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Abstract :                                                           
     Synthesis of Mg/Al- layered double hydroxides intercalated with rifampicin drug . To 

obtaining nanohybrid compounds. The method of ion exchange was used with different molar 

ratio Mg/Al=2,3,4,5, the resulted material was characterized by Fourier transform infrared 

spectra (FT – IR) ,XRD (X-ray diffraction) the release profiles of the guest anion to phosphate 

,sulphate aqueous media, the accumulated  release in to phosphate more than sulphate. Release 

kinetics of Rifampicin has been evaluated with various models such as zeroth order, first order 

and pseudo- second order as well as Bhaskar equation. It is observed that the release profiles of 

Rifampicin were governed by pseudo second order. Additionally in this study, novel equations 

were used and applied for predicting the diffusion of guest anion through LDH nano hybrid 

particles and applied it for the Rifampicin. These equations were more suitable for diffusion than 

the previous equation like Bhaskar equation and it’s the most convenient. 

Keywords: Layered double hydroxides, FTIR-spectroscopy, XRD(X-ray diffraction), rifampicin 

drug, chemical kinetic controlled release and diffusion.  
 

 الخلاصة:
انهٍذسوكسٍذ انًقحًت بذواء انشاٌفبيبسٍٍ لاَخبج انًشكببث انُبَىٌت انهجٍُت حضشث طبقبث يغٍُسٍىو/ انًٍُىو ثُبئٍت       

( . انًبدة انُبَىٌت انُبحجت شخصج بىاسطت حقٍُت طٍف R= 2, 3, 4, 5بطشٌقت انخببدل الاٌىًَ انًببشش بُسب يىنٍت يخخهفت )

(FTIR) ( وطٍف حٍىد الاشعت انسٍٍُتXRDحى دساست ححشسٌت الاٍَىٌ انعضىي ا .) نشاٌفبيبسٍٍ فً انىسظ انًبئً لاٌىَبث

انفىسفبث وانكبشٌخبث حٍث وجذ اٌ كًٍت الاٍَىٌ انعضىي انًخحشس فً انىسظ انحبوي لاٌىَبث انفىسفبث اكبش يٍ انكبشٌخبث. 

ضبفت انى حشكٍت انخحشس نذواء انشاٌفبيبسٍٍ قذسث بًعبدلاث يخخهفت يٍ انشحبت انصفشٌت والاونى وانثبٍَت انكبربت نلاَخشبس ببلا

(. ٌلاحظ اٌ عًهٍت انخحشس حخضع نخفبعم انًشحبت انثبٍَت انكبربت نلاَخشبس. وحى حطبٍق يعبدلاث جذٌذة Bhaskarيعبدنت ببشكبس )

ت يٍ انًشحبت انثبٍَت انكبربت نلاَخشبس وهً الاكثش اَطببقبً عهى انخُبفز الاٌىًَ يٍ بٍٍ انخجًعبث انجزٌئٍت نهًشكببث انُبَىٌت انهجٍُ

 سَت بًثٍلاحهب يٍ انًعبدلاث انًسخخذيت سببقبً.يقب
 

 

Introduction:                                                                                                       
      (Zobir bin Hussein), was synthesized Zn-Al-LDH intercalated with 1-naphthaleneacetate 

(NAA), by ion- exchange and co-precipitation 
(1)

,(Jin H. choy) synthesized the Zn-Al-LDH 

intercalated with indole to get the nanohybrid compound 
(2)

, (Rong Xu),was synthesized Mg-Al-

LDHs intercalated with ibuprofen , by co-precipitation 
(3)

 , (Sumio Aisawa), was synthesized Mg-

Al-LDHs, Zn-Al-LDHs intercalated with L-ascorbic acid , by ion exchange and co-precipitation
(4)

 , 

(Demetrios F.Ghanotakis) was synthesized Mg-Al-LDHs intercalated with gramicidin, 

amphotericin B , ampicillin and nalidixic acid , by ion-exchange 
(5)

 . 

