Tap chi Khoa hoc Pai hoc Hué: Khoa hoc Tw nhién pISSN 1859-1388
Tap 130, S6 14, 61-67, 2021 eISSN 2615-9678

TONG HOP TAM NANO Fe:0:; SU DUNG GLUCOMANNAN LAM
CHAT PINH HUONG CAU TRUC

Lé LAm Son!, Lé Trung Hiéu!, Nguyén Vinh Pha?, Tran Thanh Minh?,
Lé Thuy Trang!, Tran Thi Van Thi®*

1 Truong Dai hoc Khoa hoc, Pai hoc Hué, 77 Nguyén Hué, Hué, Viét Nam
2Truong Pai hoc Y Dugc, Pai hoc Hué, 6 Ng6 Quyén, Hué, Viét Nam

* Tac gia lién hé Tran Thi Van Thi <tranthivanthi@gmail.com>
(Ngay nhin bai: 15-07-2020; Ngay chdp nhidn ding: 03-09-2020)

Tém tit. Trong nghién cttu nay, glucomannan — mét popymer sinh hoc — dugc st dung lam chat dinh
huéng ciu tric trong qué trinh t6ng hop céc tim nano Fe20s véi d6 x8p cao. Anh hudng ctia ndng dd
dung dich Fe(NOs)s dén hinh thai va cdu tric pha ctia Fe20s da duoc nghién ctru. Vatliéu duoc dic trung
bang ky thuat hién vi dién t&r quét, hién vi dién ti truyén qua, hién vi dién tir truyén qua phan giai cao,
nhiéu xa tia X, phd tan xa nang luong tia X, phd hong ngoai bién d6i Fourier va dang nhiét hap phu/kht
hép nito. Phuong phéap nay cho phép ché tao cac tim nano oxit kim loai c6 d x6p cao.
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Abstract. In this research, glucomannan-a biopolymer-is utilized as a template in the synthesis of Fe20s
nanosheets with high porosity. The influence of Fe(NOs)s in the synthetic solution on the morphology
and structure of Fe20s phase is studied. The material is characterized with such techniques as scanning
electron microscopy, transmission electron microscopy, high-resolution transmission electron
microscopy, X-ray diffraction, energy-dispersive X-ray spectroscopy, Fourier transform infrared
spectroscopy, and nitrogen adsorption/desorption isotherms. This route would allow researchers to
fabricate metal-oxide nanosheets with high porosity.
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1 Mo dau xuc tac [1], cam bién khi [2], cdm bién sinh hoc [3]
va vat liéu dién cuc [4], v.v. do cac tinh chat hitu

C4c vat liéu nano oxit kim loai c6 d6 x&p cao dung ctia chiing nhu dé& dang cho cic phan tu

da thu htit sy quan tam nghién ctu trong linh viue  khuéch tén hay c6 nhiéu tam hoat tinh. C6 nhiéu
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phwong phap khac nhau d€ tong hop vat liéu cau
tric nano x0p, bao gom tong hop khong st dung
chat dinh huéng cau trac va tong hop c6 hd tro
bang chit dinh hudéng cau tric [4, 5].

Viéc sit dung polymer tw nhién lam chat dinh
hudng cdu trac dé tong hop cac vat liéu nhe va co
d6 x0p cao rat dugc quan tam vi loai polymer nay
than thién v6i méi treong, phong phu, ¢6 cdu tric
ddc dédo va chi phi diéu ché thap [6]. Cac polymer
sinh hoc nhw peptide [7], dextran [8], xyloglucan
[6], cellulose [9], chitin [10] va chitosan [11] da
duoc sit dung d€ ché tao nhiéu vat liéu c6 do x6p
cao nhw kim loai quy, oxit kim loai va vat liéu

composite.

