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초록: 에센션 오일은 다양한 생리활성을 가지고 있지만 쉽게

휘발되고 산화되는 단점을 가지고 있다. 본 연구에서는 메조

다공성 실리카 나노입자를 이용한 에센셜 오일의 휘발 지연

과 지속적인 발향을 평가하였다. 제조한 나노입자의 메조다공

성 구조는 라벤더 에센셜 오일을 효과적으로 담지할 수 있었

다. 메조다공성 실리카 나노입자로부터 휘발되는 오일의 양은

GC-MS를 이용하여 2주 동안 평가하였다. 라벤더 에센셜 오일

은 16일 동안 전체의 87%가 휘발된 반면 메조다공성 실리카

나노입자 내 에센셜 오일은 느린 속도로 휘발되었고 48% 남

아 있었다. 이러한 결과는 실리카 나노입자의 메조다공성 코

어 구조가 에센셜 오일을 담지하고 휘발을 지연시키며 발향

을 지속적으로 할 수 있게 한다는 것을 보여준다.  그러므로

메조다공성 실리카 나노입자는 에센셜 오일을 캡슐화하고 다

양한 분야에 응용되는데 유용하게 활용될 수 있다.

Abstract: Essential oils (EOs) can be volatilized and oxidized

very quickly. The characteristics are impediments to apply EOs

to various fields, despite their many beneficial effects. Here, we

report on mesoporous silica nanoparticles (MSNs) for contin-

uous diffusion of lavender EO (LEO). LEO could be loaded effi-

ciently into the MSNs by hydrophobic interaction. The amount

of residual LEO was measured over two weeks without closing

by gas chromatography-mass spectrometry (GC-MS). Loading

efficiency of LEO into the MSNs was 16.7% of total feed. Free

LEO was volatilized by approximately 87%, whereas 48% of

the LEO in the MSNs remained still after 16 days. In this study,

the LEO loaded successfully into the core of the MSNs was con-

tinuously diffused out to air for a longer time. Our results indi-

cate that the MSN is a useful formulation for encapsulation and

continuous diffusion of EOs.

Keywords: continuous diffusion, essential oil, mesoporous sil-

ica nanoparticles, volatilization.

Introduction

Essential oils (EOs) are aromatic oily liquids extracted from

plants. EOs are widely used in a variety fields with various for-

mulations, such as soaps, perfumes, detergents, personal care,

and aromatherapy products.1,2 Among many EOs, Lavandula

angustifolia (common name lavender) oil is one of the most

popular EOs for healthcare and cosmetic applications.3 Lav-

ender oil has been traditionally used to treat headache and

shows good antibacterial activity against various types of bac-

teria including Staphylococcus aureus, Pseudomonas aerugi-

nosa, and Escherichia coli. In addition, lavender oil has benefit

in pain relief. For example, it has been reported that lavender

oil is effective for back pain when stimulating acupuncture

points with acupressure.4 Recently, lavender oil is widely used

in massage and aromatherapy.5 Until now the use of lavender

oil has been increasing steadily. However, the use of this EO

has been limited by its poor physical properties, such as high

hydrophobicity and rapid volatility, making it difficult to be

used in pharmaceutical applications.6 In order to overcome

these disadvantages and widen its range of use, this EO needs

to be incorporated using nanotechnology into microparticles.7,8

For instance, liposomes can incorporate and protect EOs; in
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recent years, they have been extensively studied for incor-

poration and delivery of bioactive substances.9 

Mesoporous silica nanoparticles (MSNs) are one choice for

nanotechnology-based drug delivery systems.10 MSNs have

unique properties, such as a large surface area, pore volume,

and biocompatibility.11 In particular, the large surface area and

pore volume provide great potential for drug loading into the

pore channels by hydrophobic interaction. Furthermore, the

pore sizes of MSNs can be adjustable, from 2 to 50 nm, con-

trolling drug loading and release kinetics. Because of these

excellent properties, MSNs have been studied in biomedical

fields, including drug delivery systems, bioimaging, and tissue

regeneration.12-14

The aim of this study is to propose a way to delay the rapid

volatility of EOs so that they can be diffused steadily into the

atmosphere using MSNs. Lavender essential oil (LEO) was

incorporated into MSNs by hydrophobic interaction into the

pore channels, and the volatility of the oil was evaluated over

two weeks. 

