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ABSTRACT

A conventional route to create such nanoscale electronic devices using
the autonomous ordering and assembly of organic molecules on
atomically well-defined surfaces has been proposed. However, these thin
films are unstable in realistic environments due to weak interaction
between the organic molecules and crystal surfaces. Therefore,
enhancing the interfacial interaction between them is assigned as the key
approach to extend the scope of application of these promising
monolayer thin films. In this work, we demonstrate the formation of an
organic monolayer, namely 3,4,5-trimethoxy diazonium (3,4,5-TMD), on
a Highly Ordered Pyrolytic Graphite (HOPG) electrode by using the
power of electrochemical method. The structural properties at the nano
scale as well as the bonding nature between 3,4,5-TMD adlayer and
HOPG electrode at the interface were investigated by a combination of
cyclic voltammetry (CV), atomic force spectroscopy (AFM) and Raman
spectroscopy. As a result, the 3,4,5-TMD molecules covalently bond to
carbon atoms located at the HOPG interface for forming a monolayer
with its thickness of 0.92 + 0.02 nm. This finding opens a partway to
apply the electrochemical grafting for covalent functionalization of 2D
materials on HOPG and other metallic surfaces.

Gidi thiéu chung

lugng va kha nang hoa tan thdp trong cac dung moi
da lam han ché kha nang Ung dung clia n6 [3, 4].

Graphene, vét liéu carbon nano hai chiéu (2D) vd&i doé
day mét I&p nguyén tl, cd nhiéu kha nang Ung dung
trong cac finh vuc cdng nghé cao, chdng han lam day
dan trong céc linh kién ban dan hiéu ting trudng (FETs)
hoac dién cyc trong sudt trong cac thiét bi quang dién,
.. [1,2]. Tuy nhién, graphene khéong c¢6 viing cdm nang

Bién tinh bé mat & kich thudc nano bang mang phan
tUr hitu ca thong qua hédp phu vat ly hoac hap phu hoa
hoc hay con goi la cdy ghép (grafting) dugc xem la
mot trong nhiing phuong phap hiéu qua dé khéc phuc
nhitng han ché trén, ddng thai ma& réng pham vi Ung
dung cla graphene [5]. Béi vai phuong phap hédp phu
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vat ly, cac phan tur hitu ca chi hdp phu nhg tuong tac
yéu vdi bé mat graphene va do do cac mang nay
thusng kém bén. Trong khi do, dé bén cia mang
phan ti hitu co trén bé mat graphne cé thé dugc tang
cuong nhd lién két hda hoc gitta ching [6]. Tuy nhién,
do khad nadng hoat déng hda hoc cla graphene khé
thap nén dé bién tinh vat liéu nay, phan t&t hdp phu
can ¢6 kha nang hoat déng hoa hoc cao. Diazonium 1a
phén ti hitu co thudng dudgc st dung dé bién tinh cac
vat liéu carbon nhu graphene va graphite (vat liéu da
I6p clia graphene). Bang cach khir dién hoa, cac géc
aryl tu do sinh ra tir tién chat diazonium co thé tao lién
két hoa hoc C-C vdi bé méat graphene/graphite [7-9].
Tuy nhién, cac géc diazonium cd dac tinh hoat hoa rat
cao, vi vay ching khéng nhiing phan Ung véi bé mat
graphene/graphite ma con phan Ung vdi nhau. Trudng
hgp céc diazonium phan Ung vai phan tir da hap phu
hoa hoc trén bé mat graphene/graphite s& tao nén
mang da I&p phan t. Khi do, mat do phan t& hép phu
tryc tiép trén bé mat gidm, tlc la lam gidm muic dé
bién tinh clia graphene/graphite. Vi vay, viéc kiém soat
sy hinh thanh mang don I8p cla cac phan diazonium
dugc xem la gidi phap t6i uu dé khéc phuc véan dé trén.

Trong pham vi bai bdo nay, ching ti trinh bay nhiing
két qua nghién clu vé bién tinh hda hoc bé mat
graphite nhiét phan dinh hudng, ky hiéu la HOPG
(Highly Ordered Pyrolytic Graphite) bang phuong phap
dién  hdéa sir  dung phan  t&  3,4,5-
trimethoxybenzenediazonium (3,4,5-TMD). Céu tric bé
mat & kich thudc nano, tinh chat dién hoa va tinh chat
dién t& cila HOPG trudc va sau khi bién tinh dugc khao
sat bang cac phuong phép quét thé vong tuadn hoan
(CV), hién vi luc nguyén t& (AFM) va phé Raman. Két
qua khao sat cho théy, cac phan tr 3,4,5-TMD lién két
hda hoc vai cac nguyén tir carbon trén bé mat HOPG
dé hinh thanh hé vat liéu mang c6 céu tric don I6p
phan tU vai bé day mang khodng 0.92 + 0.02 nm.

