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XAC DINH CO TiNH CUA CAC MANG MONG VAT LIEU HAI CHIEU
P-CS, P-GEO, P-SNS VA P-SNSE

DETERMINATION OF MECHANICAL PROPERTIES OF P-CS, P-GEO, P-SNS VA
P-SNSE TWO-DIMENSIONAL MATERIAL THIN FILMS

TS. Nguyén Hiru Ta
B6 moén K¥ thuat co s¢, Khoa Khoa hoc Co ban, Hoc vién Hau can

TOM TAT

Trong bai bdo nay, thi nghiém kéo mang mong dwoc mé phong bang phwong phdp phan tir
hitu han nguyén tir voi viéc swr dung ham thé Stillinger-Webber déi véi bon vt lidu hai chiéu cau
triic nép gap gom: p-SnS, p-SnSe, p-GeO va p-CS. Qua dé, xdc dinh dwgc mét sé thong s6 co hoc
nhie hé s6 Poisson, tng sudt hai chiéu kéo ditt, mé dun dan hoi hai chiéu, bién dang khi kéo dirt. Két
qud mo phong thi nghiém xac dinh dwoc: Mo dun dan hoi hai chiéu cua cde vt lidu trén khi kéo
theo phuong zigzag trong khoang 24.28 +~ 75.6 N/m, phwong armchair trong khoang 9.13 + 15.7
N/m; Ung sudt hai chiéu 6n nhat trong khodang 1.68+7.75 N/m, hé sé Possion trong khodng -0.26
+ (.56, bién dang nhé nhdt va lém nhat khi kéo dirt trong vimg la: 14 + 30,6%. Két qud khi kéo cho
thdy cdc vt liéu nay c6 tinh di huéng. Nhitng két qud tinh todan dwoc c6 thé lam co so dé tinh todn
mét s6 théng sé co hoc khdc ciia chiing nhw tan sé dao dong riéng, chi tiéu phd hiy vt liéu va diing
dé tham khdo ciing nhw vimg dung trong thiee té.

Tw khoéa: Stillinger-Weber, Phan tir hitu han; Vit liéu hai chiéu; Pucked; Thi nghiém kéo.
ABSTRACT

In this paper, the membranes tensile test is simulated by the atomic finite element method with
using the Stillinger-Webber potential function of 4 two-dimensional materials with pucked structure
including: p-CS, p-GeO, p-SnS and p-SnSe. The results determined mechanical parameters such as
Poisson s ratio, two-dimensional tensile stress, two-dimensional elastic modulus, and tensile strain.
The results show that: the two-dimensional elastic modulus of these materials when tensile in the
zigzag direction appear in the range of 24.28 = 75.6 N/m, in the armchair direction appear in the
range of 9.13 ~ 15.7 N/m; The largest two-dimensional stress appear in the range of 1.68 ~ 7.75
N/m, the Poisson's ratio is in the range of -0.26 + 0.56, the smallest and largest deformation when
tensile are: 14 + 30.6%, respectively. Tensile results show that these materials are anisotropic. The
calculated results can be used as a basis to calculate some of their other parameters such as natural
oscillation frequency and material crack index. Results are useful for the design and application of
these materials.

Keywords: Stillinger-Weber, Finite element method, 2D material; Pucked; Tensile test.
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1. VAT LIEU HAI CHIEU

Cong nghé vé vat liéu na nd d3 duoc
nghién ctru va ung dung thanh céng ¢ nhiéu
linh vuc trong thoi gian gan diy va co nhiéu
cong trinh khoa hoc da dugc cong bd, trong do
phai ké dén giai N6 ben vat 1y nam 2010, duoc
trao cho hai nha khoa hoc Geim va Novoselov
tong hop thanh cong graphene [1, 2]. Cac mang
vat liéu na n6 nhu graphene [1,2], AIN, SiC [3],
silicnene [4], p-CS, p-GeO, p-SnS, p-SnSe...
1a nhitng vat liéu hai chiéu (2D material) cAu
tao do mot 16p nguyén tir tao thanh. Trong do,
graphene c¢6 két cdu dang mang luc gic phang
cac nguyén tir ndm ¢ 6 dinh cua hinh lyc giac

phing; silicnene [4] c6 ciu tao 1a mang luc giac
low-buck va cac vat li¢u: p-CS, p-GeO, p-SnS,
p-SnSe ¢c6 ciu tao mang luc giac pucked nhu
hinh 1 [5]. Mang lyc giac pucked cua cac vat
ligu p-CS, p-GeO, p-SnS va p-SnSe dugc tao
thanh boi hai nguyén tir khac nhau nim xen k&
0 cac dinh cua luc giac dong thoi cac nguyén
tr nam trén 4 mat phang song song (Hinh 1).