Rifampicin:. (Rif) is one of the most potent and broad spectrum antibiotics against bacterial 

pathogens and is a key component of anti-tuberculosis therapy, stemming from its inhibition of the 

bacterial RNA polymerase (RNAP)
(6) 

. 

(Rif) is a semi synthetic antibiotic derivative of rifamycin sv. It is  a red-brown crystalline powder 

very slightly soluble in water at neutral PH,freely soluble in chloroform ,soluble in ethyl acetate and 

methanol . its molecular weight is 822.95 gm/mol and its chemical formula is C43H58N4O12   and 
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trade name is rifadin and its melting point is( 183-188 C) . rifampicin is readily absorbed from the 

gastrointestinal tract  
(7)

.
 

To limit toxicity effect upon strategy development to improve solubility , particle reduction to a size 

in nano range is the ideal choice. Thus, we must find out the approach that to make the drug 

effective with no affect on the drug action . Thus , we have been used layered double hydroxide for 

prepration of Mg/Al-rifampicin – LDHs by ion exchange method to improved  , effectively, 

removal side effects such as acidity of stomach and highest accumulated amount of rifampicin.                             

Layered double hydroxides (LDHs) , also known as hydrotacite – like materials , are a class of 

synthetic two – dimensional nano structured anionic clays, Its structure can be described as 

containing brucite – like layers , where a fraction of the divalent cations coordination octahedrally 

by hydroxyl group have been replaced isomorphously by trivalent cations giving  positively – 

charged lattice with charge – balancing anions between the layers , and some hydrogen bonded 

water molecules may occupy the other remaining free space of the interlayer region 
(8)

.                                                                                                                  

Layered double hydroxides (LDHs) , are a class of host – guest layered solids with the general 

formula[ M
ΙΙ

1-x M
ΙΙΙ

X(OH)2]
x+

[A
n-

x/n]
X-

 .mH2O , where M
ΙΙ
 and M

ΙΙΙ 
 represent di- and tri- valent 

cations octahedrally coordinated to hydroxyl ions , A
n- 

 is the interlayer organic or inorganic anion 

with negative charge , m is the number of interlayer water . the second formula X= M
ΙΙΙ

/(M
ΙΙ
+M

ΙΙΙ
) 

stands for the layer charge density of LDH 
(9)

 .               
 
 

A wide range of host- guest type of materials can be synthesized by ion-exchange  method in which 

the host and guest species are put to gether in the mother liquor , followed by the aging process to 

form awell – ordered layered nano composite . This type of compound have attracted great attention 

because it can be made in to various technical applications including slow release of 

pharmaceuticals and drugs , plant growth regulator , etc .                                                                                          

Several factors are important in the formation of LDHs–based nanocomposites,such as the nature of 

the cations and its ratio, the PH of the mother liquor during the synthesis , temperature and time of 

aging as well as the method of synthesizing. these factors will affect the physicochemical properties 

of the resulting nanocompsites,such as the size of the particals , surface area properties 
(10)

.      
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Fig.1 Molecular formula of rifampicin 

 

Experimental section   .ΙΙ  
A . Materials          

     300 mg of rifampicin ( C43H58N4O12 , molecular weight 822.95 gm/mol ) was purchased from 

pharmaceutical co. ltd , (S.D.I – IRAQ ) . Al(NO3)3.9H2O (98%) was purchased from xinbao nice 

chemical .,NaOH and Mg(NO3)2.6H2O (98%) were purchased from xilong chemical All chemicals 

were of analytical grade and used without further purification.                                                                              
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B . Prepration of Mg-Al –NO3- LDHs                                                                    

Aseries of Mg/Al – LDHs with nominal Mg
2+

/Al
3+

 molar ratio of 2,3,4 and 5 , were prepared by 

hydrothermal reaction at 70 C
º
 . The Mg- Al- NO3- LDHs have been prepared by co- precipitation 

method from Mg and Al nitrate . Amixed aqueous solution containing 0.1M (1.281 g) Mg (ΙΙ) and 

Al(ΙΙΙ)  R2=0.05M (0.937 g) , R3=0.033M  (0.618 g), R4 =0.025M (0.468 g) , R5=0.02M (0.374 g)  

were titrated drop wise with NaOH (2M) solution . The PH were a djusted to 10.5 and the mixtures 

were magnetically stirred at room temperature for 1h . The resulting red-brown precipitate was 

isolated by filter paper , washed four times with de ionized water , and then dried at 70 C
º
.                  

