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THONG TIN BAI BAO TOM TAT

< trinh s I¥: Trong bai bao nay, vat liéu nano AgCl/ZnMn;O4 dugc tong hop thanh
Qua trinh xur y: cong bang phuong phap thuy nhiét két hop phuong phap hoa hoc. Vat ligu
Ngay nhgn bai: 12/12/2025
Ngay nhdn ban chinh sira: 19/3/2026 tong hop duoc dic trung bang phuong phéap nhiéu xa tia X (XRD), hién
Ngay nhan ding: 20/3/2026 vi dién tur quét (SEM), phd hdng ngoai (FT-IR) va dang nhiét hip phu-
Ngay xudt ban: 20/4/2026 khr hap phu N2. Két qua phan tich cho thay vat liéu nano AgCl/ZnMn;O4
gom cac pha tinh thé AgCl va ZnMn,O4 v6i d6 tinh thé cao, dién tich bé
mat dat 30,23 m?-g™, véi kich thudc hat nano trong khoang 30-150 nm.

Tir khoa: Vit ligu thu dugc tng dung lam xUc tac cho phan ng khir 4-nitrophenol
AgCl/ZnMn20y; bang NaBH. d¢ tao thanh 4-aminophenol. Dong hoc phan ung khur 4-
4-nitrophenol; nitrophenol bang NaBH. tudn theo m6 hinh déng hoc bac 1, hang s6 toc
Vdt liéu nano. d6 k tang theo nhiét d6 va nang lugng hoat hda cua phan ung xac dinh

duoc 12 65,79 ki.mol ™.

1. PAT VAN BE

Nhiéu ng dung cua vat liéu nano di dwoc nghién ciru rong rii trong cac linh vuce nhu xuc tac (Neal et al.,
2019), cam bién (Montes-Garcia et al., 2021), y hoc (Sawle et al., 2008)... cho thdy day 1a nhom vat liéu ludn
thu hdt sy quan tam dac biét cuia cac nha khoa hoc. Trong sé d6, cac vat lidu oxide kim loai ¢6 cau tric spinel
dugc xem 14 mot hudng nghién ctru day tiém niang nhd vao do bén hda hoc cao, kha ning diéu chinh ciu tric
dién tir, phtt hop cho céc ing dung xdc tac di the. Nhiéu nghién ctru lién quan dén viéc tong hop va ing dung cac
vt liéu spinel da duoc trién khai. M. Y. Nassar va cong su (2017) da tong hop vat liéu ZnMn2O, kich thudc nano
bang phuong phap dbt chay tu phét (auto-combustion) véi cac nhién liéu nhu ure, glycine va L-alanine; vat liéu
thu dugc dugc wng dung dé ché tao cam bién nano hda hoc nham xac dinh omeprazole va lansoprazole. Trong
nudc, Nguyén Lé My Linh va D6 Mai Nguyén (2020) da tong hop thanh cong vt liéu ZnMn,0, bang phuong
phép thiy nhiét. Tiép ndi nghién ctru ndy, nhom tac gia (Phan et al., 2022) da khao sat kha ning xic tac cta
ZnMn;0, trong phan tng phan hay chat nhuém basic fuchsin khi c6 mat tac nhan H.0,, cho thdy tiém ning tng
dung cua vat li¢u spinel ZnMn;04 trong linh vuc xuc tac moi truong.

Bén canh cac vat liéu spinel, AgCl kich thuéc nano ciing dugc quan tdm trong cac nghién ctiu xdc tac gan
day, dic biét trong phan ting khtr 4-nitrophenol (4-NP) bang NaBH,. Tuy nhién, can luu y rang hau hét cac cong
bd lién quan dén AgCl déu tap trung vao céc hé vt liéu té hop, trong d6 AgCl duoc két hop véi cac thanh phan
khac nhu kim loai Ag (Konvickova et al., 2018; Lu et al., 2020), tannic acid-cellulose hydrogels (Zhang et al.,
2021), nham tang cuong do phan tan, cai thién kha nang truyén electron. Trong cac hé nay, AgCl thuong dong
vai tro trung tm hoat héa, tham gia vao qué trinh tiép nhan va trung gian chuyén electron tir BH,~ dén phan tur
4-NP. San pham cua phan ung khir 4-NP [a 4-aminophenol (4-AP), mot hop chat trung gian quan trong trong
cdng nghiép duoc pham, dic biét trong san xuat thudc giam dau va ha sot (Seo et al., 2017).

