Tap chi phén tich Hod, Ly va Sinh hoc - Tdp 30, s6 34/2024

KHAO SAT HOAT TiNH CAM BIEN DPIEN HOA FORMALDEHYDE
CUA VAT LIEU Cu-OMS-2

Pén toa soan 22-07-2024

Truwong Nhat Tru’o’ng Nguyén Hoang Huy Trinh Quéc Tan"?, Pham Ngoc

Thanh Thio®? , Nguyén Truong Son’? Nguyen Van Dung

Mai**
'Khoa Ky thudt Hoa hoc, Pai hoc Bach khoa, PHQOG -HCM
2Dai hoc Quoc gia thanh phé Hé Chi Minh
*E-mail: tuyetmai@hcmut.edu.vn
SUMMARY

EXPLORING THE ELECTROCHEMICAL SENSING CAPABILITY OF
Cu-OMS-2 MATERIAL FOR FORMALDEHYDE DETECTION

Formaldehyde (HCHO) is a widely used compound in various industries,

2, Tran Thuy Tuyét

including construction,

automotive production, and interior decoration fields. However, HCHO is much concerned as a harmful
substance that can negatively impact human health, even at low concentrations, in extended periods of
exposure. Therefore, the detection of HCHO at low concentrations is crucial. In this study, copper-modified
cryptomelane (Cu-OMS-2) was synthesized by reflux method. Cu-OMS-2 electrode exhibited the ability of
HCHO detection at a concentration of 1 mM by electrochemical analysis method. A shift in the reduction
peak (from -0.6 to 0.0 V) was observed with increase of HCHO concentrations (from 1 to 5 mM). A linear
relationship between these two variables was established, described by the equation y = -0.7023.x + 0.1321,
with a high correlation coefficient (R> = 0.99). These results demonstrate the potential of Cu-OMS-2
material for the electrochemical detection of HCHO at low concentration.

Keywords: Formaldehyde, Cu-OMS-2, Electrochemical sensor.

1. MO PAU

Cryptomelane (OMS-2) 1a mdt manganese
oxide duoc tao thanh khi cac khdi bat dién
MnOg gop chung canh va gop chung goc
tao thanh cdu tric duong ham 2x2  véi
kich thuéc 0,46x0,46nm. Thanh phan hoa
hoc cua OMS-2 la K[MngO36].nH;0, trong
d6 cac cation Mn?*, Mn®* va Mn* duoc
sap xép & cac vi tri cAu tric khac nhau, din
dén trang thai oxy hoa trung binh cia
mangan (average oxidations state of
manganese, Mn-AOS) xip xi 3,8 [1]. Do
boi cau trac tinh thé dac bit, quy trinh
tong hop don gian va nguon tién chat phd
bién, da co rat nhidu nghién ctru st dung
vat liéu cryptomelane trong da linh vyc
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nhu xtc tac cho qua trinh oxy hoa [2], Iuu
trir dién nang [3], cam bién dién hoa [4].
Hién nay, nhiéu nhom nghién ctru trén thé
gidi quan tam dén viéc cai thién hoat tinh
va mé rong ung dung cuia cryptomelane
thong qua viéc bién tinh crytomelane voi
cac kim loai chuyén tiép nhu dong [5],
thiéc [6], crom [7], .... Bién tinh bé mat
crytomelane dugc danh gia trén co s& cac
nguyén t6 kim loai chuyén tiép nay s& thay
thé mot phan cation K* trong xoang ranh
cia crytomelane hodc nhimg nguyén to
ndy sé& thay thé mot phin nguyén td
mangan trong bat dién MnOg cua tinh thé
cryptomelane [8].