Glucomannan (GM) la polysaccharide tu
nhién, phan 16n cé c&u tao mach thang, hinh thanh
tte cac don vi cau trac la D-glucose va D-mannose,
lién két véi nhau bang lién két B-1,4-glycoside, va
thuong duwogc chiét xudt tie c Amorphophallus konjac
(cu nwa Nhat) [12]. Viéc sit dung GM lam chét dinh
hudéng cau truc d€ tong hop vat liéu nano oxit kim

loai véi do xOp cao it dugc cong bo trude day.

Trong sd cac chat ban dan oxit kim loai, nano
oxit sat rdt dwgc quan tam do ¢ nhiéu tng dung
[13, 14]. Da c6 nhiéu phuong phap khac nhau duwgc
nghién cttu d€ tong hop thanh cdng cac ciu tric
nano oxit sit [15, 16], nhung rat it cong bd st dung
GM lam chét dinh hudng cau trac. Gan day, chung
toi da tong hop thanh cong ciu triic nano NiO x6p
v6i GM 1a chat dinh hudng cau trac va vat liéu nay
c6 kha nang phat hién tot d6i véi khi H2S 6 nong
do6 thdp [17]. Trong nghién ctru nay, ching t6i cling
stt dung GM lam chat dinh hudng cdu tric d€ diéu
ché cac nano oxit kim loai khac nhw nano a-Fe20s
x0p dang tdm (2D). Do ¢6 nhiéu tam hoat dong trén
bé mat nén cac cau tric nano oxit kim loai véi do
x0p cao thuong tang cuong tinh nang xdc tac va
httu ich cho cac ting dung quan trong khac [1, 2,
13].
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2 Phuwong phap

2.1 Hoa chat

Konjac  glucomannan (GM, Shimizu
Chemical Co., Japan), iron (III) nitrate nonahydrate
(Fe(NOs)3-9H20, Sigma-Aldrich) va ethanol
(C2Hs50H 96%, Viét Nam) da duoc st dung trong

nghién ctru.

2.2 DPac treng vat liéu

Phuong phap phd hong ngoai (IR) duoc
dung d€ x4c dinh cdc nhdm chtic chinh trong phan
te ctia chat nghién cttu, dwa vao cac tan sd déc
trung trén phé d6 ctia cac nhém chiic trong phan
te. PhG tan xa nang luong tia X (EDX) dung dé€
phéan tich nguyén t trén bé mat cua vat liéu. Cau
trac tinh thé, hinh théi, va kich thudc caa vat liéu
dugc dic trung bang phuong phap nhiéu xa tia X
(XRD), kinh hién vi dién t quét (SEM), kinh hién
vi dién t truyén qua (TEM) va kinh hién vi dién
t truyén qua phéan giai cao (HRTEM). C4u trtc
x8p ctia vat liéu duoc nghién ctru bang phuong
phap déng nhiét hdp phu - khir hdp phu ni to; dién
tich bé mét riéng va su phan bd kich thudc 16 caa
vat liéu [an luot duwoc tinh theo m6 hinh Brunauer—
Emmett-Teller (BET) va mo6 hinh Barret-Yoyner—
Halender (BJH).

2.3  Tong hgp vt liéu

Cho ttr ttr 1,0 g GM vao cdc chira 50 mL nuede
cat, khudy trong 30 phut d€ tao gel. Thém vao dich
gel nay 50 mL ethanol 96%, khuay trong 10 phut
dén khi tao thanh soi GM tréng, min. Loc 1dy soi
GM, ngam trong 30 mL dung dich
Fe(NOs)s/ethanol 70% vdi nong dd xac dinh, co
thém 1 mL HCI dam ddc, trong 24 gio. Loc va thu
duoc Fe(NOs)-GM va sdy mau & 50 °C trong 15 gio.
Sau dé nung mau trong khong khi ti nhiét do
phong dén 600 °C (t6c do nang nhiét 2 °C/phut),
gitr trong 6 gio va thu dwgc tdim nano Fe20s. So d6

tong hop vat liéu dugc trinh bay ¢ Hinh 1.
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Tam nano Fe203

GM-Ee(NOs)s composite

Soi GM ngam trong dung dich
Fe(NOs)s, HCl/ethanol 70%

Hinh 1. So d6 quy trinh tong hop tdm nano Fe203

Hinh 1 cho thdy GM phan tan trong nudc tao
thanh dich keo dong nhat, két tta va trwong no
trong ethanol. Sau khi ngdm trong dung dich hon
hop Fe(NOs)s va HCl, mau trang sita cta sgi GM
chuyén sang mau vang. Diéu d6 cho thdy da co su
hap phu ion Fe* trén mau GM. Ky hiéu mau la
Fe(NOs)-GM.

