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Abstract

Cobalt (Co(II)) and copper (Cu(II)) complexes of sulfamerazine-salicylaldehyde

(SS) ligand intercalated Mg/Al-layered double hydroxide [Co-SS-LDH/Cu-SS-

LDH] were prepared for the antimicrobial application. Sulfamerazine and

salicylaldehyde were mixed together and dissolved in methanol for the synthesis

of SS ligand and modified further by the complexation with Co(II) and Cu(II)

metal ions [Co-SS/Cu-SS]. The delaminating/restacking method was used to

intercalate the Mg/Al-NO3-LDH with the metal complexed ligands (Co-SS/Cu-

SS). The obtained materials were analyzed using different characterization

techniques to prove their successful synthesis and preparation. The antibacterial

activity of the synthesized Co-SS-LDH/Cu-SS-LDH were checked by the

inhibition zone method. The prepared hybrid materials showed good

antimicrobial activity against both gram negative (Escherichia coli, E. coli) and

gram positive (Staphylococcus aureus, S. aureus) bacteria.
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1. Introduction
Layered double hydroxides (LDHs) are a type of bidimensional solids, which have

plenty of positive charge in their brucite-like layers [1]. In addition, LDHs are also

familiar as anionic clays as well as hydrotalcite-like compounds [1, 2]. LDHs

showed potential usage in various applications in recent years owing to their excel-

lent recycling capability and the presence of large interlayer surface with a large pore

volume and high specific surface area as well as their easy preparation ways [1, 2].

LDHs possess the skeletal structure, [M2þ
1-xM

3þ
x (OH)2] (Am�)x/m$nH2O (M2þ ¼

Mg2þ, Zn2þ, Ni2þ etc., M3þ ¼ Al3þ, Cr3þ, Ga3þetc.), where Am� is the interlayer

anions, like NO3�, CO3
2�, and SO4

2�, and x is in the range of 0.17e0.33 [2]. The

introduction of anions (together with water) in the interlayer space would compen-

sate the excess charge, which is developed by an exchange of a divalent cation with a

trivalent cation [2, 3, 4]. The interlayer anions can be exchanged with other anions

because they are easily exchangeable, which is the most outstanding characteristics

of LDHs and can offer high anion exchange capability [1]. In this way, LDHs can be

used for the adsorption of metal cations from aqueous solution in spite of the positive

charge present in the surface layer [5].

Sulfamerazine is a type of sulfa drug used widely as the preventive and therapeutic

compounds against various bacterial infections, such as urinary tract infections, eye

infections, actinomics infections, meningitis, and influenza [6, 7]. In addition, sulfa-

merazine can also be worked as classic compounds to probe the mechanisms of the

action of drugs. Better complexing ability and biological activity can be secured by

merging products of sulfa drugs with aldehydes, ketones or their derivatives [8].

Similarly, the biological activity can also be improved by complexation with metal

ions. A compound possessing of heterocyclic ring system with both nitrogen and sul-

fur in their structure shows excellent biologically active property [8]. Schiff base li-

gands are treated as a powerful ligand, due to the ease of preparation as well as one-

pot condensation of primary amines and aldehydes in an alcohol solvent [8, 9].

Schiff bases are used widely in various fields, such as intermediates in organic syn-

thesis, biological, catalysis, dyes, polymer stabilizers, and pigments [10, 11]. The

complexation of these ligands with metal are ubiquitous because of their apparent

synthesis, potentiality for various chemical modifications, and wide applications.

In particular, Schiff bases and/or their metal complexes are reported to possess a

broad range of biological activities, such as antibacterial, antifungal, antipyretic,

anti-inflammatory, antimalarial, antiviral, and anti-proliferative activity [12, 13,

14, 15]. Various kinds of antibacterial agents have been disclosed in the past two de-

cades [16].

Intercalation is an eminent approach used for the inclusion of diverse organic com-

pounds into the interlayer of hydrotalcite-like compounds or anionic clay for a
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variety of applications. The usability of guest molecules can be expanded by the

intercalation of metal-containing anions in the interlayer space of hydrotalcite.