Formaldehyde (HCHO) & diéu kién



thuong 14 chat khi, khéng mau, c6 mui
hang manh. HCHO tan nhanh trong trong
nudc tao thanh methylene hydrate (OH-
CH,-OH) [9]. Ngudn tiéu thu chinh cua
formaldehyde dén tir cac nganh xay dung,
6 to va d6 noi that. Hon nita,
formaldehyde 1a mot héa chit vo cung
quan trong trong nganh san xuit cac san
phém nhu linh ki¢n dién thoai, chip may
tinh, van ép, 10p xe, d6 noi that, ...[10].
Theo Co quan Quan 1y An toan va Stc
khoé Nghé nghiép Hoa Ky (Occupational
Safety and Health  Administration,
OSHA), giéi han phoi nhiém cho phép
(permissible  exposure  limit) cua
formaldehyde ¢ noi lam viéc la 0,75 ppm
trong khong khi trén 8 tiéng tiép xtc va 2
ppm trén 15 phut tiép xuc. Formaldehyde
c6 thé gdy kich ing hé mién dich ngay
khi vira tiép xtic (nhiém doc siéu cap tinh)
gdy ra hién tuong dau rat mat, mii, cd
hong va ho [11]. Tai Viét Nam, theo
quyét dinh s6 3733/2002/QD-BYT cua
Bo Y té, nong do téi da cho phép cla
formaldehyde tron% khong khi ¢ noi lam
viéc 1a 0,5 (mg/m?) trén 8 tleng tiép xtic
va 1 (mg/m®) trén timg 1an. Dé x4c dinh
chinh xac ham lugng formaldehyde, nhiéu
phuong phap di duoc 4p dung nhu sic ky
1ong hiéu ning cao (HPLC) [12], sic ky
khi-quang pho khéi (GC-MS)[13], so mau
(UV-vis) [14].

Trong nghién ctru nay, cryptomelane bién
tinh v6i nguyén t6 dong sé& duoc tong hop
bang phuwong phap hoi lwu nhiét. Hinh
thai hoc va sy phan b cua cic nguyén tb
trén bé mat vat liéu sé& duge nghién ctru
bang hién vi dién tor quét (SEM-EDX).
Hi¢u qua dién hoa va kha nang phat hién
HCHO cua vat lidu tong hop duoc s&
dugc kiém tra bang phuong phap von-
ampe vong (Cyclic Voltammetry).

2. THUC NGHIEM
2.1 Héa chit va nguyén liéu

Potassium permanganate (KMnQOy, > 99,5
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%, Cemaco Vietnam Co., Ltd);
Manganese (1) sulfate monohydrate
(MnSO4.H,0, > 99,5 %, Guangdong

Guanghua Sci-Tech Co., Ltd), nitric acid
(HNO3 98 %, Xilong Scientific Co., Ltd);
Copper(1l) nitrate trihydrate
(Cu(NO3)2.3H20, 99 %, Xilong Scientific
Co., Ltd), dung dich Nafion 5 % (cong ty
TNHH Cong nghi¢p Thuong Hai Sanshe,
Trung Quéc) dugec mua va st dung tric
tiép va khong thong qua qué trinh loc
hodc tinh ché truge khi sir dung.

2.2 Quy trinh tong hop Cu-OMS-2

Vit litu Cu-OMS-2 s& dugc tong hop
theo phuong phap hoi luu nhiét [7]. Hoa
tan mot lugng xac dinh Cu(NO3),.3H,0
vao erlen chra 100 mL dung dich KMnO4
(58,9 g/L) thu dugc dung dich A. Thém 3
mL HNO3; dam dac vao 30 mL dung dich
MnSO, (262 g/L) thu dugc dung dich B.
Cho tur ttr dung dich B vao dung dich A,
sau do lip hé théng dun hdi luu nhiét,
phan tng ¢ 100°C trong 24-gi¢. Sau phan
mg, san pham thu duoc dem loc chan
khoéng, rira nhiéu 1an bang nuéc cit dén
khi nudc loc dat pH trung tinh. San pham
sau d6 dugc sy qua dém & 80°C va duoc
dat tén la Cu-OMS-2.

2.2 Ché tao dién cwe Cu-OMS-2
Chudn bi vit liéu dién cuc:

Vit liéu Cu-OMS-2 dugc phan tan trong
con tuyét d6i va nudc voi ty 18 (3:1) sao
cho ndng d6 phan tan 13 0,5 g/L. Hon hop,
sau d6 duogc xir 1y trong bé siéu am dé cai
thién kha nang phan tan, va dugc dat tén
12 hon hop A.

