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Ché tao va khao sat tinh nang hap phu cua
hat nano silica mao quan trung binh
MCM-41 huéng dén tmg dung trong hé dan
truyén va phan phoi thudc tring dich

Pau Tran Anh Nguyét, Lé Van Hiéu, Tran Thi Thanh Véan

Tém tit—Hat nano silica mao quén trung binh
MCM-41 dwoc ché tao thanh cong dwa trén sy ngung
tu cac phan tir silica tir tién chét tetraorthosilicate
(TEOS) Ién chit dinh huéng cdu tric cetyltrimethyl-
amonium bromide (CTAB) trong méi trudng Kiém
(pH= 9-12) véi dung moi la nuwéc khir ion va nung &
nhiét d9 550°C trong 5 giv. Phwong phip nhidu xa
XRD géc nhé, kinh hién vi dién tir truyén qua TEM,
phd FT-IR va hép phu déng nhiét khi nitrogen dwoc
sir dung dé phan tich cic diic trung ciu tric, hinh
dang, kich thudc ciia san phadm. Tdi wu héa cac thong
s6 ché tao, chiing tdi thu dwgc cic hat silica c6 dang
hinh cAu véi kich thuée 80-140 nm, dwdong kinh 15
x0p 2-5 nm, dién tich bé mit (BET) 986,683 m2g™.
Két qua danh gia tinh ning hip phu rhodamine B
ciia vt liéu MCM-41 cho thiy gia tri dung luwong hép
phu cao nhét 13 299,696 mg/g, chimg té tiém ning
ung dung cia vat liéu nay lam chét truyén tai va
phan phéi thude tring dich.

Tir kh6a—MCM-41, nano silica, vat li€éu mao quan
trung binh.

1 MO PAU

ano silica cdu trac xdp (Mesoporous Silica

Nanoparticles, MSNs) 1a vat li¢u da thu hat
duoc sy quan tam nghién cliru cua cac nha khoa
hoc nhiam tmg dung lam hé phéan phdi thudc chong
ung thu nhd nhiing tinh chit ndi tréi cua né nhur cd
tinh 6n dinh, tuong thich sinh hoc, cAu trac xép,
dién tich b& mit 16n nén c6 kha niang chira nhidu
duoc liéu, ... [1, 2, 4]. Trong d6, MCM-41 voéi ciu
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trac 16 x6p trung binh va thé tich chtra 16n 1a mot
trong nhitng loai MSNs tiéu biéu, duoc xem 1a hat
tai dugc liéu hiéu qua boi kha nang hap phy thude
v6i dung luong cao va dap tng nha thubc chinh
xéac, dem lai két qua diéu tri cao [5-7, 9-11]. Do
d6, muyc tiéu ctua hudng nghién ctru la ché tao vat
liéu MCM-41 va khao sat dong hoc cua qué trinh
hap phu Rhodamine B dé xac dinh cac thong sd
hap phu va cac yéu td anh huong dic trung dén
qué trinh hip phy nhim x4c dinh dugc dung lugng
hap phu téi da ciing nhu diéu kién téi wu dé dat
duoc diéu do, tao tién dé cho viéc nghién ctru tiép
theo trong (mg dung lam chat tai thuc dic hidu.

Trong bai ndy, MCM-41 dugc tong hop trong
moi trudng kiém st dung chit hoat dong bé mit
CTAB la chit dinh huéng tinh thé long (liquid
crystal templating) va TEOS 14 ngudn silica. San
phiam dugc danh gia bang cac phuong phép phan
tich hién dai c6 do tin cdy cao nhu: nhiéu xa tia X
(XRD), phd truyén qua hong ngoai IR (FT-IR),
kinh hién vi dién tir truyén qua (TEM), do hip phu
va giai hap khi nitrogen (mé hinh BET, DFT) va
phwong phép tric quang UV-VIS.

