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Vai tro cua GO trong tang cwong hoat tinh xuc tac
cta vat liéu nano to hgp MnQ_-GO cho cim bién do mau
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Tém tit:

Graphene oxit (GO) véi dién tich bé mit riéng 16n va dd linh dong dién tich cao dwoc biét dén nhw mdt vat li¢u nano
chirc ning quan trong, dac biét trong phat trién cac loai vt liéu xtic tac méi. Trong nghién ciru nay, vat liéu to hop
MnO,-GO duge tong hop nhim danh gia vai tré ciia GO trong viéc ting cwong hoat tinh xuc tac cia MnO,. Két qua
cho thay, su hién dién cia GO khong chi glup cac hat nano MnO, phan bd dong déu hon ma con lam tang dang ké
dién tich bé mat hoat héa (1,162 lan) va toc do chuyen dién tich qua bé mat dién cuwe (2,5 14n) so véi MnO,. Trong
khao sat phan ung oxy héa co chit 3,3,5,5- tetramethylbenzndlne (TMB), vt liéu MnO,-GO thé hién c1r0'ng do hap
thu tai 450 nm cao gip 5,82 1in so voi MnO,, kém theo sw thay d6i mau sacro rét tir xanh lam sang vang. Su gia tang
nay chirng t6 GO ddong vai tro trung glan hleu qua trong qua trinh truyen electron, giip ting kha nang xtuic tic cia
vét ligu. Cac két qua thu dwge cho thiy vit li¢u nano to hop MnO,-GO hira hen 1a ing cir vién tiém ning cho ng
dung cam bién do mau.
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Abstract:

Graphene oxide (GO) has been regarded as an important component in functional materials, particularly for
developing a variety of catalysts due to its large specific surface area and high charge mobility. In this article,
MnO,-GO nanomaterial was successfully synthesised using a chemical method to investigate the impact of GO on
its catalytic activity. The results demonstrated that the presence of GO not only facilitated the uniform dispersion of
MnO, nanoparticles on its surface but also significantly increased the electrochemically active surface area (by 1.162-
fold) and the charge transfer rate (by 2.5-fold) compared to pure MnO,. The results of catalytic activity evaluation,
assessed through the oxidation of 3,3,5,5-tetramethylbenzidine (TMB), revealed that the MnO,-GO nanomaterial
exhibited much higher catalytic efficiency. Specifically, the absorbance peak at 450 nm for the MnO,-GO-TMB
system was 5.82 times higher than that of MnO,-TMB system, accompanied by a distinct color change from blue to
yellow, which was easily observable by the naked eye. The obtained results suggest that the MnO,-GO nanomaterial
is a promising candidate for colorimetric sensor applications.
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1. Dt van deé

Ngay nay, v6i sy gia ting nhu cau vat liéu thong minh cho nhiéu
{mg dung lién nganh din dén sy phat trién mot cach manh mé trong
linh vuc nghién ctru vé vat liéu méi va cong nghé nano. Vit liéu
nano 6xit kim loai chuyen tiép nhu MnO,, SnO, hay WO, da nhén
duoc sy quan tim déng ké trong nhiing nam gan day do chung co
nhiéu dic tinh quy béu c6 lién quan dén sy thay doi cau tric 16p, bé
mit va hira hen tiém ning tmg dung trong nhiéu linh vuc nhw quang
dién tu, xuc tac, y sinh va nang lugng [1, 2].

Trong sd cac vt liéu trén, MnO, da va dang nhén dugc sy quan
tam lon cla cac nha nghién ctru trong nhitng ndm gan day do so
hitu nhiéu dic tinh uu Viét. V& mit cau tric, MnO, ¢ thé ton tai
& nhiéu hinh dang cau truc nano khac nhau nhu dang thanh, dang
hat, dang day, dang tAm (2D)... [1]. Mot trong nhiing déc tinh dgc
ddo cua vat lieu MnO, do6 1a hoat tinh guic tac manh gif)ng nhn mot
enzyme ty nhién. MnO, c6 kha néng ket hgp voi mot s co chat nhu
TMB (3,3,5,5-tetramethylbenzidine), OPD (o-phenylenediamine),
DAB (diazoaminobenzene) dé tao ra mot phan mg mau [3-5]. Do
Vay vat liéu nano MnO, dugc goi 1a mot “enzyme nhén tao hay

