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B A BN F RO RIS R, W AMEEG R R T8 55 KK & S 4
TR, DRAESER R T B A sSRIG Az gE 1. 53] 7 SR B8 H K
WA o RN B AR 12 18] B0 A 3 B A S8 (0 3 b AT T, T84t
T IE T T T 70 B A (R AR 17 98 3 3 It 3 2 T Ll T 84 K PR AR A LR
I P 5 T A B At 1 T B AR B BEL K TR R B 5

XA FEORM; BT T ROFRN JERE LR, ThRik
J&




A B Bk BRI B G 30

Abstract

Graphene has attracted the interests of researchers both in academia and industry
due to its extraordinary electrical and thermal transport properties. Folded graphene, a
derivative of graphene, has different properties from pristine graphene arise from its
novel structure. However, most of the related studies are focused on folded graphene
nanoribbons of small sizes, while folded graphene of realistic sizes is investigated by no
one. Given the fact that there exists a strong size effect on thermal conductivity of
graphene, the large-area folded graphene may be a different case and thus should be
investigated.

Here, we use non-equilibrium molecular dynamics to study thermal transport in
large-area folded graphene. The dependence of folded graphene’s thermal conductivity
on length and number of folds is obtained and thermal conductivity of infinitely large
folded graphene is attained by extrapolation to characterize the thermal properties of
folded graphene of realistic sizes. Cases of various inter-plane distances are studied and
the impact of van del Waals interaction on thermal conductivity is investigated by
directly recording the heat flux by long-range atomic interactions. The contribution to
thermal resistance from the curve part in the structure with varying inter-plane distances

is studied by calculating the vibration power spectrum.

Key Words: folded graphene; non-equilibrium molecular dynamics; size effect; van del

Waals interaction; vibration power spectrum
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1 %5

1.1 MRER. BHRREX

B AT SR AT BR IR I A v A AN S SREBOTAT I ER TR . D E
B, TR G — U REIR TS FER L. BT TE R B AR N RE T R B,
I T R BRI RS AR R 60-70% BB IR LA # T AR 4t
[1]. " ENE)EE BT 2.5 12, XEHBIF R IREHER T RERE#R. (LT h
BEAT A R AR K BRI A . N T RIS IR AR, v RE YRR
R, BT R 78 R LI AR A EISOR R 5| T RN R E

R R AT DU AR LR O HRE, JF HIRE RIS 3. aT#ik
PR R I 5 B0 7 7 1) 2 4R B R B b B m A ) (2] o i B A M RHE — A
IRV MBI ZT B, 8% ZT BFK, A iaceilng . B 5ME
FENTLRE S, MFE k. IR o HRK, WTUERRN ZT=SoT/k. HAXATLLE
H, SEIEEAERE ERR E ZT TR DR s AR R R R

HERIG R BA sp? AR TFHIER R IRR T 450, BRAAER RN, A
SR L E KR S IR T R BE 23 K, 249 8.5 x 10° mv/s, (75 A S0 LA 58k
T Has PR, SERR3HEY] T A SR IE B AR KR SE, 4] 53% 10 ohm™'. i@
T U A BRI (1 25 R SR I B AR DATE A SR R R e AR R, A SR
FF R A PR i s B Ak iT e 4] . A BRI T TP E AR IA Bk
G, AR EA R RS ER . B R e s R R R Y
2000-5000 W mK'[5], i@ i B B SR A EIE T R AN 600W
mK '(300K)[3] . ARG 7T /INEA B 1 SR 72 350K . BB TH A B I A0 S 45 4
SRERBY TG H (2 2000W mK ) Fem NG R = 6] . X147 245
PR ZE V58 S50, SRS BIBUE MR /N, 1E 300K By 8.2 nV/AK [7].

AT RS B AEMEY ZT 7, i ZE Vs REUR — R 5E, T
A SER R W MO CRIRELET XM, dE£UE, AMIESR
TR TR T 1B SRIE I AETE8]: BHJE, BFFN SRR T 4% i T B Fh it B 5
WIR77VE] G 1-1). BFFERM, 1EA RS hAE TS 2 —ME SR ICH
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SRS EI A0, 11].

P

& 1-1 FARRBRHANAOFHEHNIFEAEENIAMBETEME
(SEM) E&[9].

1.2 EASAFTER

X T SR IR R BRI AT A A SR MU M T . Z R R A
BIGEEN 52 EAEMAMLZ L. EEFFANG Jang S5 A[12]8 5052
BHTNEG R VA 2 B0 SRR NI R GG R, AR M LR 8 5
e RN I T RN T R REE R TR AR S NZ AR 55 1 (U (R
P Umklapp HUN, FREGE = FHEN &, PN TREE ™ A 5 = A Tl 28
AT I — U D .

H RO 3 B0 S5 i 0 78 2 DS o 0 ILHIARANL 5 ik 2l 75 T SR 24
ST TS A SE TSI SRR E A L.
Lindsay &5 A\[13]RKIBRAKE PGz i 5 Lt 2 AH0C, JF HAR 3 T #22%0E
AR AN JE I RO R A HE TR B AR . AT RIS . R AR
B, BEE HEREDN, CPARROK, IEHIIZ (ballistic transport) FRIREM: BRI AN B
&, BT REAC BN, H T AT 0T SR R A AT SO X AR
(reflection symmetry) M43 IE3EHEN (selection rule) HNE %, MiZei/),
R ERES, R, RGBT ASMIRTE. (HERME THURES
TiREH R BREAE T R AL BB AR R SR ZE 2 J7 TR BRI Tz S 9 2 A 1
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FRPER), R 7P E BRS RGERE RS AHIERS,  06 2507 18 5 BB .
H5ZEH S PR ERRHEIRAVE R TR R SR A AL 57 A 2 (848 H
X 7 5 HIUN B DRk o

WIFFEN A Yi[14]15 AR 43 731 71% (Molecular Dynamics, MD) 4341 T
BAMBEMN ARG RITLNFH (planar) £ 5844 PG FHRE, (HRBEATA
HMIEtE . Xie G AN[15EIIHEARE L (Green’s function) VLR TihE
£ ERIE ) A IE R . Yang 25 N [10138 & 4E°F- %1 4> F 3 /1% (non-equilibrium
molecular dynamics, NEMD) 15 7 & A SBEAUKT KR T R, JFRE] 7GR
XF 2R PR B DU AT B EH MK R, B2 REESEN, r8fElE, HEX
FR; AR RS MR ER B (non-equilibrium Green'’s function, NEGF) 4341 T 7 1
WistE o, JEFHAHE A 7RO G GRA R ], B S SRR R RS R U LA
A KK Umklapp HUN BIHER: SR H) 8 R LN HEPRICH BRI R
6] JJ B3N Zhang S5 A[T1E 5 [FI SR EAR R BRGPKEAEXS EE, RA NEMD
F 7B ARG TR, HLIRSIAMER 7 #r (vibrational eigen-mode
analysis), TRUT T #7284 SR G0 PRI, 1530 HAG A R0 A A S5 94
K, RFFMEROR ARMARITH T SRR %82 B B RTE L.