The LDH nanocarrier modified materials showed excellent compatibility to cell tis-

sues and sustained delivery behavior [17, 18]. Recently, the synthesis of LDH-indole

acetic acid-liposome material showed the potential usage in photodynamic therapy

against skin melanoma [19]. Furthermore, the material displayed biodegradable

and biocompatible properties and also sustained drug delivery behaviour to various

drug molecules. Several research works also focused on the examination of biomol-

ecule incorporated-LDH hybrid materials for biological applications [20, 21].

Furthermore, these drug loaded LDH composites exhibit high chemical stability.

Therefore, the Schiff base-intercalated LDH is being a hot topic for developing a

novel material with antimicrobial activity and other related biomedical applications.

In this work, we report the potential use of the Schiff base ligand based metal-LDH

hybrid for antibacterial application.
2. Experimental

2.1. Materials

Magnesium nitrate hexahydrate (Mg(NO3)2$6H2O), aluminum nitrate nonahydrate

(Al(NO3)3$9H2O), cobalt(II) nitrate hexahydrate (Co(NO3)2$6H2O), copper(II) ni-

trate trihydrate (Cu(NO3)2$3H2O), sulfamerazine, salicylaldehyde, and formamide

were obtained from Sigma-Aldrich. Sodium hydroxide (NaOH, 97%) was purchased

from Junsei Chemical Co. Ltd. All the chemicals were used as received. The perti-

nent volume of 2 M NaOH was used to control the pH of the solution.
2.2. Synthesis of [N-(salicylidene)-sulfamerazine] (SS)

Salicylaldehyde (1.22 g, 10 mmol) dissolved in absolute ethanol (50 mL) was added

drop-wise with stirring to a solution of sulfamerazine (2.64 g, 10 mmol) in absolute

ethanol (50 mL) in a 250 ml round flask. A yellow-colored solution was obtained by

heating the reaction mixture under reflux for 6 h, followed by isolating the solid

product [8]. The obtained product was filtered and recrystallized by ethanol. Yield:

58 %. m.p. ¼ 215 �C (see Fig. 1). Anal. Calcd. For C18H26O3N4S1 (%): C, 57.14; H,

6.87; O, 12.70; N, 14.81; S, 8.46. Found: C, 57.42; H, 6.95; N, 14.88; S, 8.51.
Fig. 1. Preparation of salicylaldehyde-sulfamerazine Schiff base ligand (SS).
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2.3. Synthesis of Co-SS and Cu-SS complexes

The Schiff base ligand metal complexes were obtained by reacting Co(NO3)2$6H2O

(0.291 g; 1.0 mmol) and Cu(NO3)2$3H2O (0.241 g; 1.0 mmol), with 0.378 g (1

mmol) of Schiff base ligand. First, the Schiff base ligand was prepared separately

in absolute ethanol (20 mL), followed by slow addition of metal salts to a solution

of the ligand [8]. The reaction mixture was stirred at room temperature for 1 hour.

The obtained sample was filtered, washed with ethanol, followed by drying at 50
�C for overnight (see Fig. 2). Co(C18H26O3N4S1)2: Yield (%): 70.72, pink, m.p.:

175 �C, mol. wt.: 624, Anal. Calc. (%): Co, 7.23; C, 53.01; H, 6.38; O, 11.78; N,

13.74; S, 7.85. Found (%): Co, 7.65; C, 53.32; H, 6.87; N, 13.91; S, 7.89. Cu(-

C18H26O3N4S1)2: Yield (%): 71.33, dark brown, m.p.: 182 �C, mol. wt.: 628,

Anal. Calc. (%): Cu, 7.75; C, 52.71; H, 6.34; O, 11.71; N, 13.66; S, 7.81. Found

(%): Cu, 7.96; C, 52.86; H, 6.86; N, 13.82; S, 7.99.
2.4. Mg-Al-NO3-LDH synthesis