“nanozyme”. Dua vao thuoc tinh tha vi ndy, vét liéu MnO, 2D da
duoc mot s6 nhom nghién ciru bao cao vé kha nang (g dung cho
cam bién do mau nham phat hién nhiu chit 6 nhiém nhw ion kim
loai nang, cac chét hitu co khdi lwgng phén tir nho [6, 7]. Trong k§
thuat cam bién nay, MnO, duogc str dung dé oxy héa dung dich TMB
khong mau thanh dung dich ¢6 mau xanh lyc, xanh lam hoac vang
v6i cac bude song va gia tri hap thu khac nhau. Sy co mat cla cac
chat 6 nhiém trong phan mg oxy hoa TMB dan dén su thay di vé
vi trf, cudng do dinh hdp thu va mau sic cua dung dich 1a nhing tin
hiéu nhan biét cia cam bién. Tuy nhién, hoat tinh xtc tac cua MnO,
cung dugc danh gi la bi anh huong boi nhiéu yéu t6 lién quan den
moi truong phan tmg. Do vdy, viéc on dinh va ndng cao hoat tinh
xlic tac cia MnO, 1a mot trong nhimg vén dé rat quan trong nhim
khai thac t6t tlem nang ung dung cua dang vat liéu nay.

Bén canh mot s giai phap lién quan dén cong nghé ché tao,
viée 0 hop MnO, v6i mot vat ligu khac nhu graphene oxit (GO)
cling 1a mot trong nhimg huéng nghién ctru thu hat duge su quan
tim cua nhiéu nhom nghién ciru trén thé giéi. GO duoc biét dén la
mdt vat lidu nano ¢6 cau trac hai chidu s¢ hitu nhidu dic tinh khac
biét nhu dién tich bé mat 16n, céu tric dién tir linh dong, kha ning
twong tac tot voi cac phan tir sinh hoc, héa hoc [8] di duoc phat
trién tmg dung rong rdi trong cam bién nano nham phat hién va theo
doi ton du cac loai thude, hoa chat doc hai trong thuc phim, nong
nghiép. J. Gao va cs (2021) [9] da két hop MnO, véi GO trong cau
triic nano t6 hop de ché tao cam bién nano dién hoa nhim phat hién
tryptophan, mot tién chat quan trong cho qué trinh sinh tong hop
chat kich thich tang truong ¢ thyc vat. Hién nay, cac nghién ctru
trong va ngoai nudc nhim khai théc tiém ning tmg dung ciia hé vat
liéu nano to hop két hop gitra MnO, va graphene hodc GO chu yéu
tp trung cho siéu ty, hap phu hoac cam blen dién hoa. Cac nghién
ctru lién quan dén a (g dung vét liéu nano t6 hop nay cho cam bién
do mau con han ché.

Trong nghién ciru nay, ching t6i tdp trung vao khao sat kha
nang (g dung cta h¢ vét ligu MnO,-GO trong cam bién do mau.
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MnO,-GO duoc che tao theo quy trinh don gian ¢ diéu kién nhiét do
phong trén co 8O nén GO dugc tong hop theo phuong phap dién hoa
tir nguon dién cyc graphite. Phan tmg oxy hoa TMB (khong méu)
thanh oxTMB (c6 mau) duoc st dung dé danh gia hoat tinh xtc tac
cia MnO,-GO. Sy tac dong qua lai hay higu img hiép dong gitra GO
va MnO, den sy tang cudng hoat tinh xtc tac cua MnO,-GO dugc
duara Va thao ludn chi tiét.

2. Vat liéu va phuong phap nghién ciiu
2.1. Héa chit va thiét bi

Dién cuc graphit (dang thanh, chiéu dai 8 cm, duong kinh 5 mm,
Trung Qudc), K,CO, (dang bot, 99,5%, Han Qudc). Bo cap ngudn
da nang (Model: ST8008-6K Lucas Nuelle/Dirc). May khuay tr gia
nhiét (Model: C-MAG HS7 IKA/Malaysia). Nudc ct 2 1an sir dung
cho thyc nghiém dugc chuan bi tir hé thong Milli-Q® system (18,2
MQ cm tai 25°C).

