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Study on Synthesis of Pine Leaf Extract Intercalated Mg-Phyllosilicate Sandwich
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Abstract
In this study, we synthesized the pine leaf extract intercalated layered Mg-phyllosilicate nanoparticles (PLE/MgP) via one-pot
synthesis. MgP was successfully synthesized with the octahedral and tetrahedral structure by XRD analysis and a gap of inter-
layer distance (d-spacing) between MgP sheets by the intercalation of PLE was confirmed. As a result of the investigation
of antimicrobial activity against cutaneous microorganisms by the minimum inhibitory concentration (MIC) and bactericidal
concentration (MBC) analyses, the antimicrobial activity of PLE/MgP was more improved than that of MgP or PLE. The
prepared sandwich-structured PLE/MgP organic/inorganic hybrid materials will be useful in the field of numerous applications

containing cosmetic and biomedical materials.
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Table 1. Components of Pine Leaf Extract Intercalated Mg-phyllosilicate Sandwich Nanoparticles

Sample MgCl, * 6H,0 (g) APTES (g) PLE (g) Ethanol (mL)
MgP 6.10 8.84 0 100
PLE/MgP-1 6.10 8.84 0.075 100
PLE/MgP-2 6.10 8.84 0.150 100
PLE/MgP-3 6.10 8.84 0.300 100
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Figure 1. X-ray diffraction (XRD) patterns of (A) MgP, (B) PLE/
MgP-1, (C) PLE/MgP-2, (D) PLE/MgP-3 and (E) PLE in the range
from 0 to 70 2 @/deg (the right upper inset, range from 4 to 8 26/
deg).

3k7] $18ll #2248l 5= (minimum inhibitory concentration, MIC) %!
# 4 APE-8 = (minimum bactericidal concentration, MBC)E =7d3}51
o} tWdf(Escherichia coli, KCTC 2571), ESd7(Staphylococcus
aureus, KCTC 3881) W oI =F-1(Propionibacterium acnes, KCTC) Al
7 #FE ARRTE AEsiA 42k ajzel HEH 16 h Ft
37 Tl v]AE wll7]olA] 150 rpm O E HE 1]SF F ODggooll A &
BEE F48k0] 1 x 10° CFU/mLe] ¥ %5 31418 3iSith AR 5
= 2,000, 1,500, 1,000, 500, 250, 125 ppm2] F57} == Fujord
ol 22313 2™ 16 h §<F 37 T2l v]AE wid7]oA 150 ppmO.Z
g wjFek & aAuIA o] =gsted MIC 3 MBC AlES sF3ith

w9

. dap 3 o
2 AFelre £ FEE0] AYE rhvle-S A A
X T2 degizbg @dsteleor @4d4d =49 skEy
XRD 48 &3l 2183tk Figure 1< one-pot silylation ©. 2 &9}
FEEO] A MEAA YAt 479 XRD 73 w4 A EF
o|t}. Figure 1(A)= &% FZES AMSHA] %31 one-poto. & §AJ st
MeP L}=917He] XRD o]t} 22t 6.00, 10.07, 22.50, 34.47, 58.97°
of|A] B e} APEA F2E 7H vkl F-S AR e Fx Ha
21 doot, dooss dozo,110, dizozo0 LE 3L dogoze TiE0] THE A& ERlG)
STtH30]. Figure 1(B), (C) 181l (D)= £ F55E0] A% MgP
{1 ghekA SRS FAEE dlolE o)t} FEAEl(d-spacing) &
YE= dor Alstaies 34 olFele 34eha] 271 Wab] ¢
I FLE 22 FgtEelthE A Fx vass Bl ERlssith
AR E & o WgsHl vl gRlsky] fEl Figure 12] 28% 9
o VERAIGIRO] 4~8°2 theta®] FAF HE AlEatAl FA k3T
4 A3 MgP YAk 4 5.997°, PLE/MgP-12 5.764°,
PLE/MgP-2+ 5.513° 12]3L PLE/MgP-3& 5.463°%2 1%t &
Q FEEo] AYH vidlE-3 A MELA] T2 B SXHA
2lof o3t B A %= Figure 201 YERNSIOH, Table 20 227 =
& A3 A8 (d-spacing)E At A3 YERYITE MgP2]
1474 nm= A o2 g2 THA—E YR oH, 4 Al
AMEEE £9 FEE9 o] T7HEe wet SkA— s SUF
T AES X33, PLEMgP-32 A 1.616 nmZE Foid o=z 71