Xuét phét tir nhitng phan tich trén, viéc két hop AgCI véi nén spinel ZnMn0s duoc ky vong sé tao ra hiéu
g hiép dong, trong d6 ZnMn»Os khong chi déng vai tro chat mang gidp phan tan t6t AgCl ma con c6 thé hd
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trg qua trinh chuyén electron trén bé mat x(c tac, tir 46 nang cao hiéu qua phan @ng khir 4-NP. Trén co sé do,
nghién ctru nay tap trung tng hop vat liéu ZnMn.Os bing phuong phép thiy nhiét, sau d6 phi AgCl bing
phuong phap hoa hoc. Hoat tinh xuc tac cua hé vat lieu AgCl/ZnMn;0, duge danh gia thong qua phan ng
khir 4-NP bang NaBH,. Bong thoi, anh huong cua nhiét do dén quéa trinh khir 4-NP trén hé xuc tac
AgCl/ZnMn,0; ciing duoc khao sat nham lam 1 ddc trung dong hoc cua phan ang.

2. PHUONG PHAP

2.1. Héa chat

Zinc sulfate heptahydrate (ZnSO, 7H:0), manganese(ll) sulfate monohydrate (MnSO,-Hz0), tin (I1)
chloride dihydrate (SnCl,-2H,0) sodium hydroxide (NaOH), ethanol (C,HsOH) (Trung Quoc), 4-nitrophenol
(Merck), sodium borohydride (NaBH.) (Merck).

2.2. Tong hop vt liéu AgCl/ZnMn 0,

Vit liéu nano AgCl/ZnMn, 0,4 dugc tong hop theo 2 giai doan:

- Giai doan 1: Tong hop vat ligu ZnMn,04 ¢6 cau tric nano bang phuong phép thiy nhiét theo cong bd
(Nguyén & Do, 2020).

Hoa tan hon hop ran ZnS0,7H,0 va MnSO4-H20 Vi ti 1§ mol 1:2 vao 40 mL nudc cat, khudy déu bang
may khuay tir voi toc do 500 vong/phut trong 1 gio. Tiep theo, vira khuay vira nhé tur tir ting giot den het 60
mL dung dich NaOH 1 M. Khuay déu hon hop trong 15 phut, sau d6 cho toan bo hon hop vao binh Teflon.
bat binh Teflon vao autoclave, déy that kin va say ¢ nhiét d 120 °C trong 24 gio. Sau khi thuy nhiét, autoclave
dugc dé nguoi mot céph tu nhién dén nhiét do ph(‘)ng.ﬂLoc ket tua thu duoc roi ria nhieu lan bang nuéc cat,
sau d6 bang ethanol dén khi dich loc ¢6 pH 7,0. San pham thu dugc say khé ¢ 80 °C, sau d6 nung 500 °C trong
4 qio.

- Giai doan 2: Tong hop vat liéu nano AgCl/ZnMn,04

_ Cho 0,5 g vat liéu ZnMn204 da tong hop & giai doan 1 vao 40 mL dung dich SnCl2/C:HsOH 0,05 M, khudy
deéu hon hop bang may khuay tu ¢ nhiét do phong trong 5 phat. Tiep theo, thém vao hon hop 40 mL dung dich
AgNOs c6 nong do xac dinh va khuay deu hon hop bang may khuay tir véi toc do 750 vong/phut trong nhiing
khoang thoi gian khac nhau. Sau khi khuay xong, loc tach ket tua va rira nhieu lan bang nuéc cat den khi dung
dich loc ¢6 pH =~ 7,0. San pham thu dugc say khé ¢ 70 °C.

