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TOM TAT

Graphen la & liéu 2-D moi, c6 cac tinh cit co, dién, quang vo cung Ii tha va lamiéu Ii
tuong trong inh wrc dién hda. Ngaytit sau khi phat minh, graphen (@&§ dugc nghién ¢u lai
hda \i polyme din dién (CPs), 1t liéu lai Gr/CPsdugc ki vong cédic tinh wrot troi nho két
hop cacuu diém aia ¢ hai \at liéu thanh phn. Trong bai bédo nay, mang @uwoc ché tao bing
pheong phap dng dong pha ki (CVD), saudd phu 1én vidién arc tich kyp Pt.Dién arc PY/Gr
tiép tuc bién tinh \6i poly(1,5- dlamlnonaphtalen)abg phrong phép trung ép dién hoa. Cac &
qua do von-ampe vong (CV) chodi, quéa trinhdng hop poly(1,5-DAN) cho tin iu dién hoa
t6t hon rat nhidu so i truong hyp khéng cé Gr. Cacék qua phan tich pb tan »x» Ramanda
ching © qué trinh ch tao mang & hop da l6p Gr/poly(1,5-DAN) dén ra thanh céng. BhCV
khao sat hanh viién hoa cho thy mang & hop Gr/poly(1,5-DAN)on dinh va c6 het tinhdién
héa cao bn gip nhiéu lan so Wi mang poly(1,5-DAN) than.

Tir khéa: graphen, poly(1,5-diaminonaphtalen), maddwp da I5p, vi dién arc, hat tinh dién
hoa.

1. MO PAU

Graphen la # li¢u 2-D mdi, c6 chiu day bing nmbt 16p nguyén i cia cac nguyénit
cacbon i lién két s tao thanh dan tinh thhinh 6 ong. K& tir nam 2004, khi A.K. Geim va
cac ®ng sr lan dau tién tach thanh céndpn I6p graphenit vat ligu kho| graphit [1], dongdao
cac nha khoadt kit dau quan tam nghiénio vada to ra st bang @ vé cong b khoa hc trén
thé gisi. Nho ciu tracdac biét, graphendd tao ra céc tinh ch dién va quang vo cung i tha, la
vat liéu Ii trang trong Inh wre dién héa [2]. Trong cacdng nghién ¢u, hedng clé tao vat lidu
lai hoa graphen (Gr)é polyme din dién (CPs-conducting polymers) tadic biét hap din va
nhanh chéngiuoc quan tam ngay sau khi phat minh ra grapheit.li¢u lai CPs/Grdugc Ki
vong codic tinh wot troi nho két hop cacuu diém cia ¢ hai Vit lidu thanh phn, quan tong
nht 1a hait tinhdién héa,do dan, ¢ bén ar hoc, 6 6n dinh va kh nang gia cong [3].
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Vit ligu lai CPs/Gr c6 thche tao bing ky thuat tron hop trong dung ith [4], nhing con
dudng nay fit kho khin do tinh khé tani@ CPs. Gii phap tng hyp nhy phin g trang lop in-
situ bing phrong phéap héadt t ra kha thich bp [5], tuy nhién ¢i san ptim dang bt, viéc
tao mang mng saudé tro nén plirc tap. Trang lp dién héa 1a pbong phap thén lgi nhat dé
ché tao mang ning. Mang compozit Gr/CPs céétkong hyp bing cach phan tan Gr trong dung
dich c6 monomeubong tng, saudd két taa dién hda trén & mit dién arc [6]. Tuy nhién, véc
trung hop dién hoa CPs trc tiép trén B mat Gr o vé la mbt pheong phap ch tao vat liéu lai
Gr/CPs dng mangda lop (layer-by-layer) Kiu qua nhit [7]. Bay chinh la ¢ hoi d¢ thiét ké cac
dién arc chic ning mbi tng ding trong tnh wre dién héa, vi d dé ché tao céc lai sensordic
higu.

Trong bai b&o nay ching to& $rinh bay cac & qua nghién ¢u ché tao mang lai hda
graphen/poly(1,5-diaminonaphtalen), trat@y Gr cté tao bing phrong phéap ing dong pha bi
héa ke (CVD), poly(1,5-DAN) dng hyp phi 1én trén lAng phrong phap tring &p dién hoa.
Mang mongda I5p tao thanhduoc phan tich u tric hoa he va nghién eu haat tinhdién héa.