BN [
i o

rr
\10

ol
-

ol

104
o=

tol

fer M 30 2 2 3, 2019

(e}
4

Table 2. Calculations of d-spacing values to Measure the Interlayer
Distance

Sample 2 0 /deg d-spacing (nm)
MgP 5.997 1.474
PLE/MgP-1 5.764 1.531
PLE/MgP-2 5.513 1.601
PLE/MgP-3 5.463 1.616
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Figure 2. Schematic demonstration for sandwich-like chemical structure
and intercalation of pine leaf extracts.
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Figure 3. Transmission electron microscopy (TEM) and scanning
electron microscopy (SEM) images of (A), (C) MgP and (B), (D)
PLE/MgP, respectively. Energy-dispersive X-ray spectroscopy (EDX)
spectrum of (E) PLE/MgP.
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Figure 4. Fourier transform infrared (FT-IR) spectra of (A) MgP, (B)
PLE/MgP-1, (C) PLE/MgP-2, (D) PLE/MgP-3 and (E) PLE.

MgP 2] propylamine moiety®] €415 &1& 4= 3= C-H stretch
(2,950~3,100 cm™) 2 N-H stretch (3,700 cm™)Z 2151} PLE2)
Aol veFst sigtEo] E£3E] Qlo], B 33 4818 dY
o] TR 22 g A $u, 3,200~3650 e ol WA HA9UE
-OH ¥ peak$} 1,630~1,750 cm' oA C=0 stretchS &18 4= )
Stk PLEMgP2] 73-9-, Akl¥ PLE] 9J8l MgP2] 11/-3F N-H, Si-C,
Si-O-Si peak®] =7} AA o7 Z4shs AT Hlon E3)
PLE®] w]&o] ZF7}ste] wel C=0 stretch peak %3+ 1,630~1,750
em' oA F71EHS BATh FT-IR +-34S 53 olgst A4S &
Fshd MgP7l BAEUR AJFdez FAESen I dddl:=
amine” | & 8L Qe A0 iy, A ARl £ F&
= 3 Mgpell B34 o® IFETHE AE e 5 Atk
A€ PLE/MgP Wlell PLES} MgP2] 77| HIE-S ERlsk] 28] o

A FEEol A vl Ak A=A vhesdAbe] At 5 Aol tigh @t 5490l

2

sk AT 257

Y

Table 3. The Loading Capacity Values of PLE/MgP Nanoparticles as
determined by TGA

Sample Residue (wt%) Loading capacity (%)

MgP 58.60 0
PLE/MgP-1 54.71 4.05
PLE/MgP-2 51.44 7.71
PLE/MgP-3 49.66 9.82
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Figure 5. Thermal gravimetric analysis (TGA) of (A) MgP, (B)
PLE/MgP-1, (C) PLE/MgP-2, (D) PLE/MgP-3 and (E) PLE.
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Table 4. Minimum Inhibitory Concentration (MIC, ppm) and Minimum Bactericidal Concentration (MBC, ppm) of PLE/MgP Nanoparticles

MIC (ppm) MBC (ppm)
E. Coli S. Aureus P. Acnes E. Coli S. Aureus P. Acnes

MgP 1,000 1,000 1,000 1,000 1,500 1,500

PLE/MgP-1 1,000 500 1,000 1,500 1,000 1,000

PLE/MgP-2 1,500 500 500 2,000 500 1,000

PLE/MgP-3 1,500 250 125 2,000 500 250

PLE > 2,000 500 500 > 2,000 500 1,000
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