2 VAT LIEU VA PHUONG PHAP

Ché tao vat ligu MCM-41

CTAB dugc hoa tan trong 480 mL nudc khir ion
khudy lién tuc. Tiép theo, cho 3,50 mL NaOH vio
dung dich trén va tiép tuc khudy trong vong 30
phut. Sau d6, cho tir tir TEOS vao hén hop trén va
khuéy lién tuc & nhi¢t do 80 °C trong 2 gio, thu
duoc dung dich mau sira trang duc. Loc rira két tia
bang nuée khir ion dén khi san phidm tré vé pH
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trung tinh. MAu sau khi rira sach dem sdy & nhiét
d6 60 °C trong khong khi dén khéi lwong khong
d6i. Nghién nho mau va tiép tuc nung & nhiét do
550 °C trong khong khi, voi tbc do nang va ha
nhiét 2 °C/phat, thu dugc san phém cudi 12 chat rin
bot min mau tring. Khdi lugng CTAB va thé tich
TEOS trong qua trinh téng hop 1an luot duge khao
satla 0,7-1,4 g CTAB va 2-6 mL TEOS.

Céc dac trung ciu tric va hinh dang cua san
pham dugc phan tich bang nhidu xa tia X goc nho
trén may D8—ADVANCE, ph6 FT-IR trén phd ké
SIMAZU 8400, TEM trén thiét bi JEOL-JEM-
1400. Phuong phap do hip phu ding nhiét khi
nitrogen duoc st dung dé xac dinh dién tich bé
mat (BET), thé tich 15 x6p va duong kinh 16 x6p
(phuong phap DFT) cua san pham.

lc. S1050
.
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3 KET QUA VA THAO LUAN

Anh hwéng ciia ham hrgng CTAB dén ciu tric
cia MCM-41

Anh huéng ciia ham lugng CTAB dén qua trinh
tong hop MCM-41 dugc thao luan chi tiét thong
qua cac két qua phan tich TEM (Hinh 1). C6 dinh
thé tich TEOS 1a 5,00 mL, miu san pham mg véi
céc ham lugng CTAB khéc nhau (tir 0,7-1,4 g) déu
cho thay vat liéu sau khi tao thanh ¢ cic hat gan
dang hinh cu va ddng déu, kich thudc, hinh dang
16 xdp thé hién 1& ciu trac luc gidc duge sip xép
trat tw. O mau S0750 va S0850, hat c6 dang hinh
cu va déng déu, kich thude hat tir 120-140 nm.
Khi tang khdi lugng CTAB, cic mau thé hién kich
thudc hat giam va khong dong déu, kich thude 15
xOp giam. Bang 1 thé hién gia tri thong ké cac
thong s6 kich thudc hat va 16 xdp cu thé theo timg
mau khao sat.

1b. S0850

1d. S1250

le. S1450
Hinh 1. Anh TEM ciia mau téng hop véi cac ham lrong CTAB khac nhau.
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Bing 1. Kich thudc hat va kich thuée 18 xOp cua cic miu véi ham lwong CTAB khéac nhau

Tén miu Khdi lwong CTAB | Thé tich TEOS | Kich thuéc hat | Kich thuée 15 x6p
(€3} (ml) (nm) (nm)
S0750 0,7 5,00 120-140 2,5-3,5
S0850 0,8 5,00 120-140 3,4-4,1
S1050 1,0 5,00 80-120 2,1-2,6
S1250 1.2 5,00 85-110 2,3-32
S1450 1,4 5,00 75-95 2,5-3,0
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Hinh 2 chi ra két qua anh TEM cta ciac miu
khio sat theo nong d6 TEOS. Két qua TEM cua
mau S0830 (Hinh 2b) va S0840 (Hinh 2¢) cho thiy
vat liéu téng hop dugc cho Kkét qua tdt, tao ra cac
hat gan nhu hinh cau c6 kich thudc khoang 90-140
nm, va ¢6 15 xbp, kich thude 15 x6p tir 2-3 nm. Tuy
nhién, mau S0850 (Hinh 2d) cho két qua tét nhat
v6i cac hat co dang hinh cau, kich thu6c hat 16n
hon (100-140 nm), c6 cac 16 mao quan luc ling,
duong kinh 2,5-4,1 nm véi cac kénh mao quan
song song.