3  Keét qua va thio luan

3.1  Anh huwéng caa néng do Fe(NOs)s 1én hinh

thai va cau trac vat liéu

Dé khao sat anh huwdng cta noéng do
Fe(NOs)s ban dau 1én hinh théi va cau trac vat liéu
thu duoc, tién hanh tong hop Fex0s & cac nong do
Fe(NO:s)s ban dau Ian luot 1a 0,01, 0,05, 0,10, 0,50 va
1,00 M. Anh huwong ctia nong do dung dich dau
dén hinh théi ctia san pham thé hién qua déc trung
SEM (Hinh 2).

Glucomannan c6 cau tric mang ludi, xop tie
cac soi két n6i véi nhau (Hinh 2g). Céc soi GM da
hap phu Fe3* két n6i dan xen nhau tao thanh dang
tdm dic khit (Hinh 2h). Mau tién chit Fe(NOs)s-
1,00M-GM duoc nung trong khong khi ¢ nhiét do
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cao tao ra cau truc tdm nano v4i do xdp cao (Hinh
2d, 2e, 2f). Két qua nay cho thay rd vai tro dinh

hudng cdu truc cta glucomannan.

O nong d6 dung dich Fe(NOs)s thap (0,01 M),
oxit sathinh thanh chti yéu & dang hat lap phuong
tuong d6i dong déu véi moi canh khoang 50-80
nm. O cdc noéng do cao hon (0,05 va 0,10 M), vat
liéu ton tai 6 dang hat xen 1an céc tAm, kich thude
cac hat khong dong déu va cé su két tu. Khi nong
do dung dich la 0,50 va 1,00 M, vat liéu c6 dang
tam. Dac biét, & nong dd 1,00 M, vt liéu thu duoc
c6 dang tdm voi cau truc ro rét va dong déu nhat;

d6 day cac tdm khoang 100 nm.

béc trung SEM thu duoc cho thay, & nong
do Fe(NOs)s thap (0,01 M) thi vat liéu thu dwoc co
xu hudng tao dang hat kich thwdc nano. Khi tang
nong d6 dung dich Fe(NOs)s thi vat 1iéu hinh thanh

nén dang tdm rd rét va dong déu hon.

Tién hanh nghién ctru cau trtc pha cua cac
vat litu nano oxit sdt tong hop tit dung dich
Fe(NOs)s ¢6 nong do dau lan lwet 1a 0,01, 0,10, 0,50
va 1,00 M va so sanh véi mau tién chat Fe(NOs)s-
GM (néng do Fe(NOs)s 1,00 M) truede khi nung
bang phuong phap nhiéu xa tia X.
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Hinh 2. Anh SEM ctia cac mau Fe2Os tong hop tir dung dich Fe(NOs)s & cdc nong dd ban dau: 0,01 M (a); 0,05 M (b);
0,10 M (c); 0,50 M (d); 1,00 M (e, £); GM (g); Fe(NOs)s 1,00 M-GM (h)