C- Prepration of Mg/Al- rifampicin – LDHs by ion – exchange method  

The white precipitate of Mg-Al – NO3 – LDHs  with molar ratio (R2, R3, R4,and R5 ) . were 

dissolved in 50 ml de- ionized water and then drop wise with 100 ppm rifampicin ( anion rifampicin 

that add drops of NaOH (2M) to rifampicin to form anion ) . The mixture was magnetically stirred 

at room temperature for 1 h , and then filtered , washed with de – ionize water four times and then 

dried . 
                                                                                  

ΙΙΙ. Result and discussion  
A . FT-IR  spectroscopy 

The bands in the spectrum of sample Mg-Al-NO3-LDHs , also shown in Fig. 2 , it is due to the 

ν(OH) of the layered double hydroxid mode in the 3552 cm
-1

 . The band 1384cm
-1

 is due to the 

intercalation of the counter anion (NO3
-
) . the bands between 434-657 cm

-1 
 are due to ν(Mg-O) and 

ν(Al-O) 
(13). 

The FT-IR spectrum of Rifampicin , shown in Figure 2 , has been recorded to be 

compared with those of the solids prepared. The band at 1712 cm
-1

 can be ascribed to the ν (C=O) 

mode of the carboxylic group , while that for the amide group is recorded at 1690 cm
-1

 
(10) 

. the 

bands between 1625-1575 cm
-1

  and 1479 cm
-1

 are due to the ν (C-C) stretching modes of the 

aromatic rings , those due to the ν (=C-O) of the ether group are recorded at 1255cm
-1

 
(11).

. the high 

wave numbers range contains the bands due to ν(OH) , ν(NH), and ν(CH) modes in the 4000-2500 

cm
-1

 range , aweek band characteristic of substituted aromatic rings , is recorded close to 2000 cm
-1

 
(12)

 . The bands in the spectrum of sample  Mg-Al-Rifampicin-LDHs, also shown in figure 2 , the 

new bands due to the ν(OH) of the layered double hydroxide  mode in the 3429 cm
-1  (14)

. The band 

at 1716 cm
-1

 can be ascribed to the ν(C=O) mode of the carboxylic group , while that for the amid 

group is recorded at 1675 cm
-1

. Upon comparing FT-IR spectra of the hybrids with those of 

Rifampicin , it is clear that the intercalation reactions are successfully completed without any 

denaturation of the drug molecules. 
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Figure (2). The FT-IR spectra for (a): Mg- Al- Rif- LDHs, (b): Rifampicin, (c): Mg- Al- NO3- LDHs 

a 

b 

c 
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B- Powder X-ray Diffraction . 

Powder X-ray diffraction patterns of the solid obtained that indicate after hydrothermal treatment at 

70 Cº a Mg-Al-NO3-LDHs nanohybrid has been formed “figure 4” for sample Mg-Al-NO3-LDHs 

R=5 ion-exchange the basal reflections are recorded at 0.805 nm (003), 0.402nm (006), and 

0.262nm (009) , respectively and particle dimension (d003) is 2.415 nm . On the other hand , the 

basal reflections of sample Mg-Al-Rif-LDH is 1.302nm (003), 0.645nm (006), and 0.349 nm (009), 

particle dimension (d003) is 3.906 nm . Compared to values of (003), (006), and (009) between 

paterns of Mg-Al-NO3-LDHs, and Mg-Al-Rif-LDHs , we find values of (003) diffraction line 

increase with presence drug as well as (006) and (009), intercalation of drug leads to a significant 

increase in the interlayer space 
(3)

.  

