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INVESTIGATION OF SWELLING, DRUG RELEASE AND MECHANICAL 
PROPERTIES OF MODIFIED N-ISOPROPYLACRYLAMIDE BASED 

COMPOSITE HYDROGELS 

SUMMARY 

N-isopropylacrylamide (NIPAAm) is one of the monomers commonly used in 
temperature-sensitive linear and / or crosslinked polymer synthesis. In this study, 
several modifications were made to improve the properties of conventional poly(N-
isopropylacrylamide) (PNIPAAm) hydrogels (gNH), such as altering/improving the 
mechanical properties, swelling, drug release and biocompatibility. These 
modifications are (i) the use of 0.1N and 0.2N NaOH solutions instead of distilled 
deionized water (DDS), which is often used in gNH synthesis as the polymerization 
solvent (modified conventional PNIPAAm hydrogels:mgNH), (ii) the use of inorganic 
multilayer smectites such as laponite (LP), Na-montorillonite (MMT) and 
octadecylamine montmorillonite (ODA-MMT) instead of N,N'-methylene 
bisacrylamide (BIS) as cross-linker (modified composite PNIPAAm 
hydrogels:mkNH) (iii) the use of 0.1N and 0.2N NaOH solutions as synthesis solvent 
and dispersion medium of the and layered silicates also function as polymerization 
accelerators thus removing the polymerization accelerator component (N, N, N ', N'-
tetramethyl ethylenediamine- TEMED), which has frequently been used in the 
synthesis of conventional PNIPAAm hydrogels, from the reaction medium (iv) 
synthesis of modified conventional (mgkNH) and modified composite (mkkNH) 
PNIPAAm copolymer hydrogels using cationic and zwitterionic comonomers 
(modified conventional copolymer PNIPAAm hydrogels:mgkNH and modified 
composite copolymer PNIPAAm hydrogels:mkkNH) and (v) synthesis of mkkNHs in 
the form of modified full-IPNs in which sufficient modification/improvement of 
mechanical properties can not be provided (modified full-IPN copolymer PNIPAAm 
hydrogels:m(IPN)kNH). In summary, hydrogel syntheses in this thesis have been 
carried out in an environment in which polymerisation accelerator and organic cross-
linker molecule are not present, the minimum number of organic components that may 
be present in the synthesis medium are present, and conditions providing the highest 
biocompatibility are created. 
As a result of these modifications, the properties of mgNH, mkNH, mgkNH, mkkNH 
and m(IPN)kNHs (a) compression moduli obtained from uniaxial compression tests 
between 30o- 45oC (b) V/Vo values calculated from the diameter and height 
measurements of hydrogel disks in the same temperature range (c) structural and 
morphological properties determined by XRD, FTIR, SEM-EDS and conductometric 
titrations (d) blood compatibility (e) antibacterial activities against E. coli (f) dynamic 
swelling behavior in PBS (pH 7.4) (g) pH dependent volumetric swelling (pH 2.0, 4.0, 
6.0, 8.11, 9.20, 10.74 and 11.66) and (h) Gentamicin (GS) release properties were 
examined. 
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In this study, the effects of the polymerization time on the material properties of the 
modified PNIPAAm hydrogels were also investigated. In particular, the increase in the 
compression modulus values of composite hydrogels due to the duration of the 
synthesis has shown that the polymerization reactions continue for two weeks 
depending on the polymerization conditions. 
In this thesis study, in order to see whether the 0.1N and 0.2N NaOH solutions 
preferred as polymerization medium and the long polymerization times have 
hydrolysing effect on NIPAAm-based hydrogels, conductometric titrations were made 
with selected hydrogel samples. The presence of a -COOH group of 0.66 mol% was 
found in the PNIPAAm/BIS hydrogel synthesized in the presence of TEMED and in 
24 hours polymerization, which can be regarded as a control hydrogel. In hydrogel 
samples synthesized in the 0.1 and 0.2N NaOH solutions for 2 weeks  -COOH group 
of 0.69-0.88 mol% was found. The obtained comparative findings have shown that the 
percentage of hydrolysis in mgNHs synthesized in 0.1N and 0.2N NaOH solutions and 
maximum reaction times of two weeks is not different from the conventional 
PNIPAAm hydrogels. Conductometric titration results with mkNHs also gave similar 
findings. 
XRD and FTIR analyzes of conventional and composite hydrogels and clay samples 
treated with 0.1N and 0.2N NaOH solutions were performed. The effects of alkaline 
polymerization medium on the structural properties of the crosslinkers and composite 
hydrogels were examined and the existence of basic functional groups such as amide, 
hydroxyl, isopropyl and silanol (in composite hydrogels) in NIPAAm based networks 
were proved. 
Two of the most striking features of the hydrogels used in the synthesis of 
biocompatible materials are their mechanical properties and their ability to compete 
with living tissues for hydrophilicity. In this thesis study, 0.1N and 0.2N NaOH 
solutions were used as the polymerization medium for hydrogel synthesis, besides 
DDS, different from literature studies. In this study, we have found that the synthesis 
conditions of 0.1N NaOH maintain the swelling capacity of the hydrogels and provide 
significant improvement in the compression modulus values in the range of 30o-45oC. 
It has been found that inorganic multifunctional smectites, which are used as 
crosslinkers at a ratio of 10% by weight with respect to NIPAAm (in mkNH and 
mkkNH), change the compression modulus values of the hydrogels depending on the 
synthesis conditions, increase the flexibility and durability and strengthen the 
hydrophilic characteristics of the materials. PNIPAAm / DMAPMAAm, which is 
flexible and brittle, has become hard and durable as the cross-linking component being 
changed from BIS to ODA-MMT. Particularly, in the PNIPAAm homopolymer and 
copolymer hydrogels in which the ODA-MMT was used, the elastic modulus values 
at the physiological temperature of 37oC, which reached the highest values in the 
examined temperature range, were also obtained. 
Another of the main objectives of this thesis study is to impart antibacterial activity 
along with pH sensitivity to modified traditional and composite PNIPAAmhydrogels. 
Three different comonomers that resemble NIPAAm (the key component in the 
molecular structure) have been used in the synthesis of the modified PNIPAAm 
hydrogels of the conventional and composite copolymers; N-[3-
(dimethylamino)propyl]methacrylamide (DMAPMAAm), 3-(methacrylamino) propyl 
trimethylammonium chloride (MAPTAC) ve N,N-dimethyl-N-(3-
methacrylamidopropyl)-N-(3-sulfopropyl) ammonium betaine (SBMAAm). In the 



xxxi 
 

data obtained from uniaxial compression tests of mgNHs and mkNHs, the 
polymerization medium for the synthesis of copolymer hydrogels was determined to 
be 0.1N NaOH and the polymerization time was one week. mgkNHs were synthesized 
using BIS as crosslinker and mkkNHs were synthesized using ODA-MMT. In order 
to improve the mechanical properties of the PNIPAAm/MAPTAC and 
PNIPAAm/SBMAAm composite hydrogels, which have lower moduli than the BIS 
cross-linked equivalents, (m(IPN)kNH) hydrogels have also been synthesized. 
m(IPN)kNHs uniaxial compression tests show that (i) the initial modulus value of 
PNIPAAm/DMAPMAAm IPN hydrogel is between conventional and composite 
PNIPAAm/DMAPMAAm hydrogels, whereas the flexibility and strength is 
significantly higher in IPN hydrogel (ii) the initial module value of 
PNIPAAm/SBMAAm IPN hydrogel was lower than that of conventional and 
composite SBMAAm hydrogels but that IPN hydrogel had much higher strength than 
conventional and composite PNIPAAm/SBMAAm hydrogels and (iii) in the 
PNIPAAm/MAPTAC IPN hydrogels, the initial module values were lower than the 
conventional PNIPAAm/MAPTAC hydrogel.  
Dynamic swelling behaviors in PBS at room temperature, swelling behavior at pH 30 
(pH 2-12), and drug release behavior in physiological conditions (37oC and pH 7.4) 
were also investigated in the samples selected from the synthesized hydrogels. 
Dynamic swelling behaviors and drug release mechanisms of hydrogels have been 
determined using the Korsmayer-Peppas model, the zeroth order, the first order, 
Hixon-Crowell and Higuchi half (empirical) emission models and kinetic equations. 
Possible bactericidal properties of copolymer hydrogels containing strongly cationic 
MAPTAC and pH-depending ionic DMAPMAAm at 2.5% by mol were investigated 
against E. coli by the agar disk diffusion method (modified Kirby-Bauer disc diffusion 
method). The drug release properties and antibacterial properties of selected hydrogels 
were examined by UV-Vis spectroscopy and agar disc diffusion method, respectively, 
using Gentamycin, an effective antibiotic, especially on gram negative bacteria strains. 
Disk diffusion test results show that the inhibition zone diameters generated by 
gentamicin loaded hydrogel discs are associated with module values at 37oC. It has 
been observed that conventional copolymer hydrogels synthesized in DDS and 0.1N 
NaOH media have lower modulus values and wider inhibition areas than conventional 
homopolymer hydrogels (BIS/0/1 and BIS/0.1/1). 
Hemolytic activities of conventional and composite homopolymer PNIPAAm 
hydrogels at concentrations of 1 mg/ml and 5 mg/ml and ODA-MMT samples treated 
with 0.1 N NaOH solution were investigated using healthy human erythrocytes as a 
biological membrane system. After incubation for 180 minutes at 37oC % haemolysis 
rates of erythrocytes in contact with hydrogel specimens were calculated using 
absorbance values determined by UV-visible spectrophotometer. The results showed 
that, for the mgNH, mkNH, mgkNH, mkkNH ve m(IPN)kNH specimens studied, 
hemolysis rates were below 5%, the highest acceptable hemolysis level for polymeric 
materials with blood compatibility. The hydrogels synthesized within the scope of the 
study are important starting points for the development of materials with high 
biocompatibility to be used in the biomedical field, especially those with improved 
module and strength at physiological temperatures. 
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1.   

 

-

etmektedir. 

o

, 

- idrojel malzemeler polimerizasyonun 

sine -

d n nma  ve polimerizasyonun yerinde 

 

zelliklere 

-

-24] da 

k  



2 

-

seviyey

dalgalanmalara v

[26,27]. 

 

 : 
maddeleri-plazma konsantrasyonu profilleri. 



3 

 [28,29]

e 

 

[30]

 

31]. Bu 

aktivitesi olumsuz etkilenmeyecektir [32]. Bu durum hidrojellerin biyomalzemeler 

 

3-35

 

-



4 

 

 de 

 

6

e de sahip 

 

m

ser

 

7

gerilen ciltte, uygu



5 

esneyemez. Bu sebeple cilt gerilim- -

 [38,39].       

 

 : -
 

-

 

- 0.85MPa [40,41 - 0.15MPa [42-44] ve 

- 

45].  

c 

a b 
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 1.1 : 
 

  
(mm.s-1) 

 
[MPa] Kaynak 

Abdomen 0.83 14.96 [46] 

 3 14 (boyuna) 
140 (enine) [47] 

 2 83.3 [48] 
Abdomen 0.16 4.02 [45] 

 

N- OH, COOH ve SO3H) 

-akrilamido-2-metilpropan 

er olarak, 

9] 

 

N- -izopropilakrilamit (NIPAAm), 

hidrofilik amit (O=C-NH) ve hidrofobik izopropil (-CH(CH3)2

-izopropilakrilamit) 

- 

(Volume Phase Transition Temperature - 

o-34o 50]. 