SRYL, SR SRR T VRN S A S A A S R IR R AR D, TR TAEAH
MNEE. BRRA T 07 E AT R R — KIS, REEINER T S T AR
A G 72 T T B A0 s 0 B IS R T S S5 SR AR B LTI SR AE T
RN TT (KD, T RAE SR RT H 4 & S0 i 3 3 2 0 e A
71 ARG EE 73 73 ) A A AT BRI &, SRR SRR, SEIE
il B RST (4 B A SR J@ A I 5 o [R5t 2 TR FH 0568 T 75 i as A
PR BIFENE AT VEIIRDT, RZE L & IR SRR SR E ELH .
1.3 S FERNFEEN

2 915715 (classical molecular dynamics simulations) &R 48 J5 ) 4 H.
VE R B RS AGE AR ) — Mt R 7, B S8 S & ) S R AR e,

F =ma, (1-D

Horp, i RETHRT, m R INETRRE, a RINEE, a=d r/df ,
F R E/ ). IR FRWIaa A BAERE, i 5 ek 8] DR EEANJRE
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TR0 AR B 52 G Dl vt Sohn i B2 st vy ATHERD R — 2B I i Ao BRI
EMD[16]ffk 45 &b TP A5 R FE7E RGP 0Tk, WK ARG BAAHKRE, KA
Green-Kubo 7773k H # 5% . NEMD WB I 7E R4 0SS R A MY
PRI, SRANG 3R I8 0 ) 3 TR R A R A

ARYAEAUTH R 7 NEMD, 322 7 K] /& NEMD R0 2 AR A i fanis v s,
HAr & ST i N s st fem, RIS AR TS, PRI T ERE E N
18, IXANNGA F R g A SRR AR B AR A T 20 B RE AR AR I A T A
IERETT .
1.3.1 R IE
(1) BT HIAA A B R 8

— R T IIRIUE L B ¥ B AP S, WA B R IR A O RE . H
— T IR AL I IR E T 7 A2 38008 18 0770 AT (R BEATLESC, A6 32 2 4k 2R
Wi RVEESE Tinico — W Toni=2To,  To /AL F-FHTASIS BB AL IR o IXFE(R
FRBIAIRAS A ae N, SRS T NRE, BEEBIEEAT, HAaefshteiam T41
LHEBETHNR ¥ WNFERRFERETHE, EREMEIARIRE.
(2) HHEF 123

MD [R5 2 B R E, & MIEERE TR RHERATE . 70 0] DLIE I 55 bR 4
FRR T SR TR0 4% B A 3

F ==V V(r,..r,) (1-2)

Ve B, TRERERHASKARE, MR % EZ e (DFT) i+
EIEHA A I A e AR B AR T IR a. FIA Velocity-Verlet 5
71T DA BB IR T I AN B . BRI R R A R,

r(t+Ar)=r(t)+v(r)Ar+(1/2)a(t)Ar (1-3)
v(t+Ar/2)=v(t)+(1/2)a(r) At (1-4
aO+Aﬁ@:—%VV@O+AW (1-5)

v(t+Ar)=v(t+Ar/2)+(1/2)a(t+At) At (1-6)
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132 YEEIE

MD &Gt 15 07—y 3, WA T 3 Fe A R 9 AN 571 Al
Mz, A HO)RRERPGZ S (Hamiltonian), W —MOE U & 25305 2
S(HT)—E), & &KL 5i(Dirac)li¥ll. ZRKRIIERGA T REEN E HKRE. 0T
ENREE, W TNWEL /34 2 UK 2% 2 (Boltzmann) B 2 T X exp(—
H(YksT)o SEitWEisa i, 3 nl Ll REEFIE S,

(A}::3;-§:14a) (1-7)

Hoeb, A(t)= £, (1) seeary (£),9, (2),s vy () ARGER I %) — R BUZH EAL
f§>ﬁ%ﬂﬁ%%&ﬁﬁ—%%ﬁmw<DMm%mmmmfﬂMw,ﬁﬁﬂ%

Nerv

NN < k,
BERE CPmARRA 2300, Z X 1287 K) [18], @@ T=iR, F=IET
f¥] MD @A RE IEMIRIE RGAE N (HRRETTHA R MR SRS LIGE
FHZEAK, B BAX M MD B40, 52 mTHCE[19, 20].
1.3.3 FEHIEMEHITHSRE
(1) A

S TR BHE TR, MD FTRER 7E R R ARG, JEE KR E . AR
(KRG IRAFAED T, HLI IS0 3 2 235 1) o X T [# %8 34 57 (fixed boundary )
AT W e SR T AN RE AT, FEREAMERIE R, T R T AL AR
ST E B4 (free boundary), ACTERN IR FIA WA ANIINZAER, SiAHRN
AR A AT, AR I8 R 7R A R T AR R D T R T
W A (periodic boundary), AbFEL T JEF# A AN 75 H AR+ BFI1EH .

il 1-2, X RA A AR R, —ANMMEI AR T a MUE A
MR TAEER, FN 55 BT RA R S N RRET b RAMHEAER.
WA TF—MARETE—A “BI” WET o BEMEER, X4 B 1R
T O I S AR RS N E T b e e E L HRALE A RR AR
ZE—AEEAE L B RGIE—SE KR IR T 10 5740 B 4 H
2T P I S5 R T AR

w~N, (T,)= ,aﬁ%ﬁ%ﬁﬁoﬁﬁﬁﬁm%ﬁ%ﬁ%%ﬁ
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P ——————

122 AR REE, ELRTEBERNINETXY

(2)

NEMD 75 275 R Ge b7 AR IR BERRE, #0PE v] AR FRX AR E 22 . AR A
NIFTTRREZAN 1A I, —Ffi ) — A8 2 L L Nosé-hoover #4E[21,
22]. w3, DA—4EETRE e, ATE SR AIGIR Nosé-hoover #4ZE H) J -[23]
53 il AL

Pine = Fie = GuePre (1-8)

X, T H A C iR mIRARIRAE F R T, puve R R T HIB)E,

Fiwe R A REOTEAR RN T1, S8 Gucii 2,

2
1 ‘pi,H/C‘ 1] (1-9)

Ci,H/C = 0

HIC mi,H/CkBT HIC

X, Ome RIETHMERREIRE, mpc IR THIRE, Timce. WA,
JH/C - Z -f;,H/C * VIZZ _CH/Cpi,H/C * Vi ﬂuiai%&)ﬁ%ﬁ%%%ﬁ %/ﬁ%%%‘t?ﬁ’f/ﬁy\j/ \g}E