Bon mit phang lan luot chira cac nguyén tir sO
1,2; 56 3; 86 4 va sb 5, 6 cia mdt 6 co ban
(hinh chit nhat v& bang nét dat) trén Hinh 1,

kich thudc 6 co ban cho trong bang 1 véi a, 1a
chiéu day theo phuong z cua mang, d , va d ,la
chiéu dai lién két.

Bdng 1. Théng s6 hinh hoc ciia 4 vit liéu p-CS, p-GeO, p-SnS va p-SnSe [5]:

STT Vit li¢u a,A a, A d,A d,A
1 p-CS 4.323 2.795 10.0 1.757 1.849
2 p-GeO 4.801 3.055 10.0 1.956 1.986
3 p-SnS 4.347 4.047 10.0 2.728 2.595
4 p-SnSe 4.453 4.260 10.0 2.887 2.730

Armchair

T—b Zigzag

a)
Hinh 1. Cdu triic pucked ciia 4 vt liéu p-CS,
p-GeO, p-SnS va p-SnSe: a) Hinh chiéu thing goc;
b) Hinh chiéu truc do.

Céc nghién cuu chi ra rﬁng, vat li€u hai
chiéu c6 nhiéu tinh chat dic biét nhur kha ning
dan nhiét, dn dién t&t va co do climg rat cao,
vi du: Graphene cung tuong duong kim cuong
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va gip khoang 200 14n so v6i thép. Voi nhimg
tinh chat co, 1y, hoa vuot trdi nén vat lidu hai
chiéu duoc Gmg dung cho nhiéu linh vyc, nhu:
Thiét bi ning luong, thiét bi dién tir, y hoc [6]
va nhiéu linh vuc khac. Trong nghién ciru vé
vat liéu hai chiéu, thi nghiém dé cac dinh co
tinh ddi véi vat liéu 2D phtc tap va ton kém
nén céc vat lidu loai nay thudng dugc tién hanh
mo phéng thi nghlem su dung cac phuong phap
nhu: Ly thuyét mat do phiém ham, phan tir hiru
han nguyén tir, dong luc hoc phan tir. Trong do,
phuong phéap phan tir hitu han nguyén tir cho
két qua dang tin cay [7], trong nghién ctru nay,
ham thé Stillinger-Weber [8] duoc sir dung cho
4 vat liéu: p-CS, p-GeO, p-SnS va p-SnSe dé
tinh thé ning twong tic nguyén tir trong qua
trinh mo phong kéo mang nguyén cua chung.
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2. PHUONG PHAP MO PHONG THI
NGHIEM KEO MANG

2.1. Ham thé

Khi sir dung ham thé Stillinger-Weber
[8], th¢ nang tuong tdc nguyén ti duoc xac
dinh nhu sau:

E=E +E,;E. = ZVZ,E ZV

i=l1

v, = 4" (gt 1),

V, = Ke[pg N0y~ P/ (=i | (OOS( eijk ) 3 COS( 6, ))2

Trong do: E: Téng nang lugng lién két
nguyén tir; E (eV): Tong nang luong lién két
thang gitra hai nguyén tir cua mang; E; (eV):
Téng ning lugng lién két goc cua 3 nguyén tir

trén toan by mang; V, (eV): Nang luzong lién
két thang cua hai nguyén tur lién ké; V, (eV):
Nang luorng lién két cua 3 nguyen tur hen ké;
m, n: S lién két thang va lién két goc trong mod
hinh tinh; A (eV), K (eV): Hé sb vat liéu, phu
thudc vao timng loai vat liéu; p (A), B (A%, P
A), p, (A), 6° (d9): Thong s6 hinh hoc cua Vat
ligu; L, (&), rik (A): Chiéu dai lién két giira hai
nguyen tirivaj; gittanguyén tirivak; 0, (do):
Goc lién két giira ba nguyén tir i, j, k (trong do
i 1a nguyén tir & giira) (Hinh 2b). Cac thong sé
nay duoc tong hop trong Bang 2 va Bang 3.