Gian d6 nhiéu xa tia X (Hinh 3) cho thdy tién Fe20s tong hop tir dung dich Fe(NOs); 0,01 va 0,10

chat Fe(NOs)-GM chu yéu c6 dang vo dinh hinh, M, ngoai st 6 mdt cia a-Fe20s, con ¢d su xudt hién
trong khi cac mau vat liéu tong hop duoc c6 dang cac peak nhiéu xa ctia [-Fe20s tai goc 20 b:?mg 38,3,

tinh thé. O cdc mau vat liéu tong hop tir dung dich 45,2,55,5 va 65,9° (JCPDS, no. 39-0238). Vat liéu thu
Fe(NOs)s 0,50 va 1,00 M, xuat hién ctia cac peak déc duoc 1a hdn hop ctia hai pha tinh thé a-Fe20s va -
trung ctia a-Fe20s theo JCPDS no. 33-0664. O nong Fex05. O nong dd Fe(NOs)3 0,01 M, pha B-Fe:0s ¢6
do Fe(NOs)s 1,00 M, vat liéu c6 cac peak nhiéu xa phan chiém wu thé hon. Diéu nay hoan toan phu
v6i cuong do manh, nhon, sic nét, ching to a- hop v6i hinh thai tinh thé 1ap phuwong ctua p-Fe:0s
FexOs hinh thanh ¢6 d6 két tinh cao. O cac mau (Hinh 2a) [18].
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Hinh 3. Gian d6 nhiéu xa tia X ctia mau tién chat Fe(NOs);-GM (ndong d6 Fe(NOs)s 1,00 M) va Fe20s tdng hop
tte dung dich Fe(NOs)snéng d6 0,01, 0,10, 0,50 va 1,00 M
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Nong d6 ban dau cua Fe(NO:s)s ciing ¢ anh
huong 1én sy hinh thanh cac pha cau trac ctia vat
liéu Fe20s. Xu hudng hinh thanh don pha a-Fe20s
tang 1én khi tdng nong d6 Fe(NOs)s tir 0,01 M 1én
dén 1,00 M (Hinh 3). Tai néng d6 1,00 M, vat liéu
nano a-Fe20s thu duoc 1a don pha, dang tdm véi
hinh théi dong déu va d6 day tdm nano khoang 100
nm. Vi vay, chung toi chon mAau vat lieu tong hop
tte dung dich Fe(NOs)s 1,00 M dé€ tiép tuc nghién

cttu mot sO déc trung khac.

3.2 Mot s6 cac dic trung ctia vat liéu nano
Fe20s dang tim tong hop & diéu kién lua
chon

Anh TEM (Hinh 4b) va anh SEM cho thdy
vat liéu tong hop duoc c¢6 dang tdm nano hinh
thanh tit cac hat nano c6 kich thuéc khoang 30-80
nm (Hinh 2a va 2b). Qua trinh phan huy nhiét GM
da tao nén nhing mao quan c6 kich thudc tir rat
nhd (vai nm dén vai chuc nm). Hinh anh HRTEM
cho thdy khoang cach khong gian d 1a 0,37 nm,
tuong tng voi géc nhidu xa 24,1° (Hinh 4a). Day
chinh la khoang cach d(012) ctia cau tric hexagonal

hematite.

B W i il el

Hinh 4. Anh HRTEM (a) va anh TEM (b) ctia tAim nano
Fe20s tong hop tir dung dich Fe(NOs)s 1,00 M
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Trén ph6 EDX cua tién chat Fe(NOs)-GM
(1,00 M) (Hinh 5a) xuat hién peak cua cac nguyén
t6 C, Fe, O. Trén phd EDX cua Fe20s (Hinh 5b) chi
c6 peak ctia nguyén td Fe va O, chiing to sau khi
nung ¢ nhiét do cao, carbon da bi loai bo gan nhuw
hoan toan va san pham thu duoc cha yéu la FexOs.

So sanh phd hong ngoai ctia mau tién chat
Fe(NOs)-GM (1,00 M Fe(NOs)s) va Fe20s (1,00 M
Fe(NOs)s) cho thay mau tién chat c6 peak hap thu
01380 cm!, dac trung cho dao dong hoéa tri ciia lién
két C-H (Hinh 6a) [12]. Peak hap thu ¢ 1640 cm-!
déc trung cho dao dong hoa tri cua lién két hydro
[19, 20]. Peak hdp thu & 1060 cm-! dac trung cho
dao ddng hoa tri cua lién két C-O-C [12]. Cac peak
hép thu ¢ 870 va 800 cm-! déc trung cho dao dong
cac lién két p-glucoside va B-mannoside [12, 21,
22]. Trén phd hong ngoai cia mau Fe20s xuat hién
cac dao dong manh & 536 va 466 cm!, ddc trung
cho dao dong hoa tri cta lién két Fe-O [23]; ngoai
ra, tat ca cac peak ddc trung cia GM da bién mat.
Peak hédp thu ¢ 1640 cm! déc trung cho dao dong
héa tri cua lién két hydro ctia nwéc hdp phu [17].

