregates in solution. The slow mode in CMC was probably caused by interactions between 

divalent cations (Mg
2+ 

and Ca
2+

) and –COO
-
 groups [23]. Since CMC-g-JeffM600 is more 

hydrophobic, the aggregations can also be attributed to self-association in order to protect the side 

chains from the polarity of the medium with a high ionic strength.  

The slight increase of the Rh of CMC in NaCl 0.5 M and SSW at 60 °C was attributed to the 

increased polymer solubility at higher temperatures [23]. The copolymers presented different 

behaviors depending on the medium when heated at 60 °C. In 0.5M NaCl, CMC-g-JeffM600 

increased the Rh, which can be ascribed to the formation of intermolecular hydrophobic 

associations. Still, CMC-g-JeffM2070 formed larger and smaller particles, being a sign of the 

formation of intramolecular hydrophobic associations (small particles) and intermolecular 

associations (larger particles). 

In SSW, the Rh of CMC-g-JeffM2070 was almost the same of the one observed at 25 °C. It 

seems indicate that side chains with a higher hydrophilic/hydrophobic balance promote high 

stability to the copolymer in a medium with high ionic strength. CMC-g-JeffM600, on the other 

hand, the two relaxation modes turned into one of intermediate value. Since at 60 °C the CMC-g-

JeffM600 is close of this cloud point temperature in SSW, the Rh of aggregates start to decrease 

thanks to dehydration of polyetheramine groups, while the isolated chains start to self-associate 

because the medium became a bad solvent to the grafted chains. 
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Table 4 – Hydrodynamic radii for CMC and copolymers obtained in 0.5 M NaCl and SSW, at 25 and 60               

° C. Polymer concentration = 1.5 g/L.  

Samples 0.5 M NaCl SSW 

 25 °C 60 °C 25°C 60°C 

 Rh 

(nm) 

polymer 

Rh 

 (nm) 

aggregate 

Rh 

 (nm) 

polymer 

Rh 

 (nm) 

aggregate 

Rh 

 (nm) 

polymer 

Rh 

 (nm) 

aggregate 

Rh 

 (nm) 

polymer 

Rh 

 (nm) 

aggregate 

CMC 11.6 - 12.6 - 9 83 10.7 100.5 

CMC-g-JeffM2070 26 - 17 54 28 - 27.6 - 

CMC-g-JeffM600 13 -  22.6 13 98 - 48 

 

Conclusion 
The CMC-g-JeffM2070 and CMC-g-JeffM600 were successfully prepared. In the absence of 

salt, none of the copolymers showed cloud point. However, they exhibited an interesting salt 

dependent-thermosensitive character. CMC-g-JeffM2070 and CMC-g-JeffM600 showed higher Rh 

values than the CMC precursor in 0.5M NaCl and SSW. When heated, the self-assembly changed as 

a function of the medium and the composition of the copolymer: CMC-g-JeffM2070 formed 

smaller particles and as well as aggregates in 0.5M NaCl, whereas kept stable in SSW; CMC-g-

JeffM600 increased its hydrodynamic radii in 0.5M NaCl; at 60 °C in SSW, however, the two 

relaxation modes turned into an intermediate value, probably because of cloud point temperature 

proximity. 
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