Hinh 2. Cdc théng so vt liéu twong g khi sir
dung ham thé Stillinger-Weber: a) Thong so ciia
mé hinh lién két thang; b) Thong sé ciia mé hinh

lién két goc.

Bdng 2. Théong s6 ham thé Stillinger-Weber cho lién két thang ciia p-CS, p-GeO, p-SnS va p-SnSe véi cong
thite tinh thé nang tuwong tic V, = Ae["/(’n‘—fmw) (B /7 —1)[5]5

STT Vit li¢u Kich thuée | A, eV p, A B, A* LA r A
1 p-CS r, 8.898 1.894 4.765 0.0 2.669
r, 5.791 1.220 5.844 0.0 2.600

2 p-GeO r, 21.562 2.889 7.319 0.0 3.144
r, 9.258 1.384 7.778 0.0 2.815

3 p-SnS r, 0.782 0.106 27.692 0.0 2.997
r, 5.636 1.887 22.674 0.0 3.702

4 p-SnSe r, 0.565 0.056 34.734 0.0 3.088
r, 5.811 1.989 27.773 0.0 3.895
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Bdng 3. Théng so ham thé Stillinger-Weber cho lién két géc ciia p-CS, p-GeO, p-SnS va p-SnSe véi cong

thite tinh thé nang twong téc V, = K==/l (cos(9) ~cos(0, ) [5]. Thit tur cac nguyén tir nhi trén

Hinh 1b:
STT | Vatligu | Goc | K,V | 0,d0 | p,A | p,A | "mpz | Fogr | Fons | Fogasr | Tugarr | Fugay
1| pCS | 6, |134527 105384 1894|1894 | 0 |2669| 0 |2669 | 0 | 3559
0, | 79.992 | 118.100 | 1.220 | 1.894 0 | 2600 | 0 | 2669 | 0 | 4.046
0,, | 66283 | 104288 1220 | 1.894 | 0 | 2600 | O | 2669 | 0 | 392
2 | p-GeO | 6, |314.008 | 95989 | 2720 | 2720 | 0 2962 | 0 | 2962 | 0 | 3.720
0, | 85406 & 96000 | 1.133 2720 0 |2585| 0 |2962| 0 | 3875
0,. | 152.982|132.005 | 1.133 | 2720 0 |2585| 0 | 2962 | 0 | 4194
3 | pSnS | 6, | 1968 | 95762 | 0.106 | 0.106 | 0 | 2997 | 0 | 2997 | 0 | 4197
0, | 23.839 | 89.000 1887 | 0.106 | 0 |3.702| 0 | 2997 | 0 | 4366
0,, | 24.888 | 101.887 | 1.887 | 0.106 | 0 |3.702 | 0 | 2997 | 0 | 4.566
4 | p-SmSe | 6, | 2777 | 95087 | 0.056 | 0056 0 |3.088| 0 | 308 | 0 | 4357
0, | 27.996 | 92.500 | 1.989 | 0056 0 | 3895 0 | 3.08 | 0 | 4530
0,, | 28.193 | 95411 | 1989 | 0056 | 0 |3.895| 0 | 3088 | 0 | 4576

2.2. Phuong phap phin tir hitu han nguyén

tir ta co: oa =0; i =1+ N . Giai h¢ phuong trinh

Ou,
nay bang phuong phap lip Newton—Raphson s&
xac dinh dugc chuyén vi cia nguyén tir. Cach
st dung phuong phap lap Newton—Raphson

dugc thé hién rd trong [7], khi d6, phuong trinh
c6 dang: K¥.u® = F®

Goi X, va u, 1a toa do ban dau va chuyén
vi ctia nguyén ttr thtr i. Sau khi ¢ bién dang,
toa d9 ctia nguyén tir 1a x,=X,+u, . Khi do, thé
nang tuong tdc nguyeén tir cua toan by mang la
E =E(X,,X, ., ) v6i N 14 tong s6 nguyén
tor ¢6 trong mang. Biéu thuc ‘trén la m(f)tghélm N
cua toa do nguyén tu, bao gobm ca chuyén vi voi: KE = ol : Fi(k) l
ctia ching. Thé ning cua ngoai luc tac dung, ! Ou,0u, Ou, Ou,
v6i K®1a ma tran d6 cimg tong thé, u® 1a véc
to chuyén vi niit va F® 13 véc to lyc nat, mdi

aH(k) aE(k)