2.3. Khao sat kha nang xiic tdac cia vdt liéu

Phan {ng khir 4-nitrophenol (4-NP) bang NaBH, trén xdc tac AgCl/ZnMn,04 duoc thyc hién nhu sau:

Cho 0,1 g NaBH, vao 150 mL dung dich 4-NP 20 mg/L, khudy tir véi téc do 500 vong/phiit & nhiét do 30
°C trong 15 phdt, mau cua dung dich chuyen tir mau vang nhat sang mau vang dam. Tiep theo, cho Xuc tac
AgCl/ZnMn204 vao hon hop va khuay lién tuc. Sau mot khoang thoi gian xac dinh, dung pipet lay 4 mL dung
dich dem ly tam lay phan long. Nong do con lai cia 4-NP dugc xac dinh bang phuong phap UV-Vis ¢ cac thoi
gian d6 ¢ budc song 400 nm. Trong phan khao sat nay, yeu to anh hudéng dén kha néng xtic tic AgCl/ZnMn20,4
trong phan tng khir 4-NP bang NaBH. dugc nghién ciru la nhiét d6 (293 K, 303 K, 313 K).

3. KET QUA VA THAO LUAN

3.1. Dac trung vat lieu AgCl/ZnMn >0y
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Hinh 1. Gian d¢6 XRD cua vat liéu AgCl/ZnMn;0..
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Gian d6 XRD cua vat liéu AgCl/ZnMn,04téng hop dugc trinh bay & hinh 1. Hinh 1 cho thdy gian d XRD
ctia mau AgCl/ZnMn;O, xuét hién cac peak dic trung cho pha tinh thé ZnMn,O4 (JCPDS 24-1133) & 18,40°;
29,32°;33,07°; 35,86°; 60,88° twong ung vai cAc mat phan xa (101); (112); (103); (211); (224) (Taghavi Fardood
et al., 2019) va pha tinh thé lap phuong tim mat AgCl & 27,7°; 32,1°; 46,1°; 57,4° twong tng véi cac mat phan
xa (111); (200); (220); (222) (Al Aboody, 2019). Céc peak dic trung cho pha tinh thé AgCl, ZnMn,O4 sic nét
V6i cuong do manh, khéng quan sat thiy cac peak dic trung cho zinc oxide, manganese oxide va silver cho thay
vt liéu tong hop cha yéu chira cac tinh thé AgCl, ZnMn;O4 ¢6 ciu triic trat ty.

Hinh 2 trinh bay phd FT-IR cua vat liéu AgCl/ZnMn,0..
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Hinh 2. Phé FT-IR cua vat liéu AgCl/ZnMn,0..

Tir hinh 2 nhan thiy FT-IR ciia mau tong hop bao gom cac peak ¢ sb song 3414 cm™, 1639 cm?, 1113 cmr
1621 cm™, 513 cm™. Peak & s6 s6ng 3414 cm™ dic trung cho dao dong cua lién két O — H trong nudc hap phu
vat ly va peak c6 sb séng 1639 cm! dic trung cho dao dong bién dang 8101 (Peng et al., 2015), peak c6 sb
song 1113 cm dic trung cho dao dong kéo dan cua lién két S-O trong ion SO.%, cho thiy cac nhém sulfate
van con trong mau, peak c6 sé song 621 cmt dic trung cho dao dong bién dang Zn — O cua cau tric ZnMn,04
(Nguyén & D3, 2020), peak c6 sb séng 513 cm™ dic trung cho dao dong bién dang Mn — O trong mang bat
dién (Nguyén & D3, 2020). Vung hap thu 250 - 350 cm™ dic trung dao dong lién két Ag—Cl trong mang tinh
thé (Bottger & Geddes, 1967). Biéu nay khang dinh vat liéu AgCl, ZnMn,04 da duogc hinh thanh, két qua phu
hop véi su phan tich XRD & trén.

Anh SEM cua vt liéu AgCl/ZnMn20, duoc trinh bay & hinh 3.

IMS-NKL 5.0kV 5.4mm x150k SE(M)

Hinh 3. Anh SEM cua vat liéu AgCl/ZnMn20..

Hinh 4 1 duong dang nhiét hap phu/giai hap phu N2 cua vat liéu AgCl/ZnMn,0..

