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TOM TAT

Bai b4o nay khao sat kha ning mé rong ving cam graphene don 16p théng qua qua trinh
epoxy hoa graphene. Phu'orng phap nghién ctru dugc su dung 14 tinh toan mé phong bang 1y
thuyet DFT sur dung goi phan mém DMol3. Qua do, khi dugc epoxy hoa, graphene don 16p co
thé mo rong vang cam va co tinh chét cua chét ban dan truc tiép. Ty 1& epoxy t6i wu dé mo
rong vung cam la khoang 18-19%. Day la nghién ctru mang tinh dinh hudng cho cac nghién
ctiru thyc nghiém tiép theo.

Tir khéa: Graphene don 16p, DFT, DMol3, mo rong viing cim, epoxy héa.

1. GIOI THIEU

Graphene dugc nha khoa hoc Anh Andre Geim phat hién nam 2004 va no ciing gitip ong
gianh giai Nobel Vat Iy 2010, hién tai no dang 1a vét liéu dugc ki vong s& lam thay d6i hoan toan
dién mao cua cac thiét bi dién tir va cong nghé cua thé gidi véi dac tinh dan dién tét, co duoc
dién tich bé mat Ion, dién tré thip. Cac nghién ciru hién tai vé graphene dugc danh gia boi mot
s6 lugng 16n cac bai bao trong linh vure dién tir [1], quang dién tu [2], ung dung nang lugng [3]
ciing nhu 19 trinh dat duoc cua no. MG4i quan hé tuyén tinh cua nang lugng véi dong luong
trong khong gian gan diém K 1 tinh chét dac biét va quan trong nhét cua graphene [1, 4]. Mdi
quan hé tuyén tinh nay lam cho dién tir khong c6 khdi lwong, diéu nay 1am cho graphene tro
thanh mot vat lidu tiéu chuan tét dé kiém tra ly thuyét lugng tur cho cac hat Fermi khong khoi
lugng [1]. Tinh linh dong cao cua graphene cling c6 nguon gbc tir dién tir c6 khéi lwong nhe.
Ngoai ra, graphene duoc biét dén nhu 1a vat liéu mong nhat. Tinh chit dic biét nay mé ra con
duong méi wng dung graphene trong viéc thay doi kich thudc cua transistor, dién tir hoc mém
déo (flexible-stretchable electronics), quang di¢n tir nhu cac linh kién plasmonics [5].

Méc du co nhiéu tién bo trong nghién ctru graphene, nhung thyuc te van con ton tai nhleu
thach thure. Dol véi viéc tng dung tan sé song vo tuyén co cong suit cao, graphene can do
rong vung cam nho dé dat dong dién bao hoa. Trong khi graphene don 16p lai khong c6 do
rong vung cdm. Chinh vi vay, c6 rat nhiéu nha khoa hoc nd lyc giai quyét bai todn mo rong
vung cam cua graphene. Graphene 16p doi dudi dién truong hodc pha tap hai bén c6 thé giai
quyét van dé nay [6]. Tuy nhién, viéc tong hop I6p graphene kép AB bang phwong phap ling
dong hoi hoa chat (CVD) van con 1a mot thach thirc I6n cho cac nha khoa hoc vat ligu [7, 8].
Naeem Ullah va cong su cling da thyuc hién tinh toan DFT cho vat li¢u ghép gitra graphene don
I6p va 16p boron nitride (BN) [11]. K&t qua tinh toan cho thiy c6 su mé rong ving cim cua
loai vt li¢u nay. Két qua ciing twong tu cho hé 3 16p BN/G/BN. Shaobin Tang va cong su
thuc hién tinh toan cho graphene 2 16p két hop vai 1 I6p graphene oxide va cho thay, voi mot
s6 cAu hinh graphene oxide nhat dinh, d6 rong ving cdm cua hé c6 thé dwoc mé rong [12].
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Guan Z. va cong su lai mot lan nira cho thay trién vong cua cac h¢ phirc. Nhom tac gia da cho
thay kha niang mé rong ving cdm cia hé graphene két hop véi 16p PtSe, [13]. Gan day nhat
Sahalianov 1.Y. va cong sy da cho thiy c6 thé diéu chinh do rong ving cim graphene bang
nhitng bién dang kéo tao ra trén graphene [14].

Hién nay, voi su phat trién cac ky thuat moi, viéc gan nhom chirc vao graphene don 16p
1a diéu c6 thé thyc hién dugc [15]. Dleu nay lam phat sinh mot cau hoi: "Liéu c6 nhom chic
nao thich hop cho viéc mé rong ving cdm caa graphene don 16p trong khi van c6 su thoa higp
gitta d6 linh dong va do rong ving cam?” Bai bao nay trinh bay mot so két qua nghién ciru
mai. Trong do, thong qua tinh toan md phong, kha nang mé rong ving cAm graphene don 16p
duogc khao sat va xac dinh rang do rong ving cim graphene ¢ thé dugc mé rong thong qua
nhom chac epoxy.