2. THUC NGHIEM
2.1. Téng hep mang ® hep dang da lép Gr/poly(1,5-DAN)

Trong nghién ¢u nay, #m grapheniugc ch tao bing phrong phaping dong pha bi hoa e
(CVD) tai Vién Khoa fpc vat liéu, Vién Han 1am KHCNVN:

- Pau tién, grapheduoc cké tao trén tape Cudi d6 day trén d¢i 5 nm (khang 10 bp
graphen)y nhi¢t @ 1000°C trong thi gian 30 phdit.

- Téch graphen chép lén vidién agc Pt (hinh 1) theo cacubc sau: i) pl mot 16p
mong polyme (PMMA) lén B mat Gr/Cu, u & nhist do 187 trong 2 phat; ii) ngdm Au
PMMA/Gr/Cu trong dung ith Fe(NQ); dé an mondé Cu; iii) chyén mang PMMA/Gr ph Ién
dién arc Pt, xr Ii dién arc PMMA/GI/Pt trong axetodé lam sich lsp PMMA phi bén ngoai.

Ag/AgCl
m( a
Ag

/Cl

g~ Sio,
—g;

Hinh 1 (a) Md hinh va (bjnh chup vi dién arc tich kyp Pt.

Mang poly(1,5-DAN)duoc trung hp dién hoa trén vidién arc Pt/Gr king phrong phap
phan arc vongda chu ki (CV) trong dungidh nréc c6 chiira HCIQ, 1 M va monome 1,5-DAN 5
mM. Khoing thé quét fr -0,02 V ti +0,95 V theadién axc calomen,dc do quét 50 mV/s. Tl
bi dién hoa & dung la mayda ning PGSTAT30 Autolab (Ha LanitVién Ky thuat nhiét doi,
Vién Han 1am KHCNVN. H dién hoa bao ¢m badién arc: Bién e lam vic [a vi dién arc Pt
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pha mang graphen (CVD)ién arc so saniadién arc calomen b&o hoa (SCE)ién arc doi la
ludi Pt.

2.2. Nghién &u tinh chit cia mang 6 hep

Céu tric héa hc aia mang & hop Gr/poly(1,5-DAN)duoc phan tich &ng pho tan x
Raman & dung thiet bi Labram-HR 800 @& Vién Khoa foc vat ligu, Vién Han 1am KHCNVN.
Nguon kich thich la laser He-Narbc song 632,8 nm, cOngais mw.

Tinh chit dign héa vt liéu duoc nghién ¢u bing phrong phap phanuc vongda chu ki
(CV) sir dung thiet bi Autolab PGSTAT30.

3. KET QUA VA THAO LUAN
3.1. Trung hop dién hoa poly(1,5-diaminonaphtalen) trén vidién cuc Pt/Gr

Vi dién arc tich kyp Pt sau khi pintim graphen (chtao bing phrong phap CVD) #p tuc
dugc phan ac vongda chu ki (CV) trong dungich nréc c6 chra HCIQ, 1 M va monome 1,5-
DAN 5 mM, khaing quétdién thé tir -0,02 Vdén + 0,95 V (thedtién arc calomen),dc do quét
la 50 mV/s. Qua trlnhong hop poly(1,5-DAN) tréndi¢n arc Pt khdng ph graphen &ng dugc
tién hanhddng thyi dé so sanhbuong CV thuduoc ¢ vong quét th diu tiénduoc trinh bay trén
hinh 2.
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Hinh 2.DBuong CV vong quéttau tién ghi tréntién axc (a) Pt va (b) Pt/Gr trong dungcth HCIQ, 1 M
va monome 1,5-DAN 5 mM.

Trong @ hai trong hop, tadéu thiy day chinh laduong CV dic trung aia qua trinh tring
hop 1,5-DAN [8]. Bidu hét sic tha v 1a arong d6 dongdién thu dugc tréndién cuc c6 phi
graphendn hon rat nhiéu (gip gin 20 &n) so \6i dién arc Pt tén. Véi sy cé mit caa graphen,
quaé trinh trang &p dién héa poly(1,5-DAN) din ra minh & hon nhigu.

