
Tgp chi Khoa hpc vd Cdng ngh$ 52 (1) (2014) 115-122 

CHE TAO VA NGHIEN CUtJ TINH CHAT IMANG TO HOP DANG 
DA LOfP GRAPHEN/POLY(1 ,5-DIA]VIINONAPHTHA"LEN) 

Nguyen Tuan Dung''*, Vu Hoang Duy', Dang Thi Thu Huy^n', Nguyin Van T u \ 
Nguyin Van Chuc^ Nguyen Hai Binh^ Tran Dai Lam^ Nguyen Xu3n Phuc^ 

Thai Hoang' 

'Vien Ky thugt nhi4t dai, Vien HLKHCNVN. 18. Hodng Qudc Viet, Cau Gidy. Hd Ngi 

^Vi?n Khoa hgc vdt lieu. Vien HLKHCNVN. 18. Hodng QuSc Vi?t. Cdu Gidy, Hd Noi 

Den Toa sogn: 11/12/2013; ChSp nhan dang: 20/1/2014 

TOM TAT 

Graphen la v^t lieu 2-D mdi, co cac tinh chit ca, dien, quang vo cCmg li thu va la vat Ii?u li 
tuong frong linh vuc dien hoa. Ngay tCr sau khi phat minh, graphen (Gr) d3 dugc nghien cuu lai 
h6a voi polyme din dien (CPs), vat lieu lai Gr/CPs dugc ki vpng co dac tinh vugt frpi nho kh 
hpp cac uu dilm cua ca hai vat lieu thanh phan. Trong bai bao nay, mang Gr dugc chi tao bing 
phuong phap ldng dpng pha hoi (CVD), sau do phu len vi dien cue tich hgp Pt. Di^n cue Pt/Gr 
tiep tuc bien tinh v6i poly(l,5-diaminonaphtalen) bang phuong phap tning hgp dien boa. Cac ket 
qua do von-ampe vong (CV) cho thay, qua trinh tong hgp poly(l,5-DAN) cho tin hi?u di?n hoa 
tdt hon rat nhieu so vai truang hgp khdng co Gr. Cac ket qua phan tich pho tan xa Raman da 
chiing to qua trinh che tao mang to hgp da I6p Gr/poly(l,5-DAN) dien ra thanh cong. Pho CV 
khao sat hanh vi di?n hoa cho thay mang to hgp Gr/poly(l,5-DAN) 6n dinh va co hoat tinh dien 
hoa cao hon gap nhieu lan so v6'\ mang poly(I,5-DAN) thuan. 

Tir khoa: graphen, poly(l,5-diaminonaphtalen), mang to hgp da lap, vi dien cue, boat tinh dien 
hoa. 

I .M6DAU 

Graphen la v^t Heu 2-D mdfi, co chieu day bang mot lap nguyen tu" cua cac nguyen tir 
cacbon voi lien ket sp^ tao thanh dan tinh the hinh t6 ong. Ke tir nam 2004, khi A.K. Geim va 
cac cgng su lan dau tien tach thanh cong don lop graphen tit vat lieu khoi graphit [1], dong dao 
cac nha khoa hpc bat dau quan tSm nghien cuu va da tao ra sir biuig no ve cong bo khoa hpc fren 
thi gidi. Nha cau true dac biet, graphen da tao ra cac ti'nh chat dien va quang vo cimg li thu, la 
vat li^u li tucmg frong linh vuc di$n hoa [2]. Trong cac huang nghien cuu, huong che tao v3t lieu 
lai hoa graphen (Gr) vai polyme d ^ di?n (CPs-conducting polymers) to ra dac biet hap dan va 
nhanh chong dugc quan tam ngay sau khi phat minh ra graphen. Vat lieu lai CPs/Gr dugc Id 
vgng c6 dac tinh vugt trgi nho ket hgp cac uu diem cua ca hai vat li8u thanh phan, quan frgng 
nhSt la ho?t tinh di?n hoa, dp dan, dp ben ca hgc, dp on dinh va kha nSng gia cong [3]. 
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Vat lieu lai CPs/Gr co the che t?o bang ky thuat trOn hgp trong dung djch [4], nhung con 
duong nay rat kho khan do tinh kho tan ciia CPs. Giai phap t6ng hgp nha phan ung trung hgp in-
situ bang phuong phap hoa hpc to ra kha thich hgp [5], tuy nhien vai san pham d?ng bpt, vi?c 
t^o mang mong sau do frcr nen phuc tap. Trung hpp dien hda la phuang phap thuan lgi nhdt de 
ehl tEio mang mong. Mang compozit Gr/CPs co thi t6ng hgp bSng each phan tan Gr trong dung 
dich CO monome tuang ung, sau do ket tua dien hoa tren b6 mat di^n cvrc [6]. Tuy nhien, vi6c 
trung hgp di?n hoa CPs true tiep fren bl mat Gr co ve la mpt phuang phap che tao vat lieu lai 
Gr/CPs dang mang da Icrp (layer-by-layer) hieu qua nhat [7]. Day chinh la ca hgi de thilt kl cac 
dien cue chue nang moi ung dung trong linh vuc di^n hoa, vi dy dl che tao cac loai sensor dac 
hieu. 