Chudn bi dién cuc lam viéc Cu-OMS-
2:

Diing micropipette hut 10 pL hén hop A
va nho 1én trén bé mat dién cuc glassy
carbon (GCE, duong kinh 6 mm). Sau do
10 pL dung dich Nafion 0,05 % s€ duogc
tiép tuc nho thém 1én GCE. Sy kho dién
cuc ché tao trong 30 phut & 70°C San



phém thu dugc 1a dién cuc lam viéc Cu-
OMS-2.

2.4 Dinh danh va hoat tinh

Hinh thai hoc va thanh phin cua céc
nguyén tb cua vat liéu Cu-OMS-2 s& duoc
ghi nhan bang kinh hién vi dién tir quét,
dau do EDX (SEM-EDX) va duoc quan
sat trén thiét bi Hitachi S4800 (Nhat Ban).
Tinh chat dién hoa ciia vat liéu duoc khao
sit bang may phan tich dién hoa
(CHI840B, Trung Qudc), dién cuc lam
viéc 1a GCE, dién cuc dbi 1a dién cuc Pt,
dién cuc so sdnh la dién cuc Ag/AgCl
(bao hoa trong dung dich KCI 3,0 M) va
dung dich dién ly la NaOH 0,1 M.
Phuong phap quét thé dong véi dién thé
quét tr -1,0 dén 1,0 V, toc do quét 50
mV/s di dugc sir dung dé kiém tra hiéu
qua di¢n hoa va kha nang phat hién
HCHO ctia Cu-OMS-2. Vi tri dinh khir
(potenial peak) sé dugc ghi nhan tuwong
tmg voi nhitng néng d6 HCHO khac
nhau. Méi quan hé giira vi tri dinh khir va
noéng d6 HCHO s& duoc ghi nhan nham
danh gia anh hudng cua nong do nap liéu
HCHO trong viéc thic day toc do khir
Mn** thanh Mn** trén hé vat liéu
Cu/OMS-2.

3. KET QUA VA THAO LUAN

Céc hinh 4nh SEM cua miu Cu-OMS-2
cho théy rﬁng vat liéu c6 dang que nano
(Hinh 1A). Céc que kich thudc nano tap
hop thanh cac khém cum dugc ghi nhan &
Hinh 1B. Két qua phan tich EDX trén
mau Cu-OMS-2 tong hop bang phuong
phap hoi luu nhiét ghi nhan day du cac
nguyén t6 K, Mn, O, Cu ciu thanh vat
liédu Cu-OMS-2. Thanh phan nguyén té
ghi nhan tir EDX cho thay 51,08 % khdi
luong Mn, 39,99 % khbi lugng oxy, 4,59
% khdi lugng K va 2,58 % khdi luong Cu.
Bén canh d6 mot lugng nho carbon ciing
dugc phat hién tir phan tich EDX (Hinh
2).

Hinh 3 mé ta dudng cong quét thé dong
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(duong CV) cua dién cuc glassy carbon
(GCE) va dién cyc Cu-OMS-2.

Hinh 1. Anh SEM cua vat liéu Cu-OMS-2

| Element Weight%

|CK 1,76

oK 39,99

|KK 4,59

[Mn K 51,08
2,58

O g Sy =g i sy
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Hinh 2. Phan tram céc nguyén t6 va pho EDX ciia
vat liéu Cu-OMS-2
Vit lieu Cu-OMS-2 da thé hién sy cai
thién dang ké dién tich duong cong CV
khi so sanh véi vat liu GCE. Diéu nay
dugc thé hién thong qua viéc mo rong
dang ké gia tri dién tich duong cong CV
cua vat liéu Cu-OMS-2 (39,76 pA.V). Gia
tri ndy cao hon gap 45000 lan khi so sanh
voi dién tich tuong img dugc ghi nhan tr
dién cuc GCE (855.10° pA.V, hinh 3).
Su m¢ rong duong cong CV khi dién cuc
GC duoc phu bang vt lidu cryptomelane
nanofiber cling da dugc bdo céo bodi Sai-