AL, e f e 2 AT L ES BN 55

o o o
—r— . —r i — . —rm i ———— -

Tu Tc

13 —#HEFERFNEEERTER, ZMUAAN SR HEM T 7%
RIS IR
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1.3.4 MERREAFHITAH
(1) PP 2

MD LSS AR, SEPRERL T A RIS . AT A% (density of
states, DOS) iR T HEF e R TR 5 A A H . FE6EEN DOS K, %6
B NATRE IR AEZ . DOS NENFRXAGEE N AFEELFF 7. —BiE
4211 DOS AEMREEEFFR R TAEE—N B 7B (bandgap). 75T % Bk Ak
% Fe I 2 G0 JE RSN 2 IR, FEEh T MR RS E T

T T B Y A G Ry (1T BAFS 3] DOS,

()= (3, (1)-v,(0)) /(3 v2(0)) (1-10)

X A G R B0 AT AR A 4 R RT 453 21 )3 — Ak R A0

Wiener-Khintchine i [24]UER, %F T/ P42 (Wide-sense stationary, WSS)
AR, H A G BR B (R AR 2 D) 3235 % B2 (Power Spectrum) o D335 2% 5
38 PR Pt AR 645 38

2

+00
Plv)=— i, (1-1D
)= [ v(e)erar
Hrh, v RRGHER S 2% ] ARIR A,
P(v)=DOS(v)-hv- [ (E) (1-12)

Hrh, f(EB)e . =7/ Bose-Einstein 7347, {HZZ M MD 154,
BT, BIE,

f(E)= (1-13)

(2) BB H MR

A RETFIERTE T, HiEae ) HEun 1 rIsU e, BA A RIEBUR
HRg R oNIERNE, XAER N SRS R KNS AR, et
PR SRR, IESEXAIEUR A TG B SN S (Kinetic theory of
ym)ﬂ%ﬁﬁ%?ﬁ@ﬁ@%%%%ﬁk:?wM,ﬁWnﬁiﬁ%ﬂW%ﬁ
PP, o etbdl, u R FREERE, A RF T FYEBRE, A=ur, 2ES
PR R A A R A )~ S5 s (] TRT R, ROt BRI (8] (relaxation time) [25], AL A] LA
Wa~F- 35 B R SRR A 7 T E A AT A A () i 1) P 2 PR S
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2 TEAEHEUAT

21 EUNREG DR FH

W 2-1, Hr8a Sl a2l e — M KR SR BN B A T
BRI . y HIRCASEETTN, z RN EE T FHREN . a0 800K
5E SN, L= (n+1) Lptane + 0 Leurver n A2 EIIEH, Lptane F1 Leurve 73112 P HIF 53
MBI B 2-2 (@ MaKA L (3£300 Z)EF, £=36.7nm) KI#T
B SR (P G5 AL 7 R P P TR S 0 2 b 5 R R AR s BRI Leurve=(5+1)
xf3/2xa, Hrfa A BIEI SRR, a=1.418A, FERBEATHAUN, 25 HhEo
(BT E AR R AL PE— AN RO L F, B B R — N 21 E T B —F
VUG, AR 2 R E 259 0.474 nm.

& 2-1 i B A B HH = 4LE

B2 ABIG L NEE—ZEIK, DRIEASIGE z 5 EEE . R FH—
BT ARG — R RTAE x, y J7 R ERRCE 7 e AT, DRI S A
HIB R BTERTE x, y 7 HEE. REEE—ENHERT GE2 8% 6 2
JEF) BN R RS, IR AERRE Th=To (1+A). MHEEILH N 2R 1112 R
T CGEN-5 25 N—1 BET) #tnsEAs, BEHERFE Th=To(1—-A). &
A, To=300K, A=0.1. fERVERKRZ, EXMEE TN, 8 L 177 AR EE
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29 108K/m, X RN TCEIEI SR SLolny, (HR7EXFhIE B SE R & R 15
R LIE R EI G 19, 20], FUKIALSE T RA .
nkEl 2-2(b), N T IRE LR K& A SRR, 56T Gy Jrm)D f§
T AR . ST 2127 0m (10 4 C R T, Z BT LLUERUX A58
72 AR AR R T2 56 FE I 25 R IR #3850 90 B T I S5 i FA V3 38 T L8 Xl
RT3 AE 98 FE 77 7] R AE 21.27 nm B L2008k Kbk, ME 2-1 BT LA H,
TE 5 8 77 1) A 880 42 T BR A e 117

Substrate
- |
| T Periodic Boundary
. B0 00000000000l o0l elela® 060.00000000000 000l le®
rr buopeoece ;‘:;:::E;;"::;f'::iizz;l;""r:'fr:'f::r:;':';';fr;vl;:rf‘r:.;f‘rl"'f‘::;
\‘MMN\NNNNNNMMMfNMMNNMMNNNMMMN o fhf';:rr::: :r":r’“rnr ;rr::;:;::r;r:::r" b rr;’riw"g Ir;:r', F
curvet=——————— Liptane | GPoPoPoobobobobrtebobybebyfybob Jwtowwrrmrmr ofh

fr’ﬂ*: r"t’r"r"‘r r"r‘r“ﬂi‘o’rfﬂ'n "g' £PeP0CC e e el el 0 et
¢ 'rr-r’ror"c’*n"r’r“r«"rrf' 006000 felolelnOleOed r'r‘krt
° 000 4 m:;:':’;’g’:'}f"f'\r:ﬂ":Jﬁ‘g’ﬁ:’r"f’ﬁj:*ﬂ':‘t:}f'o' o' E
¢ o o o e’ oOele rt!* vrrr oPofe®

cooon £ fePolee r'r‘"n’“r’rg :vfag e PP P P T ]

T, Periodic Boundary
|
Substrate (b)
()

2-2 EBHFAREE () BB EABHEIEM, Lome Leuve
5374 6.75nm #1 0.737 nm, 2KE L K 36.7nm, HEHE K 4.
SFIRFIH S BIWMEM TR (U &) 4R EE), EMFTN 3]
FEREREMERNIER. &MIHERETE x, y FEEEE. (b) EE
A2.13nm, FEEHELERT AR

22 HEHHNSHLE

221 HBERHHOFRN

MD AU, AR R E R TG RARE . ARBEH T
Morse[26, 2713 bR Bk ik el 480 S5 2 [ I RSB E & —Fh AR T3 1E I 355
fEH T 1818 4R 5% %A B %0 (harmonic cosine energy potential ) [28 K4k H .0y J 7 i
AT T T o k TER— RS O, XD RALETHIAL B AL TET 00 = 1200,
P =ARVEM#; R T Lennard-Jones 12-6 ¥R HCR IR IR R+ AIKFEEH,
B0 b T AN [F] ¥ T2 R 7 (B H 648 FL /R e (van der Waals) AHELAEAI[14]. 276