Trong bai bao nay chiing toi se trinh bay cac ket qua nghien ciiu che tao mang lai h6a 
graphen/poly(l,5-diaminonaphtalen), frong do, Gr che tao bang phuang phap iSng dpng pha hoi 
hda hoc (CVD), poIy(l,5-DAN) ting hgp phii len fren biing phuang phap triing hgp di^n hda. 
Mang mong da lop tao thanh dugc phan tich cau triic boa hpc va nghiSn ciiu ho^t tinh di$n hoa. 

2. THLTC NGHIf M 

2.1. Tong hffp mang to hop dang da 16p Gr/poIy(l,5-DAN) 

Trong nghien cuu nay, tdm graphen dugc chi t^o bing phuong phap I5ng dgng pha hgi hoa hpc 
(CVD) tai Vien Khoa hgc vat lieu, Vien Han lam KHCNVN: 

Dau tien, graphen dugc chi tao fren tape Cu vai dp day tren du6i 5 nm (khoang 10 Idp 
graphen) d nhiet dp 1000 "C frong thdi gian 30 phiit. 

Tach graphen chuyin len vi dien cue Pt (hinh 1) theo cac budc sau: i) phii mgt Idp 
mdng polyme (PMMA) len bl m|t Gr/Cu, u d nhiet dp 180° tiong 2 phiit; ii) ngam mlu 
PMMA/Gr/Cu frong dung dich Fe(N03)3 dl an mon dl Cu; iii) chyin mang PMMA/Gr phii len 
dien cue Pt, xuf li dien cue PMMA/Gr/Pt trong axeton dl lam sach Idp PMMA phii ben ngoai. 

Hmh 1. (a) Mo hinh va (b) anh chup vi difn ctfc tich hgp Pt. 

Mang poly(l,5-DAN) dugc tiling hgp dien hda frSn vi dien eye Pt/Gr bang phuang phap 
phSn eye vong da chu M (CV) frong dung dich nudc cd chiia HCIO4 1 M va monome 1,5-DAN 5 
mM. Khoang thi quet tir -0,02 V tdi +0,95 V theo di^n eye calomen, toe dp quet 50 mV/s. Thilt 
bi di?n hoa sii dung la may da nang PGSTAT30 Autolab (Ha Lan) t^i Vi?n Ky thu|it nhi^t ddi, 
Vien Han lam KHCNVN. He difn hoa bao gom ba difn eye: Di?n cue ldm vi$c la vi difn eye Pt 
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phii mang graphen (CVD); dien cue 
ludiPt. 

o sank la dien cue calomen bao boa (SCE); dien cue ddi la 

2.2. Nghien cihi tinh chat cua mang to htfp 

Ciu friic hoa hpc cua mang t l hgp Gr/poly(l,5-DAN) dugc phan tich bang phd tan xa 
Raman sii dung thilt bj Labram-HR 800 ciia Vien Khoa bpc vat lifu, Vien Han lam KHCNVN. 
Ngu6n kich thich la laser He-Ne budc song 632,8 nm, cong suat 6 mW. 

Tinh chat dien hda vat lieu dugc nghien ciru bang phucmg phap phan cue vong da chu ki 
(CV) sii dung thilt bj Autolab PGSTAT30. 

3. K t T QUA VA THAO LUAN 

3.1. Triing hgp dien hda poly(l,5-diaminonaphta)en) tren vi di^n circ Pt/Gr 

Vi dien eye tich hgp Pt sau khi phii tam graphen (che tao bang phuang phap CVD) tiip tuc 
dugc phan cue vong da chu ki (CV) frong dung djch nudc co chiia HCIO4 1 M va monome 1,5-
DAN 5 mM, khoang quet dien thi tir -0,02 V din + 0,95 V (theo difn cue calomen), tie dp quet 
la 50 mV/s. Qua trinh tong hgp poly( 1,5-DAN) fren dien cue Pt khong phii graphen ciing dugc 
tien hanh dong thdi de so sanh. Dudng CV thu dugc d vong quet the dau tien dugc trinh bay fren 
hinh 2. 

Hinh 2. Dutmg CV vong quet d̂ u tien ghi tren difn cue (a) Pt va (b) Pt/Gr frong dung dich HCIO41 M 
va monome 1,5-DAN 5 mM. 