Hinh 3 trinh bay ph CV tong hyp poly(1,5-DAN) \6i 20 chu ki quét th
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Hinh 3.Ph CV tdng hyp mang poly(1,5-DAN) trédién arc (a) Pt va (b) Pt/Gr.

So sanh hinh 3a va hinh 3b taythphd CV tong hop poly(1,5-DAN) tréndé Pt vadé Pt/Gr
trong tr nhau, chkhac wong d6 dong bn hon nhiu trong twong hop PUGr. G thé & vong
quét thr 20 arong do6 dong oxi hda la 11 pA tronguiing hop dé Pt, twong hop dé PYGr arong
d6 dongdat 178 pA. Nhr vdy, graphen &i do linh dong dién tir cao va din tich & mit riéng
|6n d& lam ing tin héu dién hoa hayto dan dién cia mang poly(1,5-DAN).

3.2. Phan tich plé tan xa Raman
Cécdién arc Pt phi mang néng graphen vasthop Gr/poly(1,5-DAN) triing bip Wi s
chu ki quét th khac nhau (ndh la chéu day mang polyme khac nhaigoc phan tich fng pto

tan xa Raman. Mang poly(1,5-DAN) thn tréndién arc Pt ding dugc phan tichiong thoi dé
doi chirng. Cac kt qua thudugc trinh bay trén hinh 4.
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Hinh 4.Ph tan xa Raman aa Gr @uong a), poly(1,5-DAN) ¢uong d) va cac mang thop Gr/poly(1,5-
DAN) tong hyp voi 5 chu ki (tuong b) va 20 chu ki quététduong c).

Vi tri cacdinh tan % Raman trén hinh 4réng tng Wi cac daodong aia lién Kt duoc
trinh bay trén #ng 1.

Bang 1.Cécdinh tan x Raman 6éa mang mng graphen, poly(1,5-DAN) va top 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 cnit 1335,5 cnit 1331,5 crit 1335,4 crit
D-band lien két C-N
- 14485 crit 1449 cmt 14545 crit
daodong khung
- 1522 cnt 1519 cmt 1515,6 crit
daodong khung
1582 cntt 1580,6 cnit 1577 cmt 1579 cmt
G-band daodong khung
2699,8 cnit 2697 cnt - -
2D-band

Két qua thu duoc trén hinh 4 cho fty, duong (a) béu thi phd tdn x» Ramandic trung aia
graphen, ¥i dinh D ¢ 1353 cnf, dinh G & 1582 cnit va dinh 2D ¢ 2699,8 crit [9]. Trong
nghién &u nay,dinh D dac trung cho néc d6 sai long aia lsp mang graphen caréng do thap
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(so wi dinh G), pic 2Ddéc trung cho graphen cardng d6 kha cao, cing © mang graphen ¢h
tao dugc co clat luong .

PH tan »xa Raman aa mangpoly(1,5-DAN) thuin biéu dién trénduong (d)da thé hién ré
rét ciu tric dac trung aia poly(1,5-DAN) phil bp V6i cac tai léu d& céng 6. Binh Raman
cuong d6 manh @i 1579; 1515,6 va 1454,5 ¢miic trung cac daaddong khung éa nhan
naphtalendinh c6 arong d¢ yéu hon ¢ 1335,4 crit chinh la dadong lién Kt C-N [10].

Ph tan x Raman Ga mang & hop Gr/poly(1,5-DAN) ong hop voi 5 chu ki quét té
(duong b) tké hién rd Bt ciu tric dia ci 2 thanh phan: ngoai cadinh tai 1335,5; 1448,5 va 1522
cmi' dic trung céc lién kt héa e aia poly(1,5-DAN), con xét hién thémdinh 2D d@ia graphen
tai 2697 cnt. Binh &i 1580,6 crit dic trung daodong khung éa nhan naphtalen cdreéng do
trong dbi cao n nhidu so i truong hop poly(1,5-DAN) thidn, ching © c6 sr két hop V6i
dinh G arong do manh aia graphenai 1582 cnt. Tuy nhién, trong trong hyp tong hyp mang
t6 hop v6i 20 vong chu ki quét & mang poly(1,5-DAN) daydn va ta chquan sat thy ciu
trac aia poly(1,5-DAN) thén trén pl6 Raman ¢uong c).