3

N
thé nang toan phan cua hé la: E, = Z fu,,
i=l1

[1=E-E,,, trong d¢: f la ngoai lyc tac dung ~ Nguyeén tur la mot nit, chuyén vi cua nguyeén tur
tir thir i trong tmg. O trén bién va phan tir 4 nat (Hinh 3b) ¢ phia
bén trong mang (Hinh 1). Kich thudc cac ma

© &

Ap dung nguyén 1y cuc tiéu thé ning tran do cimg phan tir trong tng la: [K Val ]9 .
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v6i phan tr 3 va 4 nit tuong

()

3Nx3N

va [KI’”P }i?xu

(mg. Ma trin do ctng tong thé [K ] la ma

tran hop khoi cua cac ma tran phan tu trén toan
mang. Céc véc to chuyén vi va véc to luc co kich
thudc tuong tng véi ma tran do cimg tong the.

a) b)

Hinh 3. M6 hinh phan tir khi sir dung phwong phdp
phan tir hitu han nguyén ti: a) Phan tir 3 niit;
b) Phan tir 4 niit.

3. KET QUA XAC PINH CO TiNH CUA
4 VAT LIEU P-CS, P-GEO, P-SNS VA
P-SNSE

3.1. M6 hinh thi nghiém kéo mang

Mo phong kéo mang nguyén cac vat
lidu trén véi diéu kién bién vé chuyén vi nhu
trén hinh 4: Cac nguyén tr trén bién kéo co
chuyén vi bang u(0); cac nguyén tir trén bién
giit c6 chuyén vi bang khong. Thay gia tri tir
diéu kién bién dé xac dinh chuyén vi, lyc nut
cua toan b nguyén tir trén mang ¢ tirng budc
kéo. Vi tri nguyén tir trong cac budc tiép theo

dugc xac dinh nhu sau: x,.,, = x,, +u, , qua

trinh I3p tiép tue dén khi |F,, | <& véi & 1a sai

sO cho trude.

Tién hanh mo phong kéo mang coi gan
ding 1a hinh vudng véi kich thudc cac canh
xap xi bang nhau. Trong 4 mang, mang p-GeO

¢6 s6 nguyén tu it nhat 1a 4730, mang p-SnS ¢
nguyén tir nhiéu nhét 6552; sé nguyén tir & cac
mang khac nhau 1a do théng sé mang cua timg
loai [5].

[OReasaeasasaoasi
(2

Zigzag

Armchair

a)

Hinh 4. M6 hinh kéo mang: a) Kéo mang theo
phuong zigzag, b) Kéo mang theo phuong
armchair.

3.2. Két qua mé phéng thi nghiém kéo va
thio luan

Két qua kéo mang cua cac vat lidu nay
dugc thé hién thong qua dd thi quan hé tng suét
- bién dang; m6 dun dan hdi hai chiéu duoc xac
dinh khi 1am tuyén tinh héa quan hé cta chung
v6i bién dang trong khoang tir 0 = 0.1; Hé s6
Poisson dugc xac dinh dua vao ty s6 bién dang
ngang va bién dang doc truc; v = -sy/sx; ung
suat kéo dut hai chiéu va bién dang kéo dut xay
ra khi két thuc chuong trinh kéo. Quan hé tng
suit va bién dang khi kéo cac mang nguyén cua
4 vat liéu duoc thé hién trén céc hinh 5 va 6.

a) 6 b) 8
5 p-CS 7 4 p—(reO
6

4 .
] I E 51 -
Z 3] Zigzag > 4] /,_ :
'y - - i - |
13 X Armchair B 3 ] ) .
. 1
. -7 2 1 7 ——Zigzag '
- . '
-7 | 1 - = = Armchair '
0 4= : 0 r — —

0 5 10 15 20 0 5 10 15 20 25 30 35
Bien dang, % Bién dang, %

Hinh 5. Quan hé vmg sudt va bién dang khi kéo
mang p-SiX; trong do: a) Kéo mang p-CS;
b) Kéo mang p-GeO.
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of, N'm

—— Zigzag

= = = Armchair

p-SnSe

— Zigzag

- = = Armchair

10 15 20 25 30 0 5 10 15 20 25 30
Bién dang, % Bién dang, %

Hinh 6. Quan hé img sudt va bién dang khi kéo mang p-GeX; trong dé: a) Kéo mang p-GeS;
b) Kéo mang p-GeSe.