Trong ca hai tiTidng hgp, ta diu thdy day chinh la dudng CV dac trung ciia qua trinh tixing 
hgp 1,5-DAN [8]. Dilu hit s ic thu vj la cudng dp dong dien thu dugc tren difn cue c6 phu 
graphen ldn hon rat nhilu (gap gin 20 lan) so vdi difn cue Pt fran. Vdi sy c6 mat cua graphen, 
qua trinh trimg h(?p dien hda poly(I,5-DAN) diln ra manh me hon nhieu. 

Hinh 3 frinh bay phi CV tong hgp poly(l ,5-DAN) vdi 20 chu ki quet thi. 
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Hinh 3. Pho CV tong hop mang poly( 1,5-DAN) tren dien cue (a) Pt va (b) Pt/Gr. 

So sanh hinh 3a va hinh 3b ta th§y, pho CV tong hgp poly(l,5-DAN) tren dl Pt va de Pt/Gr 
tuong ty nhau, chi khac cuong dp dong ldn hon nhieu trong trudng hgp Pt/Gr. Cy the d vong 
quet thii 20 cudng dp dong oxi hoa la 11 pA frong frudng hgp de Pt, trudng hgp d8 Pt/Gr cudng 
dp dong dat 178 pA. Nhu vay, graphen vdi dp linh dgng dien tii cao va difn tich be mat rieng 
ldn da lam tang tin bieu dien hoa hay dp dan dien ciia mang poly(l,5-DAN). 

3.2. Phan tich pho tan xa Raman 

Cac dien eye Pt phu mang mdng graphen va to hgp Gr/poly(l,5-DAN) tning hgp vdi so 
chu ki quet the khac nhau (nghTa la chieu day mang polyme khac nhau) dugc phan tich b&ng phi 
tan xa Raman. Mang poly(l,5-DAN) thuin tren dien cue Pt ciing dugc phan tich ding thdi de 
dii chiing. Cac ket qua thu dugc trinh bay fren hinh 4. 

So sdng, cm"̂  

Hmh 4. Phi tan xa Raman ciia Gr (duimg a), poly(l,5-DAN) (du6ng d) va cac mang tl hgp Gr/poly(l,5-

DAN) ting hgp vdi 5 chu ki (dudng b) va 20 chu ki quet thi (dudng c). 
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Vi tri cac dinh tan xa Raman trSn hinh 4 tucmg iing vdi cac dao dpng ciia lien kit dugc 
frinh bay fren bang 1. 

Bdng i. Cac dinh tdn xa Raman ctia mang mong graphen, poly(l,5-DAN) va tl hgp Gr/poly(l,5-DAN). 

Graphen 

1353 cm' 
D-band 

1582 cm' 
G-band 

2699,8 cm' 
2D-band 

Gr/poly(l,5-DAN) 
5 chukt 

1335,5 cm"' 

1448,5 cm' 

1522 cm' 

1580,6 cm' 

2697 cm-' 

Gr/Poly( 1,5-DAN) 
20 chu ki 

1331,5 cm-' 

1449 cm-' 

1519 cm-' 

1577 cm' 

Poly(l,S-DAN) 

1335,4 cm-' 
lien ket C-N 

1454,5 cm-' 
dao dOng khung 

1515,6 cm-' 
dao d§ng khung 

1579 cm' 
dao dong khung 

Ket qua thu dugc tren hinh 4 cho thiy, dudng (a) bieu thi phi tan xa Raman dac trung ciia 
graphen, vdi dinh D d 1353 cm', dinh G d 1582 cm' va dinh 2D d 2699,8 cm' [9]. Trong 
nghien ciiu nay, dinh D dac frung cho miic dp sai hong ciia Idp mang graphen cd cudng do thip 
(so vdi dinh G), pic 2D dac trung cho graphen c6 cudng dp kha cao, chiing to mang graphen chi 
tao dugc CO chat lugng tot. 

Pho tan xa Raman ciia mang poly(l,5-DAN) thuan bieu dien tren dudng (d) da the hien ro 
ret cau fruc dac trung ciia poIy(l,5-DAN) phii hgp vdi cac tai tifu da c6ng bo. Dinh Raman 
cudng dp manh tai 1579; 1515,6 va 1454,5 cm' dac frung cac dao dgng khung ciia nhan 
naphtalen, dinh cd cudng dp yeu hon d 1335,4 cm'' chinh ladaodcing lien ket C-N [10]. 