 



7 

sentezlenirler. 

 

51]. Sulu polimer 

OH* 

2

olabilmektedir [53

bilir 

[54

3

5], sodyum dodesil 

6

 

de serbest radikal 

-dioksan, 

 



8 

-

 

birimine benzer 

N,N'-

57-60]. Geleneksel 

 

61].  

 
 : 

  



9 

2].  

 boyunca 

3

4,65]. 

 

kil 1.4 :  

kaynakl

-of-

 

6-70].  

PNIPAAm hidrojellerin 



10 

bulunur [71,72].  

-XLG kullanarak 

sentezlenen poli(dimetilakrilamit) (PDMAAm) ve PNIPAAm kompozit hidrojel 

-

, 

3].  

4, 75]. Suda potasyum 

- -

/itakonik asit) 

6], sentezlenen 

hidrojel patojen bir mantar olan Candida rugosa

hidro

edilebilir [77-80

 

sebebi



11 

(mNH) elde etmek 

 

-MMT

in, FTIR, XRD ve SEM-

, mgNH 

-

 

Li

(37o



12 



13 

2.  

2.1. Polimerik Jeller ve Hidrojeller 

81 rinin OH, 

COOH, CONH2 ve SO3

olarak isimlendirilir [82

2.1 

veya 

 

 

2.1 :   

tak
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3]. 

2.2. Flory-Rehner Teoris

 

Flory- 4,85

(uns

 

- 

mix,  

- a

el ve 

- a

i  

                     mix el iG G G G               (2.1) 

 

      mix el                (2.2) 

in 

. 

2s

cM ) ve 

6-88]. 

hacminin (Vr s 2s

v ile ifade 
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9-91].  

    3 1
2 2

r
s r o v

s

V
d d Q

V
    (2.3) 

2r

hacminin V(p) (s)  

( )
2

( )

p
r

s

V
V

      (2.4) 

 

e) ile ilgili olup,  

     limpo er
c

e

M
v

    (2.5)  

polimer, 1.1 g.ml-1 olarak 

 

2r

2s 

e

2 2].  

         
1

3
22 2

2 2 1 2 2
2 2

2ln 1 /s s
s s e r s

r r

V
f

              (2.6) 

 

 
               

(2.7) 

 

. 

2 2.2 3
1 2

2
0r

1 3 2 3
2 2

21
e

s r

G

RT
f
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-mean-squared end 4,95] ve 

2 l  bN  

ve nC

n E 2.10 ile 

3 ,   

 
2.2 : .  

 
1 2 1 2

1 3 2 1 3 2
2 0 0s r Q r               (2.8) 

 
            

1 2 1 22
0 n br l C N                          (2.9) 

 
             1 cos

1 cos
C                         (2.10) 

 

 4]. 

2.3 A

2.3 C) da 

2.3 D

2.3 E
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il 2.3 : 

 

 

ki

olmakla birlikte [96  

tasarlanabilmektedirler [97].  

 

Hidrojeller, homopolimer, -Interpenetrating 

 

[98].  
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9

-

-

da

. 

100 -akrilamido-2- ik asit (AMPS) 

-IPN hidrojelinin 

 101], tam-

n

, 

PAMPS/PAAm tam-  

 

incelenirler. 

olabilirler.  
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ile hareketli iyonlar aras

 

Anyonik hidrojeller, iyonize ol

recelerini 

hidrojellerin pH-

2.4) [102]. 

 

2.4 : 
[102]. 

3-105], 

6

olarak [107 kuvaterner amonyum [108,109], 

fosfonyum [110] veya piridinyum [111

 

2.5). Katyonik ve anyonik gruplara 

sahip monome
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2

 

3].  

 

2.5 :  

2.6 e 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

2.6 : 

4]. 

A 

B 

C 
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5,116].  

+ 

2.7 e 4].  

 

2.7 :   

 

7-121]. Wu ve 

2

eleri ile temas halinde olacak 

 

[123 -

poli(SBMA/NIPAAm) 50:50 o-15o

o-35o

35o  
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2.8 : N-izopropilakrilamit  

N-izopropilakrilamit, N-alkilakrilamit 

Transition Temperature  VPTT) olarak isimlendi
o - 34o

poli(N- 4

 [.  

N-

2.8). 

 su 

[125

2.9) [126,127].  

  
Hidrofobik izopropil grubu 

Hidrofilik amit grubu 
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2.9 : erlerde VPTT  6,127]. 

Homopolimer PNIPAAm hidrojeli o - 34o

8-130]. 

 

131].  

Messersmith ve F. Znidarsich [132

-

-

geleneksel NIPAAm/ o

-

- geleneksel NIPAAm/BIS 

 

2.5. Kompozit PNIPAAm hidrojelleri 

PNIPAAm hidrojelleri, l

ve serbest radikal 

3

geleneksel PNIPAAm hidrojellerinin (gN
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4-136

sal 

7

z 

8], PNIPAAm 

9] ise, 

r. 

40  da 

41

nedeniyle, PNIPAAm hidrojellerinde 

da 
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stresi azaltacak ikin

42-144

bir sistemde, monom

Nanokompozit hidrojeller, 

5]. Bununla 

lerin 

etmektedir [146,147].  

 sayesinde, hidrojel 

nanokompozitlerin 

nanokompozit hidrojeller  nanokompozit 

hidrojeller olarak Laponit (LP) (sentetik hektorit) ve bir 

-

montmorillonit (Na-

2.10), b

 ve kilin hidratasyon 

 

herbiri birer smektit  

sodyum montmorillonit (Na- -35) 

-MMT) ve bir sent

laponittir (LP).  
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2.6.1. Sodyum montmorillonit (Na-MMT) 

ekil 2.10), oksijen 

8]. Na-

tabakalardaki Al3+ 2+ veya Fe2+ 

9,150 tabakalar 

51-153], 

antibiyotik [154], anestezik [155], antidepresan [156] ve antihistaminik [157

r [158] ve 

9

modifiye edilebilirler. 

 

 

2.10 :  
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-OH ve 

Si-

60]; 

+ +
2

- -
2

- -
2

Asitli ortamda :Al OH H Al OH
Bazik ortamda :Al OH OH Al O H O

Si OH OH Si-O H O

 

2.11). Smektit grubunda kil 

61].    

 

2.11 :  

o 62

(Ag(NO3

hidrat ile indirgenmesinden elde edilen (Ago) 

MMT'nin (Ago- 63], Ago-MMT, 

5mg 

(PBS) ve MMT 
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a 

 

 2.1 : Ago-
63]. 

  Fark (Kontrol faresine 
 

Kontrol faresi 1.0 x 107 - 
MMT 6.4 x 107  
Ago-  96.0 x 106 6.6 kat azalma 
Ago-  3.2 x 106 20 kat azalma 

4]. 

Ago-  o 

 

Na0.19K0.20Ca0.04(Mg0.36Fe0.10Al1.14)Si4O10(OH)2 Na-MMT, 

 

r 

 Bu 

 MMT  daha 

toksik etk  [165].  

olan oksitetrasiklin'in (OXT) sindirim 

-MMT (CS-

-20o

6

n
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mikroskopisi - Confocal laser scanning microscopy) analiziyle ise, nanokompozit 

malzeme ve 

toksik 7], yine MMT-

kitosan nanokompozitlerinin 5-  

Waals kuvvetleri ve 

 

8].  

9

-407 kodlu insan 
3 l konsantrasyonlu 

 100, l'lik 

edilmelerinin 

l

- l'lik konsantrasyondan itibaren ise, 

r. Bu bulgu MMT'nin 

 

 

l

l MMT konsantrasyonuna 

-72 saatlik maruz kalma 

l 
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 nano boyut

70

nin 

kull bir 

[169

 

2.6.2. Oktadesilamin montmorillonit (ODA-MMT) 

modifiye edilebilir.  

 

 . Na-

71

edilerek -dimetil-aminopropiofenon amonyum, N-

fenildietanolamonyum ve glisin-n-

- o

Na-

heksadesiltrimetilamonyum (HDTMA), oktadesil amin, 2-metakriloiloksietil allil 

72  2.2
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 2.2 :  

  Kaynak 
-dimetil-

aminopropiofenon 
amonyum 

 
6 6 2 2 3 2

||
( )

O

C H C CH CH NH CH
 [171] 

N-fenil 
dietanolamonyum 

 

 
2 2 2 6 6( )HO CH CH NH C H  [171] 

glisin-n-heksilester 
amonyum 

3 2 2 5 3

O
||

( ) .H N CH C O CH CH HCl
 [171] 

2-metakriloiloksietil 
allildimetil 

 

 

[172] 

Oktadesil amin 
3 2 16 2 2( )H C CH CH NH  - 

 

2.12 : ODA-  

lerin 

73
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2.6.3. Laponit (LP) 

olup, 25-  

 [174,175

 

4] ve pH 11 alt

bulunur [176  

7 - 8,179]. 

8,180]

halde bulunabilir. 

- 2.13 

si

6] l

 

a sahip (1.0-  

 Mg2+  

edilmeyen kil disper 2+ 

2

n 

 [181]. 
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ekil 2.13 : -
 

hidroj

82-184]. 

 

5

t grubunun hidrojen 

I

l-

in (1 mol/L), lapon  
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Hidroj

sistemleri, tedavi 

 

 

2.14 : 
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tedavide uygulanan her bir dozun 

ona 

 

 

6

-

[187,188  2.3) 

 

 2.3 :   

 hidrodinamik 
 

 Kaynak 

Doxorubicin 30 nm  [189] 

Resiquimod 1.15nm 
sistemi 

destekleyici, antiviral ve 
 

[190] 

Gentamisin 1.6 nm Antibakteriyel etkili [191] 
Antibiyotik etkili 

 ~1 nm Antibakteriyel etkili [192] 
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ir 

93]; 

1. 

 

2. 

 

  

model

 

1.  

2.  

3.  

4]. 

93,195].  
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6 hidrojel 

birer rezervuar olarak kabul edilir [197

2 JA  2s 

- flux of the drug), D 2/s), CA 

(mol/cm3) ve x  

 

A
A

dCJ D
dx

              (2.11) 

J) konsantrasyon (C -) 

 

devam eder

Ancak, D  

2.11 ile 

 JA

olarak kabul edilmesidir. 

2.12). 

A AdC dJ
dt dx

            (2.12) 

2  

2

2
A AdJ d CD

dx dx
            (2.13) 
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AdJ
dx

ifadesi yerine, AdC
dt

2.14 elde edilir. 

2

2
A AdC d CD

dt dx
            (2.14) 

dCA/dt

o 8]. 

-

hareket etmez [199

200]. Non-

201]. 

 

-Fickian 

202]. 

2

203,204]. 

0.5.( )F k t             (2.15) 

2 2  

        ( ) (0)
( ) (0)

m t mF
m m

                     (2.16) 
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F-t ve F-(t)0.5 2.15 ile 

 

Fick II Anormal Durumlar Durum II Sigmoidal Pseudo-Fick  
a b c d e 

 

 
     

2.15 : -t ve F-(t)0.5 
202]. 

model

2.17 [205] ile 

 

( )s t
dM KS C C
dt

             (2.17) 

t s

Ct Cs t

 

2.17 deki sabit (K) ile 

D 2.18). 

h  
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yetli 

 

DSK
h

              (2.18) 

 

- 

MANOVA (multivariate analysis of variance)) [206,207], 

- -

Crowell, Weibull, Korsmayer-Peppas vs.) [208,209], 

- 

[210,211], 

 2.4 12]. 