 

 

 

Figure (3). X-ray powder diffraction patterns (a) Mg-Al-NO3-LDH (b) Mg-Al-Rif-LDH 

 

C. In vitro   release of rifampicin-LDHs : 

   The drug release properties of rifampicin from the nanohybrid interlamellae in to various aqueous 

media using (0.5 , 0.005) M of Na2HPO4 and Na2SO4 have been conducted. “figure 4 to7” show the 

release profiles of drug in to different aqueous solutions . The effects of various aqueous systems on 

the release of rifampicin were evaluated according to the maximum accumulated release and can be 

written as follows ꞉ phosphate ˃ sulphate. 
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Figure (4). Release profiles of (Rif) from the interlamellae of Mg-Al-  Rif-LDHs , R=2 nanohybrid  in to various aqueous systems with different  

concentrations were containing anions of phosphate and    sulphate  . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1 . percentage Release, Rate constant(K), Half life (t1/2) and correlation coefficients (r
2
) obtained from fitting of the release Data of (Rif) from 

Mg-Al-Rif-LDH nanohybrids into various aqueous solution(Mg/Al=2 ion exchange ). 

 
other pseudo Bhaskar First Zeroth Max. Max. Conc.(mol. Aqueous 

 

parameters for 

pseudo 

second 

ord. 
equation order order Time(min) Release% L

-1
) solution 

 
second ord. 

        
t0.5(min) K×10

4 
L. 

  
r
2
 

     

 
mg

-1
.min

-1
 

        
116.9 0.5 0.993 0.972 0.959 0.778 2750 96 0.5 

 
40.5 1.4 0.99 0.933 0.937 0.729 2750 95 0.005 Na2HPO4 

          
8.45 7 0.988 0.945 0.973 0.87 2750 93 0.5 Na2SO4 

0.507 116 0.997 0.813 0.95 0.685 2750 63.9 0.005 
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Figure (5). Release profiles of (Rif) from the interlamellae of Mg-Al-Rif-LDHs R=3 nanohybrid in to various aqueous systems with different 

concentrations were containing anions of phosphate and sulphate (R=3 – ion exchange ). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. Percentage Release, Rate constant(K), Half life (t1/2) and correlation coefficients(r
2
) obtained from fitting of the release Data of (Rif) from 

Mg-Al-Rif-LDH nano hybrids  in to various aqueous solution (Mg/AL=3- ion exchange ). 

 

 
other pseudo Bhaskar First Zeroth Max. Max. Conc.(mol. Aqueous 

 

parameters for 

pseudo 

second 

ord. 
equation order order Time(min) Release% L

-1
) solution 

 
second ord. 

        
t0.5(min) K×10

4 
L. 

  
r
2
 

     

 
mg

-1
.min

-1
 

        
43.4 1.3 0.995 0.893 0.95 0.794 2300 98.5 0.5 

 
0.338 175 0.999 0.801 0.711 0.511 2780 81.9 0.005 Na2HPO4 

          
7.436 7.9 0.998 0.958 0.91 0.728 2750 97.7 0.5 Na2SO4 

1.352 43 0.998 0.961 0.856 0.809 2750 66.4 0.005 
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Figure (6) . Release profiles of (Rif) from the interlamellae of Mg-Al-Rif-LDHs R=4 , the nanohybrids  in to various aqueous systems with different 

concentrations were containing anions of phosphate and sulphate. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Table 3.  Percentage Release , Rate constant (K), Half life (t1/2) and correlation coefficients (r
2
) obtained from fitting of the release Data of (Rif) from 

Mg-Al-Rif-LDH nano hybrids in to various aqueous solution (Mg/Al=4- ion exchange). 
 