Thyc nghiém va phuang phap nghién clu

Céc hoa chat gom: KaFe(CN)s (99%, Sigma Aldrich),
NaNO, (99%, Sigma Aldrich), HCl (Merck); 3,4,5-
trimethoxyaniline  (3,4,5-TMA,  97%, Sigma-Aldrich);
nudc siéu sach (Milli-Q water, dién tr& sudt > 18
MQ.cm, TOC < 4 ppb) dugc sit dung dé pha cac dung
dich; khi N> (99%).

Pon tinh thé HOPG (loai ZYB) dugc san xudt bdi cong
ty Advanced Ceramics Inc. (Cleveland, USA). Trudc khi
tién hanh thi nghiém, bé mat HOPG dugc lam sach
bang cach s& dung biang keo dé boc tach vai I6p
carbon trén bé mat.

Hé vat liéu mang 3,4,5-TMD trén bé mat HOPG (ky
hiéu la 3,4,5-TMD/HOPG) dugc téng hop bang
phuong phap dién hoa CV. Vi phan tor 3,4,5-TMD
khéng bén, nén ching dugc téng hap truc tiép trudc
khi hdp phu hoa hoc lén bé mat tu tién chat amine
tuong Ung (3,4,5-trimethoxyaniline, ky hiéu la 3,4,5-
TMA) bang cach hoa tan 100 uL dung dich NaNO; (0.1
M) vao 5 mL dung dich H.SO4 50 mM + 3,4,5-TMA 2
mM, sau dé khudy déu trong 3 phut. Phuong phap
téng hgp nay dugc phét trién dya trén tai liéu [7,8].
Céc phép do CV dugc thuc hién trén thiét bi
Potentiostat DY2300 vd&i hé binh do dién hoa 3 dién
cuc. Bién cyc lam viéc HOPG c6 dién tich bé mat la
38.5 mm?, dién cuc so sanh Ag/AgCl (CKCl = 3 M)
(Metrohm) va dién cuc déi Pt. Cac phép do AFM dugc
thuc hién trén hé AFM da nang st dung hé digu khién
Nanoscope IV (Veeco/Digital Instruments). Phan mém
WSxM 5.0 dugc st dung dé phén tich hinh anh AFM
[10]. Céac phép do Raman dugc thuc hién trén hé
OmegaScope 1000 (AIST-NT).

K&t qua va thado luan
T6ng hgp hé vat lidu 3,4,5-TMD trén bé mdt HOPG

a)

b) 0.0

—— f1stscan
2nd scan

0.6 03 0.0 03
E (V) vs Ag/AgCI
Hinh 1: a) Qua trinh tng hap vat liéu mang 3,4,5-
TMD/HOPG, b) Bucng cong CV cuta dién cuc HOPG
trong dung dich chifa phan tur 3,4,5-TMD, t6c dé quét
dE/dt = 50mV/s

Hinh 1a trinh bay cc ché hinh thanh mang phan tu
3,4,5-TMD trén nén HOPG. Hinh 1b mé ta cac dudng
cong CV ctia HOPG trong dung dich chia 3,4,5-TMD.
G vong quét thr nhat ghi nhan maét dinh khit chinh tai
E =-0.15 V vs Ag/AgCl (dudng mau do). Binh khit nay
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dugc cho la két qua clia qué trinh khir cac cation 3,4,5-
TMD thanh céc gbc aryl tuong Ung (Hinh 1a-ii) [11,12].

Tuy nhién, & vong quét thi hai thi dinh khir khdng con
xudt hién (duong mau den). Biéu nay cho théy, qué
trinh trao déi electron gitta bé mat dién cyc HOPG va
dung dich dién phan khéng con xdy ra & vong quét
th( hai, nghia la cac géc aryl ty do d& phan Ung va tao
lién két hda hoc C-C véi bé mat HOPG va mang don
I8p phan tI 3,4,5-TMD dugc hinh thanh trén toan bd
bé méat & vong quét dau tién.

Hinh thdi bé mdt caa hé vat liéu 3,4,5-TMD/HOPG
Hinh thai hoc bé mat ciia hé vat liéu 3,4,5-TMD/HOPG
dudc khao sat bang phuong phép AFM. Hinh anh AFM
cho thédy cac phan tir 3,4,5-TMD ton tai trén toan bd
bé mat cla dién cuc HOPG (Hinh 2a, b).
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Hinh 2: (a3, b) Hinh thai bé mat cda vat liéu 3,4,5-
TMD/HOPG; (c, d) Phép do line profile mé ta dé day
clia mang phan t 3,4,5-TMD