9
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BR=RE R, BRSO,

U(r 0 >:K (eA'(r”r“)—l)z—l—lK (cos@ —cosf )2
ii2 Vi Cr B co ik c

ij> ik
12 6
Occ| |9cc
Tij i

AT, B DIERR R 5 5l A s s 9 I 1] 25 29 AH G 1 Morse %4 R4
BRI REGET 0, j, k MR ZHEROEIERZA R, F=0RRRE
LA A8 FL R 37 700 J5 7 18] 25 B M 5< / Lennard-Jones 3 B4, J1% % K = 478.9
kImol', Kcp=5622kImol", ecc=0.2880kJ mol'; “FHALE JLFAISHL r.=
1.418A, Oc=120°; JEHETL/RET IS occ=0.3407 nm; HAhZS4 y=2.187 Al
222 BEHEREAEE

BT AT R T Verlet 5i%. B IR KAPEECA 0.5 fs, BBLITEECH
6x109 25, MBI (824 3 nso TERAIN 3x10° 25, ERBANMEIRE Z J5mhr &
WA R 48 A B4 B4 SRR T Mg sl . TR R, R4E0
FEES 294 10 nm, X TR TR (£ 10% nm) BN, G T RIS 4 45
PP BRI . DX PR RGN AR, PSSR T2 A1 2R B BT 0.474
nm %4 0.35 nm. Vb5, BRMALE AT, 7S A0 80T 2 ] 1 ER R A
YEFFTE 0.35 nmo N T ERRAE W2 0] ) B RIS R i e, #3047 7 2 1 gE
BRAYESR R 0.30 nm f— 4R

SKH T 12 HANE PIHTAG S5 AT R 06 1 B 42 R 52 5o 075 0 A 40 A AT WG AL,
JE-FAIUG A B AR B . fFH MPIREF 807 12 4 CPU L [RI HEA 7115
B AR 12 M0 BT B A5 RT3

(2-D

+e o

23 HRERNITE

NEMD i R R g G 2, Jogn s,
J
AVT

H, JARGHRIPG, BN W, VT ZBIRERE, AN K/m; 4 Nk
B, A m?. fEXE 4 AR SERZTRM, —8fq S840 1 B E U~
0.335nm (5 2MFZE—F0D, Fik A=0.713nm?.

(2-2)

10
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231 REHERITTE

Kb TE RS R S5 PR P R AR 0, R T v AR TIR AT e I 7E 2R 5 1 1 i
DL It 2R 40 P9 3R F— AR P 5 o 1B i TR A 1) Nosé-hoover # P A& —Fh ANy
FIE L, ERIE R T 228 28 R iR L T B (TSR B 1) 4 T I/ NIX M,
R ANZ IR T FTAEREREN T, 55 N-5 ZHTRHIREER Teo

V7= T,—T, _ Ton — T(N-s)th
L L

(2-3)

Hr, BEEFREER 1.32 ARG 2], B Z0EFEREA,
Nr 10 m,, . V(¢
T"th:%'lo;@;; - 11:: 4 2t
A 1/3 R =ANEFE IR FE P15
232 HARBHE
NEMD & % F i AL sk R I 777, B SR AL I [a] e i i D sl & R 4t
G, 1.3.3 il 7 E S HIYR ISR T . AR R AL 1R S5 1 BT BN [
MRER R A e, AURALIC B RAT I [A] F REEIRIT A 62, MIFAIL J=(e1 +e2)/20
FERF, BETEEE LR IMER T LE#ES 5 s, EHRENRGELE 24
Taio MR 20, P RLE I R VEAE PR ) 5 3l R ) SR AR I 1 [ d i Va4 B R iy

Jitgig I, BRI~ [29-31],

0., :%(Fﬁ v, —F;-v,) (2-5)

Hrb, Qi RonfadSi M i J 7 ALIE R j IR HRER, Fyi 2T j 22T
LI EIERT A (Fji= - Ky vio v 2058 1 MRS § AR T A . i
TR RT3 A AL BTk FE IR FAT A (R Y O o SR S T PR B
P R, WATRES Fiy i {7 j R B e R/, MARgS

TR RN SS 5 0, ar b AR R TR,

N T WEFUREAE R T IS K520, AT DAELAC 5% Y B/ M 7 i A i
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| Folded Grephene!
module Parameters

frE Flewi iz, efmidfE

Contains parameters of Folded Graphene

IINTEGER, parameter

small

REAL, PARAMETER ::

PI=3.141592653589793238462643383279502884197

: Model_No =100 ! 100=homogeneous;l=graded 1/N 2/N ... N/N ; ©@=half big -half

! 2= graded mass every layer

INTEGER, PARAMETER :: Case_No=12 !MPIf90 no of cores for MPI !20140428qichen
CHARACTER*70 :: SampOut_base='READ_pval_T300_LAY@0®_00F0O_FG' !BPB11 pos vel acc !20140428qichen
CHARACTER*80 : SampOut(Case_No) 120140428qgichen
CHARACTER*80 :: SampOut_4 = 'READ_Neib_LAY@@O_0OF0_FG.dat'
CHARACTER*70 :: SampOut_2_base = 'READ_3D_LAY@@O_0OF6_FG'  !20148428qichen
character*g8e : SampOut_2(Case_No) 120140428qichen
character*g8e : SampOut_3 = 'READ_2D_LAY00O_0OFO_FG.pdb'
!character*ge :: SampOut_1 = 'READ_tem_LAYQ0O_OOFO_FG.dat"
CHARACTER*80 :: SampOut_5 = 'READ_Npl_LAY@@®_0OF0_FG.dat’
CHARACTER*80 :: SampOut_6 = 'READ_Mlist_LAY@@@_0OF0_FG.dat'
CHARACTER*80 : SampOut_7 = 'READ_BClist_LAY@@O_BOF@_FG.dat' ! il ki 1145
CHARACTER*80 :: SampOut_8_base = 'READ_Van_Neib_LAY@Q@_0@F0_FG' !Viffitk/; [y ABjn# (& Abfagms, P

, ABfE % H 120140608qgichen
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CHARACTER*80 :: SampOut_8(Case_No) !20140608qichen

CHARACTER*80 :: SampOut_9_base = 'READ_Sub_Grp_pairs_LAY00O_0OFO_FG' !20150302qichen
CHARACTER*80 :: SampOut_9(Case_No) !20150302qichen

INTEGER :: rdseed(90)=(/127,131,137,139,149,151,157,163,167, 179,181,191,193,197,199,211,223,227,229, &

233,239,241,251,257,263,269,271,277, 281,
283,293,307,311,313,317,331,337,347,349, &

353,359,367,373,379,383,389,397,401,409,
419,421,431,433,439,443,449,457,461,463, &

