
CHAPTER III 
EXPERIMENTAL

3.1 Materials and Instrument

3.1.1 Chemicals:
• Carbazole monomer (Merck, AR grade)
• Ammonium persulfate (Sigma-Aldrich, AR grade)
• Glutaraldrhyde solution 50% in water (Fluka, AR grade)
• Sodium alginate (Sigma-Aldrich, AR grade)
• Ferric chloride (Sigma-Aldrich, AR grade)
• Dichloromethane (RCI Labscan, AR grade)
• Hydrochloric acid 37 % (RCI Labscan, AR grade)
• Ammonium hydroxide solution 27% (Merck, AR grade)
• Perhydrochloric acid (RCI Labscan, AR grade)
• Calcium chloride (Fluka, AR grade)
• Citric acid (Merck, AR grade)
• Cetyl trimethylammonium bromide (Fluka, AR grade)
• Tween 20 (Sigma-Aldrich, AR grade)
• Sodium dodecyl sulfate (RCI Labscan, AR grade)
• Deionized (DI) water

3.1.2 Instrument:
• Fourier Transform Infrared Spectrometer (Nicolet, Nexus 670)
• X-ray Diffraction Spectromete (Rigaku, Smartlab)
• Thermogravimetric Analyzer (DuPont, TGA 2950)
• Scanning Electron Microscope (Hitachi, S4800)
• Melt Rheometer (Rheometric Scientific, ARES)
• Two point probe couple with an electrometer
• DC power supply (Instek, GFG8216A)

3.2 Experimental

3.2.1 P olym erization  o f  P olycarbazole
The syn th esis procedure o f  polycarbazole fo llo w e d  G upta e t  al. (2 0 1 0 )  

using carbazole m onom er, am m on iu m  persulfate, hydroch loric acid , and
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dichloromethane. The reaction was carried out at room temperature. The 1.2 M of 
ammonium persulfate was dissolved in 50 ml o f 0.5 M hydrochloric acid solution as 
an aqueous phase. Then 60 mM of carbazole monomer was dissolved in 50 ml of 
dichloromethane at various monomer: surfactant mole ratios equal to 1:0, 1:0.0034, 
1:0068, 1:0.0136, and 1:0.0274 called a non-aqueous phase. The surfactants used 
were Tween 20, Cetyl trimethylammonium bromide, and Sodium dodecyl sulfate. 
Then, the aqueous and non-aqueous solutions were mixed for 24 h to induce the 
polycarbazole monomers to be at the interface between the two phases. After 
filtering, the green precipitate was collected and dried in hot air oven. Dedoping 
polycarbazole was performed by stirring the obtained polycarbazole in a solution of 
1:10 mole ratio o f ammonium hydroxide/polycarbazole. Then polycarbazole was 
redoped again with concentrated perhydrochlolic acid. The mole ratio o f 
perhydrochlolic acid to carbazole ( N h c io tN pcb) w a s  adjusted to be 5:1, 10:1, 50:1, 
1 0 0 :1, and 200:1.

3.2.2 Preparation o f Sodium Alginate Hydrogel
A sodium alginate solution in distilled water (1.0 %v/v) was prepared 

at room temperature under continuous stirring for 40 min. (Kulkami et al., 1999). 
The crosslinking o f sodium alginate was prepared by ionic and covalent crosslinking 
methods. In the case o f ionic crosslinking method, it was prepared by adding the 
appropriate volume o f CaCh solution to the sodium alginate solution at room 
temperature under continuous stirring for 30 min with CaCl2 concentrations varying 
from 0.0050, 0.0100, 0.0150, 2.0, and 0.0200 %v/v. In the case covalent method, it 
was prepared by adding the appropriate volume o f citric acid solution to the sodium 
alginate solution at 80 °c under continuous stirring for 30 min with citric acid 
concentration varying at 0.25, 0.50, 0.75, and 1.0 %v/v. Both o f sodium alginate 
mixture solutions were poured into plastic petri dishes (10 cm of diameter). The 
alginate hydrogels were obtained after allowing water evaporation at room 
temperature for a period of 2 days and kept at 4°c for controlling water content in the 
alginate hydrogels.

๐
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3.2 .3  Preparation o f  P olycarbazole/Sod ium  A lg in ate  H ydrogel B len d s
T he synthesized  polycarbazole w as d ispersed  into 70  m l sodium  

alginate solution  filled  w ith  a crosslinking agent. T he concentration  o f  p o lycarbazole  
w as varied at 0 .01 , 0 .0 5 , 0 .1 , 0 .3 , and 0.5 % v/v. T he so lu tion  w as poured into a 
plastic Petri d ish  for casting at room  temperature for 2 days to get the hydrogel 
blends.

