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T6M TAT 

'Phuang phap phan tic hihi h^n nguyen tir (AFEM) dugc phat triln de xac dinh dac tnmg 
dan hoi ciia ong cac bon na no dan lap, ong boron nitride (BN), tam BN va graphen. Sir dung 
Cling cac hang so luc, ket qua mo dun dan hoi khi tinh bang AFEM sai khac so vcri ket qua tinh 
bang dpng luc phan tir khoang 5 %. Ben canh do, ket qua tinh bang AFEM dugc so sanh vai cac 
phuang phap khac rat phu hop. Dieu do cho thay AFEM la mgt phuang phap dan gian, nhanh 
chong xac dinh dac tnmg dan h6i cho cac vat lieu cau tnic na no. 

Tu khoa: phuang phap phan tii hiru han nguyen tii, dac trung dan hoi, vat lieu na no. 

L GlOfI THIEU 

Vat lieu na no co cau tnic luai luc giac hay luoi to ong (Hinh 1) da dugc nghien cuu ttong 
nhiing nam gan day do nhiing dac tinh uu vi?t cua chiing nhu lam chit gia cuong cho vSt lieu 
composite hay img dung ttong cac thiet hi dien tu. Dau tien la nam 1991 khi ong cac bon na no 
dugc phat hien ttong phong thi nghiem [1]. 

^ ^ 

Hmh 1. Mo hinh a) cau true tam vat lieu bao gim hai kilu nguyen tu khac nhau, 
b) thi nghiem keo diing tam, c) thi nghiem tnrcrt thuan tiiy. 



Xac dinh dSc tnrng dan tioi aja tam v^ Sng vat lieu du true na nc bing phucrng phap... 

Den nam 1993 6ng cac bon na no dan lap (SWCNT) ciing dupc tim ra [2]. Theo sau su 
phat hien ra graphen vao nam 2004, t6i nay da c6 th8m khoang tren 20 loai vat lieu na no co cau 
tnic hinh lye giac dugc dy doan ton tai tren li thuyet. Trong do co graphen [3] va BN [4 - 6] da 
dugc tong hgp ttong thyc te.uSau khi cac vat lieu na no tten dugc phat hien, chung c4n dugc 
tinh toan cac dac tnmg ca, li, hoa dk nhSm phuc vu cho san xuat dai tta ciing nhu truac khi umg 
dyng chiing ttong thyc tl . Trong khi tiln haaih thyc nghiem a thang na no la rat kho khan va dat 
do, vi?c mo phong s6 co vai tto quan ttgng ttong viec dy doan cac dac tnmg dan hoi cua cac vat 
lieu na no. 

Phuang phap li thuylt mat dp phiem ham (DFT), dgng lye hge phan tii (MD) va tinh toan 
tight-binding (TB) la nhiing phuang phap mo phong tien tiln cho ket qua chinh xac, tuy nhien 
chiing ton nhilu thai gian thih toan. 

Phuong phap phan tir hiiu ban ttong nguyen tii (AFEM) da dugc phat tnen de tinh toan cho 
cac cSu tnic vat li?u na no m6t each hieu qua [7-11]. Trong AFEM, nguyen tii dugc coi nhu cac 
niit, chuyen vi cua nguyen tic coi nhu chuyin vi ciia mit. Cac phan tii tiong AFEM dugc tao ra de 
mo ta tuang tac cac thanh phan the nang giira cac nguyen tir. The nang cua he dugc tinh tir the 
nang cua moi phan tir. Dao ham bac hai theo tga do cac nut cho ra ma ttan do ciing ciia h?. Tdi 
day, viec tinh toan tuang ty nhu ttong phuang phap phSn tii hiiu ban truyen thong (FEM). 