Pé do d6 day mang phan ti nay, chung téi da dung
dau do AFM quét mét phan I6p phan ti trén bé mat
dién cuc HOPG (phan phén ti dugc quét nam trong
phan hinh vuéng cla hinh 2¢), su chénh léch vé dé cao
gitta phan bé mat chiia phan ti va khong chia phan
tr chinh la d6 day mang va dugc xéc dinh dua vao
phép do line profile. Hinh 2d mo ta sy thay déi vé do
cao cla bé mat doc theo dudng thdng mau xanh
trong hinh 2c. Két qué phép do cho thay do day trung
binh cta I6p phan t& 3,4,5-TMD khoédng 0.92 + 0.02
nm. Gia tri nay tudng ducng vdi kich thudc phan tur
3,4,5-TMD, nghia la mang 3,4,5-TMD hép phu hda hoc

trén bé mat HOPG cd cdu trdc don I&p phan tu [13].
Cé thé nhan théy rang, su cd mat clia cac nhom chic -
OCHs da ngan can phéan Ung gita cac phan tur 3,4,5-
TMD trong dung dich vdi cac phan tir 3,4,5-TMD trén
bé mat. K&t qué la mang 3,4,5-TMD hinh thanh c6 céu
trdc don I&p phan tur.

Nham xem xét méat d6 phan t& 3,4,5-TMD trén bé mat
HOPG, chung t6i d& thuc hién phép do CV cua dién
cyc HOPG va 3,4,5-TMD/HOPG trong dung dich
KaFe(CN)s 1 mM + NaxSO4 0.2 M (Hinh 3). Két qua cho
thdy, déi vdi dién cuc HOPG, cdp dinh oxi hda khur
dugc ghi nhan tai Er = +0.17 V va Eg = +024 V vs
Ag/AgCl (CV mau den), tucng Ung v&i qua trinh oxi
hdéa khi thuadn nghich déc trung cla cdp cation
Fe’*/Fe’*. Tuy nhién, d&i vdi dién cuc HOPG dugc bién
tinh bang mang phén t& 3,4,5-TMD thi cap dinh oxi
hoa khi nay gan nhu khéng xuét hién trong ving thé
khdo sat (CV mau xanh). Biéu nay cho thdy mang don
I6p phan tr 3,4,5-TMD d& phu toan bd bé mat HOPG,
gay nén hiéu Ung can trg (blocking effect) qua trinh
trao ddi electron tai giao dién ran/long [14].
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Hinh 3: Cac dudng cong CV m6 ta kha nang trao doi
electron cua dién cuc HOPG va 3,4,5-TMD/HOPG
trong dung dich KsFe(CN)s ITmM + Na»SO4 0.2 M; t6¢
dd quét dE/dt = 50mV/s

Sy hinh thanh lién két gitia cdc phan to 3,4,5-TMD va
HOPG

Ph& Raman dugc st dung dé khdo sat ban chat cla
lién két hinh thanh gitta cac phan ti 3,4,5-TMD va bé
mat dién cyc HOPG. Bang cach so sanh phS Raman
clia dién cuc HOPG trudc va sau khi bién tinh bdi
mang 3,4,5-TMD (Hinh 4) cho thdy d&i véi phd clia hé
3,4,5-TMD/HOPG, ngoai nhiing dinh phd dac trung
cla vat lieu HOPG, bao gém dinh G tai budc séng
1576 va dinh 2D tai budc séng 2679 cm™ (dusng mau
den), con ¢ su xudt hién cla mét dinh phé tai budc
song 1342 cm™ (dudng mau dd). Binh phd nay dugc
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quy cho dinh D (D band), vdi Ip/lc = 0.07. Vé ly thuyét,
dinh nay chi xuat hién khi bé mat HOPG xuét hién cac
sai hdng [15] tuong Ung vdi sy bién déi cta C lai hoda
sp? thanh C lai hda sp? trong vat liéu nay. Nhu vay, két
qua ph& Raman ghi nhan su hinh thanh lién két cong
hoa tri C-C gilta bé mat HOPG, hay ndi cach khac cac
phan t& 3,4,5-TMD da héap phu hda hoc lén trén bé

mat HOPG.
——p-HOPG
——3,4,5-TMD/HOPG

D-band

Intonsiy (a.u)

Intensity (a.u)

1000 1500 2000 2500 3000
Raman shift (cm™)

Hinh 4: a) Phd Raman clia hé vat liéu 3,4,5-
TMD/HOPG cho théy sy xuét hién ctia dinh D do tao
thanh lién két C-C gitta HOPG va phén t 3,4,5-TMD

Két ludn

Hé vat liéu mang don I8p cla cac phan tur 3,4,5-TMD
trén nén HOPG d& dugc téng hgp thanh céng bang
phucng phéap dién hoéa. Cac phan tor 3,4,5-TMD lién
két héa hoc vd&i cac nguyén t carbon trén bé mat
HOPG hinh thanh hé vat liéu mang co cau tric don Iép
phan tl, che phd toan bd bé mat HOPG va cb dd day
092 + 0.02 nm.
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Nghién cu nay dugc tai trg bai Bé tai cadp B6 ma s6
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