467,479,487,491,499,503,509,521,523,541,
547,557,563,569,571,577,587,593,599,601, &

607,613,617,619,631,641,643,647,653,659,173 /) |MPIfoe
hu20130606 |MPIf90 !20140428qichen

integer, parameter 11 NLAY =300 ! No of layers, length of tube= Nlay*a*370.5/2; 1@lay=1.26nm
integer, parameter :: Ntubel=5 ! armchair 10 10
integer, parameter :: Ntube2=5
integer :: NPL =Ntubel+Ntube2 ! only right for armchair
integer 11 N =NLAY*(Ntubel+Ntube2) ! NLAY*NPL
integer,parameter 1:n_folded=6 ! 1)
double precision tir_van_1,r_van_2 !20141006qichen
INTEGER, DIMENSION(:,:), ALLOCATABLE :: around_shift
INTEGER, DIMENSION(:), ALLOCATABLE 11 around_flag
integer, dimension(:), allocatable :: Npl_list ! No of partical per layer
integer, dimension(:), allocatable :: Npl_mov! No of partical moved per layer= whcih without 4 neighbor
integer, dimension(:), allocatable :: BC_list
integer :: N_BC
integer, parameter :: DIM =3 ! Dimension
double precision, parameter :: a = 1.418E-10 | C-C disk 1.458 SWNT 1.418 morsefil &V i%/t1.418
double precision :: offset_gauss !=1.458E-11 | [V E{ifs i K{] 0.0*a
double precision, parameter :: T = 2.*%300.d0 !100.0do I temperature
double precision, parameter :: kb = 1.38E-23
double precision, parameter :: mass = 0.012E-23/6.023
double precision, parameter :: mass_ratio = 1

DOUBLE PRECISION,DIMENSION(:),ALLOCATABLE :: mass_list ! graded nework
double precision i1 Aera =Ntubel*3.*a*1.4E-10 ! 1.4*2PiR, only right for armchair
INTEGER :: Naround=3

integer, dimension(:), allocatable ::Van_num 120140504qichen

integer, dimension(:,:), allocatable ::Van_around !20140504qichen
integer, dimension(:,:), allocatable ::Neib_sec_near 120141222qichen
integer,dimension(:,:), allocatable ::van_around_shift !20140504qichen
integer, dimension(:), allocatable ::Sub_grp_pairs_num [20150302qichen
integer, dimension(:,:), allocatable ::Sub_grp_pairs !20150302qichen

DOUBLE PRECISION,DIMENSION(:,:),allocatable :: pos_sub_down !1201506302qichen
DOUBLE PRECISION,DIMENSION(:,:),allocatable :: pos_sub_up !20150302qichen
INTEGER ,parameter 11 Van_top=600 120140520qgichen 4BJE LR
integer,dimension(:),allocatable :: Mark 120140821qichen
DOUBLE PRECISION, DIMENSION(:,:),allocatable ::oslp2 120140821qichen
DOUBLE PRECISION, DIMENSION(:),allocatable :: slpl,slp_x 120140821qgichen
integer,dimension(:),allocatable ::Plane_No 1P Sk SIZ IR A7 AN ST T 25 b ) 0
5 120140821qichen
integer, dimension(:), allocatable ::Plane_flag !201405064qichen
INTEGER, DIMENSION(:,:), ALLOCATABLE:: around
double precision ::lay_dist !distance between layers
double precision ::plane_len !the length of the plane part
double precision 1t z_top 120140517qichen the topest atom's z coordinate
double precision t: z_low 120140517qgichen the lowest atom's coordinate
INTEGER :: N_plane_up =0,N_plane_down=0 !20150302qichen X! N_plane_up/down {518l &0 1/

B P B8 (AP

logical :: VelAcc= .TRUE. ! if vel & acc write to file?
double precision, dimension(:,:), allocatable :: pos ! positions

double precision, dimension(:,:), allocatable :: vel ! positions

double precision, dimension(:,:), allocatable :: acc ! positions

double precision, dimension(:,:),allocatable :: Pos2d_big ! POS FOR 2D GRAPHITE

double precision, dimension(:,:),allocatable :: temp ! TEMPERATURE

end module Parameters

module SWPotential

DOUBLE PRECISION, PARAMETER :: SW_A =5.3732037
DOUBLE PRECISION, PARAMETER :: SW_B =0.50824571
DOUBLE PRECISION, PARAMETER :: SW_p =4.de

DOUBLE PRECISION, PARAMETER :: SW_ppl =5.de !SW_p+1
DOUBLE PRECISION, PARAMETER :: SW_qg =0.do

DOUBLE PRECISION, PARAMETER :: SW_gpl =1.de !SW_g+1
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DOUBLE PRECISION, PARAMETER :: SW_sa =1.8943619d0
DOUBLE PRECISION, PARAMETER :: SW_lamda =18.707929
DOUBLE PRECISION, PARAMETER :: SW_gama =1.2de
DOUBLE PRECISION, PARAMETER :: SW_costh =-1./2.de
DOUBLE PRECISION, PARAMETER :: SW_sigm =1.26329438E-10 ! 1.418E-10/2"(1/6)
DOUBLE PRECISION, PARAMETER :: SW_epsl =4.96/(6.24150636309E18) ! J/pair = 4.96 eV/pair
CONTAINS
FUNCTION fun_f2(re)
DOUBLE PRECISION :: fun_f2,r,ro
r=ro/SW_sigm | SLALLIHEHIr=r/sw K S E AR A e Blrik
IF (r < SW_sa) THEN
fun_f2 = -1.de*SW_A*( SW_B*SW_p/(r**SW_ppl) + &
( SW_B/(r**SW_p) - 1.d@ )/((r-SW_sa)*(r-SW_sa)) ) * dexp(1.d®/(r-SW_sa)) !SW_B SW_p
SW_q
ELSE
fun_f2 = 0.de
END IF
RETURN
END FUNCTION fun_f2

FUNCTION fun_f3(v_rije,s_rije,v_rkje,s_rkje,costh)
USE Parameters
DOUBLE PRECISION :: s_rije,s_rkje,s_rij,s_rkj,costh
DOUBLE PRECISION,DIMENSION(DIM) :: fun_f3,v_rijeo,v_rkjoe,v_rij,v_rkj
v_rij=v_rijo/SW_sigm
s_rij=s_rije/SW_sigm
v_rkj=v_rkjo/SW_sigm
s_rkj=s_rkjo/SW_sigm
IF (s_rij < SW_sa .and. s_rkj< SW_sa) THEN
fun_f3(:) =
SW_lamda*fun_H1(s_rij,s_rkj)*( SW_gama*fun_H2(costh)*v_rij/((s_rij-SW_sa)*(s_rij-SW_sa)*s_rij) + &
2.do*(costh-SW_costh)*( v_rij*costh/(s_rij*s_rij) - v_rkj/(s_rij*s_rkj) ) )
ELSE
fun_f3 = 0.de
END IF
RETURN
END FUNCTION fun_f3