Trong nghien ciiu nay, AFEM dugc phat triln dya tien ham thi nang dang ham di8u hoa de 
dy doan dac trung dan hli ciia vat lieu co ciu tnic na no. Ci biln dang nho, biln d ^ g dai vii bien 
dang goc cua lien ket c6 th8 dugc bieu dien qua chuyen vi ciia m6i nguyen tii va cac hang so luc. 
Hai kilu phin tii dugc xay dyng trong bai bao nay de mo ta cho biln dang dai v^ bien d ^ g goc 
tuong ling. Ma tt|n dupc dua ra duoi dang hien. Thong gua mo phong thi nghidm keo dan true 
va thi nghi?m trugt thuin tiiy (Hinh 1), dac tnmg dan hoi cua ong cac bon na no dan lap, tSm 
graphen, 6ng va tim BN dan lap dupc tinh toan. Kit qua dugc so sanh vdi phuang phap MD 
cung nhu cdc tai li$u khac de thay dupc tinh dung din cua nghien ciiu nay. 

2. THIET LAP MO HINH 

2.1. Md hinh ca hpc ph3n tir 

Thi nang tuang tac giua cac nguyen tu co thi dugc biiu diin bang tong thi nang tiiang 
tac lien kit va thi nang tuong tac phi lien ket [12-14]: 

E = E^+Eg+E^+E^-\-E,^ + E^, (1) 

Xet ttong biln dang nho, cac ham diiu boa thudng dugc sii dung de mo hinh hoa cho the 
nang biln dang keo £, va biln d^ng goc Eg nhu sau: 

E,={±C:AKJ <" 

ttong do: (S,̂  la biln dang dai cua lien kit thing thii e giira hai nguyen tii i va nguyen tiiy, SO^-^ 

la biln dang goc giiia hai li8n kit thing ij vkjk (Hinh 2). MvaN tuang img la ting s6 bien dang 

dai va biln dang goc. C" va C^^ la hing s6 lye tuang ling cho bien dang dai va bien dang goc. 
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Voi nhiing tjm vat lieu ciu tjo » i 2 loai nguyen tii (Hinh la) se co hai gia tri CJj tucmg ling 

phu thuoc vao nguyen hi o dinh ciia goc co biSn dang. Trong Hinh 2b, nguyen tii i va t la cimg 
loai 

b) • ^ 

Hmh 2. M6 hinh hai kilu phan tii a) phin tu biln dang thing l,j va biln dang dai 51,j; 
b) phin tur biln dang goc ^̂ ^ va biln dang goc 36,^^^ • 

E , E , E , va £ ;̂ tuang ling 1̂  thi nang din tir biln dang xoin, dao lien ket, lye van der 

Waals va tuang tdc di^n tii. Tit ca dugc bo qua ttong giai ban cua nghien cim nay. 

2.2. Mo hinh phan tir hiru han 

2.2.1. Xdy dimg mo hinh tdm vd ong vgt lieu na no 

Tim na n6 dan lop dupc tao ra tii hai fliong s6 la chilu dai lien ket (k) va goc li8n ket (&) 6 
vi tri can bing ban diu (Hinh 1). 

Cac dac trung ca hge ciia tim phu thudc vao kich thu6c tim (tiic so lugng nguy8n tu it hay 
nhilu). Qua kit qua tinh todn a Bang 1, chiing toi nhdn thiy vai vdt li^u graphen tir tam kich 
thuoc lOx 10 nm gim 4032 nguyen tu tta di gia tii mo dun dan hli theo hai phuong khong con 
thay dli nhilu ttong khi khii lugng, thcri gian tinh toan tang dang kl. Do do, tim kich thuac 
vu6ng gom 4032 nguyen tii dugc chgn dl mo phong cho graphen cimg tim BN ttong nghien ciru 
nay. 

Bdng 1. Mo dun dan hli hai chilu Ys (N/m) cua graphen ph\i thuoc vao kich thuoc tam vuong. 

Kich thudc (nm) - 3 ^ 3 - 5 x 5 - 8 ^ 8 ^ ~ lO^lO ! -12 x 12 =̂ 14 x 14 

(So nguyen tu) (364) (1008) (2584) •$ (4032) ' (5800) (7656) 

n (Â /m) phuang armchair 335,5 342,7 346,0 'f 347,0 J 347,6 348,0 

n (W/m) phuang zigzag 358,6 355,0 353,3 i 352,6 J 352,2 352,0 

Mo hinh ong vat lieu na no dupc tao ra bang each cuon tim vat lieu theo phuong v6c to Q . 