Mg-Al-NO3-LDH was synthesized by using a co-precipitation method according to

the reported procedure with slight modifications [22, 23, 24]. A mixed-metal nitrate

solution (0.25 M Mg2þ and 0.08 M Al3þ) was fine-tuned to pH 9e10 with the addi-

tion of 2 M NaOH. White precipitate was obtained by heating the reaction mixture at

80 �C for 18 h. The product was filtered and washed using water, followed by sub-

sequent drying at 85 �C, and ground into a fine powder.
2.5. Intercalation of metal complexes into Mg-Al-NO3-LDH

A translucent colloidal suspension was produced by the addition of Mg/Al-NO3-

LDH sample (0.075 g) into formamide (30 mL), and allowed to keep for 24 h in

a stationary condition. 25 mL of ethanol containing Co-SS and Cu-SS complexes

(0.3e0.4 g) was added separately to this suspension. During this procedure, the sys-

tem was changed from translucent to cloudy. The product was stirred vigorously for

24 h, followed by another 48 h of stirring at 70 �C and subsequent cooling to room

temperature. The attained materials were named as Cu-SS-LDH and Co-SS-LDH

(see Fig. 3).
Fig. 2. Preparation of Co(II) and Cu(II) complexes of SS ligand (Co-SS/Cu-SS).
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2.6. Antimicrobial study

The antimicrobial study was performed according to the standard by the National

Committee for Clinical Laboratory Standards (1993a) [25]. The gram-negative Es-

cherichia coli (E. coli) and gram-positive Staphylococcus aureus (S. aureus) bacte-

ria were used to check the in-vitro antimicrobial screening of the prepared materials.

The bacterial culture strains were procured from the Microbial Type Culture Collec-

tion and Gene Bank (MTCC) and the standard was referred from the Institute of Mi-

crobial Technology (IMTECH), Chandigarh, India. Similar method was used to

prepare nutrient agar (NA) as reported in the literature [26]. The sterilized NA me-

dium was solidified on petri dishes. A 100 mL sample of the bacterial cultures (E. coli

and S. aureus) was allowed to grow on the surface of the NA medium. Various con-

centrations (25, 50 and 100 mg/mL) of the material solutions were prepared in water

and loaded onto a sterilized paper disk (diameter: 6 mm) and incubated at 37 �C for

24 h. Water was used to test the antimicrobial activity of the complexes since an

organic solvent such as dimethyl formamide was reported to have an inhibitory ef-

fect on a bacterial strain such asMycobacterium abscessus unless it is diluted signif-

icantly [27]. The inhibition zones appearing around the sample disk were noted as

the antibacterial effect of the materials, where the obtained inhibition zone diameters

were recorded. The test was carried out for three times in order to obtain an average

value.
2.7. Characterization

The X-ray diffraction (XRD) pattern was obtained over the wide angle range from 5�

to 70� 2q by a step scan mode (step size 0.02� with 1s/step of counting time) using

powder X-ray diffraction (XRD, Bruker AXN) instrument with Cu-Ka radiation.

High resolution scanning electron microscopy (HRSEM, JEOL 6400, 20 kV accel-

erating voltage) was used for the measurement of the surface morphology of the ma-

terials. The materials were loaded on a carbon tape surface, followed by platinum

coating before analysis. Transmission electron microscopy (TEM, JEOL 2010,

200 kV accelerating voltage) was also performed. For the TEM measurement,
Fig. 3. Intercalation of Co-SS/Cu-SS into layered double hydroxide (Co-SS-LDH/Cu-SS-LDH).
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samples were dispersed in ethanol and loaded on a copper grid surface by immersion

followed by subsequent drying using blown air. Fourier transform infrared (FTIR,

JASCO FTIR 4100) spectroscopy was carried out at the frequency range from

400 to 4000 cm�1 using the pre-prepared sample using KBr. Thermogravimetric

analysis (TGA, Perkin Elmer Pyris Diamond) was conducted at a heating rate of

10 �C min�1 in air. The 1H and 13C cross polarization (CP) magic angle spinning

(MAS) nuclear magnetic resonance (NMR) (Bruker DSX 400) spectra were re-

corded using dimethyl sulfoxide (DMSO) with tetramethylsilane (TMS) as the inter-

nal standard using a 4 mm zirconia rotor spinning at 6 kHz (resonance frequencies of