Nan va cac cong su [15]. Hinh 4 thé hién
su thay dbi dudong cong CV khi c6 mit
HCHO trong dung dich dién hoa. Déi véi
GCE, su hi¢n dién cua HCHO trong dung
dich dién ly khong lam thay doi dang ké
dang diéu va dién tich duong cong CV
(Hinh 2A). Két qua nay phu hop véi cac
cong trinh nghién ctru trude day cia Wang
va cac cong sy [16], Ejaz va cac cong su
[17]. Nguoi ta dd bao céo rang hinh dang
va dién tich ctia duong cong CV dugc ghi
nhan tir GCE khéng thay d6i dang ké ngay
ca khi ting nong ¢6 HCHO trong chat dién
ly [én 50 mM. Két qua hién tai khfmg dinh
lai vat liéu GC khong c6 kha nang oxy hoa
HCHO trong ving dién thé khao sét.

- - GCE
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S —
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=)

-204"

T T T T T T T T T
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Hinh 3. Buong CV cua dién cyc glassy carbon

(GCE) va dién cuc Cu-O M'S-Z, chat dién ly 1a

dung dich NaOH 0,1 M. Toc d6 quét 50 mV/s
Hinh 4B thé hién sy md rong dang ké ving
dién tich bé mat hoat dong dién hoa
(electrochemical active surface area,
EASA) cua vat ligu Cu-OMS-2 khi c6 su
gop mit cia HCHO trong dung dich chat
dién ly. Khi so sanh véi dung dich dién ly
chi chira NaOH 0,1 M, duong cong oxy
hoéa khi c6 mat HCHO trén dién cuc lam
viéc Cu-OMS-2 ghi nhéan 16 nét cac dinh
oxy hoa trong ving tir -1,0 dén -0,4 V,
viing -0,2 dén 0,3 V khi ting dién thé ap
vao tir -1,0 V dén 1,0 V (Hinh 4B). Cac
dinh oxy hoa trong vang tir -1,0 dén -0,4V
lién quan dén hap phu cua formaldehyde
1én bé mit dién cuc Cu-OMS-2. Pinh (0):4%
hoa trong ving dién thé trai rong tir -0,2
dén 0,3 V lién quan dén qué trinh oxy hoa
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cia mangan hoéa tri thip (Mn*)
mangan héa tri cao ddi v6i bd khung
cryptomelane (Hinh 4C). Dbi vé6i chiéu
giam dién thé ap vao (dién thé giam tir 1,0
V xudng -1,0 V), dudng khir thé hién 15
nét cac dinh khir trong ving dién thé tir -
0,1 dn -0,7 V. Bén canh d6, tin hi¢u di¢n
thé cuia peak khir nay dich chuyén vé phia
ving dién thé dwong hon khi cai thién
néng d6 HCHO tir 1 mM 1én 5 mM. Su
dich chuyén peak khir nay phan anh vai
tro tich cuc cua viéc cai thién néng do
HCHO trong dung dich dién ly dén viéc
thiic ddy qué trinh khir cia Mn** vé Mn**
trén bé mat Cu-OMS-2. Két qua tir cong
trinh nay phu hop véi bao cao vé co ché
cam bién dién hoa formaldehyde cua vat
lidu cdu trac 16p Na-birnessite khi ma qua
trinh oxy héa HCHO la qué trinh phong
thich electron va H* [18] Vi Vag/ ngay ca
trong qua trinh khir Mn** v& Mn**, thi qua
trinh oxy hoa methylene glycol (dang bén
cua formaldehyde trong dung dich) cling
s& dién ra dé tao thanh axit formic
(Phuong trinh I). Hién tugng nay c6 thé
gop phan day nhanh qué trinh khir Mn*
vé Mn*". Déi véi vat lidu Cu/OMS-2, qué
trinh khir ctia cap oxy hoa khu Mn4+/ l\/In3+
xdy ra dé dang hon khi ting nong do
HCHO (hinh 4B). Mdi quan hé giita nong
dd HCHO (x) va vi tri dinh kht (y) da
dugc ghi nhan trong ving dién thé khao
sat tir 1,0 dén -1,0 V va duoc mo ta bang
phuong trinh tuyén tinh bac 1: = -
0,7023*x + 0,1321 vai d9 tin cay kha cao
R? = 0,99 (Hinh 5). Dt liéu thuc nghiém
phan anh néng d6 HCHO c¢6 vai trd tich
cuc trong viéc cai thi¢n giam dién thé khur
clia qua trinh chuyén Mn*" v& Mn** trén
bé mat Cu/OMS-2. Né6i cach khac qua
trinh oxy hoa HCHO da duoc ghi nhan
khi vat liéu dién cuc la Cu/OMS-2. Ngoai
ra, két qua ciing phan anh sy hién dién
cua cdp oxy hoa khr Mn**/Mn*" trén vt
lidu Cu/OMS-2 di tong hop.