Tir hinh 4 nhan thiy dudng ding nhiét hap phu - khtr hdp phu cia mau AgCl/ZnMn,O, thudc loai 111, dién
tich bé mat vat lieu AgCl/ZnMn,0, tinh duoc 12 30,23 m2.g~. So véi vat liéu ZnMn,O, tong hop hop ¢ giai
doan 1 ¢6 dién tich bé mat 13,83 m2.g™* (Nguyén & D3J, 2020), dién tich bé mat cua vat liéu AgCl/ZnMn;0.
dugc cai thién 1a do sy hinh thanh AgCl phu trén bé mét vat liéu ZnMn,0,. Puong dang nhiét hap phu va giai
hip phu cia mau c6 vong tré kiéu Hslién quan den su haip phu da 16p phan tir N2 trong cac mao quan cua vat
liéu, c&c mao quan nay c6 thé lién quan dén sy sap xép cta cac hat lién ké ciia vat liéu nhu quan sat thay ¢ anh
SEM.
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Hinh 4. Buong dang nhiét hap phu/giai hap phu N cua vat liu AgCl/ZnMn,0..
3.2. Ung dung vt liéu AgCl/ZnMn;04 lam xiic téc cho phan g khit 4-nitrophenol bang NaBH
Phan ung khir 4-NP trén xuc tdc AgCl/ZnMn,04 dugc mé ta nhu sau:

OH OH
AgCl/ZnMn,0, (1)
3NaBH, + 4 — > + 3NaBO, + 2H,0

NO, NH,

Phan tng khir 4-NP bang NaBH, dé tao thanh 4-AP thuan loi vé mat nhiét dong hoc. Tuy nhién, phan ng
nay lai bi han ché vé mat dong hoc néu khdng c6 mat chat xdc tac. Hoat tinh xGc tac cua vat liéu ZnMn2Os,
AgCl/ZnMn,04 trong phan tng niy da dugc nghién ctru. Hinh 5 trinh bay hiéu suat chuyén héa 4-NP trén xdc
tdc ZnMn,04va AgCl/ZnMn,04 sau 30 phut phan ung.

30 A

25

204

Hiéu suit chuyén hoa 4-NP (%)

AgCVZnMn,0, ZnMn,0,
Hinh 5. Hiéu sudt chuyén héa 4-NP trén xdc tac ZnMn;O, va AgCl/ZnMn,04 sau 30 phut phan tng.
Hiéu suét chuyén hoa 4-NP dugc tinh theo cong thirc:
= (C,-C,)x100% @)
G
_ Trong d6: Co va Ci (Mg.L™?) lan luot 12 nong d6 4-NP tai thoi diém ban dau va tai thoi diém t phan tng. Do
nong do 4-NP ti I¢ thuan véi d6 hap thu A, nén phuong trinh (2) c6 thé duoc viet lai nhu sau:
= (Ap-A,)x100% 3)
4o
Trong do: Ao va A lan luot 1a 4o hap thy cia dung dich 4-NP & budc séng 400 nm tai thoi diém ban dau va
tai thoi dieém t phan ng.
Két qua & hinh 5 cho thdy mau ZnMn;O4 hau nhu khong thé hién hoat tinh xtc tac, higu suat chuyén hoa 4-NP
chi dat 3%, trong khi mau AgCI/ZnIyIn204 cho hiéu suat chuyén hoa 4-NP 1a 27,9%. Nhu vay, véri,su cd mat cua
AgCl, vat liéu AgCl/ZnMn,O,da thé hién hoat tinh xtc tac cho phan ung khir 4-NP bang NaBH, tot hon.
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~ Trong phan ting khir 4-NP khao sat ¢ bai bao nay, ndng d NaBH, lon hon nhiéu so véi ndng d 4-NP, nén
toc do phan ing khur 4-NP bang NaBHa xem nhu chi phu thudc vao nong do cua 4-NP. Phuong trinh dong hoc
bac 1 dugc dung dé mé ta dong hoc khir 4-NP bang NaBHa trén xdc tac khao sat.
Phuong trinh dong hoc bac 1:

C_g A
Zna—lnAo kt (@)

Trong d6 k (phut™) hang sé toc do bac 1 biéu kién.
Hinh 6 biéu dién do thi phuong trinh dong hoc bac 1 cua phan (ing khir 4-NP bang NaBH. trén xic tac
AgCl/ZnMn,04 ¢ cac nhiét @6 khac nhau véi nong do dau caa 4-NP 1a 20 mg/L.

- 0,0
3 "%:%::
[=]
S
c -04
= = 293K
e 303K
gl & 31K
1,2 4
A
-1,6
-2,0
T T T T T T T
0 5 10 15 20 25 30
t (phit)

Hinh 6. D thi mé6 hinh dong hoc bac 1 caa phan wng khir 4-NP bang NaBH, trén xtc tic AgCl/ZnMn,0,
& cac nhiét d6 khac nhau.