Khi CJ tiling voi phuong zigzag (phuong ;c) ta co 6ng dang zigzag (n,0), Q triing voi phuang 

armchair (phuang >>) ta co ong dang armchair(n,n). 

Xet tim vat lieu na no gim N nguyen tu (niit). Gpi (x„ y„ z,) la tga dg ttong khong gian cua 
nguyen tii thit i. Trong do phuang h^c z vuong goc vai m|t phing tim. Vi tii cua nguyen tir / 
sau khi cugn tim tiianh 6ng la (X„ Y„ Z,) se dugc xac dinh qua bieu thiic sau; 

Khi Cf, tning v6i phuang zigzag: 
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Xac dinh dSc tnmg dan hdi cOa tam va dng vat lidu cau true na nd bing Dhuvena phap... 

X, = Rsm{x^/R);Y,=y,;Z,=R[cos{x,/R)'-l] (4) 

Khi Q trimg vol phuang armchan: 

X,=x,;X = Rsin(y/R);Z, = R[cos(y./R)-i] (5) 

ttong phuang trinh (4) va (5), ban kinh ong i? =| C^ | /ITT . 

Qua kit qua tinh toan a Bang 2 cho thiy mo dun ddn hli ciia SWCNT phu tiiu6c kha nhilu 
vao ti le chieu dai tren duang Idnh 6ng (L/d). KM chieu dai du lan so voi duang kinh thi gid tri it 
thay doi han. Cy the vai v^t liSu SWCNT, tir gia tri L ~ 15d tta di, mo dun dan hli da khd on 
dinh. Do do, ti 16 L == 15d dugc chgn de xdy dyng mo hmh SWCNT ciing nhu cho ong BN. 

Bdng 2. M6 dun d ^ hoi hai chieu Ŷ  (N/m) cua SWCNT phy thupc vao ti 1| L/d. 

Chi so, dudng kinh ong 

(10,0); d-0,783 nm 

(10,10); d - l , 3 5 6 n m 

L = 5d 

337,7 

347,6 

L = 1 0 d 

339,5 

348,2 

L = 1 5 d 

340,1 

348,4 

Li=20d 

340,4 

348,5 

L = 22d 

340,5 

348,5 

2.2.2. Thiet lap ma trdn do cung phdn tu 

Ta CO the nang bien dang cua mgt phin tir hai niit (Hmh 2a): 

K=-c:{6i:\' (6) 

Xet tuong tdc giira hai nguyen tii i \kj. Khoang each giua chiing, /J,, co the dugc bi8u diin 

thong qua tga dg (x„ y^, z,) ciia nguyen tir / va tga do (xj, y^, Zj) cua nguySn titj nhu sau: 

Dao ham hai vl phuang trinh (7), ta co: 

i;Si;=(x, -x^)(Sx,-dXj) + {y, -yj)(3y,-Sy^) + {z,^z^){Sz, -dz^) (8) 

Dat Sc,=q,, 4',=q2' &,=%> va &^=q^, ^j = q^ va &j = q^ la cac chuyin vi ciia nguyen 

tii I vkj theo cac true x, y, va z tuang tiing. Phuang ttinh (8) tta thanh: 

Trong do: 

Xii=x,-^P y,j=y,-yj' ^tj=h-^, <̂ **̂  

a trang thai chua biln dang, ta co l'^ = /^, vai /o la chilu dai cua lien ket thing a tt?ng thdi can 

bing ban diu. 

Thay phucmg trinh (9) vao phuang trinh (6) ta co: 
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E; = - ^ h (i,-i,)+y, (ii-i,)+h, («!-«.)]' ' 
2('.f 

(11) 

ttong do i\' = {qi,q2,—,qbY ^^ ^^^ ^^ chuyen vi niit cua phan tii ba niit. 