2. PHUONG PHAP NGHIEN CUU

Nghién ctru dugc thyc hién tinh toan m6 phong bang phuong phap DFT véi su trg gitp
cuia phan mém Material Studio véi module DMol3 [10]. DMol3 cho phép xdy dung MAu CAU
trac dién tir va nang luong cua phan tir, chat rin va nang lugng bé mat. Phan mém nay sir dung
ly thuyét DFT. Chung ta c6 thé nghién cttu mét khoang rong cua hé bao gém: cac phan tir vo
co, cac tinh thé phén tir, chat ran cong hod tri, chat ran kim loai va bé mit vo han cia vat liéu.

Trudc hét, cau trac graphene don 16p duoc xay dung. Sau dé, supercell duoc tinh toan
bang cach ting dan sb lugng nguyén tir trong supercell dé thu dwoc su hoi tu cia niang lugng
lién két trung binh, duwong nhién c6 su thoa hiép giita sai s6 va thoi gian tinh toan. S6 nguyén
tr cang 16n, d chinh x4c cia tinh todn cang cao. Tuy nhién, khi 6 supercell tang Ién 1 don vi,
thoi gian tinh toan c6 thé ting hon gip d6i. Do d6, bai toan chon d6 hoi tu va chap nhan sy sai
léch két qua khoang 0,1% dé c6 dugc thoi gian tinh toan hop 1y. C6 dugc thong tin supercell,
k-point 1a thong so tiép theo dugc xac dinh bang cach giir nguyén supercell va tang dan
k-point cho dén khi dat duoc trang thai hoi tu. V6i cac thong sé dau vao /dugc xdc dinh, md
hinh graphene sau d6 dugc gan thém cac nhom chirc epoxy va tang dan s luong dé xac dinh
ty & gén nhom chire thich hop trong viéc mo rong ving cim graphene.

3. KET QUA VA THAO LUAN
3.1. Xac dinh théng s cua supercell
Thong s supercell duoc xac dinh bang cach tinh toan nang luong lién két riéng cua cac
Cu truc. Cac céu trac 1x1, 2x2, 3x3, 4x4, 5x5 dugce tinhvtoém~bé“m’g phuong phap DFT thong
qua géi phan mém DMol3. Két qua tinh toan va do thi biéu dién két qua ¢ Bang 1 va Hinh 1

Bang 1. Bang s6 lidu tinh toan nang lugng lién két riéng clia cac CAu tric

Supercell S6 nguyén tir |Nang luong lién két (eV) | Ning luong lién két riéng (eV)
1x1 1 -15,93304 -15,93304
2%2 5 -63,72513 -12,74503
3x3 9 -143,36998 -15,93000
4x4 16 -255,84582 -15,99036
5%5 25 -399,06675 -15,96267

128



Khao sat khd ndng mé réng vung cdm graphene don I6p théng qua epoxy héa graphene...

Nang Iwong lién két rieng (eV)

22, -12.74503

4x4,-15.99036  5x5, -15.96267
-16.00000 L] L W e

1x1, -15.93304

Hinh 1. Biéu db xac dinh nang lugng lién két cua graphene
Vi cac supercell khac nhau

Biéu d6 cho thay, tai supercell 4x4 c6 su hoi tu xuat hién, két qua tinh toan cua supercell
5x5 khong c6 sy sai léch qua nhiéu so véi trong truong hop 4x4. Nhu vay, viée tinh toan co
thé str dung supercell 4x4 dé tiép tuc thuc hién ma khong 1am xuét hién qua nhiéu sai s do
anh huong cua cac phép toan gan ding.

3.2. Xac dinh k-point

Véi supercell 4x4 duge xac dinh 1am co so tinh toan, thong so tiép theo can xéac dinh 1a
thong s6 k-point. Thong sé nay dugc xac dinh bang cach ¢ dinh thong sb supercell 1a 4x4 va
tang dan k-point va thuc hién tinh toan ning luong tong cho cau trac cho dén khi ning luong
dat gia tri hoi tu. Khi do, gia tri k-point tai diém hoi tu 1a gia tri hop 1y dé sir dung cho cac tinh
toan tiép theo. Két qua tinh toan va biéu dd twong tng duoc thé hién qua Bang 2 va Hinh 2

Bang 2. Két qua tinh toan E-total (g véi cac k-point khac nhau

k-point Ning luong tong (Ha) Ning luong tong (eV)
2 -1219,737402 -33190,75762
4 -1219,738286 -33190,78168
6 -1219,737148 -33190,75071
8 -1219,737748 -33190,76704
10 -1219,737742 -33190,76687
12 -1219,737638 -33190,76404
14 -1219,737719 -33190,76625
16 -1219,737718 -33190,76622
18 -1219,737719 -33190,76625
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Total Energy (eV)

Total Energy (eV)

k-point
Hinh 2. Biéu db thé hién két qua tinh téng nang luong (ng véi cac k-point khac nhau

DO thi cho thiy k-point = 14 tao duoc sy hoi tu, cac két qua tinh toan véi k-point I6n hon
khong cho két qua sai 1éch qua nhiéu. Do d6, k-point = 14 dugc chon dé tinh toan tiép theo.