 2.4 : er ve 
 

Model  Kaynak 

 tM Kt
M

 [213] 

Birinci mertebe 1ln 1 tM K t
M

 [214] 

Hixon-Crowell 1 3 1 3
0 t sM M K t  [215,216] 

Higuchi t
h

M K t
M  [217] 

Korsmayer-Peppas tM kt
M

 [218] 

2.7  

uygun bir modeldir [219-221

 

tM k t Kt
M M                 (2.19) 
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2 sabiti olup, Mt ve M  

 ve sonsuz zamanda 

 

2.7.2. Birinci mertebe 

proseslerinin ta 22,223

2 tir. 

1ln 1 tM K t
M

                (2.20) 

t ve M  

sonsuz zamanda 1 ise birinci mertebe 

4]. 

2.7.3. Higuchi Modeli 

modeldir [225-227

2

Mt ve M  

h 

[228]. 

  t
h

M K t
M               (2.21) 

2.7.4. Hixon  Crowell Modeli 

9]. Model 

2 o 
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t t 

ve Ks Hixon   

1 3 1 3
0 t sM M K t              (2.22) 

2.7.5. Korsmayer-Peppas Modeli 

1

konsantrasyonuna (Co) sahip l  

 

2

12

0

0 / 2 / 2
0 / 2

C CD t l x l C C
t x

t x l C C
    (2.23) 

 bir trigonometrik seri olarak 

, 

2 2

2 220

2 181 exp
2 1

t

n

D nM t
M ln

          (2.24) 

t ve M  

a 2 2.25 ile 

fonksiyonu serisidir. 

1 2

2 1 2
1

14 2 1
2

nt

n

M Dt nlierfc
M l Dt

            (2.25) 

E 2.25 de  

1 2

24tM Dt
M l

            (2.26) 

 2.26 

t/M   r.  

2.26 ya ilaveten, Ritger ve Peppas [230

2
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'tM k t
M

             (2.27) 

2.26 ve 2 2.28 ve E 2.29 [231] elde 

edilir. 

1 2
tM k t k t

M
             (2.28) 

ntM kt
M

             (2.29) 

2

 madde 

4]. 

Mt/M

2.29 2

 

(2.30)                 

 

2

 [232].  

- F

 

- Non-

 

- 

 

ln ln lnMt k n t
M
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 2.5 : 
.  

2.31).  

2

12

0

1 0 0

0

C C CD t r a C C
t x r r

t r a C C
           (2.31) 

denklemde; 

2
2 2

1

41 expt
n

n n

M D t
M a

             (2.32) 

n Jo n o 

n, bu fonksiyo  

2

2.33 ile verilir. 

                 
1 2 3 2

2 2 24 ...
3

tM Dt Dt Dt
M a a a           (2.33) 

2.26, 2.29 ve 2

verilerini

33]: 

 
n)  

 

1.   
2.   
3.  Non-  
4.   
5.   

n < 0.5 
n = 0.5 

0.5 < n < 1.0 
n = 1.0 
n > 1.0 

 
t1/2 
tn-1 
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2
2

t
t

dM k M M
dt

              (2.34) 

t 2 

iki 2  = 0           t = 0 ve  = =  

2 2.36 elde edilir.  

2
2

1
t

t t
M k M M

             (2.35) 

t

t A Bt
M

              (2.36) 

, 

t  << A ve  

0
1lim t

t
dM
dt A

              (2.37) 

2

 

2  

2 2

2
ek

kesimnoktas
             (2.38) 

Di), F=0.5 ve t=t1/2 

ort 2.39 ve 2  

1 2

24t iM D t
M a                (2.39) 

 
2

1 2

0,049
ort

aD
t

             (2.40) 
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In(1-Mt/M )  

L

4-236]; 

2

2L
e

D              (2.41) 

7

2 2  

2
t

t
dM k M M
dt

           (2.42) 

er 

tiseptik ve antibiyotiklerin etkilerinden korur ve 
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da 

ni izler.  

 

2.16 : 
de  

 yeni ortama adapte olurlar. 

8] 

Fusilade, Gliz, Fortex, MSMA, Gramoxone, Padron, Tordon ve Trifluralina gibi 
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za

saat Escherichia coli (E.coli) -

E.coli 

15- e 

E.coli 

 60- 9

-

idealdir.  

meydana gelen bozuklu

E.coli 

40] rol 

E.coli 

 

- - E.coli 

E.coli 

E.coli 

dysenteriae - E.coli 

sebep olan toksin [241 gram(-

it, peritonit, mastit, septisemi ve gram(-
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Kirby-  

-

- oC'da 

 

rayonda bir antimikrobial 

tabaklar 16-

 

 Bauer disk 

 

E.coli 

E.coli 

sularla te -meyve, E.coli 
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1- Klor ve peroksitler gibi oksidanlar [242] 

2- 

43], 

3- Formaldehit ve izotiazolinler [244] gibi organik biositler, 

4- Klorheksidin ve kuv kleri gibi katyonik biositler. 

5]. 

Polimerik antimikrobiy yasal  ve cilde 

y

6,247 8], 

filtrasyon sistemlerinde [249 iyal 

polimerler, kateterler [248

bakteriyel e  

 2.6 
o, MgO gibi 
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 2.6 : 
 

Polimer  (mm) Kaynak 

PEGMA Gentamisin 17.0 [250] 
PEGMA-SSNa Gentamisin 17.8 [250] 
PEGMA-SSNa-GO Gentamisin 18.0 [250] 
HEMA Gentamisin 15.0 [250] 
HEMA-SSNa Gentamisin 16.4 [250] 
HEMA-SSNa-GO Gentamisin 17.0 [250] 
Kitosan Vankomisin 25.0 [251] 
PAAm - - [252] 
PAAm/NaCMC - 23.99 [252] 
PAAm/NaCMC/MgO(0.01) - 29.99 [252] 
PAAm/NaCMC/MgO(0.03) - 43.98 [252] 
PNIPAAm - 0.1621mM BIS - - [253] 
PNIPAAm - 0.1621mM BIS Ago 20.0 [253] 
PNIPAAm - 0.1621mM BIS Ago + Kurkumin 29.0 [253] 
PNIPAAm - 0.6648mM BIS - - [253] 
PNIPAAm - 0.6648mM BIS Ago 9.5 [253] 
PNIPAAm - 0.6648mM BIS Ago + Kurkumin 12.3 [253] 
Montmorillonit/kitosan 
biyonanokompozit 

Ag 8.2 - 8.8 [254] 

           PEGMA : Poli(etilen glikol) metil eter metakrilat   HEMA  : 2-hidroksietil metakrilat 
           GO          : Grafen oksit            SSNa     :  
           AAm       : Akrilamit            NaCMC:  
           MgO       : Magnezyum oksit nanotoz          Ago             :  

5], 

kuva

-

2.17), bu 
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2.17 : O-MMT   

 

 

Tek eksen

 

 

nin 

pratiktir.  

2.43 

 

o o mühendislik

o mühendislik

o o

A AE l l- l1 1
l l

F F
                     (2.43) 

 2

l
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boyutuna (lo -

o  ( ) olarak 

k

gerinim (  2.44-2.49). 

o o
o o

o o

F F A F AV = A x l= A xl
A A A A Agerçek             (2.44) 

     o o

o o o

A l l -= = =1- =(1- )
A l l l

                 (2.45) 

     mühendislik
o

F
Agerçek            (2.46) 

                                         gerçek
o

dl l
l l

             (2.47) 

      o o
gerçek

o o o

l -
l l l

                     (2.48) 

                                          gerçek                     (2.49) 

 

2.18 : 
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gerilim 2.18) [256].  

2.9.2. Fourier Transform Infrared (FTIR) Analizleri 

 

 

 

 

- -400 nm) enerji 

sebep olurlar. IR radyasyona maruz 

 

 2.7 :  

 

 

 

demetle

 Dalga boyu, 
 cm-1 

Frekans, Hz 

 0.78  2.5 12800- 4000 3.8x1014  1.2x1014 
Orta IR 2.5    50 4000  200 1.2x1014  6.0x1012 
Uzak IR 50  1000 200  10 6.0x1012  3.0x1011 
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 10 cm-1 7

ise  2.7 e  

2.9.3. X-  

sahiptirler [258 yerlerinin net 

XRD) analizi 9]. X 

 

60

2.50).  

n d                            (2.50) 

ay d 

n  
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2.19 :  
 

-10o o-90o

61

 

uyg

-

 

 -

EDS) Analizleri 

u

 

 

d 

b 

a 
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62].  

-

tespit edilir [263,264].  

2.9.5. Ultraviyole- -vis) Spektroskopi Analizleri 

Ultraviyole- spektroskopis

Ultraviyole- UV-vis) spektroskopisi, 

elektromanyetik spektrumun 200-

 

er. Bu 

 

Io 

l c ) ile 

2.20).  
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2.20 : I l  

dI cdl
I

     (2.51) 

lI

Io o

dI cdl
I

    (2.52) 

ln Io cl
I

     (2.53) 

log log 2.303Io T cl
I

    (2.54) 

A cl      (2.55) 

2.51 in 0oI I l ve I I l l

2.52 2.54 e Io
I

 transmittans (T), log Io
I

ise absorbans (A) 

olarak -  2.55  molar 
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3. DENEYSEL KISIM 

3   

3.1.1. N-izopropilakrilamit (NIPAAm) 

%97 

NIPAAm = 113.16 g/mol). 

 
3.1 : N-izopropilakrilamit  

3.1.2. N-[3-(dimetilamino)propil] metakrilamit (DMAPMAAm) 

 

 

DMAPMAAm = 170.25 g/mol).  

 
3.2 : N-[3-(dimetilamino)propil] metakrilamit  

3.1.3. 3-(metakrilamid  

 Aldrich (St Louis, 

MAPTAC = 220.74 g/mol).  
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3.3 : 3-(metakrilamid   

3.1.4. N,N-dimetil-N-(3-metakrilamidopropil)-N-(3-

betain (SBMAAm) 

SBMAAm = 292.39 g/mol) 

 
3.4 : N,N-dimetil-N-(3-metakrilaminopropil)-N-(3-

  

3.1.5. N,N'-metilenbisakrilamit (BIS) 

Geleneksel homopolimer ve kopolimer hidrojellerin sentezlenmelerinde  

 or

BIS = 154.17 g/mol) 

 
 

3.5 : N,N'-metilenbisakrilamit   

3.1.6. Na+-Montmorillonit (MMT) 

Na0.19K0.20Ca0.04(Mg0.36Fe0.10Al1.14)Si4O10(OH)2 +-

Montmorillonit (MMT), (MMMT = 349.229 g/mol) -

Nanofil 757  
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3.1.7. Oktadesilamin Montmorillonit (ODA-MMT) 

CH3(CH2)17NH2 -

oktadesilamin montmorillonit (ODA-MMT), Aldrich, (St Louis, ABD) 

 (MODA-MMT = 360.941 g/mol). 

3.1.8. Laponit (LP-RD) 

Na+0.7[Si8(Mg5.5Li0.3)O20(OH)4]-0.7 f -RD) Rockwood 

Additive Limited (UK)  (MLP-RD = 771.460 g/mol). 