Dao ham bac hai cua ham thi nang dugc xdc dinh tii phuang trinh (11) theo chuyen vi niit 
cho ta dugc ma tian do ciing ciia phan tii hai niit: 

3£r 
k' 

dqjqp 
m, 77 = 1,2...6. 

Lap luan tuang tu, the nang cua phan tOc ba niit (Hinh 2b) co dang nhu sau: 

E;=\q,{se-J 

(12) 

(13) 

(14) 

trong do goc &,^. giiia hai vec ta l,i va Ijk c6 thS dugc tinh tir bi6u thiic sau: 

' , •'/i cos e,^t =̂ =5X4,+ y,^yi^ + ZjZj, 

trong do ;Cy,>'y,Zy- va x^,>'^,z^ Id hieu tuong tu nhu (10): 

Dao ham hai ve ciia phuang trinh (14) ta c6: 

(Sl„ SI.,) . (gx,^ J,, ^ Sy,^ y,^ ^ Sz,^ zA (x,^ fe^ ^ y,^ Sy,^ ^ z,^ '^^''l C^) 
<»sin«, 

;,. /., /, h ';. '., h ',. 'A 

Chii y riing: 

^'',=i,-i,:^y,=<i2-<is,^2,=<i,-i,;^x^=q,-q',;^yi=q,-qs;Sz^=q,-qi (16) 
trong do 97, ̂ 8, va qg la ehuygn vi ciia nguyen tii ^ theo cac phuang x, y, va z tuong img. 

Doi voi cau tnic tam hinh luc giac a di6u ki8n chua biSn dang ban dSu, ta co Ij, = /,* = IQ va 
e„=i20». 

Chu y d8n phuong trinh (9), tir phuang trinh (15) cho ta: 

'" I'sine 

K' 

^,cos0+x^)(q, -q,)+(y,^ cose+y^.)(q, -9s)+(z, cose+z^,)(93 -q,) 

+{XfCOse+x,^)(q.-q,)+(y^a,%e+y,^)(q,-q,) + (z^cose + z,)(q,-q,) 

Thay phuang trinh (17) vao phuang trinh (13) ta co: 

(jt.cos«+A:,,)(?,-9,)+(>.„cos«+>'j,)(,,-5,)+(zjCose+z,)(?,-,,) 

+(x,tCOse + x,^)(q,-q,) + (y^,a,se+y,^)(q,-q,) + (z,.cose+z,^)(q,-q,) 2(llsinef 

Ma tran do cimg k^cua phSn tu 3 nut bi8n dang goc duac xac dinh nhu sau 

m,p = \,2...9. 

2.2.3. Thiet lap va giai he phuang trinh diic tnmg 

(17) 

(18) 

(19) 
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X^c dinh dUc tnrna dan hoi cua tim vd 6np i^f lieu cau true na no bing phwang phdp... 

Ve ban chat AFEM hoan toan khac so voi FEM truyin thing. Vl hinh thiic thi AFEM 1^ 
CO nhiing dilm giong FEM truyen thong o diem sau: 

i) Ma ttan dp ciing tong thi K , vec ta chuyin vi niit ting thi Qva vec to lye mit ting thi 
F ciia h? dugc ghep noi tiiang ung tir ma tt^n do ciing, vec to chuyin vi va vec to luc mit cua 
cdc phin tir. 

il) vec ta chuyin vi mit va vec to lye mit nhan dugc tii diiu kien bi6n tuong ling sau khi 
giai phuang trinh d?ic trung: 

K.Q = F (20) 

Viec thilt lap va giai phuang tiinh (20) dugc lap trinh tten phin mim Matlab. Bai toan 
keo diing tam dan tt%ic vd hai toan tiirgt thuin tiiy (xem Hinh 1) dugc mo phong dl tim dac 
trung dan hoi cua cac tim vat lieu graphen, BN, 6ng BN va SWCNT. Thong s6 cua cdc vat lieu 
dugc dua ra ttong Bdng 3. 

Bdng 3. Cac hing si luc va chieu dai lien kit ban diu cua hen kit C-C va B-N 6 nhî t dO 0 K. 