79.5 and 100.6 MHz for 1H and 13C CP MAS NMR, respectively). The ultraviolet

(UV) absorption spectra of samples in absolute ethanol were observed using a UV-

visible spectrophotometer (U- 2010, HITACHI Co.). Elemental analysis was per-

formed using a CHNS analyzer (Carlo Erba Instruments, NQ 1500). The percentages

of Co and Cu metal ions in materials were determined by using inductively coupled

plasma-optical emission spectrometer (ICP-OES; ACTIVA, JYHORIVA, Japan).

Samples were dissolved in hydrogen fluoride prior to measurement.
3. Results and discussion

3.1. Characterization of Mg/Al-NO3-LDH

The Mg/Al-NO3-LDH has been already thoroughly studied by many researchers.

Thus detailed characterization data of the LDH can be referred to literatures. Only

a few fundamental characterization data are presented here, since the LDH synthe-

sized for this work will be used for further complexation with cobalt and copper.

Fig. 4a displays the XRD pattern of the Mg/Al-NO3-LDH, showing intense peaks

of (d003), (d006), (d009), (d012), (d015), (d110), and (d113) at 11�, 23�, 34�, 38�, 46�,
61�, and 62� 2q, respectively [23, 28, 29]. The reflections indexed as the (012),

(015), (110), and (113) planes indicate the development of hexagonal lattice with

rhombohedral geometry. Several small, rather broad Bragg reflections that are unin-

dexed in the XRD pattern indicate that the Mg/Al-NO3-LDH synthesized in this

work may contain some impurity phase as well as amorphous contents. The FT-

IR spectrum of the Mg/Al-NO3-LDH sample is presented in Fig. 4b. The peak at

1384 cm�1 was assigned to the n3 vibration of NO3 [29]. The stretching vibrations

of hydroxyl groups and surface and interlayer water molecules were observed as

broad and strong bands at 3451 cm�1 [23]. The bending mode of water molecules

showed a weaker band at 1638 cm�1. The bands at 446 and 672 cm�1 were due

to Al-O and Mg-O lattice vibrations, respectively [8, 29]. Fig. 4c and d illustrate

the HRSEM and TEM images of Mg/Al-NO3-LDH, respectively. The HRSEM im-

age showed an agglomerated plate-like morphology of the LDHwith various particle

sizes (diameter: 30e60 nm and 100e500 nm). The TEM image also showed similar

plate-like morphology of the LDH with the size of 30e500 nm.
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3.2. Characterization of Co-SS-LDH and Cu-SS-LDH

3.2.1. XRD analysis

Fig. 5 illustrates the XRD patterns of (a) SS, (b) Co-SS, and (c) Cu-SS. The observed

XRD pattern of the SS at 10.4� and 19.8� 2q are well-matched with previous reports

[30, 31]. The loss of free amino groups by reacting the SS with aldehyde and metal

ion would lead to reduce the crystallinity. The XRD patterns of Mg-Al-NO3-LDH,

Co-SS-LDH, and Cu-SS-LDH are shown in Fig. 6, where characteristic peaks of Co-

SS and Cu-SS as well as LDH were well observed in their XRD patterns when

comparing with Fig. 5 [28]. The XRD patterns in Fig. 6, however, clearly show

some shifts in the positions of the characteristic crystalline peaks to lower angles

and that the intensities of those strong characteristic crystalline peaks of SS, Co-

SS, and Cu-SS became weaker and broader. In particular, such shift toward lower

angles can be noticeably observed at the low Bragg angles between 5� and 25�

2q. This result suggests that the Co-SS and Cu-SS was successfully intercalated

into the LDH. The d003 basal spacing was increased from 8.67�A to 12.43 �A with

a gallery height of the intercalated materials of 7.63 �A. Debye-Scherrer equation

was used to predict the gallery height from full with half maximum (FWHM) values

[32], D¼ K l/b cos q, where D is the particle size of the crystal grain; K is a constant
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(0.94 for Cu grid); l is the X-ray wavelength (1.5406 �A); and q and b are the Bragg

diffraction angle and integral peak width, respectively. It should be also noted from