3.3. Sw mé rong vang cim ciia graphene don 16p théng qua nhém chic epoxy

V6i thong s dau vao supercell 4x4 va k-point = 14, tinh toan tiép theo dwoc thuc hién
dé khao sat kha nang mo rong vung cam cia graphene thong qua nhém chirc epoxy.

Thuc hién tinh toan céu triic graphene 4x4 véi 1 nhom chirc epoxy thu duoc cau triic
vung nang lugng nhu Hinh 3a.

Band gap is 0.145 eV Band gap is 0.954 eV Band gap is 0.006 eV
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Hinh 3. Céu trac ving ning luong graphene 4x4 khi gian thém cac nhém chic epoxy.
(a) gén 1 nhoém chirc (b) gan 3 nhom chire () gin 6 nhém chirc
Hinh 3a cho thdy, graphene sau khi gan thém nhém chirc di mé rong ving cdm mat it
véi do rong 0,145 eV. Hinh 3a ciing cho thdy ving cdm trong truong hop nay duoc mé rong
tai vi tri K va tao thanh mét chit ban din c6 ving cam tryc tiép. Pay 1a mot két qua mang lai
rat nhiéu trién vong cho gisi khoa hoc.
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3.4. Khio sat sw mé rong viing cAm théng qua nhém chic epoxy

Tiép tuc tinh toan vai nhidu hon 1 nhom chirc dé khao sat sy phu thudc cia do rong ving
cdm vao sd lugng nhom chic. Bang 3 cho thay két qua tinh todn va biéu d6 thé hién trén Hinh
4. Hinh 3b, 3¢ cling cho thay C4u triic ving ning luong khi gan 3 va 6 nhom chirc. Khi gan 3
nhém chirc van thiy ving cdm mo rong ¢ vi tri K. Tuy nhién, khi gin 6 nhoém chirc, viing cam
¢6 hién tuong léch di va ciu tric bat dau bi pha va.

Bang 3. Két qua tinh toan su phu thugc do rong ving cdm vao sé nhom chirc epoxy

S6 nhom chue Ty 1& Bandgap (eV)
1 6,25% 0,145
2 12,50% 0,230
3 18,75% 0,954
4 25,00% 0,828
5 31,25% 0,712
6 37,50% 0,006
Bandgap (eV)
12
! L ]
B [ ]

Band gap (aV)

1 2 3 4 5 6
58 lrgng O

Hinh 4. Biéu db thé hién su phu thudc d6 rong vimg cam vao sé nhom chic epoxy

Bang 3 va Hinh 4 cho thay, ban dau khi ting s6 nhom chtic epoxy thi 6 rong ving cim
s& tang twong (ng. Cu thé, véi 1 nhém chirc (ty 16 6,25%) thi d6 rong ving cam 14 0,145 eV.
V6i 2 nhém chuc (ty 1€ 12,50%) cho d§ rong ving cam 13 0,230 eV. Va khi dat muc ty 1€
18,75% thi d6 rong vung cdm tang vot dén 0,954 eV. Tuy nhién, khong phai ctr ting s6 nhom
chie thi d6 rong vung cam tiép tuc tang. Néu bd sung 4 nhém chire (ty 16 25%) thi d6 rong
vung vim khéng ting nita ma c6 du hiéu giam chi con 0,872 eV. bac biét khi dén 6 nhém
chuc (ty 1é 37,5%) thi duong nhu graphene bi pha v cau tric, d6 rong ving cim dot ngot tro
nén thip 0,006 eV.

Nhu vay, théng qua tinh todan mé phong da xac dinh duoc tuong ddi ty & bd sung nhom
chtrc epoxy vao mang graphene dé ma rong duoc ving cAm t6i uu nhat. Ty 18 t6i wu 14 18,75%.
Dé tinh toan chinh xac hon ty 1& nay can thuc hién tinh toan cho cac supercell cao hon va s&
dugc thyuc hién trong cac nghién ctu tiép theo.

