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TOM TAT

Graphen 14 vit liéu 2-D méi, ¢6 cic tinh chét co, dién, quang v6 clng li thi va 14 vat liéu i
tudng trong linh vurc dién hoa. Ngay tir sau khi phat minh, graphen (Gr) di duge nghién cin lai
hoa véi pclyme dén dién (CPs), vét liéu lai Gr/CPs duge ki vong cd dic tinh vugt trdi nhor két
hop cc wu diém cua c hai vét liéu thanh phin, Trong bai bao ndy, mang Gr dgc ché tao bing
phuong phap lang dong pha hoi (CVD), sau dé phi 1én vi dién cyc tich hgp Pt. Bién cuc PUGr
llep tyc bién tinh v&i poly(1,5- dlammonaphtalen) béng phuong phap tring hop dién hda. Cac két
qua do von-ampe vong (CV) cho thdy, qua trinh téng hop poly(1,5-DAN) cho tin hiéu dién hoa
18t hon rét nhiéu so véi truomg h? khéng c6 Gr. Cac két qua phan tich phd t4n xa Raman d
chimg t6 qué trinh ché tao mang t hqp da 16p Gr/poly(1,5-DAN) dlen ra thanh cong. Phd CV
khéo sat hanh vi dlen héa cho thdy mang td hgp Gr/poly(1,5-DAN) dn dinh va cé hoat tinh dién
héa cao hon gap nhiéu 1n so véi mang poly(1,5-DAN) thuén.

Tir khoa: graphen, poly(1,5-diaminonaphtalen), mang td hop da 16p, vi dién cyc, hoat tinh dién
héa.

1.MG PAU

Graphen la vét hcu 2-D mdi, cé chiéu day bang mot Iop nguyén tir ciia cic nguyén tir
cacbon véi lién ket sp tao thanh dan tinh thé hinh 1§ ong. K& tir nam 2004, khi A K. Geim va
céc chng sy lan diu tién tach thanh cong don 16p graphen tir vét ligu khm gyaphlt [1], déng ddo
cc nha khoa hoc bit déu quan tim nghién ciru va d3 tao ra sir biing nd vé& cong bé khoa hoc trén
thé giéi. Nhey chu tric dfic biét, graphen da tao ra cac tinh chat dién va quang v cung li thy, la
vt liéu )i tudmg trong linh virc du;n hoa [2]. Trong cdc hudng nghién ciu, huéng ché tao vt ligu
lai héa graphen (Gr) véi polyme din dign (CPs-conducting polymers) t6 ra dic biét hép din va
nhanh chéng dugc quan tim ngéy sau khi phat minh ra graphen. Vit li¢u lai CPs/Gr duge ki
vong ¢6 dic tinh vugt trdi nhd k h(rp céc wu dlem cua ca hai vit ligu thanh phin, quan trong
nhét 13 hoat tinh dién héa, 45 din, d3 bén co hoc, d6 bn dinh va kha nang gia céng [3].
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Vit liéu lai CPY/Gr c6 thé ché tao béng k¥ thuat trén hop trong dung dich [4], nhung con
dudng nay rit khé khin do tinh khé tan cia CPs. Giai phép téng hop nh& phan img tring hop in-
situ biing phuong phap hda hoc t6 ra kha thich hgp [S), tuy nhién véi san phdm dang bét,‘vié:x;
tao mang méng sau dé tré nén phirc tap. Tring hqp (_!ién héa I§ phuong phép thuén lgi nhat dé
ché ta0 mang méng. Mang compozit Gr/CPs cé thé téng hc,rg bang cach phéan tan Gr trong dung
djch cé6 monome tuong img, sau 46 két tua dién hoa trén bé mat dién cye [6). Tuy nhién, viéc
tring hop dién héa CPs tryrc tiép trén bé miit Gr cd vé 1a mot phuong phap ché tao vét liéu lai
Gr/CPs dang mang da lop (layer-by-layer) hiéu qua nhat [7]. bay chinh 12 co h$i dé thiét ké cac
dién cyc chirc ning méi img dung trong Iinh vyc dién héa, vi dy dé ché tao cac loai sensor dic
hiéu.

Trong béi béo ndy ching to1 sé trinh bay céc két qua nghién ciru ché tao mang lai héa
graphen/poly(1,5-diaminonaphtalen), trong dé, Gr ché tao bang phuong phép lang dong pha hoi
héa hoc (CVD), poly(1,5-DAN) tong hop phtt 1én trén bang phuong phép tring hop dién héa.
Mang mong da 16p tao thanh dwgc phan tich chu triic héa hoc va nghién ctru hoat tinh dién héa.