Vat lieu ^SuySn Nguyen Q , C^,,, Q , , , k 
^ ^ ^ kcal/(mol.A^) kcal/(inol.rad^) kcal/(mol.rad^) (^) 

Graphen, SWCNT C C 1051 195 195 1,42 
Ong va tim BN B N 856 95 191 1,45 

Trong do chieu dai lien kit ban dau IQ dugc liy tii tai li$u tham khao [15]; cac hing so luc 
cua lien ket C-C dugc tham khao tur [16], cua Hen kit B-N tham khao tii [17]. 

Mo dun dan hoi X va mo dun trugt G dugc tinh dua tten bien dgng va ling suat tuong ling 
nhu sau: 

Y = -;G=-, (21) 
£ r 

ttong d6 fl- va £ la ling suit phap va biln dang dai ttong thi nghiem keo diing tam; T va y la ling 

suat tilp va biln dang goc ttong thi nghifm trugt thuin tiiy cua tim. 

Ggi / Id dg day cua tim vat li?u. Ta co mo dun dan hli hai chilu, Y^, va mo dun ddn hoi 
trugt hai chilu, Gs, dugc xac dinh nhu sau: 

Y,= YtvaG^=Gt. 

3. KET QUA VA THAO LU^N 

3.1. Kit qud cua md hinh tim 

Ket qua dugc dua ra ttong Bang 4 cho thiy ring mo dun dan hoi va mo dun dan hoi tru0 
tinh hdi phuang phap AFEM cho ket qua thip hon khoang 5 % so vdi ket qua tinh dugc tir 
phuang phap MD. Trong khi do, hp so poisson co dugc tir phuong phap AFEM tang nhe so vai 
ket qua tinh dugc tii phuang phap MD. Va ttong cimg mpt loai vdt lieu, h6 s6 poisson theo 
phuang zigzag cao ban so v6i phuang armchair. Tuy nhien, sai khde do chi khodng 0,01 nen co 
the bo qua. Sai Ipnh ket qua he s i poisson tinh bang AFEM so v6i kit qud tinh bing MD ttong 
Bdng 4 la rit nho, khoang 0,5 %. Noi chung, cdc ket qud tinh todn bing phuang phdp AFEM la 
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rat gan vcri cac ket ^ua tinh bdng mo phong MD. Dieu do cho thiy tinh diing din ciia phuong 
phdp AFEM dugc de xuat ttong nghien ciiu ndy. 

Ben canh do, cac ket qua tinh toan dac trung dan hoi cua vat lieu su dung AFEM cung 
dugc so sdnh vai cdc ket qua tinh toan bang cdc phuang phdp khac dugc liet ke ttong bang 4. Su 
dung phucrng phdp AFEM tinh ra mo dun dan hoi hai chieu ciia graphen la 353 N/m (phuang 
zigzag) va 347 N/m (phuong armchair); mo dun dan hli trugt la 152 N/m vd he s6 poisson xip 
xi 0,18. Cdc ket qua do rat gan vdi cdc ket qud ciia cdc tdc gia khde nhu: Yakobson [18] sii dyng 
mo hinh v6 mong dya tten hdm the Tersoff-Brenner, Popov va cdng sy [19] sii dung m6 hinh 
dgng lye hge tinh the, Kudin va cong sy [20] sir dung m6 hinh v6 dya tren tinh toan DFT, cung 
nhu Sahin va cgng sy ttong cdc tai lieu [15]. Va kit qua thu dugc tir AFEM ciing rit sdt \di ket 
qua do tu thyc nghi?m [21 - 23], khi dp day tim dugc gia thilt / = 3,35 A. 

,Bdng 4. Dac tnmg ddn hoi ciia tam graphen va tam BN don lop dugc nghien curu va so sanh v6i cac kit 
qua cua cac nghien ciiu khac. 