Hoa chat cap phén tich (AR) duoc st dung bao gdm: Manganese
clorua (MnCl,, Sigma Aldrich, 99%), Tetrametylamoni hydroxit
(TMAOH) (Sigma Aldrich, 99%), 3,3,5,5-Tetramethylbenzidine
(TMB, Sigma Aldrich 98%), Hydrogen peoxit (H,0,, Aladin, 30%).

272
Dung dich dém phot phét (PBS, pH 4,0) dugc chuan b tir cac
mudi NaCl, KCI, Na,HPO,.12H,0 va KH,PO, (Merck KGaA, birc,
>99%). Do pH cua dung d1ch PBS dugc dleu chlnh bing axit H,PO,
(0,1 M) va bazo NaOH (2 M).

2.2. Téng hop vit ligu nano Mn0,-GO

MnO,-GO dugc tong hop & didu kién nhiét do phong bang
phuong phap oxy hoa (hinh 1). Dau tién, GO (1 mg/ml) dugc tong
hop theo phuong phdp dién hoa (e-GO) nhu da dugc mo ta trong
nghién cuu trude day [10]. Tlep theo, str dung 2 ml H,0, 30% va 12
ml TMAOH dugc nho giot ddng thoi vao hon hop gom dung dich
gdm 10 ml GO va 10 ml MnCl, trong diéu kién co khudy tir. Dung
dich mau vang nhat s¢ chuyen dan thanh mau ndu den cho thiy
su hinh thanh ciia MnO, do ion Mn** bi oxy hoa thanh Mn*" boi
H,0, trong sy c6 mat cua TMAOH. Tiép tuc qua trinh khuay trong
khoang thoi gian 12 gi¢ ¢ nhiét d§ phong. Cudi cung, két tia hinh
thanh dwogc dem ly tam, loc rira nhiéu lan voi nude cat va siy kho &
60°C trong thoi gian 5 gior dé thu MnO,-GO.

Loc rira,
ly tam

Nh6 glot
rong 15 glay

Hinh 1. So d6 tong hep vét liéu nano MnO,-GO.
2.3. Phuong phdp phén tich diic trwng cdu triic ciia vit liéu

Vit liéu sau khi ché tao duoc phan tich dic trung cdu tric bing
cac phuong phap: do phd hdp thu nguyén tir kha kién (UV- Vis),
phép do nhiét trong lugng (TGA), do quang phd hong ngoai bién
d6i Fourier (FTIR), do quang pho Raman va phéan tich hién vi dién
tir quét (SEM).
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2.4. Phuwong phdp phan tich dic trung dién hoa ciia vt li¢u

Ky thuat quét thé vong tudn hoan (CV) va do phd tong trd (EIS)
dugc sir dung dé xéc dinh dién tich bé mat hoat hoa va kha nang
chuyén dién tich cta vét lidu MnO,-GO. Qua trinh quét CV duge tién
hanh trong khodng do tur -0,3 den 0,6 V véi toc do quét 50 mVs'.
Qua trinh do EIS dugc thyc hién trong khoang tan sb tir 0,01 dén
50.000 Hz voi E_ =0,01 V, E, =0,15 V. Cac phép do dién hoa duoc
thyue hién trén hé dién hoa Palmsens4 (PS Trace, PalmSens, Ha Lan).

2.5. Phuong phdp ddanh gida hogt tinh xiuc tdc cua vit liéu

Hoat tinh xuc tac cua vat liu dugc danh gia dwa vao
phin Gng gitta enzyme (MnO, hodc MnO,-GO) véi co chat
3,3,5,5-Tetramethylbenzidine (TMB) trong m01 trudng axit. Pau
tién, 1200 pl dung dich MnO, hodc MnO,-GO voi cac nong dg khac
nhau dugc thém vao 2000 pl dung dich dém PBS pH 4,0. Sau do,
400 pl dung dich TMB 690 uM duge thém vao hén hop va lic déu
trong 5 phut dé phan g dugc xay ra hoan toan. Hon hop phén tmg
sau do6 duoc do phé hép thu UV-Vis dé xé4c dinh sy thay d6i cac dinh
hép thu dic trung cta cac chat trong qua trinh phan tng.