 

other pseudo Bhaskar First Zeroth Max. Max. Conc.(mol. Aqueous  

 

parameters for 

pseudo 

second 

ord. equation order order Time(min) Release% L
-1

) solution 

  second ord.         

    t0.5(min) K×10
4 

L. 

  

r
2
 

     

 

mg
-1

.min
-1

 

        33.4 1.7 0.995 0.826 0.893 0.793 2750 99 0.5 

 4.22 14 0.995 0.969 0.965 0.816 2750 93.5 0.005 Na2HPO4 

          4.5 12 0.993 0.814 0.885 0.746 2750 98 0.5 Na2SO4 

3.8 19 0.998 0.959 0.879 0.814 2750 90 0.005 
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Figure (7).  Release profiles of (Rif) from the interlamellae of Mg-Al-Rif-LDHs R=5  the nanohybrid in to various aqueous systems with different 

concentrations were containing anions of phosphate and sulphate . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Table 4. Percentage Release, Rate constant(K) , Half life (t1/2) and correlation coefficients(r2) obtained from fitting of the release Data of (Rif) from 

Mg-Al-Rif-LDH nano hybrids in to various aqueous solution (Mg/Al=5- ion exchange ). 

 

 
other pseudo Bhaskar First Zeroth Max. Max. Conc.(mol. Aqueous 

 

parameters for 

pseudo 

second 

ord. 
equation order order Time(min) Release% L

-1
) solution 

 
second ord. 

        
t0.5(min) K×10

4 
L. 

  
r
2
 

     

 
mg

-1
.min

-1
 

        
1.02 58 0.999 0.755 0.611 0.524 2750 92 0.5 

 
2.3 25 0.998 0.966 0.886 0.802 2750 76.7 0.005 Na2HPO4 

          
1.18 50 0.996 0.861 0.845 0.676 2750 93 0.5 Na2SO4 

3.5 18 0.998 0.954 0.84 0.723 2750 81 0.005 
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Finally, according to the release profiles and the amount of Rifampicin (Rif)R=4 intercalated, it is 

observed that the compound is more convenient “Figure 6” . The results indicate that the amount of 

Rifampicin intercalated depends on the structure and layer charge , it can be seen that the 

compounds.  
 

Release Kinetics : 
    In order to explore the release mechanism , we applied four kinetics were previously mentioned 

to fit the release kinetic data figure (8-11) and calculated the corresponding linear correlation 

coefficients(r
2
) from the tables (1-4) . compared with the Zeroth order and first order , while pseudo 

second order kinetic model which is the more fitted model for the release of Rifampicin , which is 

reflected by the obviously higher linear correlation coefficient of r
2
 as in tables (1-4). It is given that 

the rifampicin molecule is suffered much immobilized when it diffused through the inter particle in 

the case of Mg/Al-LDHs . 

Equation shown (1) can be used to evaluate whether the diffusion through the particle is the rate- 

limited step. Thus, the release profiles were fitted by Bhaskar equation, to gather with zero order, 

first- order and pseudo second order equation (in "( 2 )", "( 3 )", "( 4 )") respectively, which is 

normally used to describe the dissolution, phenomena: 

ln(Ct/Cf) = - Kt
0.5

                    ………….……                             (1) 

X = Kt + C                                …………………                        (2) 

- ln (1 - X) = Kt + C                 ………………..                            (3) 

t/Ct = 1/K2Cf
2
 + (1/Cf)t        …………….…                                 (4) 

(X) is the release percentage of rifampicin at time t (min) and C is a constant. K is a rate constant, 

Ct the concentration of (Rif) at time t , Cf the final concentration of (Rif).
(16)
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Figure (8). Fitting of the data to the Zeroth ,first and pseudo – second order kinetics for Rifampicin 

in to different aqueous solutions (Mg/Al=2, 3  ion – exchange ) .  
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Figure (9) . Fitting of the data to the Zeroth , first and pseudo – second order Kinetics for 

Rifampicin released in to different aqueous solutions (Mg/Al=4, 5  ion-exchange ) 
 