Phi tan xa Raman ciia mang t l hgp Gr/poly(l,5-DAN) ting hgp vdi 5 chu ki quet the 
(ducmg b) the hien ro rft cau triic ciia ca 2 thanh phan: ngoai cac dinh tai 1335,5; 1448,5 va 1522 
cm'' dac frung cac Hen ket boa hgc ciia poly(l,5-DAN), con xuat hien them dinh 2D ciia graphen 
tai 2697 cm"'. Dinh tai 1580,6 cm'' d|c trung dao dpng khung cua nhSn naphtalen cd cudng dp 
tuong dii cao ban nhieu so vdi trudng hgp poly(l,5-DAN) thuan, chiing td co sy kit hgp vdi 
dinh G cudng dp manh ciia graphen tai 1582 cm''. Tuy nhien, trong trudng hgp tdng hgp mang 
t l hgp vdi 20 vdng chu Id quet the, mang poly(l,5-DAN) day han va ta chi quan sit thay ciu 
tnic ciia poly( 1,5-DAN) thuin fren pho Raman (dudng c). 

3.3. NghiSn ciru tinh chat dien hoa 

Tinh chit difn hda ciia vi difn eye Pt biln tinh bing mang td hgp Gr/poIy(l,5-DAN) dugc 
nghien ciiu bing phuang phap quet the vdng da chu ki (CV) frong dung dich HCIO4 0,1 M. Difn 
cue Pt phii mang poly(l,5-DAN) thuin ciing dugc khao sat trong ciing dilu kien de so sanh. Cac 
kit qua thu dugc trinh bay fren Wnh 5. 
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Hinh 5. Dudng CV ghi trong dung djch HC104 0,1 M cua cic dien cue: 
a) Pt/1,5-DAN va b) Pt/Gr/poly(l,5-DAN). 

Ket qua thu dugc cho thiy, mang poly(l,5-DAN) ting hgp tren graphen c6 hoat tinh difn 
hda cao hon rat nhiSu so vdi trudng hgp tong hgp true tiep len be m^t Pt. Ngoai ra, trong trudng 
hgp Pt/poIy(l,5-DAN), cudng do ddng dien suy giam lien tuc ngay tii vdng quet dau tien. Mang 
t l hgp Gr/poly( 1,5-DAN) on dinh hon rit nhilu, sau khi quet 20 chu ki dong dien giam rit it, 
hiu nhu khong dang ke (hinh 5b). 

4. KET LUAN 

Chiing toi da che tao mang graphen (Gr) tren vi dien eye tich hgp Pt bang phuang phap 
lang dpng pha hoi (CVD), sau dd ting hgp mang poly(l,5-diaminonaphtalen) bing phuong phap 
quet the vong da chu ki (CV). Ket qua cho thiy, qua trinh tdng hgp poly(l,5-DAN) fren be mat 
Gr cho tin hieu difn boa tdt ban rat nhilu, cd the do dp dan cao va/hoac difn tich bl m^t rieng 
cao ciia Gr. Cac kit qua phan tich phi tan xa Raman da chiing td qua trinh che t^o mang t l hgp 
da Idp Gr/poly( 1,5-DAN) dien ra thanh cong. Ket qua nghien ciiu hanh vi difn hoa cho thay 
mang to hgp Gr/poly(l,5-DAN) cd hoat tinh difn hoa va dd on djnh cao hon rit nhilu so vdi 
mang poly(l,5-DAN) thuin. 

L&i cdm an. Cong trinh dugc hoan thanh vdi su tai trg cua Vifn Han lam Khoa hpc va C6ng nghf Viet 
Nam (dl tai Hgp tic quIc tl ma s6 VAST.HTQT.PHAP.02/2012-2013) va nhiem vu nghien ciiu khoa hpc 
Phong Thi nghiem trpng diem ve Vdt lifu va linh kien dien tir (2013), Vifn Khoa hgc vat lieu. 
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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 Hai Binh^ Tran Dai Lam^ Thai Hoang', Nguyen Xuaan Phuc' 

'institute of Tropical Technology, VAST, 18 Hoang Quoc Viet, Cau Giay. Hanoi. Vietnam 
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Graphene (Gr), emerging as a tine 2-dimensional material, has received increasing attention 
due to its exfraordinarily high elechical and thermal conductivities, great mechanical sfrength, 
large specific surface area. Therefore, Gr would be a potential functional component to prepare 
conducting polymer composites with superior material properties. This study demonsfrates the 
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preparation of a novel layer-by-layer thin film of hybrid graphene/poly(l,5-diaminonaphthalene) 
on the platinum integrated raicroelectiode. Gr layer was synthesized by Chemical Vapor 
Deposition (CVD) method and poly(l,5-DAN) was elecfrodeposiled above it. The results of 
Raman analysis showed the combined structure of two components: Gr and poly(l,5-DAN). The 
elecfrochemical responses recorded by cyclic voltammetry clearly indicated that hybrid film was 
much more elecfroactive and more stable than pure poIy(l ,5-DAN) film. 

Keywords: graphene, layer-by-layer thin film, poIy(l,5-diaminonaphthalene), conducting 
polymers, elecfropolymerisation. 