Phén trim
khéi lrong (%)

Nguyén té

36,52
56,86
6,62

Phén trim
khéi hrgng (%)

Nguyén té

s Lk sl s his s s "
[N I A )
Ul ol 84 cls Curscr 1505 ke (0 cts) [

Hinh 5. (a) Pho EDX ctia Fe(NOs)s-GM (nong d6
Fe(NOs)s bang 1,00 M); (b) Phd EDX ctia Fe20s tong hop
duoc tng véi nong d6 Fe(NOs)s bféng 1,00 M
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Hinh 6. a) Phd hong ngoai ctia Fe(NO3);-GM va Fex0s (Nong d Fe(NOs)s ban dau 1a 1,00 M); b) Dang nhiét hap phu
— khtr hap phu ni to

C4u truc ctia Fe20s duoc nghién cttu sdu hon
bang phuong phap déng nhiét hap phu va khae hdp
phu ni to. Hinh 6b cho thay duong dang nhiét thu
dwoc thudce loai IV theo phan loai caa IUPAC véi
vong tré trong khoang ap suat tuong d6i cao P/Po
0,8-1, cho thdy sw c6 mit ctia mao quan trung binh
trong vat liéu tdm nano a-Fe:0s. Khi ap sudt twong
d8i gan bang 1 thi luong ni to hdp phu ting lén
nhanh chéng, chiing to trong tdm nano a-Fex0s
cling ton tai cac dai mao quan. Puong cong phan
bd kich thuwdc mao quan cho thay tdm nano a-Fe20s
€6 cdu tric vi mao quan (<2 nm), mao quan trung
binh (2-50 nm) va dai mao quan (>50 nm) voi gia
tri trung binh la 58 nm. Két qua nay hoan toan
tuong dong voéi két qua phan tich TEM (Hinh 4c).
Dién tich bé mat riéng tinh theo phuong trinh BET
la 15,92 m2-g-.

Pa c6 nhiéu nhom tac gia st dung cac
phuwong phép khac nhau d€ tong hop a-Fe:0s.
Cuong va cs. da st dung phuong phap thay nhiét
dé tong hop a-Fe20s dang hinh cau voéi kich thuée
khoang 50-100 nm [23]. Park va cs. da stt dung acid
Pluronic P123 lam chat dinh hudng cdu tric tong
hop duroc a-Fe20s ¢é hinh thai nhur con sdu (worm-
like) [24]. Tuy nhién, vdi ddc thl ctia phuong phap
stt dung glucomannan lam chat dinh huéng cau
trac, ching toi da thu duoc vat liéu nano a-Fe20s

dang tdm hogc hon hop nano a-Fe:0s va B-Fe:03
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dang hat tuy vao néng d6 dung dich Fe(NOs)s ban

dau.

4  Kétluan

Trong nghién cru nay, glucomannan da
dinh hudng ciu truc cho qua trinh tong hop nano
Fe20s tit dung dich Fe(NOs)s. O nong d6 Fe(NOs)s
nho, san pham hinh thanh c¢6 dang hat 1ap phuong
pha tron gitta a-FexOs va B-Fex0s. O nong d6
Fe(NOs)s 16n, san pham hinh thanh c6 dang tdm
x0p 10 nét, vdi cac hdc, vi mao quan, mao quan
trung binh va dai mao quan dan xen 1an nhau. Dién
tich bé mat riéng tinh theo phuong trinh BET la
15,92 m?/g.
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