3.3 Characterizations and Testing

A  Fourier Transform  Infrared Spectrom eter, FT-IR  (N ic o le t , N ex u s  670) 
w as used to  characterize the functional groups o f  the syn th esized  p o lycarb azo le  and 
the sodium  alginate film . T his technique w as used to id en tity  the absorption m ode  
w ith 32 scans and a resolution  o f  ±  4 cm"1, covered  a w a velen gth  range o f  4 0 0 0 -4 0 0  
cm"1, used deuterated trig lycine sulfate as a detector. O ptical grade K Br w as used as 
a background m aterial. T he sam ple w as ground w ith K Br and pressed  to form  pallets.

A n X -ray diffractom eter, X R D  (R igaku) w as used  to in vestiga te  the am ount
o f  crystallin ity in the sam p les in a based hydrogel form . The d iffractom eter w as  
operated in the Bragg-Brentano geom etry and fitted w ith  a graphite m onochrom ator  
in the diffracted beam  w ith  a 57m in  scan rate."

A  therm al gravim etric analyzer (D uPont, T G A  2 9 5 0 ) w as u sed  to am ount o f  
m oisture content and the d ecom p osition  tem peratures o f  sod ium  alg inate hydrogels. 
The thermal behavior w as investigated  by w eighting  exam p le  o f  5 -1 0  m g, p lac in g  it 
in a platinum  pan, and then heating it under nitrogen f lo w  w ith  a heating rate o f  
1 0 °c /m in  from  30-800°C .

A  Scanning E lectron  M icroscope, SEM  (H itach i, S 4 8 0 0 ) w as used to 
exam ine the m orp hological structure o f  the synthesized  p o lycarb azo le  and a lso  w a s  
used to determ ine dispersion  o f  polycarbazole in sod iu m  alginate h yd rogels. The  
sam ples w ere attached on  to a brass-stub. Prior to observation , sam p les w ere gold  
sputtered.

o
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T he crosslin k in g  den sity  o f  hydrogel w as an alyzed  by the sw e llin g  m ethod  
o f  G udem an and Peppas (1 9 9 5 ). A  sam ple o f  the h ydrogel (1 c m 2 square) w as cut 
and w eig h ed  in air and heptane (a non-solvent). T he sam p le w as p laced  in a stainless 
Steel m esh  basket w h ich  w as suspended in heptane to obtain  the accurate w eight 
m easurem ents in heptane. The sam ple w as then p laced  in a buffer so lu tion  for 5 days 
to reach equilibrium , and then w as w eighed  in air and heptane again . F inally, the 
sam ple w as dried at 25 ๐c  in a vacuum  for 5 days. O n ce again , it w as w eigh ed  in air 
and heptane. M c, the average w eigh t betw een crosslin k s, w as ca lcu la ted  from

w here M n  is the num ber-average m olecular w eig h t o f  the p o lym er before cross-

linking, v is the sp ec ific  vo lu m e o f  alginate ( v = 0 .6 0  c m 3/g  o f  a lg in ate), y  is  the

m olar vo lu m e o f  w ater (18.1  cm 3/m ol), v 2r is the v o lu m e fraction  o f  the polym er in a
relaxed state, v 21ร is the vo lu m e fraction o f  the p o lym er in so lven t state, Xi is the
Flory p o lym er-so lven t interaction parameter o f  a lg inate (xi for a lg inate is 0 .473 ).

«

T he electrical con d u ctiv ity  o f  the syn th esized  p o lycarb azo le  w as determ ined  
by pressing sam p les into d isk  p elle ts using a hydraulic press (d iam eter o f  10 m m  and 
0.2 m m  thick). E lectrical con d u ctiv ity  w as m easured u sin g  a cu stom -b u ilt tw o-point 
probe m eter connected  w ith  a vo ltage supplier, in w h ich  vo lta g e  w as varied and the 
resultant current w as m easured. The regim e w here the resultant current is linearly 
proportional to the applied  vo ltage  is called  the linear O h m ic reg im e. The voltage  
and the current in the O hm ic regim e were converted  to the e lectrica l conductiv ity  v ia  
Equation 3.2:

a  = l/p  =  7/(7?, X / )  =  I / ( R S x j7 x t) (3 .2)

1 2 ^ 3 1 ) 3 2 9 4
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w here a  is the sp ec ific  conductiv ity  (S /cm ), p  is the sp ecific  resistiv ity  (Q .cm ), R s is 
the sh eet resistance (G /sq ), t is the th ick n ess o f  the sam ple p elle t (cm ), V  is the 
applied  vo ltage (V ), /  is the m easured current (A ), and K  is the geom etric correction  
factor o f  the tw o-p o in t probe meter, w here K  =  4 .2 9  X 10'4. A ll sam ple th icknesses  
w ere m easurèd by a th ick n ess gauge (P eacock , P D N -2 0 ).