 

Polimerizasyon 

KPS = 270.322 g/mol). Hidrojel sentezlerinde KPS, 1.5x10-

2 M   

3.1.10. N,N,N',N'-tetrametiletilendiamin (TEMED) 

NIPAAm homopolimer geleneksel hidrojellerin DDS 

Sigma   (MTEMED = 116.205 

g/mol, d = 0.770 g/ml). TEMED, 1.5x10-

2 M  

3.1.11.  

gram(- etkili [262], 

 (pKa=8.2) [258]

 Aldrich 

(Steinheim, Almanya) s o

Micromonospora purpurea  

Gentamicin/mg konsantras  
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 :   

 

 NaClM = 

58.44 g/mol)  

 

KClM = 74.55 

g/mol)  

3.1.14. Potasyum dihidrojen fosfat (KH2PO4) 

 99.5 

2 4KH POM = 136.09g/mol)  

3.1.15. Disodyum hidrojen fosfat dihidrat (Na2HPO4.2H2O) 

2 4 2Na HPO .2H OM  = 177.99 g/mol)  

 
 

- 
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elge 3.1 : 
kimyasallar. 

 

 

kazein pepton 15.0 g/L; soya pepton 5.0 g/L; NaCl 5.0 g/L; agar-agar 15.0 g/L olan 

Tyriptic Soy Agar (TSA - 

o

o-45o

 

o inklenen besiyerleri 

+4o  

E.coli - oC'da muhafaza 

- oC'da 

-vis spektrofotometre (Shimadzu UV mini-

1240) ile fotometrik olarak tespit edilm

~0.4- 9 kob

seyreltme yoluyla, 1x106 kob/1ml (kob: ) konsantrasyonda 
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3.2. Kull  

3.2  

-

o, 33o, 37o, 40o veya 45o

 

st sonucu bir kuvvet (Newton)  

 

 
 : Hounsfield HK5-  

3.2.2. SEM-EDS 

-EDS 

-
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3.2.3. XRD 

Bruker D8 Advanced X-

o - 12.00o 
o odk-1 

 

3.2.4. FT-IR Spektrofotometre 

ile 650-4000 cm-1 d  

3.2.5. Dino-  

-Lite AM4113TL model dijital 

bilgisayar 

olup, 10x   

 
 : Dino-Lite AM4113TL model dijital video mikroskop. 

 

3.1 E.coli 
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ekil 3.9 :  

3.2.7. UV-Visible Spektrofotometre  

Shimadzu marka UV-mini 1240 model UV-  

3.2.8. pH  

WTW-  

 

o o-300o

s  

  

o
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 :  

 

-standard 

 

 

 

 

 

3.2.14. Dijital Kumpas 

D

-

yapabilmektedir. 

3.3. Hidrojel Sentezi  

, TEGDA, 

en, 
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264

265,266]. Bu 

nedenle, 

 

olan 

PNIPAAm hidrojelleri 

DA-

PNIPAAm hidrojelleri  

olabilen DMAP

geleneksel kopolimer PNIPAAm hidrojelleri (

PNIPAAm hidrojelleri 

-

 

isimlendirme sistematikleri, sentez parametreleri, gruplar

karakterizasyonlar ile birlikte   
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-RD), 

M (MMT), O (ODA-

 

3.3.1. Modifiye Geleneksel ve Modifiye Kompozit Homopolimer ve Kopolimer 

PNIPAAm Hidrojellerinin Sentezi 

-MMT veya ODA-
-2 ve 

1.5x10-2 - -2 ve 3.2x10-2 -

1.05x10-2 ve 3.1x10-2 

267

tabakal

NIPAAm-
-2

o

 

Sentezi ilk 

olan BIS -2 mol/L 
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geleneksel PNIPAAm homopolimer 

TEMED- o

0x10-2 

 

. Hidrojeller ~ 0.5 

 

  

PNIPAAm/ODA-MMT mkNH  o

4.11), modifiye kompozit kopolimer PNIPAAm 

hidrojellerinin (mkkNH) 

ODA- -MMT, 

DMAPMAAm, SB veya MAPTAC % 2.5 mol 

-

 hidrojeller sadece 0.1N ve 0.2N NaOH 

i toplam monomer konsantrasyonu 1.0 
o

-2
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 3
.3

 : 
gN

H
, m

gN
H

 v
e 

in
 

.
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 3.4 : mgkNH ve mkkNH ine ait k  
 
 

 

 

 

 

 

 

 

 

 

 

 

Modifiye geleneksel kopolimer PNIPAAm hidrojellerin (mgkNH) sentezleri de, mgNH 

sentezler

(0.975 mol/L) (4.5 ml) 

komonomer (DMAPMAAm, SB veya MAPTAC) (0.025 mol/L) ve 1.5x10-2 mol/L 

BIS ilave manyetik 

Hidroje in 
-2 mol/L) 

ilave edilmesi  

Sentezlenen geleneksel ve kompozit homopolimer ve kopolimer hidrojellere ait sentez 

parametre

komonomerlere ait  3.4 ve  3.5 ile  
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 3.5 : mgkNH ve mkkNH in sentezinde  

 
 

 

o-45o

MAAm 
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- l  

PNIPAAm tam-IPN hidrojellerin sentezinde

APTAC, DMAPMAAm 

Tam-  

(I  

(II) kurutma  

,  

(0.975 mol/L), komonomer (0.025 mol/L)  (1.5x10-2mol/L) 

(4.5 ml) arak oC'da 

-

sonunda, -

2  (0.5 ml) de ilave edilerek tam-

25o un 

tam-IPN hidrojel , DDS 

Tam- kil 3.11 ve 

 3.6 ile .  

 
kil 3.11 : Tam- IPN hidrojellerin sentezi. 
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 3.6 : Sentezlenen tam- . 

         BIS  (B) = 1.50 mol/L ; ODA-  

 

 

3.12 : 
 

tam-

heterojen bir 

 

2 a,b,c)

tam-IPN hidrojellerin 

homojen bir 

2 d,e,f , daha 

Hidrojel    

  
Komonomer 

 
 

 
x10-2mol/L 

(mkil/mNIPAAM) 
 

 
Komonomer 

 
 

 
x10-2mol/L  

 

IPN D/O10-B DMAPMAAm 3.1 (10%) DMAPMAAm 1.5 
IPN M/O10-B MAPTAC 3.1 (10%) MAPTAC 1.5 
IPN SB/O10-B SB 3.1 (10%) SB 1.5 
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tahmin 

edilen ODA-MMT  

3.4. Hidrojellerin Karakterizasyonu 

 

PNIPAAm geleneksel ve kompozit homopolimer ve kopolimer hidrojellerin 

HK-5S model mekanik 

o, 33o, 37o, 40o ve 45o  

- 

 

 

 

testleri, 1-4, 2-
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3.4.2.  

 -Lite 

AM4113TL model dijital video mikroskop ile pH 2.0, 4.0, 6.0, 8.11, 9.20, 10.74 ve 

 

3.4.3.  

276].  

kopolimer hidrojeller a

277]. Bu 

COOH 

 bir 

-COOH 

 

  muamele edilerek 

-
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3

 

 

 

 

 

 

 

 

 

 

 

 

 

3 : 
 

3

-VHCl,i

HCl,i - VHCl,f), 

hidro -COONa) protonizasyonundan 

HCl,f

a  

- - - HClOH OH OH     (3.1) 

300

600

900

0 7 14

S/
cm

)

HCl  (ml)

BIS/0/2

VHCl,i VHCl,f 
 

1  3  
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- - - HClCOO COO COO                (3.2) 

   + + + HClH H H                (3.3) 

HCl,i) ifade etmektedir. Bu 

 kesim 

HCl,f COONa 

 

- -

- -

- -

OH COO
HCl,iOH COO

COO OH

A -A
B -B

ve     (3.4) 

- +

- +

+ -

COO H
HCl,fCOO H

H COO

A -A
B -B

ve     (3.5) 

COOH 

grubu kitosan dease

278

modifiye edilerek  

COOH HCln =     (3.6) 

HCl,iV - HCl,fV

acmini ve CHCl  

konsantrasyonunu ifade etmektedir.  

3.4.4. PNIPAAm Hidrojellerinin FTIR Analizleri 

m
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spektrofotometre ile 650 4000 cm-1  

3.4.5. PNIPAAm Hidrojellerinin XRD Analizleri 

 modifiye 

in XRD analizleri Bruker D8 Advanced X 

 40 
o - 12.00o 

o o/dk  

3.4.6. PNIPAAm Hidrojellerinin SEM-EDS Analizleri 

in 

-EDS 

 

-Bauer 

lirlenmesi 

 

-) bir bakteri olan Escherichia 

coli (E.coli -) E.coli 

gram(+) Staphylococcus aureus 

279]. 
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Kirby-

Hidrojel diskler, sent

 3.1 ile verilen steril 

i (PBS) (AFCS-Protokol) [280

o

10-6 

37o -  

  

 

(0.108 mM ya da 3.2% w/v) 

1.6 ml hidrojel (veya modifi

1.0 mg/ml ve 5.0 mg/ml k
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 o

-vis 

281]  

abs abs

abs abs

Testörne% Hemoliz=
Pozitif kontrol -Negatif kontrol

    (3.7) 

 

 

37o

 

 

A 

B 
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ekil 3.14 (devam) : 

ilave 
37o

 

C F ED 

G H 

I J 
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Modifiye geleneksel ve modifiye kompozit homopolimer PNIPAAm hidrojellerin kan 

 

3.4.9. PNIPAAm Hidrojellerinin Dinamik Kinetiklerinin 

 

 3.7 ile 

 

fosfat ki volumetrik 

-Lite AM4113TL model dijital video mikroskop  

 3.7 : 
 

Geleneksel 

homopolimer 

hidrojeller 

Geleneksel 

kopolimer 

hidrojeller 

IPN hidrojeller 

Kompozit 

kopolimer 

hidrojeller 

BIS/0/1 SB/B/0.1/1 IPN SB/O10-B D/O10/0.1/1 

BIS/0.1/1 M/B/0.1/1 IPN M/O10-B  

BIS/0.2/1 D/B/0.1/1 IPN D/O10-B  

olara -

 3.7 ile 

v)  

2 2
t t 0 0

v 2
0 0

Q =     (3.8) 
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v  

absorpsi -1) ve 
2.sn-1 2.30), ve  2.4 ile 

verilen kinetik modeller    

 3.7 

o

48 saat bekletmek yolu
o

maksimumu veren bir organik mo -vis 

kalibrasyon 
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4 VE  

fonksiyonlu o

 

,  

 ve 

-285

bulunmakta
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- 

 

- -MMT ve LP gibi inorganik 

 

-  

 

 

-  katyonik ve zwitteriyonik komonomerler modifiye geleneksel 

(mgkNH) ve modifiye kompozit (mkkNH) PNIPAAm kopolimer hidrojellerin 

sentezlenmesi ve 

- m

in tam- mesi. 

 

 mgkNH, mkkNH ve 

 

- 30o-45o

 

- 

o  

- XRD, FTIR, SEM-

v ,  

-   

- E.coli antibakteriyel aktiviteleri, 

- dinamik  

- 

 ve 
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- Gentamisin (GS) , gerekli 

durumlarda elde edilen bulgular geleneksel PNIPAAm hidrojeller ile de 

ve  

4.1. mgNH ve mk

 

anda 

kilin (LP, MMT ve ODA-

 

 

o, 33o, 37o, 40o ve 45o

 

  
o

- 
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 ekil 4.1 : (a) M10/0.1/1, (b) M10/0.2/2, (c) BIS/0.1/2 ve (d) BIS/0/2, hidrojellerinin 
  

-4. ve 2.-

-4. 