3.3. Nghién &u tinh chit dién hoa

Tinh chit dién hoa @a vidién arc Pt bén tinh ling mangd hop Gr/poly(1,5-DAN)duoc
nghién &u bing phrong phap quét thvongda chu ki (CV) trong dungich HCIG, 0,1 M.Di¢n
cuc Pt phi mang poly(1,5-DAN) thin ding duoc khao st trong cundiéu kién dé so sanh. Cac
két qua thu duoc trinh bay trén hinh 5.
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Hinh 5.buong CV ghi trong dungidh HCIO4 0,1 M éa caadién ayc:
a) Pt/1,5-DAN va b) Pt/Gr/poly(1,5-DAN).

Két qua thu duoc cho thy, mang poly(1,5- DAN)c‘tng hop trén graphen c6 hbtinhdi¢n
héa cao bn rit nhiéu so i truong hyp ting hop truc tiép 1&n & mit Pt. Ngoai ra, trong wong
hop Pt/poly(1,5-DAN), adng do dongdién suy gim lién wc ngay tr vong quétdau tién. Mang
t6 hop Gr/poly(1,5-DAN)on dinh hon rit nhiéu, sau khi quét 20 chu ki dowign giam rat it,
hau nhr khéngdang K (hinh 5b).
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4. KET LUAN

Chung t6ida ch tao mang graphen (Gr) trén #ién arc tich hyp Pt ting phrong phap
ling dong pha bi (CVD), saud6 tbng hop mang poly(1,5- dlamlnonaphtalerﬁ)rig phrong phap
quét tit vongda chu ki (CV). Kt qua cho thiy, ‘qua trinh éng hyp poly(1,5-DAN) trén b mit
Gr cho tin hgu dién hda 6t hon rat nhiéu, co tit do do din cao va/hac dién tich & mat riéng
cao @ia Gr. C4c &t qua phan tich pé tan xa Ramanda ching © qua trinh ch tao mang é hop
da I6p Gr/poly(1,5-DAN) dén ra thanh céng. & qua nghién &u hanh vidién héa cho thy
mang 6 hop Gr/poly(1,5-DAN) c6 hat tinh di¢n hoa vado on dinh cao n rit nhiéu so \6i
mang poly(1,5-DAN) thén.

Loi cam on. Céng tr‘lnhdugc ho;‘:m thanh & sy tai tro caa Vién Han 1am Khoa éc va Céng ngd Viét
Nam (e tai Hop tac quc t¢ ma » VAST.HTQT.PHAP.02/2012-2013) va i vu nghién &u khoa k¢
Phong Thi ngl@im trongdiém vé Vit liéu va linh kén dién tr (2013), VEén Khoa hyc vat liéu.
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ABSTRACT

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

Nguyen Tuan Durlg’, Vu Hoang Duy, Dang Thi Thu Huyeh Nguyen Van T8
Nguyen Van Chut Nguyen Hai Binf Tran Dai Larf, Thai Hoang Nguyen Xuaan Phtic

YInstitute of Tropical Technology, VAST, 18 Hoang@Q\Viet, Cau Giay, Hanoi, Vietham
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Graphene (Gr), emerging as a true 2-dimensionagnmagthas received increasing attention
due to its extraordinarily high electrical and thaf conductivities, great mechanical strength,
large specific surface area. Therefore, Gr woula Ipetential functional component to prepare
conducting polymer composites with superior matgsiaperties. This study demonstrates the
preparation of a novel layer-by-layer thin filmfofbrid graphene/poly(1,5-diaminonaphthalene)
on the platinum integrated microelectrode. Gr layes synthesized by Chemical Vapor
Deposition (CVD) method and poly(1,5-DAN) was eledeposited above it. The results of
Raman analysis showed the combined structure otbmponents: Gr and poly(1,5-DAN). The
electrochemical responses recorded by cyclic vatiatry clearly indicated that hybrid film was
much more electroactive and more stable than palyg1p5-DAN) film.

Keywords: graphene, layer-by-layer thin film, poly(1,5-diamiraphthalene), conducting
polymers, electropolymerisation.
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