Vat li^u 

Graphen' 

BN 

Phuong phap nghien ciiu, tac 
gia 

, AFEM 

MD, Le and Nguyen 2014 [24] 

DFT & mo hinh v6, Kudin et 
al. (2001) [20] 
DFT, Sahin etal. (2009) [15] 

Mo hinh v6 voi ham thfi 
Tersoff-Brenner, Yakobson et 
al. (1996) [18] 
Mo hinh dgng luc hpc tinh thi . 
Popov et al. (2000) [19] 

Thi nghifm tinh va cgng huong 
am, sieu am, Blakslee et al. 
(1970)[21] 
Tan xa tia X khong dan h6i, 
Bosak et al. (2007) [22] 

Thuc nghiem, Lee et aL (2008) 
[23] 
AFEM 

MD, Le and Nguyen 2014 [24] 

DFT & mo hinh v6, Kudm et 
al. (2001) [20] 
DFT, Sahm et al. (2009) [15] 

D F T & phucmg trinh can bang. 

Mo dun d ^ h6i 
hai chi6u E. 

353 (zig) 

347 (ann) 

364 (zig) 

352 (arm) 

345 

335 

360 

1002 GPa 

(mo dun dar 

1029 GPa 

(N/m) 

ihoi) 

(mo dun dan h6i) 

1092 GPa 

(mo dun dan h6i) 

340 ± 50 

271 (zig) 
266 (arm) 

280 (zig) 

271 (arm) 

271 

267 

275.8 

Mo dun tnrcrt hai 
chi6u G5 (N/m) 

152 

158 

150 

414 GPa 

(mo dun truot) 

440 GPa 

(mo dun truot) 

485 GPa 

(mo dun truot) 

114 

117 

112 

H | s 6 
Poisson 

0,179 (zig) 

0,175 (arm) 

0,15-0,17 

0,149 

0,16 

0,19 

0,21 

0,17 

0,226 (zig) 

0,222 (ami) 

0,19-0,22 

0,211 

0.21 

Andrewetal(2012)[25] 
Tan xa tia X, Bosak et al. 
(2006)[26] 

776 GPa 321 GPa 
(m6 dun ddn hoi) (mo dun truot) 
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Xac dinh dSc tnmg dan hdi cda tim vd 6na vaf lieu cdu tnic na no bing phwang phap ... 

Dac trung dan hoi cua vat lieu BN tinh boi AFEM: mo dun dan hoi la 271 N/m (phuang 
zigzag) va 266 N/m (phuang armchair); mo dun dan hoi trugt la 114 N/m va h8 so Poisson xdp 
xi 0,22. Nhiing gia tri dac trung dan hoi cua BN neu tten rat phu hgp voi cac gia tri tuong ung 
ciia cdc nghien ciiu truac ddy bai cdc phuang phdp khac nhu sit dving tinh toan DFT [15,20, 25], 
mo phong MD bai Zhang va cgng su [27]. Voi giai thilt do day tim t = 3,35 A, mo dun dan hoi 
va mo dun dan hli trugt ciia BN tinh bing AFEM rit gin vai gid tn thyc nghi?m dugc do bai 
Bosak va cpng sy [26]. 

3.2. Ki t qua cua mo hinh ong 

Qua thi nghiem keo theo phuang huong true cua ong, gid tri m6 dun dan hli cua cdc 6ng 
vat lieu dugc dua ra a Bang 5. 

Bdng 5. M6 dun dan hoi hai chieu Yj (N/m) cua SWCNT va Ing BN don 16p theo duang kinh ong, d. 
Ti le chieu dai tten dudng kinh co dinh 17d =15. 

Chi so 
(n,m) 

(4,0) 

(5,0) 

(6,0) 

(7,0) 

(8,0) 

(9,0) 

(10,0) 

(15,0) 

(20,0) 

(3,3) 

(4,4) 

(5,5) 

(6,6) 

(7,7) 

(8,8) 

(9,9) 

(10,10) 

(12,12) 

Ong SWCNT 

d(A) 

3,13 

3,91 

4,70 

5,48 

6,26 

7,05 

7,83 

11,74 

15,66 

4,07 

5,42 

6,78 

8,14 

9,49 

10,85 

12,20 

13,56 

16,27 

Y, (N/m) 