Khi ting ndong d6 TEOS lén 6,00 mL (miu
S0860, Hinh 2e), cac hat khong con hinh cau dong
nhét, kich thudc khong dong déu, c6 hién tuong
két dam. O néng d6 TEOS nay, vat liéu van c6 16
x6p, tuy nhién kich thudc 16 xdp rat nho khoang
1,5-2,0 nm. Diéu nay dugc giai thich 1a do sy tao
lién két cua cac 16p SiO, khac 1én bé mat 15 xbp
lam cho vach 16 x6p day hon ddng nghia véi kich
thude 16 x6p bi thu hep lai.

Méu S0820 (Hinh 2a) véi 2,00 mL TEOS c6 két
qua kém nhit, cac hat két dam vdi nhau, khong tao
thanh hat riéng 1¢ va khong ton tai 16 x6p. Boi vi
v6i nong d6 TEOS 2,00 mL khong du cung cap
luong SiO» dé tao lién két phu 1én bé mit mixen
CTAB nén sau khi nung, mac du cac hop chét cta
CTAB chéy hét nhung céac hat SiO» x6p van khong
hinh thanh. Bang 2 thé hién gia tri thong ké cac
thong s6 kich thuge hat va 15 xép cu thé cua cac
mau khao sat theo ndng d6 TEOS.

Nhu vay, mau S0850 cho két qua téi wu véi
khéi luong chét hoat dong bé mat CTAB 1a 0,8 g
va néng d6 TEOS 5,00 mL.

Ngoai ra, pho FT-IR ciing dugc sir dung dé xac
dinh cac lién két dic trung trong san pham tao
thanh. Hinh 3 thé hién phd FT-IR cuia mau S0850
truée va sau khi nung (phd ciia CTAB ciing duoc
dua vao dé so sanh).

Bing 2. Kich thudc hat va kich thude 16 x6p cua cac miu téng hop véi ham lwong TEOS khac nhau

Tén miu Khdi lwong Thé tich TEOS Kich thwéc hat Kich thuérc 16 xop
CTAB (g) (mL) (nm) (nm)
S0820 0,8 2,00 - -
S0830 0,8 3,00 90-120 2,0-2,5
S0840 0,8 4,00 100-140 2,5-3,0
S0850 0,8 5,00 120-140 2,4-4,1
S0860 0,8 6,00 - 1,52
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2b. S0830

2c. S0840

2d. S0850

2e. S0860

Hinh 2. Anh TEM ciia mu téng hop vdi cac ham lugng TOES khéc nhau.

Phd FT-IR cua vt liéu sau khi nung S0850 cho
céc dinh dic trung ¢ sb song: 3441cm’ thé hién
su ¢6 mat nhom O-H cua nhém silanol bé mit va
clia nuée. Dinh phd 1636 cm™! lién quan dén dao
dong bién dang cia nhém OH. Pinh & 964cm™ 1a
dao dong hoa tri d6i xtmg cta cac nhom Si-O-H.
Céc dinh & s6 song 805 cm™ va 462 cm! thé hién
dao dong hoa tri va dao dong bién dang ctia nhom
Si-0-Si[5]. O phé FT-IR cua miu CTAB-S0850
chua nung, c6 su xuét hién thém cac dinh & 2923
em’, 2851 cm! thé hién dao dong bién dang bét
d6i xtmg va ddi xtng ctia nhom C-H trong chudi
alkyl (CH; va CH3) trong CTAB.