FUNCTION fun_H1(rij,rkj)
DOUBLE PRECISION :: fun_H1,rij,rkj
fun_H1 = dexp( SW_gama/(rij-SW_sa) + SW_gama/(rkj-SW_sa) )
RETURN

END FUNCTION fun_H1

FUNCTION fun_H2(costheta)
DOUBLE PRECISION ::fun_H2, costheta
fun_H2 = (costheta-SW_costh)*(costheta-SW_costh)
RETURN

END FUNCTION fun_H2

FUNCTION fun_v2(re)
DOUBLE PRECISION :: fun_V2,r,ro
r=r@/SW_sigm
IF (r < SW_sa) THEN
fun_V2 = SW_eps1*SW_A*(SW_B/(r**SW_p) - 1.de )*dexp(l.de/(r-SW_sa))
ELSE
fun_V2 = 0.de
END IF
RETURN
END FUNCTION fun_V2

FUNCTION fun_V3(v_rije,s_rije,v_rkje,s_rkje,costh)
USE Parameters
DOUBLE PRECISION :: fun_V3,s_rij,s_rkj,s_rijo,s_rkjo,costh
DOUBLE PRECISION,DIMENSION(DIM) :: v_rij,v_rkj,v_rije,v_rkje
v_rij=v_rije/SW_sigm
s_rij=s_rije/SW_sigm
v_rkj=v_rkjo/SW_sigm
s_rkj=s_rkjo/SW_sigm
IF (s_rij < SW_sa .and. s_rkj< SW_sa) THEN
fun_V3 = SW_eps1*SW_lamda*fun_H1(s_rij,s_rk3j)*fun_H2(costh)
ELSE
fun_V3 = 0.de
END IF
RETURN
END FUNCTION fun_V3
end module SWPotential
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Vi MAIN PROGRAME START

program Positions

IUSE DFLIB

use Parameters
use SWPotential
implicit none

! CNCone !20140428qichen

integer ::1i,j,k,k1,i_gauss,i_lay,i_ver,i_inl,i_1,i_@,i_nei,i_big,i_case
double precision :: theta®,thetal,theta2 ! CNCone
Logical :: flagl, flag2
double precision :: ro,ri,r2 ! radius of tube
double precision, dimension(:), allocatable 1 ve VO T T 35
double precision, dimension(12) :: gauss ! guass JrAi [ ] E]
real :: ag,ag_1
Call  Name_files !BPB11 !BPB15f90 #h43(ff4:! 20140428qichen
CALL CREATE_2D_GRAPHITE ! Part 1 i —42D Graphite i
CALL Get_Npl_LIST ! Part 3 Get Npl_list
ICALL  PLANE_TO_TUBE ! Part  K2D T IIALAREL R TUBE 3DALFR
CALL  PLANE_TO_CURVE Ipart
CALL NEIGHBOR_LIST ! Part 2 WH/ERL Neighbor list
CALL Get_Van_around_list !part “Ejvan der Waals force neighbor list
CALL  Initiating_substrate !part ‘EMJEIKTINLE ! 20150302qgichen
CALL Get_Sub_grp_pairs ! part to generate the relationship of subtrate atom and sample atom !20150302qichen

CALL Get_Npl_Move_LIST ! Part 4 Get Npl_mov
CALL Get_BC_LIST ! Part 5 Get BClist i JHkiT 45
ICALL GAUSS_OFFSET_POSITION
CALL compute_masslist ! Part 6 MASS LIST
! Part 8 TFEIAEL UhnidE
allocate( temp(DIM+1,N) )
!do i_big=1,100
ICALL EVOLVE_SAMPLE
ICALL compute_temperature

! Part 10 A&

! Part 11 20140428qichen

lwrite(*, ' (1x,"### AVE Tmp ###",E16.8 ,"#i## Max Tmp ###",E16.8)') SUM(temp(DIM+1,:))/N,

MAXVAL (temp(DIM+1,:)) !20140428qichen
1if( MAXVAL(temp(DIM+1,:)) < 1.d@) then
do i_case=1,Case_No IBPB15f90  !20140428qichen
vel(:,:)=0.d0 !20140428qichen

CALL RANDOM_VELOSITIES(i_case) ! Part 7 iFSTATE RUEJE  120140428gichen
temp(:,:)=0.d0 !Nuo20130614
CALL compute_temperature ! Part 11 20140428qichen

write(*, ' (1x,"### AVE Tmp ###",E16.8 ,"### Max Tmp ###",E16.8)') SUM(temp(DIM+1,:))/N,

MAXVAL (temp(DIM+1,:))

I CALL Initial_momentum(1,N) ! BPB8_F9@ Zhifl]% 120140428qichen
! CALL  compute_temperature ! Part 11
CALL WRITE_OUT(i_case) ! Part 9 ! Write out Data 120140428qichen
print '(a,I10)', '¥¥¥**** Syccess Case ', i_case 120140428qichen
enddo !BPB15f90 120140428qichen
go to 911
lendif
!enddo

911 deallocate( around)

deallocate( around_shift)

deallocate( around_flag)

deallocate( mass_list )

!deallocate( Npl )

deallocate( pos )

deallocate( vel )

deallocate( acc )

deallocate( Pos2D_big )

deallocate(temp)

deallocate( Npl_list )

deallocate( Npl_mov )

deallocate( BC_list )
deallocate( Van_num ) !20140504qichen
deallocate( Van_around ) [20140504qichen
deallocate( Van_around_shift) !20140504qichen
deallocate( Sub_grp_pairs) !20150302qgichen
deallocate( Sub_grp_pairs_num) !20150302qichen
deallocate( pos_sub_down) !20150302qichen
deallocate( pos_sub_up) 120150302qgichen
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deallocate( Neib_sec_near ) !20141222qichen

deallocate( slp2 ) 120140821qgichen

deallocate( slpl ) 120140821qichen

deallocate( slp_x ) 120140821qichen

deallocate(Plane_No) 120140821qichen
STOP

end program Positions
!
Vit MAIN PROGRAME END
i

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrerrrrrrrrrrny

SUBROUTINE Name_files !BPB11 !BPB15f90 !20140428qichen start
use Parameters 120140428qichen
implicit none
INTEGER:: i,j,i1,i2,icase
CHARACTER*1 :: tmpchal,tmpcha2

do icase=1,Case_No

IASII of '@' =48, '9'=57
IF(icase>99) stop 'CHA'

il=icase/10

i2=mod(icase,10)

tmpchal=CHAR(i1+48)

tmpcha2=CHAR(12+48)

if(LEN_TRIM(SampOut_2_base)+6 > LEN(SampOut_2(icase)) ) stop 'Len’ 120140428qichen