Fig. 6 that the crystalline peaks of the Co-SS and Cu-SS are maintained even after

the intercalation of LDH with Co-SS, and Cu-SS, though some of the crystalline

peaks of LDH were overlapped with the Co-SS and Cu-SS peaks. It is considered

that the SS is not melting in the organic complex, and moreover the metal ions

have strong interactions with the functional groups in SS and form a stable material,

as discussed for Fig. 5. The results are attributed to the fact that the anion exchange

property of LDH with metal complexed Schiff base can maintain the stability even

after intercalation with each other [29].
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3.2.2. FT-IR analysis

In Fig. 7, the SS ligand showed vibrational bands of -OH, -NH, -CH, C¼C, -NH, -C-

N-C, and S¼O groups, which were remained even after complexation with Co(II)

and Cu(II) ions. The peaks at 2999 and 2850 cm�1 are due to the asymmetric and

symmetric -CH stretching peaks of the methyl group in sulfamerazine. The imino

and hydroxyl groups in SS were proved by the broad band at 3440 cm�1 [8, 33].

In addition, the FT-IR spectra showed the appearance of N-H bond at 1645 cm�1.

The broad peaks at 1160 and 780 cm�1 were due to the anti-symmetric stretch of

the C-N-C moiety and N-H wagging vibration, respectively. Furthermore, a peak

due to the secondary amine was also appeared at 695 cm�1 in each spectrum [8,

33]. The new bands in the 550e585 and 430-460 cm�1 region noticed for all com-

plexes were assigned to stretching vibrations of (M-O) and (M-N) bonds, respec-

tively. Fig. 8 shows the successful intercalation of Co-SS and Cu-SS complexes

in the interlayer cavity of Mg/Al-NO3-LDH from the existence of the above spectral

vibrations with decreased intensities in the spectra, compared to that prior to

complexation (as shown in Fig. 7).
3.2.3. 1H NMR and 13 C NMR studies

Figs. 9 and 10 illustrate the 1H NMR and 13C NMR spectra of the Schiff base ligand

(SS) and diamagnetic complexes (Co-SS and Cu-SS) that were measured in dimethyl

sulfoxide (DMSO) with tetramethylsilane (TMS) as the internal standard. The 1H

and 13C NMR were run immediately after being dissolved in DMSO and gave the

expected simple spectra, indicating the integrity of the Schiff base ligand and com-

plexes. Table 1 lists the 1H NMR spectral data of different protons in the materials.
Fig. 7. FT-IR spectra of (a) SS, (b) Co-SS, and (c) Cu-SS complexes.
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Fig. 8. FT-IR spectra of (a) Co-SS-LDH, and (b) Cu-SS-LDH.

Fig. 9. 1 H NMR spectra of (a) SS, (b) Co-SS, and (c) Cu-SS complexes. See Table 1 for the signal

assignments.
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The imine (CH¼ N) and O-H protons in the SS-ligand were detected at 8.9 ppm and

12.53 ppm (Fig. 9 and Table 1) [8, 33, 34, 35]. The intensities of imine (CH ¼ N) as

well as other aromatic protons peaks were changed partially by complexation with

metal, whereas the peak positions are almost identical as in the SS (Table 1) [8,