Sau khi phan tich phd FT-IR c6 thé thay sau khi
nung, céc dinh dic trung trong CTAB 2923 cm™,
2851 cm’', 1484 cm da bién mét, chi con cic
dinh thé hién dao ddng dac trung cho cac nhém
chic trong SiO,. Pidu nay ching t6 qué trinh

nung d3 loai bo hoan toan CTAB ra khoi san
phim va ngoai cac dinh dic trung cia SiO,,
khong thiy xuét hién cac dinh tap chat khac.
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Hinh 3. Phd FT-IR ciia CTAB, CTAB-S0850 va S0850.
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Két qua XRD goc nho (Hinh 4) cho cac dinh
nhiéu xa & cac vi tri dic trung véi 20 1a 2,4%
4,05°% 4,65°% 6,12° twong rng vdi cac ho mat mang
(100), (110), (200) va (210) cua cdu trac

hexagonal cua vat litu MCM-41[12]. Céac dinh
nhiéu xa nay ciing tuong dong vdi cac dinh nhiéu
xa vat likcu MCM-41 cua nhém tic gia Asha
Tukappa da cong bo trude d6 [13].
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Hinh 4. Gian dd XRD goc nho: (a) S0850, (b) MCM-41 theo theo nhém Asha Tukappa [13]

Su hip phu va giai hap khi nitrogen cua S0850
(hinh 5) cho thiy dudng hip phu ding nhiét dién

Thé tich hip phu
(cc/g, STP)

600
500
400
300
200

100

0,00 0,20 0,40

hinh loai IV, ddc trung cho loai vat li€u xép. Dién
tich bé mat vat liéu (BET) khoang 986,683 m2g".
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Hinh 5. Duong ding nhiét hip phu - giai hip phu nitrogen ctia miu san phdm S0850

Két qua hinh 6 cho thiy 156 xdp cua san phdm
sau tong hop ¢ ban kinh nim trong khoang 16 -
27 A tuwong duong voi duong kinh 16 x6p 3,2-5.4
nm. Gia tri duong kinh 15 x6p trung binh dat

3,8 nm. Két qua nay hoan toan phu hop véi dir
liéu TEM.

Tir cac két qua phan tich trén cho théy san
phém tao thanh chinh la vat liéu nano silica
MCM-41 c6 kich thuée trong khoang 120-140
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nm, dién tich bé mat 986,683 m*g!, duong kinh 15
x6p trung binh 3,8 nm.
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Hinh 6. Két qua phan bb kich thudc 15 x5p (phuong phap DFT)

Khio sit qua trinh hip phu RhB ciia MCM-41.
Két qua khdo sat tinh niang hap phu Rh B theo
thoi gian cia san pham MCM-41

Dung phuong phap tric quang UV-VIS dé xéac
dinh néng do sau hép phu. Tur do, tinh toan cac
gia tri dung lugng hip phu ciing nhu phan trim
hap phu. Céng thirc tinh dung luong hdp phu va
phan tram hip phu:

Vo [Cu - Cshp} Co- Cshp
= ———— (1 = . 2
Q - (D HP o 100 (2)
Trong do:

Q: Dung lugng hip phy (mg/g)

Vo: Thé tich dung dich RhB ban déu (L)

Co: Nong d6 dung dich RhB truéc hép phu

(mg/L)

Csnp: NOng d6 dung dich RhB sau qua trinh hip

phu (mg/L)

my: Khéi lugng MCM-41 ding cho hap phu (g)

HP: Phan trim hip phu

D4 thi hinh 7 va s liéu thng ké Bang 3 cho
thdy qua trinh hap phu xay ra rat nhanh trong 5
phiit dau tién, sau d6 téc d ting cham. Tir phut
thir 60 tro di, dung lugng hap phu RhB hiu nhu
dat dén muc bdo hoa. Thoi gian hip phu anh
huong dén tinh niang hap phu cua vat liéu MCM-
41, hip phu & thoi gian 60 phut cho két qua tot
nhét. Do do, khoang thoi gian 60 phut dugc chon
lam thoi gian hap phu.
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Hinh 7. Phin trim hép phu RhB cia S0850 theo thoi gian.