E (Pa) 

a 

M10/0.1/1 

b 

M10/0.2/2 

c  

BIS/0.1/2 

d 

BIS/0/2 
30762 3623 10067 42922 
13090 1367 17043 35535 
5531 1255 24087 28302 
3056 1079 16275 32583 

Ortalama  
13110 

Ortalama 
 1831 

Ortalama 
 16868 

Ortalama 
34836  

0

2

4

6

0 1 2 3 4 5 6 7

K
uv

ve
t (

N
) 1234

a 

0

2

4

6

0 5 10

K
uv

ve
t (

N
) 1

2-3

4

b 

0

1

2

3

4

5

6

0 2 4 6

K
uv

ve
t (

N
)

1

2

3-4

d 

0

1

2

3

4

5

6

0 1 2 3 4 5 6

K
uv

ve
t (

N
)

1-2

3 4

c 
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ve 2.-3. disk 

sentezlenen  

3. disklerin  

modifiye geleneksel ve modifiye 

 o 

  disklerin ilgili 

. 

 her bir 

Vo ve V ise, 

Vo 

o

 

(4.1) 

 

4.1.1.  

4.1.1.1. Modifiye Geleneksel PNIPAAm Homopolimer Hidrojellerin (mgNH) 

 

 

 

3( )
o o

V d
V d
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2  KPS/DDS, KPS/TEMED, KPS/0.1N NaOH ve KPS/0.2N 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 4.2 : (a) BIS/0/2, (b) BIS/0/2 T+, (c) BIS/0.1/2 ve (d) BIS/0.2/2 hidrojellerinin 
 

 

sahip ol ifade edilmektedir [287].  

288-291]. Hidrojel 

KPS (K2S2O8) 

( *
4SO ). 

b a c  d 
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-295]. 

S

 
2- *

2 48

* *
4 2 4

2- 2 *
2 48 4

S O 2

S O ( ) ( )

SO

SO H O HSO OH

Co II Co III SO SO  

293

 

2- *
2 48

2- * *
2 4 4 28

2* *
4 4

S O 2

1S O
2

SO

OH HSO SO O

SO OH OH SO

 

4
-* * 

* 

- [296,297]. 

3)2N-

CH2-CH2-(CH3)NCH2
* gibi ikincil radikaller de [298]. KPS/TEMED 

l

 

edilmektedir. H  

biraraya 

gelerek i 9].  
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 :  l

. 

-

 

- 4
-*, 

- *ve 

- D * 

  

PNIPAAm/BIS hidrojellerinin 30o-45o  

V/Vo   

 

PNIPAAm hidrojelleri

amit (NH- yla 

 (NH----H2O ve C=O----H2O) 

 mevcuttur. 



95 

 
 :  m/BIS 

hidrojellerinin 30o-45o  V/Vo  
 

mole

BIS/0.1/1 hidrojelinde, VPTT e  

~37oC o

 

lere ek olarak, KPS/0.1N NaOH 

0

50

100

150

200

250

25 30 35 40 45 50
oC)

BIS/0/1
BIS/0/1 T+
BIS/0.1/1
BIS/0.2/1

a

0,0

0,4

0,8

1,2

1,6

25 30 35 40 45 50

V
/V

o

oC)

BIS/0/1
BIS/0/1 T+
BIS/0.1/1
BIS/0.2/1

b 
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 -OH 

da  

4  verilen BIS/0/1 ve BIS/0.2/1 hidrojelleri ise 

. Bu hidrojellerde serbest zincir 

 mektedir. KPS/0.2N NaOH 

miktarda OH* 

artan NaOH konsantrasyonu ile birlikte (OH*  

olarak - su 

hidrojen , 

, 

haline gelir. 30o-37o

(H2O) % 85 , BIS/0/

bulgu, BIS/0/1 ve BIS/0.2/1 hidrojellerindeki hidrofilik karakterin BIS/0.1/1

BIS/0.2/1 hidrojelinin 30o-45oC 

ki 
oC  y -

-

 

 4.1 : KPS/DDS leri 
o-45o

v 
 

Hidrojel 
3) ve Qv  

30oC 33oC 37oC 40oC 45oC 

 e     Qv e     Qv e     Qv e     Qv e     Qv 

BIS/0/1 53.1 10.4 94.7 7.4 62.3 5.8 92.8 6.2 54.7 6.9 

BIS/0.1/1 69.3 8.9 62.0 4.3 209.8 1.5 313.5 1.4 280.3 1.4 

BIS/0.2/1 3.9 13.9 10.3 9.7 10.0 6.5 10.5 5.2 11.0 5.1 

BIS/0/1T+ 12.1 9.4 78.9 6.1 44.3 3.5 55.3 2.9 20.0 2.9 

.4 leri  

 ve Qv ile 
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o-33o

ya hidrofilik bir komonomer ilave edilmesine 

benzer etki yaratan KPS/0.1N NaOH redoks sistemi sebebiyle, ~37o

 e ile, 

e nin  ise, incelenen 

ir. Bu bulgu, BIS/0.2/1 hidrojelinde 

-

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 : KPS
PNIPAAm/BIS o-45o  o 

  

Geleneksel ve modifiye geleneksel 

leri ve V/Vo  , 

0

50

100

150

200

250

25 30 35 40 45 50
oC)

BIS/0/2
BIS/0/2 T+
BIS/0.1/2
BIS/0.2/2

a 

0,0

0,4

0,8

1,2

1,6

25 30 35 40 45 50

V
/V

o

oC)

BIS/0/2
BIS/0/2 T+
BIS/0.1/2
BIS/0.2/2

b 
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etkile ve 

PNIPAAm 

 

erizasyon o-

45o ki  o   .4 ve 

4.5 

o 

PNIPAAm/BIS hidrojelinde (BI
o

o . 

eaksiyonunun bir haftadan iki haftaya 

 

 

4.1.1.2 Modifiye Kompozit PNIPAAm Homopolimer Hidrojellerin (mkNH) 

 

/

nde 

0.1N ve 0.2N NaOH 

  [300-302].  

-

-

o
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- M3/0.1/1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 : - o  
o  M3/0.1/1 > L10/0.1/1 > 

 

LP-

durum, LP-  

-  

0

60

120

180

25 30 35 40 45 50
oC)

L3/0/1
L3/0.1/1
L10/0.1/1
M10/0.1/1
O10/0.1/1
M3/0.1/1

a 

0
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oC)

L3/0/1
L3/0.1/1
L10/0.1/1
O10/0.1/1
M10/0.1/1
M3/0.1/1

b 
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tir 

[302,303, 304-306]. 

tez -

etki, LP XLS  

-

-

- -MMT hidrojellerinin sentezi 

 

LP-RD, MMT veya ODA-

PNIPAAm/kil hidrojellerinin 30o-45o

V/Vo 

 

-

1 ve 

V/Vo 
o

 

o

 

-
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- -
- - 

-

yorumlanabilir.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 : 
- o  

(37o   

Ek olarak, hidrojel disklerinin 30o-45o

-RD hidrojellerine ait 

- o

0

50

100

150

200

250

25 30 35 40 45 50
oC)

M10/0.1/2
O10/0.1/2
L10/0.1/2
M3/0.1/2

a 

0

1

2

3

4

25 30 35 40 45 50

V
/V

o

oC)

M10/0.1/2
O10/0.1/2
L10/0.1/2
M3/0.1/2

b 
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-RD konsantrasyonu ile 

PNIPAAm/LP-

 NaOH 

-RD 

 

dis - o-
o

o

kil konsantrasyonuna sahip hidrojellerde, T>33o

 

-

sentezlenen PNIPAAm/ODA- o

-MMT 

hidrojelinin 30oC V/Vo 

). Bu durum, PNIPAAm/ODA-MMT 

 

disklerinin 37o -gerinim 

-
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Grafikte, 37o  
o-45o

oC M10/0.2/1 ve 

OH 

  

 

 

 

 

 

 

 

 

 

 

 

 

 : 
oC gerilim-gerinim grafikleri (b,c). 

-

sahip hidrojellerdeki hidrofilik karakterin, -OH 
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KPS/0.1N NaOH ve KPS/0.2N NaOH 

0.2N NaOH 

o

-O* 

ol -

- -OH 

ve Al-OH gru  negatif 
3+ 

2+ veya Fe2+ 

 

Mg-OH + OH- -O- + H2O   (4.2) 

   Al-OH + OH- -O- + H2O   (4.3) 

 sonucu negatif  hidroksil 

-O*

Strachota 
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* 

 

n hacim faz 

ba

-2mol/L)/NaOH 
*

mol/L ve 0.5x10-2  3.0x10-2 -
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 : 
 

, modifiye PNIPAAm/MMT hidrojeller

o-45o

oC ve 40o

-

kaynakl  

-

- -kil ve 

PNIPAAm-

hidrofil

[304].  

PNIPAAm- -

-
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if Si-O* 

olan PNIPAAm* 

 

a da 

me derecelerine de sahip PNIPAAm/kil hidrojellerinin sentezi 

 -MMT 

-

sebebiyle, Na-MMT ve LP- -

sinde 

-

-

yan ODA-

ODA-

 

-MMT 
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 : -MMT ve 
-

 

-

MMT (O) 

-

-

tisi 

-  

b 

a 
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4.11 : o-45o -
ve PNIPAAm/ODA- -  

Kompozit PNIPAAm/ODA-MMT hidro

-MMT hidrojellerinin 37o

o

37o o

PNIPAAm/ODA-
o  sahip 

 

o-45o
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verilm -

-

 

etkinl

 

T=37o o-40oC 
o

o

yorumunu desteklemektedir.  

 

 

oC ve pH 2-
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Geleneksel (BIS/0/1gT+) ve modifiye geleneksel (BIS/0/1, BIS/0.1/1, BIS/0.2/1) 

PNIPAAm homopolimer hidrojelleri ile kompozit homopolimer O10/0.1/1, O10/0.2/2 
o pH 2  12 

, 

 

 

 : o

 

 

8

10

12

14

16

18

1 4 7 10 13 16pH

O10/0.1/1
O10/0.2/2
M10/0.2/2
BIS/0.1/1
BIS/0.2/1
BIS/0/1
BIS/0/1gT+
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2 

 : 
30

o C
'da

 
 

    
 

 
 

  
B

IS
/0
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gT

+ 
 

pH
 2

 
pH

 4
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pH
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 9
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0.
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O
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 BIS/0/1gT+ jeli ile, 

imleri 

i

 

sentezlerinde *
4SO ve TEMED* 

TEMED de (pH>12) 
* 

birbi

V/Vo rak 

H2

konsantrasyonuyla 

PNIPAAm-H2

 

yle 
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-

 

-

- 6.5) 

 

Si-OH + OH- -O- + H2O 

-

 

 

O10/0.1/1 > O10/0.2/2 > M10/0.2/2  

ve polimerizasyo
o
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oC V/Vo 

o 

-

hidrojelinde, O10/0.1/1 hidrojel

 

arak ODA-

PNIPAAm/ODA-

ktedir. 