300,8 

315,7 

324,9 

330,9 

335,0 

337,9 

340,1 

345,4 

347,4 

333,3 

340,1 

343,5 

345,4 

346,6 

347,4 

348,0 

348,4 

348,9 

Ong BN don lorp 

d(A) 

3,20 

4,00 

4,80 

5,60 

6,40 

7,20 

7,99 

11,99 

15,99 

4,15 

5,54 

6,92 

8,31 

9,69 

11,08 

12,46 

13,85 

16,62 

Y. (N/m) 

227,1 

238,5 

245,5 

250,2 

253,3 

255,6 

257,3 

261,4 

263,0 

252,2 

257,4 

260,0 

261,5 

262,4 

263,1 

263,5 

263,8 

264,2 

Kit qua cho thdy, a ciing mgt d u ^ g kinh, gia tri m6 dun dan hoi cua 6ng dang armchair 
ldn ban so voi 6ng d^ng zigzag. Tuy v^y ca hai gid tri deu tang khi duong kinh ong tang va tien 
ciAt ma tri ciia vat lieu dans tdm tuans UUB khi duons kinh ons dii ldn. sat gia tri cua vat li?u dang tam tuang ung khi duang kinh ong dii ldn. 
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4. KET LUAN 

Trong nghien cim nay, AFEM dugc de xuat dl tinh cdc d?c trung ddn hli cua cac vat li?u 
lu6i na no lye gidc. Thi n ^ e m keo diing tam va thi nghiem trupt thuin tiiy dupc mo phong dya 
tten AFEM d6 tinh toan m6 dun dan hoi, mo dun ddn hli trugt va he so Poisson cua tam 
graphen, tim BN dan lap. Kit qua tiiu dugc rit gin vdi cdc kit qua tmh todn bing phuang phdp 
khac nhu DFT, MD,.. . Diiu do cho thiy thih dung din ciia AFEM ttong nghien ciiu ndy. 

Vai vat lieu dang 6ng, qua bai toan keo diing tam theo phuang huong tryc, mo dun dan hli 
ciia Ing dugc xac dinh. No tang khi dudng kinh Ing tang va tien tdi gia tri cua vdt lieu dang tam 
tuang ling khi dudng kinh ong dii ldn. 

Mac du ttong nghien cim nay chi tap tnmg tinh todn cho cac v&t li?u na no cdu tnic dang 
lye giac, AFEM hoan toan cd thi ap dung cho cdc ciu tnic v^t lieu khac. Ben canh do, do ma 
tran dugc tinh ra dudi dang hiin nen cac phan tii cua AFEM dl xuat ttong nghidn curu nay co the 
dugc dua vao cac phin mIm phin tii him ban thuong mai. So vdi cdc phuang phdp rao phong d 
thang na no nhu DFT, MD, va tinh todn TB, AFEM la mgt phuang phap don gian, nhanh chong 
tim ra dac trung dan hoi ciia cdc vdt lieu cau tnic na no. 

Loi cdm an. Nghien cim nay dugc tai ttg bdi Quy phat trien khoa hoc va cong ngh? quic gia 
(NAFOSTED) trong dl tai ma si: 107.02-2014.03. 
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DERTERMINATION OF ELASTIC PROPERTIES OF NANOSHEETS AND NANOTUBES 
BY ATOMISTIC FINITE ELEMENT METHOD 

Nguyen Danh Truong', Le Minh Quy 

School of Mechanical Engineering, Hanoi University of Science and Technology, 
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An atomistic firute element method (AJFEM) was applied to determine elastic properties of 
graphene and boron lutride (BN) monolayer sheets. Using the same force field parameters, 
deviations between results obtamed by AFEM and those by molecular dynamics simulations 
appear within 5 % for Young's and shear moduli. By comparing simulation results with 
available data in the literature for these 2 sheets, it may be concluded that the proposed AFEM is 
a simple and fast technique to analyze accurately elastic properties of nanostructured materials. 

Keywords: Atomistic finite element method, elastic properties, nanomaterial. 