2. THU'C NGHIEM
2.1. Téng hop mang 6 hop dang da 16p Gr/poly(1,5-DAN)

Trong nghién ciru ndy, tim graphen duoc ché tao biing phuong phép ling dong pha hoi héa hoc
(CVD) tai Vién Khoa hoc vt liéu, Vién Han 14m KHCNVN:

Diu tién, graphen duge ché tao trén tape Cu véi d day trén dudi 5 nm (khoang 10 l6p
graphen) & nhiét 4 1000 °C trong thdi gian 30 phut.

Tich graphen chuyén 1&n vi dién cyc Pt (hinh 1) theo cic budc sau: i) phi mét 16p
mong polyme (PMMA) In bé mat Gr/Cu, 0 & nhiét do 180° trong 2 phit; if) ngam miu
PMMA/Gr/Cu trong dung dich Fe(NO;), dé &n mén dé Cu; iii) chyén mang PMMA/Gr pha lén
dién cyc Pt, xir 1f dign cuc PMMA/Gr/Pt trong axeton dé 1am sach I6p PMMA phi bén ngoai.
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Hinh 1. (a) M hinh v (b) 4nh chup vi dién cyc tich hop Pt.

Mang poly(1,5-DAN) dugc tring hop dién héa trén vi dién cyc PUGr bing phuong phap
phén cyc vong da chu ki (CV) trong dung dich nuéc c6 chira HCIO, 1 M va monome 1,5-DAN 5
mM. Khodng thé quét tir -0,02 V t4i +0,95 V theo dign cuc calomen, téc 4% quét 50 mV/s. Thiét
bj di¢n hoa sir dung 12 mdy da nang PGSTAT30 Autolab (Ha Lan) tai Vién Ky thuat nhiét dai,
Vién Han lam KHCNVN, B¢ dién héa bao gdm ba dién cyc: Dign cuc lam vige 14 vi dién cyc Pt
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phl mang graphen (CVD); dién cuc so sdnh |a dién cuc calomen bao hoa (SCE); dién cuc déi la
1uéi Pr.

2.2. Nghién ctru tinh chét ciia mang (3 hep

Céu tric héa hec cua mang 16 hgp Gr/poly(1,5-DAN) duge phan tich bing phé tan xa
Raman sir dung thiét bj Labram-HR 800 cia Vién Khoa hoc vit liéu, Vién Han 1am KHCNVN.,
Ngudn kich thich Ja laser He-Ne budc séng 632,8 nm, cong sudt 6 mW.

Tinh chit dién héa vit lidu dugce nghién ciru bing phuong phap phén cuc vong da chu ki
(CV) sir dung thiét bj Autolab PGSTAT30.

3. KET QUA VA THAO LUAN
3.1. Trung hop dién héa poly(1,5-diaminonaphtalen) trén vi dién cuc PUGr

Vi dién cuc tich hop Pt sau khi phu thm graphen (ché tao bing phuong phap CVD) tiép tuc
duge phin cire vong da chu ki (CV) trong dung dich nuée c6 chira HCIO; | M va monome 1,5-
DAN 5 mM, khoang quét dién thé tir 0,02 V dén + 0,95 V (theo dién cyc calomen), tbe 48 quét
1d 50 mV/s. Qué trinh téng hop poly(1,5-DAN) trén dién cuc Pt khong phu graphen cing dugc
tién hanh déng thai dé so sanh. Pudng CV thu duge & vong quét thé diu tién duge trinh bay trén
hinh 2.
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Hink 2. Dudng CV véng quét dAu tién ghi trén dién cyc (a) Pt va (b) PUGr trong dung djch HCIO, 1 M
va monome {,5-DAN 5 mM.

Trong ca hai tnrong hop, ta déu thiy day chinh la duéng CV dic trung cia qua trinh tring
hop 1,5-DAN [8]. Piéu hét sirc thi vi 1a cudng do dong dién :hu duge trén dién cyuc cb phi
graphen 16n hon rat nhiu (gp gan 20 In) so véi dign cyc Pt tran. Vi sy c6 mat clia graphen,
qué trinh tring hop dién héa poly(1,5-DAN) dién ra manh mé hon nhi€u.