4. KET LUAN

Bai bao da trinh bay mot nghién ctitu méi vé kha niang mé rong ving c?im cua graphene
don 16p str dung nhoém chirc epoxy. Nghién ctru cho thay mét két qua kha trién vong. Trong

131



Dinh Nguyén Trong Nghia, Ngé Thi Héng Tam

gidi han ty 1¢ Chap nhén dugc cia nhom chirc epoxy, graphene don 16p c6 thé mo rong ving
cam dan va van giir dugc tinh chat cua chat ban dan truc tiép. Ving cim nay suy giam va thay
dbi tinh chat khi c6 qua nhiéu nhom chuc epoxy. Nghién ctru xem nhu gop mot phan vao
nghién cu ing dung graphene trong cac vat liéu ban dan.

Loi cam on: Nghién ctu nay do Truong Dai hoc Cong nghiép Thuc pham TP. Ho Chi Minh
bao tro va cap kinh phi theo Hop dong so 92/HP-DCT ngay 07/11/2018.

10.

11.

12.

13.

14.

15.

TAI LIEU THAM KHAO

Novoselov K.S., Fal’ko V.I., Colombo L., Gellert P. R., Schwab M. G., Kim K. - A
roadmap for graphene, Nature 490 (2012) 192-200.

Bao Q. and Loh K.P. - Graphene photonics, plasmonics, and broadband optoelectronic
devices, ACS Nano 6 (5) (2012) 3677-3694.

Zhu Y., Murali S., Cai W.,, Li X., Suk J.W., Potts J.R., Ruoff R.S. - Graphene and
graphene oxide: synthesis, properties, and applications, Advanced Materials 22 (35)
(2010) 3906-3924.

Young A.F. and Kim P. - Quantum interference and Klein tunnelling in graphene
heterojunctions, Nature Physics 5 (2009) 222-226.

Han T.H., Lee Y., Choi M.R., Woo S.H., Bae S.H., Hong B.H., Ahn J.H. and Lee T.W.
- Extremely efficient flexible organic light-emitting diodes with modified graphene
anode, Nature Photonic 6 (2) (2012) 105-110.

Zhang Y., Tang T.T., Girit C., Hao Z., Martin M.C., Zettl A., Crommie M.F., Shen
Y.R., Wang F. - Direct observation of a widely tunable bandgap in bilayer graphene,
Nature 459 (7248) (2009) 820-823.

Mattevi C., Kima H., Chhowalla M. - A review of chemical vapour deposition of
graphene on copper, Journal of Materials Chemistry 21 (2011) 3324-3334.

Schwierz F. - Graphene transistors, Nature Nanotechnology 5 (2010) 487-496.

Han M.Y., Ozyilmaz B., Zhang Y., Kim P. - Energy band-gap engineering of graphene
nanoribbons, Physical Review Letters 98 (20) (2007) 1-4.

Delley B. - From molecules to solids with the DMol3 approach, Journal of Chemical
Physics 113 (18) (2000) 7756.

Ullah N., Zhang R.Q., Murtaza G., Yar A., Mahmood A. - Stacking nature and band
gap opening of graphene: Perspective for optoelectronic applications, Solid State
Communications 246 (2016) 54-58.

Tang S., Wu W., Xie X,, Li X. and Gu J. - Band gap opening of bilayer graphene by
graphene oxide support doping, RSC Advances 7 (2017) 9862-9871.

Guan Z., Nic S., Hu S. - Band gap opening of graphene by forming a graphene/PtSe2
van der Waals heterojunction, RSC Advances 7 (2017) 45393-45399.

Sahalianov 1.Y., Radchenko T.M., Tatarenko V.A., Cuniberti G. and Prylutskyy Y.I. -
Straintronics in graphene: Extra large electronic band gap induced by tensile and shear
strains, Journal of Applied Physics 126 (5) (2019) 054302.

Ionita M., Vldsceanu G.M., Watzlawek A.A., Voicu S.I., Burns J.S., lovu H. -

Graphene and functionalized graphene: Extraordinary prospects for nanobiocomposite
materials, Composites Part B: Engineering 121 (2017) 34-57.

132



Khao sat khd ndng mé réng vung cdm graphene don I6p théng qua epoxy héa graphene...

ABSTRACT

SIMULATION OF THE CAPABILITY TO EXPAND GRAPHENE BANDGAP OF
THE EPOXY FUNCTIONAL GROUP

Dinh Nguyen Trong Nghia*, Ngo Thi Hong Tam
Ho Chi Minh City University of Food Industry
*Email: nghiadnt@hufi.edu.vn

This paper reports the possibility of expanding the band gap of monolayer graphene
through the epoxy functional group. The research method is DFT simulation through DMol3
software package. Thereby, when there are epoxy groups, the band gap can expand and the
monolayer graphene has the properties of a direct semiconductor. The optimal epoxy ratio to
expand the band gap is about 18-19%. This research is a guide for further empirical studies.

Keywords: Monolayer graphene, DFT, DMol3, band-gap expansion, epoxy functional group.
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