H,C(OH), » HCOOH + 2H* + 2e (Phuong

trinh 1)
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Hinh 4. Pudng cong CV cua dién cuc glassy
carbon (GCE) (A) va duong cong CV cua dién
cuc Cu-OMS-2) (B) ¢ cac nong ¢ HCHO khac

nhau. Chat dién ly 13 dung dich trong NaOH 0,1 M.

Nhiét do khao sat 1a nhiét do phong, tdc do quét
50 mV/s va dién cyc so sanh Ag/AgCl (C) Duong
oxy hoa trong vung dién thé -0,2 dén 0,3 V
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Hinh 5. M6i quan hé giita dién thé dinh khir va
nong d6 HCHO trong dung dich dién ly
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4. KET LUAN

Vat liéu cryptomelane bién tinh v&i Cu
(Cu-OMS-2) di duoc téng hop bing
phuong phéap héi luu nhiét. Cac que nano
cryptomelane véi dudong kinh dao dong
trong khoang 18 dén 25 nm; dong thoi sy
hién dién day du cua cac nguyén td K,
Mn, O, Cu c6 trong mau téng hop Cu-
OMS-2 da dugc ching minh thong qua
phan tich anh chup SEM va phan tich
phan nguyén t6 EDX. Vit liéu Cu-OMS-2
c6 kha ning cai thién dang ké kha ning
cam bién dién héa phat hiéen HCHO khi
ma dién tich duong cong CV da dugc mé
rong tir 855.10° pA.V (d6i v6i GCE) sang
39,76 nA.V (ddi véi dién cuc Cu/OMS-2).
Déi voi qua trinh khir, cac dinh khir duoc
thé hién rd nét trong vung di¢n thé -0,1 dén
-0,7 V. Vi tri dinh khtr cua cap oxy hoa
khir Mn**/Mn** da dich chuyén sang ving
dién thé duong hon khi ting ndéng do
HCHO trong dung dich dién ly. Méi quan
hé tuyén tinh gitta ndng 6 HCHO va vi tri
dinh khir duoc ghi nhan bang phuong trinh
y =-0,7023*x +0,1321 véi d6 tin cay kha
cao R? = 0,99. Két qua nay khing dinh
trong qua trinh khir Mn*" v& Mn*,
methylene glycol s& tiép tuc bi oxy hoa tao
thanh axit formic. Nhitng dir li¢u hién tai
phan anh vai tro tich cuc cua vat liéu Cu-
OMS-2 trong linh vyc cam bién dién hoa
phat hién HCHO c0 trong moéi truong
long; cling nhu khéng dinh su ton tai cua
cip oxy hoa khur Mn**/Mn*" trén hé vat
ligu Cu/OMS-2 da dugec thiét ké.

Loi cam on: Nghién ctiru duoc tai trg boi
Pai hoc Qudc gia Thanh phd H6 Chi Minh
(PHQG-HCM) trong khuon kho Dé tai ma
s0: B2023-20-21. Chilng t6i xin cam on
Truong Dai hoc Bach Khoa, PHQG-HCM
da ho tro cho nghién ctru nay.
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