Experimental

Materials. Cetyl trimethylammonium bromide (CTAB),

diethanolamine, 3,3',5,5'tetramethyl benzidine (TMB), tetra-

ethyl orthosilicate (TEOS), and hydrochloric acid were pur-

chased from Sigma Aldrich Co., Ltd. (St. Louis, MO). Lavender

essential oil (LEO) was obtained from HauYon Co. Ltd.

(Yanyang, Republic of Korea). The other reagents in the exper-

iments were analytically pure, and commercially available.

Preparation and Characterization of MSNs. MSNs were

prepared by a method reported previously.15 We dissolved 0.78

g CTAB in 21.6 mL of DW and 0.15 mL of 2 M NaOH with

stirring; 1.3 mL TMB and 3.4 mL of ethanol were added into

the solution at 80 oC. When the solution was dispersed com-

pletely, 2.2 mL of TEOS was dropped slowly to the solution

over 6 min with vigorous stirring. After incubation for 2 h, the

solution was centrifuged at 10000 rpm for 30 min to collect the

nanoparticles, which were then washed with methanol twice.

To remove CTAB, 1.4 mL HCl was added to the nanoparticles

solution in methanol. The solution was stirred for 8 h at 60 oC,

and MSNs were obtained by centrifugation and drying. The

shape of the MSNs was observed by using a transmission elec-

tron microscope (TEM, H-7500, Hitachi, Krefeld, Germany)

and a focused ion beam scanning electron microscope (FIB,

Helios G3 CX, FEI, Hillsboro, USA). The surface area of the

MSNs was evaluated by nitrogen adsorption-desorption iso-

therm measurements on an ASAP2020 system (Micromeritics

Instrument Co., GA, USA). The surface areas were calculated

with Brunauer Emmett Teller theory using isotherm adsorption

data at P/P0 from 0.05 to 0.30. The pore volume and pore size

distributions of the MSNs were calculated from an adsorption

branch using the Barrett Joyner and Halenda (BJH) method.16

Loading LEO into MSNs. We dispersed 0.1 g MSNs in 5

mL DW and 0.2 mL LEO was added to the solution. After

sonication for 15 min (on 3 sec and off 1 sec), the bottle of

solution was sealed and stirred for 24 h in the dark. The LEO-

loaded MSNs were collected by centrifugation and washed

with DW three times. To measure the amount of LEO, the

MSMs were dispersed in hexane. After centrifugation to

remove the nanoparticles, the supernatant was evaluated using

a gas chromatography-mass spectrometry (GC-MS) method.

GC-MS analysis was performed using QP-2010 Ultra system

(Shimadzu Co., Kyoto, Japan) equipped with an Rxi-5ms cap-

illary column (30 m×0.25 mm I.D., 0.25 µm film thickness).

Helium was used as the carrier gas and the column temperature

was initially programmed at 70 oC for 2 min and increased to

200 oC at 3 oC/min. The ionization energy was 70 eV with a

scan time of 0.3 sec. 

Diffusion Study. The diffusion rate of LEO from MSNs was

evaluated at 25 oC in accordance with a previous report.17 Then

10 mg MSN containing LEO or 0.01 mL LEO was weighted

into 1.5 mL ependorf tubes in triplicate, respectively. At pre-

determined times, the amount of the remaining LEO was

determined by the GC-MS. The amount of changes of the

LEOs was monitored over two weeks.

Statistical Analysis. Quantitative data were expressed as

mean values (±standard deviation). Mean values were com-

pared by use of the independent samples t test, and p values of

less than 0.05 were considered to be statistically significant.