The release of Rifampicin from the inorganic LDH interlamellae involved dissolution of the 

nanocomposite as well as diffusion of the intercalated anion . The dissolution phenomena take place 

by ion-exchange process between the intercalated anions and the incoming anion such as phosphate 

and sulphate anions in the aqueous solution can be better described by pseudo-second order 

Kinetics because the mechanism of release has been interpreted on the basis of the ion-exchange 

process between the drug anion intercalated in the lamella host phosphate, or sulphate anions in 

aqueous solution i.e. depending on two factors ꞉ incoming and outgoing anion . In addition , the 

dissolution time will represent the total time of how long the molecule spends outside the 

interlamellae host as well as the pseudo-second order model will represent the dissolution as well as 

diffusion phenomena
(15)

 . 
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Therefore,in this study,it has been innovated novel equations to evaluate the diffusion of organic 

species through the LDHs nanohybrid inter particles (equation5 and 6),″ Figure 10-12″and(Table 5). 

  

 

 

 

 

 

 

D = the diffusion coefficient , m = the diffusional exponent , (0 > m > 1) and m value calculating 

from (equation (5)) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure (10) . Plots of ln(Ct/((Cf-Ct)Cf)) versus ln(t), (Mg/Al=2,3,4,5 ion-exchange ) in aqueous 

solution containing anion phosphate . 

 

(5) 

(6) 
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Figure (11) . Plots of ln(Ct/((Cf-Ct)Cf)) versus ln(t) , (Mg/Al = 2, 3, 4, 5 ion- exchange ) in aqueous 

solution containing anion sulphate . 
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Figure (12) . Plots of (t

m
/Ct) versus (t

m
), (Mg/Al = 2, 3, 4, 5 ion- exchange ) in to various aqueous solution 

systems with different concentration was containing several anions of sulphate and phosphate . 
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Table 5 . Rate constant(K), Half Life(t1/2) and correlation coefficients(r
2
) obtained from fitting of 

the release data of (Rif) from Mg-Al-Rif-LDH Nanohybrid in to various aqueous solution by using 

equation 1 and 2 (Mg/Al = 2, 3, 4, 5 ion- exchange). 

 

Aqueous 

solution 

Aqueous 

solution 

C
o

n
cen

tratio
n

         

(m
o
l.L

-1 ) 

K*10
-4   

 

(L.mg
-1

.min
-1

) 
t1/2 (min) m value 

r
2
 of 

equation 

2 

 R2 
0.5 0.46 116 0.911 0.991 

 
0.005 1.07 40.5 0.738 0.985 

 R3 
0.5 0.764 43.4 0.561 0.995 

Na2HPO4 0.005 25 0.338 0.143 0.985 

 R4 
0.5 1.66 33.4 0.938 0.995 

 
0.005 6 4.22 0.433 0.988 

 R5 
0.5 18 1.014 0.312 0.992 

 
0.005 6.6 2.3 0.266 0.958 

 R2 
0.5 3.3 8.45 0.482 0.973 

 
0.005 10 0.507 0.087 0.926 

 R3 
0.5 4.6 7.4 0.586 0.996 

Na2SO4 0.005 6.8 1.35 0.156 0.924 

 R4 
0.5 6.9 4.5 0.534 0.987 

 
0.005 7.6 3.042 0.393 0.986 

 R5 
0.5 14.8 1.183 0.297 0.986 

 
0.005 5.8 3.5 0.349 0.986 

 

By comparing the correlation coefficient of equation 5 (Table 5) together with first order equation 

or Bhaskar equation (Table 1-4) it can be seen that the equation 2 has higher values and it is the best 

there is . In addition, the novel equation will give us a lot of information like m value that could not 

be given by any other equation . Finally, from the experimental data in this study , when comparing 

between correlation coefficient related to first order equation or Bhaskar equation and ″ 2″ for both 

nanohybrid compounds, we found that the novel equation was more suitable for predicting the rate 

of diffusion through the LDHs-nanohybrid composite.  
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