33, 34, 35]. This reduced peak intensity in the complexes indicates the existence

of metal-nitrogen bond. The 13C NMR spectrum of Co-SS-LDH showed several
on.2019.e01521
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strong peaks at 170.19, 134.64, 112.85, and 21.99 ppm with some minor peaks, con-

firming the successful synthesis of the materials (Fig. 10a and Table 1). Similar

result was also obtained for Co-SS-LDH with slight modifications in the peak posi-

tion (Fig. 10b and Table 1).
3.2.4. HRSEM and TEM images

The HRSEM image of Mg/Al-NO3-LDH showed a plate-like morphology, whereas

a sheet-like morphology was observed by intercalating Mg/Al-NO3-LDH with Co-

SS (Fig. 11a). The mean particle size of Co-SS-LDH was in the range of 110e160

nm. The TEM image of the Co-SS-LDH clearly showed uniform distribution of

LDH particles in the Co-SS, which suggests appropriate intercalation of the material

with each other (Fig. 11b). Fig. 11c and d illustrate the SEM and TEM images of Cu-

SS-LDH. Almost identical surface morphology to that of Co-SS-LDH was observed

by the introduction of copper instead of cobalt in the hybrid system.
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Table 1. 1H NMR data for SS, Co-SS, and Cu-SS, and 13C NMR data for CO-SS-

LDH, and Cu-SS-LDH.

1H-NMR (ppm) 13C-NMR (ppm)

SS Co-SS Cu-SS Co -SS-LDH Cu-SS-LDH

H1 2.31 2.31 2.33 C1 21.99 20.49

H2 6.92 6.99 6.99 C2 170.19 170.63

H3 8.05 8.05 8.04 C3 112.85 112.41

H4 4.01 3.31 4.03 C4 152.37 151.40

H5 7.68 7.68 7.68 C5 164.28 164.72

H6 7.54 7.51 7.54 C6 134.64 -

H7 7.63 7.45 7.42 C7 127.67 -

H8 6.99 6.99 6.99 C8 121.76 124.75

H9 7.45 7.51 7.51 C9 155.36 155.37

H10 8.96 8.98 8.97 C10 162.25 158.80

H11 12.53 12.57 12.52 C11 121.76 120.26

C12 131.20 132.17

C13 121.76 120.26

C14 - 118.32

C15 162.25 158.80

Fig. 11. SEM and TEM images of Co-SS-LDH [(a) and (b)] and Cu-SS-LDH [(c) and (d)], respectively.
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3.2.5. TGA analysis

Fig. 12 presents the TGA curves of (a) Mg/Al-NO3-LDH, (b) Co-SS-LDH, and (c)

Cu-SSLDH, respectively. As for the previous work, the thermal decomposition

behavior of the Mg/Al-NO3-LDH followed four steps of weight loss including the

decomposition of inter layer anions and brucite-like layer as well as the initial weight

loss due to the decomposition of physically adsorbed/interlayer structural water mol-

ecules in the material [4, 28, 36] (Fig. 12a). The thermal stability of Co-SS-LDH and

Cu-SS-LDH are shown in Fig. 12b and c. The materials showed the initial weight

loss up to 135 �C, due to the loss of physically adsorbed water molecules

(Fig. 12b and c). The organic molecules slowly start to melt and decompose by

the increasing the temperature from 135 �C to 330 �C. The 5% and 10% weight

loss of the samples were predicted at the temperatures of 90.5 �C and 140 �C for

CO-SS-LDH, and 89.2 �C and 146 �C for Cu-SS-LDH, respectively. The decompo-

sition of the organic complex from the intercalated cavity materials was observed in

the range 330e450 �C, followed by steady weight loss up to 800 �C (remaining re-

sidual mass at 800 �C, 54.4 and 54.7 % for Co-SS-LDH and Cu-SS-LDH, respec-

tively [8]. The organic functional group available in both materials were

determined to be approximately 30.5 wt.%. The obtained TGA curves clearly sug-

gest the structural deformation occurred in both materials by intercalation as

compared to the pristine LDH.
3.2.6. UV-vis spectroscopy

The UV-vis spectra of Co-SS (Fig. 13Aa) and Cu-SS (Fig. 13Ab) both illustrated

two characteristic peaks at 273 and 350 nm, respectively, showing the p-p* and

n-p* transitions within the ligand molecule [35]. The Co-SS-LDH (Fig. 13Ba)

and Cu-SS-LDH (Fig. 13Bb) exhibited similar absorbance bands. The complex-
Fig. 12. TGA curves of (a) Mg/Al-NO3-LDH (b) Co-SS-LDH, and (c) Cu-SS-LDH.