3. Két qua va ban luan
3.1. Phdn tich dic trung ciu triic ciia vt liéu

Céc dic trung chu trac cua vat lidu duoc nghién ciu st dung
cac phuong phap phan tich phd UV-Vis, Raman, TGA, FTIR va anh
SEM. Nhu két qua chi ra trong hinh 2, ¢6 thé quan st théy pho hap
thu cua MnO,-GO (hinh 2A) do dugc trong dai tir 200 dén 800 nm,
co cac dinh hap thy dic trung 6 230, 270 va 410 nm. Dinh hép thy tai
bude song 410 nm dugce quy cho cac chuyén doi d-d cua céc ion Mn
trong vt liéu MnO,. Sy hién dién cua dinh 230 nm rat 1d rang cho
thay su dich chuyen dién tir tir © 1én w* cuia lién két doi C= C trong
chu tric vong thom. Ngoai ra, mot dinh voi cuong do thap xuét hién
¢ vung bude song 270 nm dai dién cho su dich chuyén dién tur tr n
1én w* cia lién két C=0. Bén canh do, két qua phan tich anh vi cau
triic SEM trong hinh chén hinh 2A cho thiy sy phan b dong déu cua
cac hat nano MnO, trén bé mat vat liéu GO dang tAm.
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Hinh 2. (A) Ph6 UV-Vis (hinh chén: anh SEM), (B) phd Raman, (C) phé TGA va (D)
phd FTIR cua vat liéu MnO,-GO.
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Hinh 2B hién thi phd Raman cua vat liéu MnO,-GO. Co6 thé
thy, c6 2 dinh cuong do cao trong khoang 567 va 643 cm! do cac
dao dong Mn-O ddi xtmg [11], 2 dinh khéc ndm & khoang 1330
va 1595 cm! lan lugt dai dién cho dinh D gy ra bai cac khiém
khuyét cdu truc trong graphene va dinh G lién quan dén sy tin xa
bac nhat cta cac phonon E, trong lai hoa sp*[12].

Duong cong nhiét trong lu’orng TGA cua méau MnO,-GO dugc
thé hién nhu hinh 2C. C6 the thdy rang, vat ligu MnO -GO ¢6 2
budc thay ddi khdi lvong miu, & khoang nhiét do 250°C vat ligu
Xdy ra qué trinh bay hoi nudc bi hip phu va su phan hily nhiét ciia
cac nhom chuc nhu carboxyl, hydroxyl, epoxy, nitrogen dioxide.
Ty 1¢ giam trong luong ciia vat lidu ¢ budc thay doi nay 1én téi
13,7% dugc cho 1 do su khong on dinh ctia GO & nhiét do cao va
do su thay ddi pha xay ra & MnO,. Vat ligu MnO-GO xuat hién
thém mot budc giam khdi 1,7% khoang trén 400"C co thé 1a do
qué trinh dt chay carbon va budc chuyén pha tiép theo cua MnO,
[13].

Céac nhom chue trong MnO,-GO duoc phan tich bang quang
phd FTIR. Pho FTIR ciia MnO -GO cho thay su xuat hién cac
dao dong dac trung cho cac hen két ciia nhom chirc. Mot dinh
xuat hién tai 3430 cm™! twong Ung véi dao dong kéo gidn O-H
ctia nhom hydroxyl. Dao dong tai vi tri 2848, 2360, 1627, 1080
va 1150 cm! 1an luot duoc gan cho cac nhom C-H, nhom C=0=C
dao dong kéo dai trong carbonic, nhém C=C, nhém C-O va nhom
C-0-C trong cau tric vong thom ctia mang nén GO. Ngoai ra, con
¢6 su xuat hién cua dinh 515 cm! 1a dao dong kéo gian Mn-O a6i
xung trong bat dign MnO, ciia MnO, [14].