Gié tri m6 dun dan hoi hai chiéu, hé s6 Possion, ing suat hai chiéu khi kéo dut, bién dang

khi kéo dut dugc thé hién dudi day (Bang 4).

Bang 4. Két qua mé phong thi nghiém kéo mang ciia céc vit liéu p-CS, p-GeO, p-SnS va p-SnSe.

Trong do, t la chiéu day ciia mang.

M6 dun dan He s6 Ung suit hai kll?ilel’:’lndasl;g{ﬂ ¢ So sanh véi
STT | Vat liéu | Phwong kéo | hdi hai chiéu | _ * chiéu 16m NS SUAL |y &t qua ciia
Poisson ) hai chiéulom | , ., .
E.t (N/m) nhat .t (N/m) £ tac gia Jiang
nhat
1 p-CS | Armchair 15.7 -0.05 1.68 0.15 Két qua tinh
16.2 -0.06 43 0.38 [5]
Sai s6 %, so
3.1 -16.7 - - Vi [5]
Zigzag 70.4 -0.26 5,76 0.19 Két qua tinh
70.5 -0.27 522 0.22 [5]
- Ao
0.1 3.7 10.3 13.6 Sai $6 %, s0
voi [5]
2 p-GeO | Armchair 15.2 0.09 4.87 0.306 Két qua tinh
14.5 0.09 4.8 0.32 [5]
. A 0
4.83 0.00 1.46 438 Sal $6 %, 50
vo1 [5]
Zigzag 75.6 0.56 7.75 0.225 Két qua tinh
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78.9 0.65 8.2 0.23 [5]
- Ao
-4.18 -13.85 -5.49 2.17 Sai s0 %, so
voi [5]
3 p-SnS Armchair 9.13 0.16 2.09 0.277 Két qua tinh
9.6 0.18 23 0.36 [5]
. K 0
-4.90 1111 9.13 -23.06 Sai s0 %, 50
vo1 [5]
Zigzag 2428 0.44 291 0.192 Két qué tinh
245 0.47 31 0.20 [5]
- o
-0.90 -6.38 6.13 -4.00 Sai s0 %, s0
vo1 [5]
4 | p-SnSe | Armchair 10.85 0.1 2.24 0.254 Két qua tinh
11.4 0.11 23 032 [5]
- Ao
482 -9.09 261 -20.63 Sai s0 %, so
voi [5]
Zigzag 34.28 032 3.13 0.14 Két qua tinh
34.1 033 33 0.15 [5]
. K 0
0.53 -3.03 515 -6.67 Sai s0 %, 50
voi [5]

Trong bang 4, cho thiy, khi kéo mang
ctia cac vat lidu trén, két qua xac dinh dugc:
Mo dun dan hoi hai chiéu khi kéo theo phuong
zigzag trong khoang 24.28 + 75.6 N/m, theo
phuong armchair trong khoang 9.13 + 15.7
N/m; tmg suét hai chiéu 16n nhét trong khoang
1.68 + 7.75 N/m, h¢ s6 Possion trong khoang
-0.26 + 0.56, bién dang nho nhat va 16n nhat
khi kéo dut twong ung 1a 14% va 30,6%. Khai
niém tng suét hai chidu .t 1a tich s6 giita mg
suat khi kéo ¢ va chiéu day mang t, trong tu voi
mo du dan hoi hai chiéu (E.t). Tir két qua nay,
néu lay chiéu day cta tim 1a t = 3.4 A, tham
khao chiéu day mang graphene [9,10] thi mo
dun dan hoi cia p-GeO khi kéo theo phuong
zigzag 1a 22,24.10' N/m, khi kéo theo phuong
armchair 1a 4,47.10'°N/m; tuong duong do
cung cua thép CT3.

Két qua tinh toan dd duoc so sanh véi
nghién ctru cua Jiang [5], cho thiy su twong

ddng cao, sai sb khong qua 16n. Cu thé: Sai sd
ctia md dun dan hoi hai chiéu tir -4,9% (p-SnSn
khi kéo theo armchair) dén 4.83% (p-GeO khi
kéo theo phuong zigzag); Pbi vai hé s6 Poisson
-16.7% (p-CS khi kéo theo armchair) dén 0%
(p-GeO khi kéo theo phuong zigzag); Ung suat
hai chiéu 16n nhét khi kéo dat tir -9.13% (p-SnS
khi kéo theo armchair) dén 10,3% (p-CS khi
kéo theo phuong zigzag); bién dang khi dat tmg
suét 16n nhat c6 sai s trong khoang -23,6% dén
13,6%, tuong tmg khi kéo mang p-SnS theo
phuong armchair va p-CS theo phuong zigzag.