Hinh 3 trinh bay phd CV tdng hop poly(1,5-DAN) vai 20 chu ki quét thé.
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Hinh 3. Phé CV 18ng hop mang poly(1,5-DAN) trén dién cuc (a) Pt va (b) PUGr.

So sanh hinh 3a va hinh 3b ta thiy, phd CV téng hop poly(1,5-DAN) trén dé Pt va dé PyGr
tuang ty nhau, chi khace cuomg dé dong 1on hon nhiéu trong trudmg hop PUGr. Cy thé & vong
quét thir 20 cudng 46 dong oxi héa 1a 11 pA trong truomg hop dé Pt, truémg hop dé PUGr cudng
d¢6 dong dat 178 pA. Nhu viy, graphen voi d linh dong dién tr cao va dién tich bé mat riéng
1ém d3 1am tang tin hiéu dién héa hay dd din dién ciia mang poly(1,5-DAN).

3.2. Phén tich phé tan xa Raman

Céc dxen cuc Pt phi mang rnong graphen va 16 hop Gr/poly(1,5-DAN) tring hep véi &
chu ki quét thé khac nhau (nghia la chigu day mang polyme khéc nhau) dugc phén tich bAng pho
tin xa Raman. Mang poly(l 5-DAN) thudn trén dién cuc Pt ciing dugc phan tich dong thoi dé
dbi chimg, Cic két qua thu duge trinh bay trén hinh 4.
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Hinh 4. Ph tin xa Raman cia Gr (dudmg a), poly(1,5-DAN) (duomg d) va cic mang 16 hop Gr/poly(1,5-
DAN) tong hop véi S chu ki (dudmg b) va 20 chu ki quét thé (dudng c).
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Vitri cac dinh tan xa Raman trén hinh 4 tuong img véi cac dao déng cia lién két duge
trinh bdy trén bang 1.

Bang 1. Cic dinh t4n xa Raman cia mang mdng graphen, poly(1,5-DAN) va té hop Gr/poly(1,5-DAN),

Graphen Gr/poly(1,5-DAN) | Gr/Poly(1,5-DAN) Poly(1,5-DAN)
5 chu ki 20 chu ki
1353 cm’! 1335,5 cm”! 1331,5 cm’! 13354 cm’!
D-band lién két C-N
1448,5 cm’! 1449 cm! 1454,5 cm™
dao djng khung
1522 cm’ 1519 cm'! 1515,6 cm™!
dao d¢ng khung
1582 cm’! 1580,6 cm’! 1577 em”! 1579 cm’!
G-band dao déng khung
2699,8 cm! 2697 cm”
2D-band

Két qua thu dugc trén hinh 4 cho lhay, duong (a) blcu thj phb tan xa Raman dac trung cua
graphen, véi dinh D & 1353 cm”, dinh G & 1582 cm™' va dinh 2D & 2699,8 cm”' [9]. Trong
nghién ctru nay, dinh D dic trung cho mirc d§ sai hong cia I5p mang graphen 6 cudmg d thip
(so voi dinh G), pic 2D dic trumg cho graphen ¢6 cudng d6 khi cao, chimg té mang graphen ché
tao duoc cé chét lugng 16t

Pho tAn xa Raman ctia mang poly(1,5-DAN) thuin biéu dién trén dudng (d) di thé hién rd
rét cu tric dic trung cia poly(1,5-DAN) phi ho‘p voi chc tai ligu d3 cong bd. Dinh Raman
cudng 4o manh tai 1579; 15156 va 1454,5 cm’ dic tmg cic dao ddng khung ctia nhin
naphtalen, dinh cé cuéng i yéu hon & 1335,4 cm™ chinh 12 dao déng lién két C-N [10).

Phd tin xa Raman ciia mang 16 hop Gripoly(1,5-DAN) téng hgp véi 5 chu ki quét thé
(duong b) thé hién rd rét cAu tric ciia ca 2 thanh phin: ngoél céc dinh tai 1335,5; 1448,5 va 1522
cm’ dic tnmg céc lién két hoa hoc ciia poly(1,5-DAN), con xudt hién thém dinh 2D cta graphen
tai 2697 cm™. Dinh tai 1580,6 cm™ diic tnmg dao dong khung ciia nhan naphtalen c6 cucng dé
tuong déi cao hon nhidu so véi trudmg hop poly(l 5-DAN) thuin, chimg 16 ¢6 sy Kkét hop véi
dinh G cuémg do manh cia graphen tai 1582 em”. Tuy nhién, trong truéng hop téng ho‘p mang
18 hop véi 20 vong chu ki quc! thé, mang poly(1,5-DAN) day hon va ta chi quan st thdy cdu
triic cua poly(1,5-DAN) thun trén phé Raman (dudng c).