Tur cac két qua phan tich trén cho thdy, vat lidu nano t6 hop
MnO,-GO da duoc ché tao thanh cong sir dung quy trinh don glan
o nhlet d9 phong. Nano MnO, duoc lién két va phan b6 dong deu
trén bé mat ciia tim GO. Val tro ctia GO trong cau triic nano t6
hop s& duoc phan tich va danh gid chi tiét hon trong phan tiép theo
thong qua viéc danh gia kha ning chuyén dién tich va dién tich bé
mat hoat hoa cua vat liéu.

3.2. Phén tich dac trung bé mdt hoat dpng ciia vit liéu

Dé danh gia duoc céc dic tinh quan trong ciia vat liéu nhu dién
tich bé mat hoat hoa, kha nang chuyén dién tich, chiing toi su dung
cac ky thuat CV va EIS. Hinh 3A trinh bay két qua thu dwoc tir
k¥ thudt quét thé vong tudn hoan ddi véi cac dién cuc duge bién
tinh v6i vat liéu MnO, va MnO,-GO trong dung dich 0,1 KCI ¢6
chta 5,0 mM K [Fe(CN) K, [Fe(CN) ]. C6 thé quan sat thdy mot
cdp dinh oxy h(')a khur sfic nét dac trung cho qua trinh oxy hoa khu
thudn nghich cua céc ion Fe(CN )/ Fe(CN )* trong duong cong
CV ciia ca hai dién cuc. Két qua cho thy, dién cuc bién tinh voi
MnO,-GO thé hién cc cudng do dong dién cuc dai cao hon so vai
dién cuc chi bién tinh véi MnO,. Két qua nay c6 thé 1a do dong
g6p cua GO trong viéc cai thlen dién tich hoat hoa bé mat cua to
hop vét li¢u. Bén canh do, di¢n cyc phu MnO,-GO ciing cho do
tach dinh (AE ) nho hon dién cuc phi MnO,. Ket qud ndy goi y
ring, toc do chuyen dién tich qua bé mat dlen cuc phu MnO,-GO
1a cao hon so v6i truong hop chi c6 MnO,.
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Hinh 3. Bwdng cong CV (A) va biéu db Nyquist (B, C, D) ciia cac dién cwe da bién
tinh véi cac vét liéu nano MnO, va MnO,-GO.

Hinh 3B, 3C va 3D thé hién cac két qua thu duoc tir k¥ thudt EIS
hién thi du6i dang biéu dd Nyquist. Vi ca hai dién cuc, EIS bao
gdm hai hinh ban nguyét & ving tan sb cao va tin sb trung binh va
duong gan thiang ¢ ving tan s thap [15]. Phan hinh ban nguyét quan
sat thiy ¢ ving tan sb cao pht hop v6i qua trinh gi6i han chuyén
dién tich va hinh ban nguyét ¢ ving tan sd trung binh twong g véi
qué trinh dong gbp cua qué trinh truyén khéi cua céc loai oxy héa
khir qua 16p x0p cta vat lidu nano bién tinh. Phan tuyén tinh duoc
thdy & viing tan sb thap tuong tmg v6i qué trinh truyén khdi cua cac
loai oxy hoa khtr dén bé mat dién cuc. Tur két qua thu dugc, chiing t6i
tién hanh xac dinh cac thong s6 sir dung phan mém fit mach twong.
Cac gia tri R | Qdién trg chuyén dién tich) cia MnO, va MnO,-GO
dugc tinh toan lan luot 1a 206 va 82 Q. Viéc bo sung GO vao vit li¢u
da lam giam Ra do GO di tao diéu kién thuan lgi cho viéc :[ruyén
tai dién tich bé mat cua vat li¢u. Ngoai ra, viéc két hgp cac cau tric
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Hinh 4. Bwong cong CV (A, B) va s phu thudc tuyén tinh (C, D) cua dién cwc
MnO, va MnO,-GO véi sw thay déi toc do quét tir 10 dén 100 mVs™.
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2D-2D (GO, tim nano MnO,) da tao ra ceflu tric x6p gitp cac loai
oxy hoa khtr co the dich chuyén dén va tiép cap céc vi tri hoat hoa
trén bé mat vat lidu va tham gia phan tng, do d6 dan dén cai thién do
6n dinh theo chu ky véi kha nang khuéch tan nhanh céc loai oxy hoa
khir. Ngoai ra, GO cung cép nhiéu vi tri hoat dong cho trong tic ion
dan dén tang cuong kha nang luu tri dién tich [16]. Két qua thu dwoc
tir k§ thuat EIS phu hop véi cac két qua thu dwogc tir ki thuat CV.