Két qua khao sdt tinh nang hdp phu theo nong do
Rh B ciia san pham MCM-41

Két qua & hinh 8 va s liéu théng ké ¢ Bang 4
cho thdy ndng d6 RhB ting thi dung luong hap
phu ting. Diéu nay co thé giai thich, khi ndng do
tang thi mat d¢ cac phan tir RhB cang lon nén kha
nang twong tac va hip phu 1én bé mit MCM-41
tang. Tuy nhién, dung lugng hap phu chi ting
manh trong khoang nong d6 100-600mg/1, sau d6
tang cham do bé mit vat liéu da hap phu tdi da
hay céc tdm hip phu da bio hoa. Trong khoang
gi4 tri ndng d6 RhB ban dau 800-1200 mg/L,
dung luong hap phu ting rat cham, tham chi & gia
tri nong do RhB 1200mg/L, dung luong hap phu
giam nhe. Diéu nay chimg to qua trinh hap phu da
dat dén trang thai bao hoa.
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Hinh 8. Dung lugng hip phu RhB cta S0850 theo ndng do.
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Bing 3. Dung luong hip phu RhB va phan tram hip phu ciia

S0850 theo thoi gian
Thoi gian Crug ban dau Q HP
hap phu (mg/L) (mg/g) (%)
(phut)
5 200 94,652 95,22
10 200 94,915 95,29
15 200 94,868 95,63
30 200 95,392 96,54
45 200 96,086 96,66
60 200 97,008 97,21
150 200 96,629 97,20

Bang 4. Dung luong hip phu cua S0850 theo nong d6 RhB

ban dau.
CRhB Q
(mg/L) (mg/g)
100 48,090
200 95,510
400 183,380
500 218,606
600 250,360
700 275,291
800 295,663
1000 299,696
1200 292,559
4 KET LUAN

Bing cach téi vu cua thong sd ché tao nhu ham
lugng CTAB (0,7-1,4 g) va TEOS (3-5 mL),
chung t61 da ché tao thanh cong vat liéu nano
silica MCM-41 vé6i cdu trac xdp kha tot. Trong
d6, mau c¢6 ham lugng CTAB 1a 8 g vdi thé tich
TEOS 1a 5,00 mL, nung & 550 °C Gng véi thoi
gian nung 1a 5 h cho két qua t6t nhat. Vat ligu
nano silica MCM-41 c6 kich thudc trong khoang
120-140 nm, dién tich bé mat 986,683 m’g" va
dudng kinh 15 x6p trung binh 3,8 nm. Két qua
khdo sat tinh ning hip phu chit mang mau
rhodamine B cua vat liéu sau téng hop theo thoi
gian va nong do rhodamine B cho thdy san phim
MCM-41 c6 dung lugng hip phu dat gia tri cao
nhit 299,696 mg rhodamine B/g MCM-41 véi
nong d6 ban dau RhB 1000 mg/L trong thoi gian
60 phut. Piéu nay cho thiy day la vat li¢u tiém
ning cho cac tmg dung trong hé din truyén va
phén phéi thudc tring dich.
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MCM-41 mesoporous silica anoparticles
and their adsorption for targeting drug
delivery systems
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Abstract—MCM-41 silica
nanoparticles were successfully synthesized by the

condensation of tetraorthosilicate precursor (TEOS)

mesoporous

using cetyltrimethylammonium bromide (CTAB) as
the orientation substance in alkaline (pH = 9-12),
deionized water as solvent. The samples were
calcinated at 550°C for 5 hours. The structural
characteristics of samples were analyzed by using
Small angle X-ray diffraction, transmission electron

microscopy (TEM), FT-IR and isothermal

adsorption of nitrogen. Optimizing the fabrication
parameters, MCM-41 particles have been obtained
with a spherical shape, size of 80-140 nm, pore
diameter of 2-5 nm and surface area (BET) of
986,683 m’g"!. Rhodamine B adsorption of MCM-41
showed that the maximum adsorption capacity value
was 299,696 mg/g, suggesting the potential of this
material to design of controlled drug delivery
systems.

Index Terms— MCM-41, mesoporous silica nanoparticles (MSNs), pore size, rhodamine B