Két qua trong bang 4 cho thiy, p-CS ¢6
hé s6 Poisson nhé hon 0, phi hop véi nghién
ctru cta Jiang [5]. Két qua nay 13 do cdu tao va
thong $6 mang cua vat liéu p-CS gay ra, hé $6
Poisson am, chung t6 da c6 mot phuong bi co
lai khi kéo mac di mang nay chwa dén giai doan
that. Pac biét, d6i v6i mang p-CS khi kéo theo
phuong armchair dén bién dang 15%, mang da
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bi phang héa, giai doan tiép theo khong dap
tmg duogc mod phong thi nghiém kéo, nén két
qua tinh todn diung lai, day l1a nguyén nhan ma
tac gia khong so sanh tng suét 16n nhat va bién
dang khi (mg sudt 16n nhat cta nd véi nghién
clru cua Jiang.

Do thi trén hinh 7, biéu dién moi quan
hé giira ing suat va bién dang khi kéo mang
p-GeO, dé sao sanh két qua nghién ctru cia tac
gid va cua Jiang. Trong d6, dudng nét lién 1a
két qua cua nghién ctru; duong nét dut 1a két
quéa nghién ctru ctia Jiang khi sir dung MD dé
tinh ¢ 1 K. Cac duong nay gan nhu tring khép
nhau. Tuy nhién, khi str dung MD dé kéo mang
theo phuong armchair, mang c6 bién dang dai
hon trude khi bi pha hity khoang 4,4%; ddi véi
phuong zigzag, bién dang dai trudc khi pha hiy
sai 1éch nhau 2,2%. Nhu vay, c6 su phu hop va
tuong dong véi két qua nghién ctru cua Jiang.

8

7 -

6 1

5 Y
£ 4 ] '
Z. 3 ] ’ 2 F———Zigzag
S 5 ] ——— Armchair

: = = = Armchair [5]
(1) ----- Zigzag [5]

0 5 lIO IIS 20 25 30 35
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Hinh 7. Quan hé vmg sudt - bién dang khi kéo
mang p-GeO.

Qua trinh m6 phong kéo mang s€ pha
huy khi lién két giita cac nguyén tir lién k& bi
pha v&. Trén hinh 8 cho thay su ph4 hity mang
p-GeO, khi kéo theo phuong armchair v6i bién
dang & = 0.313 di c6 mot vai lién két bi dut, khi
& =0.314 rat nhiéu lién két bi dt, luc nay mang
da bi pha huy. Tuong tu, khi kéo theo phuong

zigzag, v6i & = 0.226 da co mot vai lién két &
bién bi dut truée khi mang bi pha huy véi bién
dang € = 0.227.
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Hinh 8. Sy pha hiy cia mang p-GeO chiu kéo, trong
do: Bén trén) Kéo mang theo phuwong Armchair; Bén
dudi) Kéo mang theo phuong zigzag.

4. KET LUAN

Trong nghién ctru nay, co tinh cia 4 vat
liéu hai chiéu p-CS, p-GeO, p-SnS va p-SnSe
dugc xac dinh khi sir dung phuong phap phan
tr hitu han nguyén tr véi ham thé Stillinger-
Weber. Két qua cho thdy, nhitng vét liéu nay
¢ co tinh twong dbi tot (md dun dan hoi hai
chidu c6 gia tri trong khoang tir 9,13 N/m dén
75,6 N/m). Cac két qua nghién ctru c6 sy tuong
dong cao v&i cac nghién ctu trude dé cua
Jiang. Tt két qua cho thay, co tinh cua cac vat
li¢u nay theo hai phuong armchair va phuong
phuong zigzag khac twong d6i 16n, do d6 cac
vat li€u nay co6 tinh di hudng cao. Pic biét, vat
li¢u p-CS ¢6 h¢ s6 Poisson am, diéu nay khac
xa so véi vat liéu ¢ kich thudc vi moé ma chung
ta dang nghién ctru tinh toan. Hién tugng phang
hoa xay ra khi kéo mang p-CS theo phuong
armchair cling 1a mdt trong nhitng hién tuong
dac bi¢t. Cac thong s6 co hoc cua 4 vat liéu

p-CS, p-GeO, p-SnS va p-SnSe 13 co so dé &
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