Hinh 4A va 4B hién thi duong cong CV duge ghi lai cho cac dién
cuc trong dung dich 0,1 M KCl chira S mM [Fe(CN) ] véi cac toc
d6 quét khac nhau tir 10 dén 100 mVs™'. Co thé thay rang, dong dién
cyc dai (I va 1 ) déu tang khi ting toc do quét tir 10 dén 100 mVs™.
Su phu thudc tuyén tinh quan sat dugc giira dong dién cuc dai voi
can bac hai cua toc do quét (hinh 4C, 4D) cho thdy qué trinh dién hoa
Xay ra trén bé mat dién cuc dugc kiém soat boi qua trinh khuéch tan.
Bén canh do, chiing ta ciing c6 thé tinh toan dién tich hoat hoa bé mat
(A) cua céc dién cuc theo phuong trinh Randles-Sevcik:

[ =2, 69x10°n*?D"?4v"? C

trong do, Ip la cuong do dong dién dinh oxy hoa hpaflc khfx, nlasd
electron tham gia phan (g oxy hoa khir, D 1a hé s6 khuech tan cua
cdc ion [Fe(CN) J**, v 1a toe do quét, A la dién tich hoat hoa, C la
nong do cua céc loai oxy hoa khir [Fe(CN) J**. Ket qud tinh todn
cho thay, dién tich hoat hoa bé mat cua djén cyc phu MnO,-GO
vao khoang 0,138 ¢cm? 16n hon gap 1,162 lan so vé&i dién tich dién
tich hoat hoa bé mijt ciia dién cuc phi MnO, (0,118 cm?). Biéu nay
chimg t0 rang sw két hop GO va MnO, da tao ra sy gia tang dién tich
bé mat hoat hoa cua vat li¢u, giup tdng cuong hoat tinh xtc tac cua
hé vat liéu.

3.3. Danh gid hoat tinh xiic tdc ciia vt li¢u

Tir cac két qua phan tich cdu triic va danh gia dic trung bé mat
hoat dong cua vat li¢u, chung t6i tién danh gia hoat tinh xtic tac cua
vat ligu dbi v6i qué trinh oxy héa khir TMB. MnO, dugc biét dén la
nanozyme c6 hoat tinh bat chudc oxidase c6 kha nang bién doi TMB
thanh oxTMB. Vi vai tro 1a chat xic tac trong moi truong axit,
MnO, thic ddy qué trinh oxy hoa TMB ma khong can H,0,. TMB
khong mau va khong c6 dinh hap thy déc trung bi oxy hoa thanh san
pham c6 mau tir xanh lam (san phdm bac 1) dén vang (san pham cubi
ciing). Pho hap thy UV-Vis thu dwgc trong qua trinh oxy hoa TMB
cua vat lieu MnO, va MnO,-GO dugc trinh bay ¢ hinh 5.
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o
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Hinh 5. Phd hap thu UV-Vis cla céc vat liéu trong qua trinh oxy héa TMB.

Co thé x4c nhan tir phé UV-Vis rang, TMB ban dau khong c¢6
dinh héap thy déc trung ¢ bat ki bude song nao trong khoang 400-800
nm. Sdn pham oxTMB c¢6 dinh cac hap thu tai budc song 450 va 650