Cac tham sb ciia phuong trinh dong hoc dugc tom tat & bang 1.

Béng 1. Cac tham s6 thu dugc tir phuong trinh dong hoc bac 1 ciia phan wng khir 4-NP bang NaBH, trén x(c tac
AgCl/ZnMn;04 6 cac nhiét do khac nhau

Nhiét do (K) k (phat?) R
293 0,0053 0,944
303 0,0079 0,956
313 0,0258 0,012

Két qua & bang 1 cho thay hang s6 toc do phan (ing k tang theo nhiét do. Piéu nay dugc Iy giai boi viéc gia
tang nhiét do lam cac phan tir chuyén dong nhanh hon, dan dén so va cham hiéu qua giira chtng nhicu hon, tir
do6 1am toc do phan tmg tang 1én.

Nang luwong hogt hda

Dua vao phuong trinh Arrhénius, ning luong hoat hda cua phan (ng duoc tinh theo biéu thuc:

Ink=—E2 4+ InA 5)
RT

Trong d6, Ea 12 nang lwong hoat hda; k 1a hang s toc do phan tng, A 1a thira s6 tan sb.
-3,5

Ink

[
H v =-79133x + 21,535
R =0.924

-4,0 4

45

5,0

T T T T T
000320 000325  0,00330 000335  0,00340
VT (KY

Hinh 7. Méi quan hé tuyén tinh gitra Ink va 1/T.
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Tir cc sb liéu thuc nghiém v& db thi Ink theo 1/T (hinh 7), ta s& tinh dugc ning luong hoat héa cua phan
ung.

Tir hinh 7, ning luong hoat hoa cua phan tng khir 4-NP bang NaBH, trén xdc tac AgCl/ZnMn,04 duoc Xac
dinh 12 65,79 kJ.mol™.. So véi cong b khéc, gia tri nang lwong hoat héa tinh duoc trong phan tng 1a nho hon
(Iben Ayad et al., 2020) va twong duong (Mondal et al., 2017). Hoat tinh x{c tac cua AgCl/ZnMn204 trong
phan wng khtr 4-NP bang NaBH, duoc quy cho hiéu ang hiép dong gitta AgCl va nén spinel ZnMn.Os, gitup
tang cudng qua trinh truyén electron trong phan tng khir 4-NP.

4. KET LUAN

Vit liéu nano AgCl/ZnMn,0, duoc tong hop véi kich thudc hat 30-150 nm, gom hai pha tinh thé AgCl va
ZnMn, 04 c6 d6 két tinh cao. Sy hién dién cua 16p phit nano AgCl trén cac hat ZnMn2Os gop phan lam ting
dién tich bé mat cua vat liéu 1én 30,23 m2-g'. Phan @ng khir 4-NP bang NaBH, trén xuc tac AgCl/ZnMn204
tuan theo mo hinh dong hoc bac nhit. Hiang s6 téc do phan ¢ng k ting theo nhiét d6. Ning luong hoat hda
cua phan tng duoc xéc dinh la 65,79 kJ.mol™.

’ L&i cam on: Nghién ciru nay duoc tai tro boi truong Dai hoc Su pham, Pai hoc Hué trong nhiém vy ma
s0: “NCTBSV T.24-TN.104-01".
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In this study, AgCl/ZnMn;O4 nanomaterials were successfully
synthesized using a hydrothermal method combined with a
chemical method. The obtained materials were characterized by X-
ray diffraction (XRD), scanning electron microscopy (SEM),
Fourier-transform infrared spectroscopy (FT-IR), and N:
adsorption—desorption isotherms. The results indicate that the
AgCl/ZnMn,04 nanomaterials contain well-crystallized AgCI and
ZnMn;04 phases, with a specific surface area of 30.23 m*>-g™! and
nanoparticle sizes ranging from 30 to 150 nm. The synthesized
material was applied as a catalyst for the reduction of 4-nitrophenol
by NaBH, to produce 4-aminophenol. The reduction Kinetics of 4-
NP by NaBH, follow a first-order kinetic model, with the rate
constant k increasing with temperature, and the activation energy
of the reaction determined to be 65.79 kJ.mol ™.
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