 

(akrilik asit) hidrojelleri ile benzer hale 

A
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ODA-MMT veya LP-

COOH 

gr

-COOH) 

 

Kontrol hi

 

3 ile  

 

4.13 : 
 

 

300

600

900

0 2 4 6 8 10 12 14

S/
cm

)

HCl  (ml)

BIS/0/1gT+    i
BIS/0.1/2       ii
O10/0.2/2       iii
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- 

kalan  

 

( ) ( ) ( )NaOH ba için harcanann n n   (4.4) 

,NaOH NaOH HCl i HCl
NaOH

V x C V x C
ghydrogel

m
n   (4.5) 

NaOHV  ve NaOHC -

onunu ifade 

 

 :  

 

(ml) 

nCOOH /g hidrojel 

 

nNaOH /g hidrojel 

 

BIS/0/1gT+ 5.80 5.80x10-4 6.25x10-4 

BIS/0/2 6.12 6.12x10-4 6.42x10-4 

BIS/0.1/2 6.70 6.70x10-4 7.05x10-4 

BIS/0.2/2 7.75 7.75x10-4 7.20x10-4 

O10/0.2/2 6.75 13.5x10-4 14.3x10-4 

 
-2 mol/L) ODA-MMT veya 1.50 x 10-

2 

-

-  

BIS/0/1dT+ < BIS/0/2 < BIS/0.1/2 < BIS/0.2/2 < O10/0.2/2 

-MMT 
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daha -MMT hidrojelindeki 

-

-

 

pH>6- e ODA- -

-O- 

-

-

-

-COO- ve Si-O- 

 

 -COOH grubu  belirlenmesi 

 titrasyon deneylerinin uygulama 

test ilave bir kontrol deneyi grubu olarak, 

 [319] 

deneylerinde, komonomer olarak %5 mol -2mol/L ve 2.5x10-2mol/L 

 PNIPAAm/IA hidrojellerinin 

 

hidrojellere uygulanan geri titrasyonlarla  

neylerinden elde 

-

s   

 

 modifiye geleneksel ve modifiye kompozit 

PNIPAAm hidrojellerinden 2)  

0.1N ve 0.2N 

lardaki 

 belirlenmeye  
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e

10

polimerizasyon   bekletilm  

 

K  en uygun 

biri olan IR spektroskopisi, lardaki kimyasal kompozisyon, 

bilgi verir. [320]. 

-150 cm-1) absorpsiyon 

rasyon 

1

absorps  

4  

  

4 (a) ile verilen MMT spektrumunda 3400cm-1 ve 1640cm-1

pikleri 

etmektedir. MMT 1640cm-1

 -OH H2O 

 1690cm-1 
-1 de (iii) yeni bir -

 

ODA-MMT ve ODA-

-1

 -
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4.14 : MMT, MMT-0.2, ODA-MMT ve ODA-MMT-

 

MMT/0.2/2 ve ODA- -1

(v) ise,   17 saatlik 

  

karbonat kalsit-CaCO3, magnesit-MgCO3 ve/veya siderit-FeCO3) aittir. Ca, 

Fe ve Mg iyo
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2 2CO3

Karbonik asit dissosiasyonu ile 

  

 

2850cm-1 ve 2910cm-1

(-CH2-) ve metil (-CH3 -

MMT, ODA-MMT, MMT/0.2/2 ve ODA-MMT/0.2/2 nin 3720cm-1 (vi) ve 

920cm-1 -Al- -OH 
-1 

tet  da 

.  

MMT ve ODA- -
-1

smektitlerde (MMT/0.2/2 ve ODA-

mikrodalga [323 4] gibi fiziksel 

uygulamalarla modifiye edil

5

[326,327 8
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 agresif 

 

  

toplam aluminyumun %75- n ge

 

o

spektrumunda 1640cm-1 (ix), 1550cm-1 (x) ve 1385/1370cm-1 

-C=O gerilme ve -

m 
-1 ve 1750cm-1

-

grubu -

hidrojell
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 4.4 : 
veriler. 

 

(cm-1)  Referans 

1630 ve 
3400 3500  

H2  [329] 

450-529  [330] 

755  [331] 

790 Kristobalit [332] 

793 Tridimit [330] 

795 AlMgOH gerilme [331] 

798 A  [333] 

841  [334] 

874 3  [333] 

882  [334] 

912  [331] 

913 Kil  [335] 

920 Al2OH  [336] 

936  [335,337] 

1033 T  [338] 

1113 D  [330] 

1200 A  [332] 

1430 CO3  [332,329] 

1634  [331,335] 

1650  [339] 

3607  [335] 

1711, 1557 
ve 1403 

 [337] 

3620, 3653 
ve 3695 

Y  [339] 

3652, 3671 
ve 3694 

 [335] 
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4.1.5. XRD Sp  

 

  

 etkilerinin incelenm XRD 

analizleri  , sentezlenmelerinin 

  

0.1N ve 0.2N zeltileri  

bekletilerek modifiye edilen kil 

 

-MMT) ve modifiye (ODA-MMT/0.1/2, ODA-

MMT/0.2

 

 

 : (I) ODA-MMT, ODA-MMT/0.1/2, ODA-MMT/0.2/2 O10/0.1/2 
O10/0.2/2 ve (II) MMT, MMT/0.2/2, M10/0/2, 

 

bulunan OH- - 
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- -
2M-OH + OH M-O + H O

  

 

 : 
mi. 

001 

(n 2dsin ) 

ODA- 001 -

MMT/0.1/2 ve ODA-MM
o -

ODA-MMT/0.1/2 ve ODA-  12o 

 Bu durum, MMT ve ODA-

- 2 o 

MMT 

 

M10/0/2, M10/0.2/2 ve O10/0.2/2  12o 

-

 1

 6o 
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ODA- 2 o -MMT/0.1/2 ve ODA-

2 -12o -MMT 
o  o  

mofidiye PNIPAAm/ODA-MMT kompozitlerinin olu  

 7o 

o 

 

4.1.6. SEM-EDS Analizleri 

PNIPAAm hidrojelleri elde e

  

  

deki  

SEM-EDS (Energy-dispersive X-ray spectroscopy) analizleri 

ek 

M10/0/2, M10/0.1/1, M10/0.2/2 ve 

O10/0.2/2 hidrojellerind

-  

M10/0/2, M10/0.1/1, M10/0.2/2 ve O10/0.2/2 hidrojellerine ait SEM-

- M10/0.1/1

M10/0.1/1 

M10/0/2 ve O10/0.2/2 

- unu 
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4.17 : (a) M10/0/2, (b) M10/0.2/2, (c) O10/0.1/2 ve (d) O10/0.2/2 
SEM-EDS  

M10/0/2 

(a) M10/0/2 

(b) M10/0.1/1 

(c) M10/0.2/2 

(d) O10/0.2/2 
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O10/0.2/2 

M10/0/2 ve M10/0.1/1 hidrojellerine 

-MMT tabakalar 

2.05 3.14nm

O10/0.2/2 ve M10/0.2/2 2

5 7o 

-O- 

PNIPAAm/MMT ve PNIPAAm/ODA-MMT hidrojellerinde, 

 

 

344 345-347] ve kemik [348] dokular ile, 

349], cilt [350] ve pankreas [351

edilebilecek bir 

 

 

352,353].  

P  

destekleyici bir  354

P bilir bir 
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membranlar olarak k

E. coli 6]. 

Tetrahedral ve oktahedral tabakalarda -

7-361]. 

-MMT, g

[362].  

o

3

 

de 0.1N NaOH etkisiyle 

u - 2O 
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8 : i E.coli
. 

ile modifiye ed

E.coli

59,364]. Bu hidrojellerin GS 

-MMT ile 
o

-MMT ve ODA-

 

 

 

c 

b a 

c 

a b 

a 

b 
c 

d 

d a 

b c 

1 2 

4 3 
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 4.5 : 
 

Petri kodu Hidrojel GS 
Zon 

(mm2) 

37o aki 
 

  (kPa) 

1 

a BIS/0/1 - 0.0 29.5 

b BIS/0.1/1 - 0.0 156.5 

c BIS/0.2/1 - 0.0 4.5 

2 

a BIS/0/1 + 238.9 - 

b BIS/0.1/1 + 172.4 - 

c BIS/0.2/1 + 249.9 - 

3 

a M10/0/2 - 52.1 3.3 

b M10/0.2/2 - 43.6 185.2 

c M10/0/2 + 340.7 - 

d M10/0.2/2 + 331.1 - 

4 

a O10/0.1/2 - 0.0 179.0 

b O10/0.1/2 + 302.0 - 

c O10/0.2/2 - 0.0 142.5 

d O10/0.2/2 + 269.8 - 

 

5,366]. 

po

 

malz -

7]. Kan-biyomalzeme 
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 eritrositleri 

on ve 

 

k

8]. BIS/

ise sadece .  

 
 

9 : gNH'i (BIS/0/1
 

-
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tabaka -MMT/0.1/2), her iki konsantrasyonda da belirgin bir 

- %9.6 ve 5mg/ml - %95). Bu durum, 

gibi, kil tabaka  -  

[369,370  -MMT/0.1/2

in

ODA-

 

 modifiye geleneksel ve modifiye kompozit 

PNIPAAm hidrojelleri, (5mg/ml 

 ve 

 

4.2. lerinin Mekanik, Antibakteriyel ve Kan 

Uyumluluk 

 

 

erek, modifiye geleneksel kopolimer PNIPAAm hidrojelleri 

(mgkNH) ve modifiye kompozit kopolimer PNIPAAm hidrojelleri (mkkNH) 

nize 

olabilen DMAPMAAm, kuvvetli katyonik MAPTAC ve zwitteriyonik bir 

o 

37o o-45o

-

mkkNH

-MMT kullan ekanik 

, 
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modifiye tam-IPN kopolimer PNIPAAm hidrojelleri (m(IPN)kNH) 

sentezlenm  

Her bir i, s si, 

polimerizasyon   

 

4.2.1. Tek Eksenli S  

mgkNH ve  o, 33o, 37o, 40o ve 45o  

 oC) 

den  

 

 2 

- o-

 

4.2.1.1. Modifiye Geleneksel PNIPAAm Kopolimer Hidrojellerin 

 

 

tersiyer 4.20). DDS, 

0.1N NaOH ve 0.2N NaOH nin sentez 
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NIPAAm     SBMAAm 

   
                            MAPTAC                                    DMAPMAAm   
 

0 :  

 

% 100sentez sonras

sentez çözeltisi

m
verim x

m
    (4.6) 

sentez 

 ve m

  

 

 

 

 
 
 
 
 
 
 
 

21 : sentez  (DDS, 0.1N NaOH ve 0.2N NaOH) 
) PNIPAAm/DMAPMAAm, (b) PNIPAAm/MAPTAC, 
(c) PNIPAAm/SBMAAm. 

 

DDS    0.1N NaOH     0.2N NaOH 

a b c a b c a b c 
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 4.6 : sentez  (DDS, 0.1N NaOH ve 0.2N NaOH) 

 

 Polimerizasyon reaksiyonunun % verimi 
PNIPAAm/DMAPMAAm PNIPAAm/MAPTAC PNIPAAm/SBMAAm 

DDS 99.1 88.4 74.4 

0.1N NaOH 93.4 94.8 97.2 
0.2N NaOH 100.0 100.5 103.2 

21 ile verilen PNIPAAm/MAPTAC ve 

PNIPAAm/SBMAAm hidrojelleri 1 

 0.1N NaOH ve KPS/0.2N 

NaOH -opak ve tam-opak hidrojeller elde 

ve 

  

- o  oC'daki gerilim-gerinim 
o-37oC 

hidrojellerden daha  -

-

oC) 

1]. 