on.2019.e01521

ors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

censes/by-nc-nd/4.0/).

https://doi.org/10.1016/j.heliyon.2019.e01521
http://creativecommons.org/licenses/by-nc-nd/4.0/


14 https://doi.org/10.1016/j.heliy

2405-8440/� 2019 The Auth

(http://creativecommons.org/li

Article Nowe01521
intercalated LDH hybrid possess relatively lower abundance compared to the aro-

matic rings present in the ligand and exhibited less prominent n-p* peak due to

the protection by the high reflectance in the visible region. The obtained result

proved the intercalation of the complexes into LDH.
3.2.7. Antibacterial properties

An agar disc diffusion method was employed to study the antibacterial activity of

both LDH-metal complexes using both E. coli and S. aureus bacteria. The inhibition

zones are illustrated in Fig. 14. The obtained inhibition zones area diameter around

the disc was summarized in Table 2. It was reported that the antibacterial activity of

LDH could be improved when the pristine LDH is chemically or physically modified

[37, 38, 39, 40]. In this work, the results also showed that both Co-SS-LDH and Cu-

SS-LDH exhibited much better antibacterial activity against both gram-negative E.

coli bacteria and gram-positive S. aureus than the pristine LDH. The good antibac-

terial property of the complex-intercalated LDH is due to the release of complexes to

the bacterial cell membrane. The interaction of the complexes with the enzyme pros-

thetic group can inhibit the replication of DNA. It is interesting to note from Table 2
Fig. 13. UV-vis spectra of {[A] Co-SS (a) and Cu-SS (b)} and {[B] Co-SS-LDH (a) and Cu-SS-LDH

(b)}.
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Fig. 14. Antibacterial activity of Co-SS-LDH on (a) E. coli, and (b) S. aureus, Cu-SS-LDH (c) E. coli,

and (d) S. aureus at various concentrations 25, 50, and 100 mg/ml.

Table 2. Antibacterial activity of Mg-Al-NO3-LDH, Co-SS-LDH, and Cu-SS-

LDH.

Material Concentration
(mg/mL)

Antibacterial activity (mm)

E. coli S. aureus

Control* - 28 28

Mg-Al-NO3-
LDH

25 12 -
50 13 10
100 14 12

Co-SS-LDH 25 16 17
50 17 18
100 18 18

Cu-SS-LDH 25 19 17
50 20 18
100 21 19

* For the control sample, gentamycin was used as a standard antibacterial agent (concentration: 20 mg/
mL).
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that the Cu-SS-LDH showed relatively better antibacterial activity as compared to

Co-SS-LDH, while both LDH-metal complexes exhibited marginally higher activity

against E. coli than S. aureus. The change in the structure of the compounds based on

the polarity of the metal contents in the complex may be in part the reason behind

such difference in the activity of the complexes. The antibacterial activity depends

on the sharing nature of the positive charge of the metal with donor groups of the

ligands.
4. Conclusions

In this work, we synthesized a new Schiff base ligand followed by the complexation

of the ligand with Co(II) and Cu(II) ions. In addition, the Mg/Al-NO3-LDH was

intercalated further with the metal complex. We studied the synthesized materials

by various characterization tools and proved the successful formation of the ligand,

metal complexes, Mg/Al-NO3-LDH, and LDH intercalated metal complexes.

Furthermore, the antibacterial activity was checked for the pristine Mg/Al-NO3-

LDH and LDH intercalated metal complexes. In conclusion, the obtained results

suggest the intercalation of metal complex with the Mg/Al-NO3-LDH enhances

the antibacterial activity of the materials against both gram-negative E. coli bacteria

and gram-positive S. aureus bacteria, suggesting that Co-SS-LDH/Cu-SS-LDH has

potential for further biomedical applications. Also, the Cu-SS-LDH exhibited

slightly better antibacterial activity for both bacteria as compared to Co-SS-LDH.
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