3.3. Nghién ciru tinh chit dién héa
Tinh chét dién héa ciaa vi dién cyc Pt bién tinh bing mang 18 hop Gr/poly(1,5-DAN) dugc
nghién ciru bang phuong phap quét thé vong da chu ki (CV) trong dung dych HCIO, 0,1 M. Dién

cuc Pt phi mang poly(1,5-DAN) thuin ciing duge khao sat trong cling didu kién dé so sanh. Cic
két qua thu dugc trinh bdy trén hinh 5.
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Hinh 5. Budmg CV gh trong dung dich HCIO4 0,1 M cia céc dién cyc:
2) Py1,5-DAN v b) PyGr/poly(1,5-DAN).

Két qua thu duqc cho thdy, mang poly(1,5-DAN) Iong hop trén graphen c6 hoat tinh dién
héa cao hon rAt nhidu so véi trudmg hop téng hop truc liép lén bé mit Pt. Ngoai ra, trong truong
hop Ptpoly(1,5-DAN), cucmg do dong dlen suy giam lién tyc ngay tir vong quét dau tién. Mang
16 hop Gr/poly(1,5-DAN) én dinh hon rdt nhiéu, sau khi quét 20 chu ki dong dién giam rt it,
hau nhu khéng dng ké (hinh 5b),

4. KET LUAN

Chiing t3i da ché tao ming graphen (Gr) trén vi dién cyc tich hop Pt béng phuong phép
ling dong pha hoi (CVD), sau d6 long hop mang poly(l 5-diaminonaphtalen) bing phuong phap
quét thé vong da chu ki (CV). Két qua cho thay qua trinh long hop poly(1,5-DAN) trén bé m3t
Gr cho tin higu dl:;n héa tdt hon rit nhidu, c6 thé do db din cao vi/hodc dign tich bé mat riéng
cao cia Gr. Cac két qua phan tich phd thn xa Raman da chimg 16 qué trinh ché tao mang 4 hop
da 16p Gr/poly(1,5-DAN) dién ra thanh cdng. K&t qua nghién ciru hanh vi dién héa cho thdy
mang lé hop Gr/poly(1,5-DAN) ¢6 hoat tinh dién héa va d6 dn dinh cao hon rit nhiéu so véi
mang poly(1,5-DAN) thuin.

Ldi edm om. Cong mnh duqc hoan thinh véi sy tai trg chia Vién Han 1am Khoa hoc va Cdng nghé Viét

Nam (d& tai Hop téc quéc té ma s6 VAST.HTQT.PHAP.02/2012-2013) va nhiém vu nghién cifu khoa hoc
Phong Thi nghiém trong diém vé Vit liéu va linh kién dién nr (2013), Vién Khoa hoc vét liéu.
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ABSTRACT

PREPARATION AND CHARACTERIZATION OF LAYER-BY-LAYER THIN FILM
GRAPHENE/POLY(1,5-DIAMINONAPHTHALENE)

Nguyen Tuan Dung" *, Vu Hoang Duy', Dang Thi Thu Huyen', Nguyen Van Tu’,
Nguyen Van Chuc?, Nguyen Hat Binh?, Tran Dai Lam’”, Tha: Hoang', Nguyen Xuaén Phuc'
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Graphene (Gr), emerging as a truc 2-dimensional material, has received increasjng attention
due to its extraordinarily high electrical and thermal conductivities, great mechanical strength,
Jarge specific surface area. Therefore, Gr would be a potential ﬁmctiopal component to prepare
conducting polymer composites with superior material properties. This study demonstrates the
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preparation of a novel layer-by-layer thin film of hybrid graphene/poly(1,5-diaminonaphthalene)
on the platinum integrated microelectrode. Gr layer was synthesized by Chemical Vapor
Deposition (CVD) method and poly(1,5-DAN) was electrodeposited above 1t. The results of
Raman analysis showed the combined structure of two components: Gr and poly(1,5-DAN). The
electrochemical responses recorded by cyclic voltammetry clearly indicated that hybrid film was
much more electroactive and more stable than pure poly(1,5-DAN) film.

d

Keywords: graphene, layer-by-layer thin film, poly(1,5-diami phthalene), cc
polymers, electropolymerisation.
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