- /DMAPMAAm 
o-60o

2]. 
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3] 37o

 

 TEMED 

o

B/0.1/1 ve 

esne -

7o

 

o 

PNIPAAm/DMAPMAAm hidrojellerinin 30o
o 

ofilik 
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 : o  45o

 o  oC'daki gerilim-
37o

 

-N-(3-

monomer ya da polimerin, 1,3-propansulton ya da 1,4-b tansulton ile 

yoluyla sentezlenirler [374-377
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8

(b)).  

 

23 : - -

relaksasyonu [379]. 

79 olan poli-3-

0

-

35o-40o

o

1].  

a

- o  
o

o-33o o-40oC) 

edir.  



140 

 

 

382], poli(2-

akrilamido-2-m -(karboksimetil)-N,N-

dimetil-2-

 

o ve 37o -g

 

-9). 
o

lektrostatik 
o
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D/B/0/1 hidrojelinin 30o ve 37o

30o ve 37o

7).  

o

. 37o

 

rlerinin % 

k 
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Formamit, N-metil formamit (NMF) ve N,N- 2O 

 

-N-H ve - -OH g

-H2

o omeri ile 1,3-

propansulton veya 1,4-

-  

PNIPAAm/DMAPMAAm hidrojellerinin 30o

PNIPAAm/DMAPMAAm hidrojelleri artan NaOH konsantrasyonuyla daha esnek ve 

o grafiklerinde ise, D/B/0.1/1 in 

o 

daki -N-H ve 

-

-

 ise, 
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o 

 

SB/B/0.1/1 ve SB/B/0.2/1 hidrojellerinin 30o

PNIPAAm/SBMAAm hidro

 

 

 : 
 

an 

-
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PNIPAAm/SBMAAm hidrojelleri artan NaOH konsantrasyonu ile daha esnek ve 

-

 

 
o - stemi 

 

 ve komonomer olarak 

akrilamidopropil trimetil amonyum iyod  n % 1-6 mol 

/ /TEMED 

 

kopolimer hidrojelde 45o-50oC, % o-60oC 

bir VPT tespit 
o
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 leri ile D/B/0/1 

- V/Vo   (b) 

o ora  
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 o  o
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Na+ ve Cl- 

erek Na+(H2O)n (n=4,5,6,14) ve Cl-(H2O)n  

 [393]. Poli(akrilamit) (PAAm), PMAPTAC ve 

Hajighasem ve Kabiri 

 394], beklenenin aksine hidrojellerin 

- 

 

 (Cl-) 

ve bu durumun hidrojellerin ifade 

. 

o 
- 

-out effect), Hajighasem ve 

Kabiri 

 

M/B/0.1/1 hidrojelinde Cl- 

4.30 ile verilen ku  
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 : 
PNIPAAm/MAPTAC o-45o

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 : D/B/0/1 ve M/B/0/1 hidrojellerinin (a) 30oC ve (b) 37o -
   

hidrojelleri ile D/B/0/1 30o-45o

 hidrojelinin e 

Hidrojel 
3) ve Qv  

30oC 33oC 37oC 40oC 45oC 

 e     Qv e     Qv e     Qv e     Qv e     Qv 

D/B/0/1 39.9 29.2 23.7 25.1 26.5 17.2 22.8 8.2 25.5 4.5 

D/B/0.1/1 12.8 13.6 11.5 9.2 18.1 6.8 22.3 5.8 37.2 5.5 

M/B/0/1 16.9 114.3 18.2 160.6 18.5 53.8 18.5 30.1 18.2 14.0 

M/B/0.1/1 43.6 33.2 30.6 39.8 31.1 31.4 29.6 23.8 43.1 9.7 

M/B/0.2/1 26.5 59.1 21.1 60.9 23.4 58.0 15.9 52.0 31.1 45.4 
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v  

M/B/0/1 hidrojellerinin 30oC ve 37o

   

KPS/0.1N NaOH ve KPS

 

4.2.1.2. Modifiye Kompozit PNIPAAm Kopolimer Hidrojellerin (mkkNH) 

 

-
o

o 
o

30o-45o -MMT 

hidroje mkkNH

-  
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o-45oC 

- o-

 

D/O10/0.1/1 ve SB/O10/0.1/1 hidrojellerinin 30o
o  (b)) 

o-45o

o-37o

o-45o

 

o-45o

 

-N-H ve -

-

-N-H ve -C=O grubunun da ODA-MMT 

-

 4.33 

DMAPMAAm birimlerinin ODA-

4.33 (c)).  

 

 



155 

  

33 : 
 

edilmektedir [395,396]. Geleneksel 

hidrojel

 

ktedir. 
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34 : 

 

-MMT 

 a SB/B/0.1/1 ve SB/O10/0.1/1 

-MMT, 

ebiyle 

- 

 

SB/O10/0.1/1, SB/B/0.1/1 ve D/O10/0.1/1 hidrojelleri 

testi 

SB/O10/0.1/1 hidrojelindeki 

SB/O10/0.1/1 hidrojelindeki 
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SB/O10/0.1/1 hidrojelinin 

 

 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

5 : (a) SB/B/0.1/1, (b) SB/O10/0.1/1 ve (c) D/O10/0.1/1 hidrojellerinin 
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c 
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 : (a) M/B/0.1/1, (b) M/O10/0.1/1 ve (c) M/O10/0.2/1 hidrojellerinin 
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o 

 su 

 (Cl-) hareketli 

  

-MMT, 

PNIPAAm/DMAP -

ve V/Vo- ile, kompozit kopolimer hidrojellerin 30o -

-

rofilik 
o e -OH 

 KPS/0.1N NaOH sistemi 

re ait 

4.35

4.37 ile verilen gerilim-

 

 

o 
o  .  

-IPN Hidrojellerin Tek Eksenli S  

Tam-
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Tam-

 

-

hidrojellerinin 30o-45o  

SB/B/0.1/1 ve 

SB/B/0.2/1 nu 

 

ODA-

hidrojellerin 30o-45o ki o 

 

 

4.38 : 37o  

o

3  

0

50

100

150

50% gerinim F = 5N'da gerinim

G
er

ili
m

 (k
Pa

)

D/B/0.1/1 IPN D/O10-B D/O10/0.1/1

SB/B/0.1/1 IPN SB/O10-B SB/O10/0.1/1

M/B/0.1/1 IPN M/O10-B

 
  

 
    

 
 

 

 

 
   



162 

kompozit PNIPAAm hidrojellerinin sentezlenmesidir. Bu sebeple, 

PNIPAAm/MAPTAC ve PNIPAAm/

 hidrojeli ise 

tam-

 modifiye tam-IPN 

kopolimer hidrojellerin (m(IPN)kNH) 37oC'da 

testlerinden elde edilen 

.  

-IPN hidrojellerin 37o

 kuvvet-  geleneksel ve 

kompozit kopolimer hidrojellerin kuvvet-  

 

 D/B/0.1/1, D/O10/0.1/1 ve IPN/DO10- .39 (a) ile 

verilen kuvvet-  , IPN/DO10- , BIS ve ODA-

bulunduran IPN/DO10-B hidrojelinde, 

zincirlerinin 

 

39 (b), IPN/SBO10-B, SB/B/0.1/1 ve SB/O10 oC 

kuvvet-  -B hidrojeli, 37o

SB/B/0.1/1, SB/O10/0.1/1 

 

PNIPAAm/SBMAAm hidrojellerin 39 

(b) e ise, IPN/MO10-B ve M/B/0.1/1 hidrojellerine ait 

kuvvet- . Bir kuvvet-  

alan alan malzemenin 
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SB/B/0.1/1 ve SB/O10/0.1/1, (c) IPNM/O10-B ve M/B/0.1/1 hidrojellerinin 

37oC'daki kuvvet-   

nan kuvvet 
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39 (c) ile verilen kuvvet-

 

A M/B/0.1/1   <  A IPN/MO10 

-B hidrojelinin 

 

IPN/MO10-B hidrojelinin o

-  

ne daha esnek ve daha 

 

4.3. PNIPAAm Hidrojellerinin Dinamik Kinetiklerinin 

 

 

 

(Q) olarak kabul 

-Lite AM4113TL model dijital video 

 atiksel model 

 

 

4.8 e

mada en uygun model olarak kabul edilir.  
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 4.8 :  2.4 ile verilen matematiksel 
.  

 mertebe 
Birinci 

mertebe Higuchi Korsmayer-
Peppas 

BIS/0/1 0.941 0.968 0.994 0.990 
BIS/0.1/1 0.990 0.987 0.987 0.995 
BIS/0.2/1 0.944 0.974 0.992 0.994 
M/B/0.1/1 0.983 0.989 0.973 0.992 
SB/B/0.1/1 0.911 0.941 0.934 0.896 
D/B/0.1/1 0.905 0.950 0.995 0.995 
D/O10/0.1/1 0.981 0.992 0.936 0.993 
IPN/DO10-B 0.978 0.979 0.954 0.971 
IPN/MO10-B 0.933 0.985 0.947 0.983 
IPN/SBO10-B 0.953 0.993 0.992 0.990 

 

 4.9 : 
-

korelasyon sabitleri.  

 n  k (1/sn) 
(x10-3) 

D (cm2/sn) 
(x10-6) 

Korelasyon 
sabiti (r) 

BIS/0/1 0.546 9.17 1.27 0.990 
BIS/0.1/1 0.817 0.74 5.78 0.995 
BIS/0.2/1 0.568 5.28 1.81 0.994 
M/B/0.1/1 0.682 4.24 1.96 0.991 
SB/B/0.1/1 0.926 0.65 4.49 0.896 
D/B/0.1/1 0.431 35.5 1.99 0.995 
D/O10/0.1/1 0.939 0.69 6.49 0.993 
IPN/DO10-B 0.770 0.43 2.03 0.971 
IPN/MO10-B 0.627 1.41 2.05 0.983 
IPN/SBO10-B 0.610 2.21 2.20 0.990 

 Higuchi 

Korsmayer-  

i en 

uygun 
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-294]. 0.1N 

PNIPAAm zincir ucunun -

da bulunabilecek -

o

o-45oC 

-OH sonlu 

 

 

-

-Lite dijital 

 

 

 

 



16
7 

 

 : 
-

 

   

 
t 0

dk
 

t 3
0d

k 
t 6

0d
k 

t 9
0d

k 

      
B

IS
/0

.1
/1

 
 B

IS
/0

.2
/1

 

 
 

 
 

 

t 1
20

dk
 

t 2
40

dk
 

t 4
80

dk
 

t 6
00

dk
 

 
 

 
 



168 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 : 
QtIn
Q

-  

 
BIS/0.1/1 > BIS/0/1 > BIS/0.2/1  

 

-

olup, bu fiziksel bulgu 0.2 N 

b 

0

2

4

6

8

10

12

0 200 400 600

Q

Zaman (t, dk)

BIS/0.1/1
BIS/0/1
BIS/0.2/1

a 

y = 0,5459x - 4,692

y = 0,5679x - 5,2342

y = 0,817x - 7,2162

-4,5

-3,0

-1,5

0,0
0,0 2,0 4,0 6,0 8,0

In
(Q

t/Q
sn

sz
)

In(t)

BIS/0/1
BIS/0.2/1
BIS/0.1/1

b 



169 

 er 

 

 

  9 olan 

rela
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PNIPAAm/AMPS/MAPTAC  0.95:0.05:0 (mol/mol) hidrojelinin 5.10-3

konsantrasyonu ile faz 

(mol/mol) hidrojelinin de 5.10-1

2 

2 

 

ntezlenen M/B/0.1/1 hidrojeli, 0.15M 

- 

 

IPN M/O10-B, IPN SB/O10-B ve IPN D/O10-

-

 m(IPN)

-B, IPN M/O10-B ve IPN SB/O10-B 

1
-1, 0.022sn-1 ve 

0.102sn-1
1 -B, IPN 

M/O10-B ve IPN SB/O10-

-

Peppas modelinde de, IPN D/O10-B, IPN M/O10-B ve IPN SB/O10-
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IPN D/O10-B, DO10/0.1/1 

 

IPN D/O10-B > DO10/0.1/1 > D/B/0.1/1 

-

 

 : -
sistemi ile beli   

 

 : IPN D/O10-
 

-
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D/O10-

en kon -

 olan ODA-

BIS ve ODA-

-

 

 hesaplamalar Korsmayer-Peppa

 

 : -Peppas ve 1.mertebe kinetik 
M   (T= 25oC, 

PBS pH (7.4)). 