T he e lectro m ech an ica l properties o f  the sodium  alg inate hydrogels w ere  
investigated  in term s o f  electric  field strength. A  m elt rheom eter (R heom etric  
S cien tific , A R E S) w as fitted w ith a copper parallel plate fixture (d iam eter o f  25 m m ). 
A  D C  voltage w as applied  w ith  a DC pow er supply  (Instek, G F G 8216A ). A  digital 
m ultim eter w as used to m onitor the vo ltage  input. In th ese  experim ents, the 
oscilla tory  shear m od e w as applied and the dynam ic m od u li (G 1 and G") w ere  
m easured as functions o f  frequency and e lectric  fie ld  strength. Strain sw eep  tests w as  
first carried out to determ ine the suitable strains to m easure G' and G" in the linear 
v isco e la stic  regim e. T he frequency sw eep  tests w as carried out to m easure G' and G" 
o f  each  sam ple as functions o f  frequency. T he frequency w as varied from  0.1 to 100  
rad/s. Prior to each  m easurem ent, the sodium  alginate hydrogel sam p les were p re­
sheared at a low  frequency under an electric  fie ld  for 15 m in to ensure the form ation  
o f  equilibrium  polarization before the G' and G" m easurem ents. E xperim ents w ere  
carried out at the tem perature o f  3 0 ° c  and repeated at least tw o  or three tim es. The  
tem poral response exp erim en ts were a lso  carried out at 8 00  v /m m . For the  
electrom ech an ica l properties o f  polycarbazole/sod ium  alginate hydrogel com posites, 
it w a s carried out w ith  the sam e procedure as the pristine sod iu m  alginate hydrogels.

T he d ielectrop h oresis forces o f  the sodium  alg inate hydrogel and its 
co m p o sites  w ere determ ined by m easuring the d eflec tio n  d istan ces o f  the specim ens  
in the vertical can tilever fixture under e lectric  fie ld . T h e sp ec im en s w ere vertically  
im m ersed  in the s ilico n e  oil (v isco sity = 1 0 0  cS t) b etw een  parallel copper electrode  
plates (68  m m  o f  length, 40  m m  o f  w idth, and 2 m m  o f  th ick n ess). The gap betw een  
the pair o f  the e lectrod es w as 30  mm. A  D C  vo lta g e  w as applied  w ith  a DC pow er  
supply  (G old su n , G PS 3 0 0 3 B) connected to a h igh  vo ltage  pow er supply (G am m a 
H igh V oltage, U C 5 -3 0 P  and U C 5-30N ). A  v id eo  cam era w as used to record the 
m ovem en t during experim ent. Pictures w ere captured from  the v id eo  and the
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d eflection  d istances in X (d) and y  axes (1) at the end o f  the sp ec im en  and determ ined  
by using  the S cion  Im age softw are (version  4 .0 .3 ) . The e lectric  field  strength w as  
varied betw een  0 and 550  v /m m  at the room  tem perature o f  303 ะt  1 K. Both the 
vo ltage and the current w ere m onitored. The resisting e lastic  force o f  the specim ens  
w ere calcu lated  under electric  field using the non-linear d eflec tio n  theory o f  a 
cantilever, w h ich  w as obtained from the standard curve b etw een  (F elo2)/(E l) and d/lo 
(lo =  initial length  o f  sp ecim en s); Fe is the e lastic  force, d is the d eflection  distance in 
the horizontal ax is, 1 is the deflection  d istance in the vertical ax is, E is the Y ou n g’s 
m odulus w hich  is equal to 2G '(l+ v ), w here G' is the shear storage m odulus taken to 
be G' ( ๓ =  1 rad/s) at various electric field  strength and 1 is the m om ent o f  inertia 
1/12t3พ, w here t is the th ickness o f  the sam ple and พ  is the w idth  o f  the sam ple. The  
electrophoresis force w as calculated from  the static horizontal force balance  
con sistin g  o f  the elastic  force, the corrective gravity force (mgtanB), and the 
b u oyan cy  force (vgtanQ ) as show n in Equation (5 .3):

Fd =  Fe + m g(tan0) -  pV g(tanG ) (3 .3 )

w here g is 9 .8  m /s2, m is the m ass o f  the sp ecim en , and 0 is the d eflection  angle, p is 

the density  o f  the flu id  (silicon  oil =  0 .9 7 g /cm 3), V  is the vo lu m e o f  the displaced o f  

fluid.
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