Results and Discussion

MSNs have been studied and often proposed as a drug deliv-

ery carrier for controlled release and as a diagnostic agent for

imaging and detecting biosignal from disease regions caused

by their unique properties.18 In particular, their hydrophobic

core is valuable for loading hydrophobic agents. In this study,

we prepared and used MSNs as a carrier for continuous dif-

fusion of LEO, as shown in Figure 1. LEO was loaded into the

core of MSNs, and the remaining LEO was evaluated over two

weeks. The loading efficiency of LEO into the MSNs was

16.7% of the feeding oil.
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The MSNs obtained by the previous synthesis method were

spherical with porous structure and had uniform particle size

(Figure 2). 

BET surface area, BJH pore size and total pore volume of

the MSNs are presented in Table 1. The average pore diameter

and total volume of the MSNs was 1.27 nm and 2.78 cm3/g,

respectively. The surface area of the MSNs was 869.8 m2/g.

The pore size and volume are appropriate for loading hydro-

phobic materials, such as EOs and anti-cancer drugs.19

The major volatile compounds of LEO are linalool and

linalyl acetate.20 As shown in Figure 3, they were used as stan-

dard compounds for quantification and detected at 6.606 and

12.108 min by GC-MS analysis, respectively. We tested the dif-

fusion of LEO from MSNs over two weeks.

Figure 4 shows profiles of the remaining LEO in the MSNs

determined by GC-MS. The GC-MS results show that free

LEO was volatilized into the air by around 87% of total LEO

within 16 days (Figure 4). On the other hand, the LEO into the

MSNs remained 48.4±1.9% of the total LEO during the same

period. When LEO is loaded into the MSNs, more than twice

as much was left in the core of the MSNs, that is, was not vol-

atilized.

EOs have attracted attention in the cosmetic and pharma-

ceutical industries, because they have a wide spectrum of bio-

logical properties, such as antifungal, antioxidant, and

antitumor effects.6,7 However, EOs are volatile and biologically

unstable. In addition, EOs are sensitive to oxygen, light, and

temperature, and poorly soluble in water.21,22

Therefore, encapsulation of EOs is necessary to improve

their solubility in water, to control their volatilization, and to

extend their use in various fields. For these reasons, various

formulations, such as β-cyclodextrin, maltodextrin, and gel-

atin, have been used to incorporate EOs.23,24 In this study,

MSNs were used as a formulation to encapsulate EOs. As

results have shown, MSNs have a large surface and pore vol-

ume, resulting in efficient loading of the EO into the core. Vol-

atilization of the EO in the core of the MSNs was delayed, and

more than twice as much of the EO was retained in the MSNs

Figure 1. The schematic illustration for preparation of lavender

essential oil-loaded MSNs and retention of the essential oil in the

core of MSNs.

Figure 2. Electron microscopic images of lavender essential oil-

loaded MSNs: (a) TEM; (b) FIB images. Direct magnification: (a)

200000×; (b) 250000×. The scale bar: (a) 50 nm; (b) 500 nm. 

Figure 3. GC-MS chromatogram of lavender essential oil.

Table 1. BET and BJH Characteristics of the MSNs

Analysis Value

SBET

a (m2g-1) 869.8

DBJH

b (nm) 1.27

Vt

c (cm3g-1) 2.78

a
SBET: specific surface area calculated from data in the range P/P0 <

0.3 using BET equation, b
DBJH: pore diameter assigned from the

maximum on the BJH pore-size distribution, c
Vt: total pore volume

calculated at P/P0 = 0.99.
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than for the free EO. The use of MSNs for encapsulation of

EOs can reduce the instability against oxidation and light, and

can make EOs diffuse continuously. As a result, encapsulation

of EOs in MSNs can widen their application range. 

Conclusions

The MSNs were used as a formulation to encapsulate LEO.

LEO was loaded successfully into the core of the MSNs. The

large pore size and volume of the MSNs are useful for loading

LEO. More than twice as much of the loaded LEO than of the

non-loaded LEO was retained in the MSNs for a longer time.

Therefore, we anticipate that the MSN are a useful formulation

for encapsulation of EOs and continuous diffusion.
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