nm tuong tmg giai thich cho sy bién d6i mau sac ciia dung dich. Co
thé so sanh thdy, vat liéu t6 hop MnO,-GO ¢6 kha nang xiic tdc qua
trinh nay hiéu qua hon so voi vét lleu MnO, cing mot ndng do. Su
xuét hién cia GO di gop phan lam tang dlen tich bé mit cua vat
ligu nano MnO,, tang truyén tai dién tich, tir 46 gitip cho qua trinh
tuong tac gilra MnO v6i co chat TMB va san pham oxy hoa bac 1
cua n6 dugc tang cuong (phtre hop diimine-diamine) dé tao thanh
oxTMB dang oxy hoa hoan toan (diimine). biéu nay thé hién & su
giam xudng ciia dinh dic trung 650 nm va sy ting cudng & dinh 450
nm (5,82 lan), twong tng v6i sy thay d6i mau sic tir mau xanh lam
(MnO,, A, =0,28 a.u) sang mau vang (MnO,-GO, A, =1,63 a.u).

Phé hip thy ciing cho thay r?mg, ty 18 khoi luong tién chit dau
vao anh huong dén hoat tinh xtic tac cua vét liéu dugc thé hién trong
hinh 6. D6i voi vat ligu khong co GO, viée ting ham lugng chét
dau vao s& lam tang sy hap thy thé hién ¢ ca 2 dinh 450 va 650 nm.
Lugng chét dau vao ting 1én di ting nhanh sy twong tac véi co chat,
tao ra déng thoi san pham oxTMB béc 1 va oxTMB hoan toan. Tuy
nhién, vét liéu MnO,-GO v6i nhing cai thién nho sy c6 mat cua
GO nhu da phan t1ch & trén, da 1am cho vat lidu to hop c6 kha nang
twong tdc manh m& véi TMB va oxTMB béc 1 dé tao ra san pham ¢
dang oxy hoa hoan toan. Quan sat cuong do dinh hap thu cho thay
sy giam manh ¢ dinh 650 nm va tdng vot ¢ dinh 450 nm cla vat liéu
MnO,-GO ¢ cung khdi lurong dau vao voi vét ligu MnO, don I¢. Vi
céc ket qua 10 rét trong viée thue day va ting cuong hoat tinh xtic
tac cua GO cho thdy, vat liéu nano to hop MnO,-GO la g ctr vién
tiém nang tmg dung cho cim bién do mau.
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Hinh 6. Anh hwéng cua khéi lwgng vat ligu dén hoat tinh xuc tac phan hay TMB
cua (A) MnO, va (B) MnO,-GO.

4. Két luan

Trong nghién clru ndy, ching toi da ché tao thanh cong vat
liéu nano t6 hop MnO,-GO bing phuong phap oxy héa & nhiét do
phong. Ket qué phan thh UV-Vis, Raman, TGA, FTIR va SEM cho
thiy, céc tm nano MnO, da dugc gin thanh cong 1én trén bé mit
ciia tim GO dé tao thanh vit liéu nano t6 hop MnO,-GO. Qué trinh
danh gia dac tinh dién hoa va hoat tinh xtc tac thong qua phép do
CV, EIS va UV-Vis di cho thiy tic dung ting cuong dién tich bé
mat hoat hoa (1,162 lan) va kha nang xc tac phan huy TMB (5,82
lan) ciia vat liéu to hop MnO,-GO so v6i MnO,. Mau sic cia dung
dich thay doi tir mau xanh larn sang mau Vang va c6 thé d& dang
quan sat bang mét thuong. Sy ting cuong duoc ly giai 1a do su ¢6
mat cua GO vira dong vai tro 1am tang dién tich bé mit hoat dong
clia mau va vira 13 tac nhan cung cp electron cho cac phan tng xiic
thc phan hity co chit. Céc két qua thu dugc cho thay, vét liéu nano
MnO,-GO 1a mot g cu vién déy trién vong cho cac img dung vé
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cam bién do mau. Tuy nhién, tiry thudc vao timg ddi tuong phat hién
cu thé, anh huong ciia cac diéu kién nhu pH dung dich, thoi gian, ty
phan gitraMnO, va GO dén hiéu suét ciia cam bién do mau 1a nhiing
diéu kién can duorc t0i u hon.

Nghién ciru ndy duoc tai trg boi Quy Phat trién Khoa hoc va
Cong ngh¢ Quoc gia (NAFOSTED) trong dé tai ma so6 NCUD.01-
2022.02. Nhom tac gid xin tran trong cam on.
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