 

 Korsmayer-
Peppas 
Modeli 

Schott Modeli 1.Mertebe  Schott Modeli 

D (cm2/sn) 
(x10-6) 

Di 
(cm2/sn) 
(x10-6) 

DL 
(cm2/sn) 
(x10-6) 

DL  
(cm2/sn) 
(x10-6) 

Dort  
(cm2/sn) 
(x10-6) 

M  
(teorik) 

M  
(deneysel) 

BIS/0/1 1.27 0.92 0.17 0.29 0.81 10.97 10.99 
BIS/0.1/1 5.78 1.43 0.63 1.07 1.12 12.58 11.65 
BIS/0.2/1 1.81 1.20 10.30 17.50 1.20 8.48 7.86 
M/B/0.1/1 1.96 0.66 0.03 0.05 0.26 4.12 5.21 
SB/B/0.1/1 4.49 0.63 0.54 0.92 0.52 6.78 6.46 
D/B/0.1/1 1.99 3.61 2.97 5.07 4.28 3.34 3.30 
D/O10/0.1/1 6.49 1.20 0.64 1.10 0.96 7.60 7.33 
IPN/DO10-B 2.03 0.62 0.47 0.81 0.50 11.25 9.33 
IPN/MO10-B 2.05 1.15 1.48 2.53 1.04 6.55 5.58 
IPN/SBO10-B 2.20 1.06 1.25 2.14 0.96 7.56 7.16 
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(Di

Korsmayer-

birbirlerin

-

 

4.3.2. Gentamisin 

 

o

o

 

kalibrasyon 

o  
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 : 
 

 

Konsantrasyon           

(mg/ml) 
Absorbans 

Konsantrasyon           

(mg/ml) 
Absorbans 

0.005 0.042 0.070 0.482 

0.010 0.086 0.080 0.548 

0.020 0.143 0.090 0.601 

0.030 0.217 0.100 0.655 

0.040 0.281 0.120 0.776 

0.050 0.348 0.140 0.895 

0.060 0.411 0.070 0.482 

 

 

 : 
 

 mertebe 
Birinci 

mertebe Higuchi Hixon 
Crowell 

Korsmayer-
Peppas  

BIS/0/1 0.870 0.938 0.987 0.978 0.990 
BIS/0.1/1 0.848 0.911 0.943 0.990 0.968 
BIS/0.2/1 0.737 0.840 0.900 0.877 0.995 
M/B/0.1/1 0.848 0.927 0.979 0.922 0.996 
SB/B/0.1/1 0.676 0.775 0.913 0.638 0.987 
D/B/0.1/1 0.648 0.772 0.872 0.980 0.998 
D/O10/0.1/1 0.888 0.948 0.990 0.911 0.992 
IPN/DO10-B 0.641 0.782 0.897 0.933 0.994 
IPN/MO10-B 0.845 0.985 0.991 0.941 0.991 
IPN/SBO10-B 0.805 0.956 0.976 0.891 0.997 

y = 6,3209x + 0,0256

0

0,4

0,8

1,2

0 0,05 0,1 0,15

A
bs

or
ba

ns
 (A

)

Konsantrasyon (C, mg/mL) 
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o

s 

  

hidrojeller ise Korsmayer-
o

Korsmayer-Peppas 

 

lge 4.17 : o

-  

 n  k (1/sn)  
(x10-2) 

D (cm2/sn) 
(x10-7) 

Korelasyon 
sabiti (r) 

BIS/0/1 0.388 1.73 1.100 0.990 
BIS/0.1/1 0.250 3.64 0.016 0.968 
BIS/0.2/1 0.210 6.17 0.002 0.995 
M/B/0.1/1 0.354 1.71 0.315 0.996 
SB/B/0.1/1 0.270 6.55 0.853 0.987 
D/B/0.1/1 0.228 7.77 0.091 0.998 
D/O10/0.1/1 0.411 1.45 2.800 0.992 
IPN/DO10-B 0.266 5.14 0.261 0.994 
IPN/SBO10-B 0.366 2.38 1.160 0.997 
IPN/MO10-B 0.416 1.73 4.160 0.991 

-6  10-7 
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 -Peppas modeline uygun 

-0.31) ve D (1.5x10-

11 - 91.4x10-11

 

o

 

-NH2 ve -

-

 

-

it konsantrasyon  

modifiye edilmesi yoluyla sentezlenen BIS/0.1/1 ve BIS/0.2/1 hidrojellerinin BIS/0/1 
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ekil 4.45 : o

konsantrasyon -  

o

-

990) 
-9 

 

 

0.1/1 kodlu 
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 : o

-  

 
2 -17 

disklerinin, E.coli inhibisyon 

yla 240 mm2 

ve 273 mm2  

 

(SB/B/0.1/1) > Q (M/B/0.1/1) > Q (D/B/0.1/1)) 

 

 

NIPAAm 

 pKa=8.8) komonomerleri ile 

(pKa=8.2) ku
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- 

 

-

 

 

 

 : IPN/DO10-B, IPN/SBO10-B, IPN/MO10-B o

-  

-

 

 

M/B/0.1/1 (0.354) > SB/B/0.1/1 (0.270) > D/B/0.1/1 (0.228)   ve    

 IPN M/O10-B (0.416) > IPN SB/O10-B (0.366) > IPN D/O10-B (0.266) 
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hidrojellerde, 

PNIPAAm/SBMAAm hidrojellerinde ise, zwitteriyonik komonomer birimleri 

 

IPN D/O10-

 

BIS/0.1/1, IPN D/O10-B

 

DO10/0.1/1> IPN D/O10-B> D/B/0.1/1> BIS/0.1/1 

  

 

 : BIS/0.1/1, D/B/0.1/1, IPN D/O10-
37o - 

birlikte (%)). 

 

0,00
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4.4. 

 

estinal sistemi 

-

- li 

  

 :  

 

 

 

 

 

 

 

30oC -

 

g

(M/B/0/1, M/B/0.1/1, M/B/0.2/1, SB/B/0/1, SB/B/0.1/1 hidrojelleri saydam 

. 

 pH 

Kan 7.4-7.5 

 1.0-3.0 

Duodenum 4.8-8.2 

Kolon 7.0-7.5 

 6.5-7.2 
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 : eleneksel ve kompozit PNIPAAm/DMAPMAAm 
o  

eleneksel ve kompozit PNIPAAm/DMAPMAAm 
o r. 

 

2O 

Am hidrojellerindeki izopropil 

 su 

 

-N+(CH3)2

deprotone olm -

2

8
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16
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20

1 4 7 10 13 16pH

D/O10/0.2/1
D/O10/0.1/1
D/B/0/1
D/B/0.2/1
D/B/0.1/1
BIS/0.2/1
BIS/0.1/1
BIS/0/1
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PNIPAAm/

 

-

 

 

 : Geleneksel ve kompozit PNIPAAm/SBMAAm kopolimer hidrojelleri 
o  

 

 

oC'da 
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P

-

 

 

 : Modifiye geleneksel PNIPAAm/BIS hidrojelleri ile 

30o  

30o

 PMAPTAC hidrojellerinin 

25o

-

konsantrasyonunun 

Tris-HCl, pH 8-  

8
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1 4 7 10 13 16
pH
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D/B/0/1
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-10 

/MAPTAC 
o

 

o 

-

o 

,  

Cl- +, 

H2O veya OH-

 

 

 

oranda zwitteriyonik fosfolipidlerden ve kolester
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n uzun hidrokarbon zincirli 

 

etkilere sahiptirler [418].

 

 : 
 

 

sent

E.coli gibi gram 

E.coli
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L 

planktonik E.coli E.coli 

E.coli 2 

2 E.coli 

MAPTAC biriml
- 

37o

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 : 
 

-
o

disklerin modifiye Kirby- E.coli 

1 2 

3 4 

a a 

a a 

b b 

b b 

c c 

c c d d 
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Bunun sonucu olarak, D/B/0/1 (Petri2 (c)) BIS/0/1 

 

 : 
 

Petri Jel 
kodu Hidrojel GS  Zon 

(mm2) 

37o

 

1 

a BIS/0/1 - 0.0 - 

b M/B/0/1 - 0.0 - 

c D/B/0/1 - 0.0 - 

2 

a BIS/0/1 + 238.9 29.50 

b M/B/0/1 + 272.5 4.15 

c D/B/0/1 + 262.8 9.55 

3 

a BIS/0.1/1 - 0.0 - 

b M/B/0.1/1 - 0.0 - 

c D/B/0.1/1 - 0.0 - 

e D/O10/0.1/1 - 0.0 - 

4 

a BIS/0.1/1 + 141.3 156.50 

b M/B/0.1/1 + 243.7 8.55 

c D/B/0.1/1 + 273.5 8.15 

e D/O10/0.1/1 + 272.0 24.78 

Bununla birlikte, M/B/0/1 hidrojelinde 272.5mm2 

hidrojelinde 243.7mm2

2O-Cl- 

afes etkisi sebebiyle Cl- 
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Bu durum, 

ODA-

r 

 

riyonik aminoasitlerin kan 

-

imerizasyonu 

, 

 

 

MMA/Trimetilam
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AC kopolimer 

 

 : gNH'i (BIS/0/1g T+), ve m(IPN)
 

 

 

KPS/DDS sis

 

5 mg/ml 
 
 
 
 
 
 

1 mg/ml 

D/B/0/1                D/B/0.1/1            IPN/DO10-B 

(+) kontrol 
 
 
 

(-) kontrol 
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5.   

 

 

(LP, MMT ve ODA-  

-

5.1).  

-
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5.1 : (a) SB/B/0.1/1, (b) M/B/0.1/1, (c) SB/O10/0.1/1 ve (d) M/O10/0.1/1 

 

 

amit, 

hidroksil, izopropil ve silanol (kompozit hidrojellerde) gibi temel fonksiyonel 

MMT ve ODA-

M -

-MMT/0.2/2) 

-

SEM-

5.2).  

 

b 

a c d 
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5.2 : 
-EDS 

-  
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Korsmayer-  birlikte 

-9 (cm2
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kabul edilen 

5.3).

 

5.3 : 
 

olarak nitelendirilebilecek 

r olarak 

 

5 mg/ml 
 
 

1 mg/ml 

      M/B/0.1/1                D/B/0.1/1            SB/B/0.1/1  

(+) kontrol 
 

(-) kontrol 
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