SampOut_2(icase)=Sampout_2_base(1:LEN_TRIM(SampOut_2_base))//'_"'//tmpchal//tmpcha2//"'.pdb' !BPB11 120140428qic
hen

if(LEN_TRIM(SampOut_base)+6 > LEN(SampOut(icase)) ) stop 'Len’

SampOut(icase)=SampOut_base(1:LEN_TRIM(SampOut_base))//'_'//tmpchal//tmpcha2//'.dat" !BPB11 !20140608qichen start

if(LEN_TRIM(SampOut_8_ base)+6 > LEN(SampOut_8(icase)) ) stop 'Len’
SampOut_8(icase)=SampOut_8_ base(1:LEN_TRIM(SampOut_8_base))//'_'//tmpchal//tmpcha2//'.dat' !BPB11 !20140608qichen

end
if(LEN_TRIM(SampOut_9_base)+6 > LEN(SampOut_9(icase)) ) stop 'Len’
SampOut_9(icase)=SampOut_9_base(1:LEN_TRIM(SampOut_9_base))//'_'//tmpchal//tmpcha2//'.dat"
enddo
RETURN
END SUBROUTINE Name_files !BPB11 120140428qgichen end
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrey

! part 1 i —42D Graphite Vi
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrey
SUBROUTINE CREATE_2D_GRAPHITE ! Part 1 i%i—12D Graphite i
IUSE DFLIB
use Parameters

implicit none

integer i,j,k

double precision :: alfa ! angle alfa of a in circle whose perimeter is (3a*Npl/2)
double precision :: r ! radius of tube

double precision :: dist ! distence between layer

double precision, dimension(:), allocatable :: alfal ! POSTITIONS of odd layer
double precision, dimension(:), allocatable :: alfa2 ! POSTITIONS of even layer
linteger ¢t ki1,i_lay,i_ver,i_inl,i_1,i @,i_nei ! CNCone

!double precision :: theta@,thetal,theta2 ! CNCone

INPL=2*NAM

IN = NLAY*NPL
dist=a*3.0%*(0.5)/2.0

lallocate( pos(DIM,N) )
allocate( Pos2d_big(DIM,N) ) ! polar coordinates on 2D surface;
! Pos2d_big(N_big,1) instead of x, Pos2d_big(N_big,2) instead of y
allocate( alfal(Npl) ) | THEY
allocate( alfa2(Npl) ) ! BEURY

! get the POSTITIONS of particle in 1st layer circle

alfail(l)=a/2.0

alfal(2)=3.0*a/2.0

do i=3,Npl,2
alfal(i)=alfal(i-1)+2.0*a
alfal(i+l)=alfal(i)+a

enddo

! get the POSTITIONS of particle in 2nd layer circle
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alfa2(1)=0.0

alfa2(2)=2*a

do i=3,Npl,2
alfa2(i)=alfa2(i-1)+a
alfa2(i+l)=alfa2(i)+2.0*a

enddo
! get the POSTITIONS of particle in ALL layer circle
do i=1,Npl
Pos2d_big(1,i)=0.0 ! Get the coordinates of 1st layer

Pos2d_big(2,i)=alfal(i)

Pos2d_big(3,1)=0.0
Pos2d_big(1,(i+Npl))=0.0 ! Get the coordinates of 2nd layer
Pos2d_big(2, (i+Npl))=alfa2(i)
Pos2d_big(3, (i+Npl))=dist
enddo
! get coordinates from 3rd layer to last layer
do i=2,(Nlay-1),2 ! Layer's No. - 1
if( i==(Nlay-1)) then
do j=1,Npl
Pos2d_big(1,i*Npl+j)=Pos2d_big(1,j) ! odd layers
Pos2d_big(2,i*Npl+j)=Pos2d_big(2,7j)
Pos2d_big(3,i*Npl+j)=i*dist
IPos2d_big(1, (i+1)*Npl+j)=Pos2d_big(1,j+Npl) ! even layers
IPos2d_big(2, (i+1)*Npl+j)=Pos2d_big(2,j+Npl)
IPos2d_big(3, (i+1)*Npl+j)=(i+1)*dist

enddo
else
do j=1,Npl
Pos2d_big(1,i*Npl+j)=Pos2d_big(1,7j) ! odd layers
Pos2d_big(2,i*Npl+j)=Pos2d_big(2,j)
Pos2d_big(3,i*Npl+j)=i*dist
Pos2d_big(1, (i+1)*Npl+j)=Pos2d_big(1,j+Npl) ! even layers
Pos2d_big(2, (i+1)*Npl+j)=Pos2d_big(2,j+Npl)
Pos2d_big(3, (i+1)*Npl+j)=(i+1)*dist
enddo
endif
enddo
RETURN

END SUBROUTINE CREATE_2D_GRAPHITE ! Part 1 il§i—/NLLfZ k(2D Graphite 11

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrnnd

Part  ff 2D IALHR 45 i £ SU3DAAHR

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrnny

SUBROUTINE PLANE_TO_TUBE ! Part 3 K20 VAR HE B TUBE 3D4L AR

!USE DFLIB
use Parameters
implicit none

integer HE |
double precision :: ro ! radius of tube
double precision :: theta@ VAR T R £

allocate( pos(DIM,N) )

allocate( vel(DIM,N) )

allocate( acc(DIM,N) )

pos=0.0de

vel=0.0d0

acc=0.0do

| Pos2d_big(1,:)(2,:)fk (3,: )4
re = NPL*a*(3.D@)/(4.de*PI) | DI

AMMTEAE 320(1/2)*dc_c* (MA2+MN+NA2)~(1/2) /2PT

do i=1,N
theta® = Pos2d_big(2,i)/r@ ! jKPos2d_big(2,i):RFM/%
pos(3,1)=DCOS(theta0d)*ro 120140425 gichen 3 & 1 swap
pos(1,1i)=DSIN(theta®)*re 120140425 gichen 3 & 1 swap

enddo

pos(2,:)=Pos2d_big(2,:) 120140425 gichen 3 & 1 swap

RETURN

END SUBROUTINE PLANE_TO_TUBE ! Part 3 ¥§2D Vil AL bR%: ek & :U3DAL bR

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrnn

SUBROUTINE Get_Npl_LIST | Part FHZER Npl_list

!USE DFLIB

use Parameters
implicit none

integer HE |
double precision :: Lw,Hg
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allocate(Npl_list(Nlay))
Npl_list(:)=0.d0
Lw=-0.1*a-0.5*sqrt(3.de)*a
Hg=0.1*a-0.5*sqrt(3.de)*a
searchlay: do i=1,Nlay
Lw=Lw+0@.5*sqrt(3.de)*a
Hg=Hg+0.5*sqrt(3.d0)*a
searchall:do j=1,N
if( (Pos2d_big(3,j)>Lw) .and. (Pos2d_big(3,j)<Hg)) Npl_list(i)=Npl_list(i)+1
enddo searchall
enddo searchlay
END SUBROUTINE  Get_Npl_LIST ! Part FZER Npl_list
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrnt

SUBROUTINE PLANE_TO_CURVE
luse DFLIB
use Parameters
implicit none

integer i,k

integer,parameter it nR=6 VLT IL I 4 5 (REA K H% sqrt (3. de) *ait 5T, HEFEnR N AT EMPif, e,
10,14,

double precision HE ! radius of CURVE

double precision :: thetal VXN A S

double precision :: odist

INTEGER,dimension(:),allocatable :: icenter itz .0fJlay's no.

integer :: bot VEEZ S5, ARLEACETH N R G — R AT 95

integer 1 top 1258, A RS —MRFATRS, TR

double precision :: R_tpl,R_tp2 ,dd , Coscos!20140903 gichen

allocate(pos(DIM,N))
allocate(vel(DIM,N))
allocate(acc(DIM,N))
allocate(icenter(20)) ! ELA200
allocate(plane_flag(N)) !20140504qichen !20140517qichen
pos=0.0de
vel=0.0do
acc=0.0de
icenter=@ IILULLELIUIREEIELEIEEENENEN N LD VA AR A
plane_flag=0 !20140504qichen !20140517qichen

dist=08.5*a*3.0%**(0.5)
R= (3.0*%(8.5))*a /(4.d0 *DSIN(PI/dble(2*nR))) !20140903qichen !ZIELLE, MIFLEEIEZibIE
lay_dist=2.do*R 120140429qichen
k=1 VEJZL K 1st fold
icenter(k)=(Nlay-1-n_folded*nR)/(n_folded+1)+nR/2+1 !Npl/(n_folded+1)-2 20140328

ol 5K EEL HiNo L 11ay £k

bot=icenter(k)-nR/2 Ibot=(icenter(1)-nR/4)*Nlay
top=icenter(k)+nR/2 !top=(icenter(1)+nR/4+1)*Nlay
plane_len=Pos2d_big(3,Npl*bot)-Pos2d_big(3,1) 120140429qgichen 2D9H13% % 3D+ 1

pos(2,:)=Pos2d_big(2,:) !20140903qichen

do i=0,bot-1
do j=1,Npl
pos(3,i*Npl+j)=Pos2d_big(1,i*Npl+j) 120140425 qichen 3 & 1 swap
pos(1,i*Npl+j)=Pos2d_big(3,i*Npl+j) 120140425 gichen 3 & 1 swap
plane_flag(i*Npl+j)=1 !20140517qichen
enddo
enddo !draw the atom which still remains in the plane(i=odd)

do i=bot,top-1
do j=1,Npl

thetal= (Pos2d_big(3,i*Npl+j)-Pos2d_big(3,bot*Npl))*PI/(dble(nR)*dist) I §KPos2d_big(2,1i):Rf)

pos(3,i*Npl+j)= R-DCOS(thetal)*R+pos(3,bot*Npl) 120140425 gichen 3 & 1 swap
pos(1,i*Npl+j)=DSIN(thetal)*R+pos(1,bot*Npl) 120140425 qichen 3 & 1 swap
if (i==top-1)then 120146923qichen
plane_flag(i*Npl+j)=2 !20140517qichen !20140923qichen
else
plane_flag(i*Npl+j)=0 [20140923qgichen
endif
enddo
enddo !draw the atom of the curve

1R E]
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120140903qichen
R_tpl= sqrt(dot_product(pos(:,(i-2)*Npl)-pos(:,(i-1)*Npl),pos(:,(i-2)*Npl)-pos(:,(i-1)*Npl)))
write(*,'(G20.10)') R_tpl * 1E10
R_tp2= sqrt(dot_product(pos(:,(i-2)*Npl)-pos(:,(i-3)*Npl),pos(:,(i-2)*Npl)-pos(:,(i-3)*Npl)))
write(*,'(G20.10)') R_tp2 * 1E10
dd=sqrt(dot_product(pos(:,(i-1)*Npl)-pos(:,(i-3)*Npl),pos(:,(i-1)*Npl)-pos(:,(i-3)*Npl)))
write(*,'(G20.10)') dd * 1E10

Coscos = (R_tpl*R_tpl+ R_tp2*R_tp2 - dd*dd) / (2.0de*R_tpl*R_tp2)
write(*,'(G20.10)") 180* ACOS(Coscos) /PI
120140903qgichen
do i=top,Nlay-1
do j=1,Npl
pos(1,i*Npl+j)=pos(1,top*Npl)-dble(i+1-top)*dist 120140425 qichen 3 & 1 swap
pos(3,1i*Npl+j)=pos(3,top*Npl) 120140425 qichen 3 & 1 swap
plane_flag(i*Npl+j)=2  120140517qichen
enddo
enddo !draw the atom which form the upper plane

do k=2,n_folded
if(mod(k,2)==0)then

icenter(k)=(Nlay-1-n_folded*nR)/(n_folded+1)+nR+icenter(k-1) INpl/(n_folded+1)+icenter(k-1)
20140328 VIR B0 s 12 5, 14No L 11ay ik fE

bot=icenter(k)-nR/2 Ibot=(icenter(1)-nR/4)*Nlay

top=icenter(k)+nR/2 I'top=(icenter(1)+nR/4+1)*Nlay

do i=bot,top-1

do j=1,Npl
thetal= (Pos2d_big(3,i*Npl+j)-Pos2d_big(3,bot*Npl)) *PI/(dble(nR)*dist) I §KPos2d_big(2,1i)RMNE
pos(3,i*Npl+j)= R-DCOS(thetal)*R+pos(3,bot*Npl) 120140425 qichen 3 & 1 swap

pos(1,i*Npl+j)=pos(1,bot*Npl)-DSIN(thetal)*R
if (i==top-1)then 120146923qichen
plane_flag(i*Npl+j)=k+1 120140517qichen !201408923qichen
else
plane_flag(i*Npl+j)=0 [20140923qgichen
endif
enddo
enddo !draw the atom of the curve
do i=top,Nlay-1
do j=1,Npl
pos(1,i*Npl+j)=pos(1,top*Npl)+dble(i+1-top)*dist 120140425 qichen 3 & 1 swap
pos(3,1i*Npl+j)=pos(3,top*Npl) 120140425 qichen 3 & 1 swap
plane_flag(i*Npl+j)=k+1!20140517qichen
enddo
enddo

else

icenter(k)=(Nlay-1-n_folded*nR)/(n_folded+1)+nR+icenter(k-1) INpl/(n_folded+1)+icenter(k-1)
VIR B0 s 12 5 14No L 11ay Kk fF
bot=icenter(k)-nR/2 Ibot=(icenter(1l)-nR/4)*Nlay
top=icenter(k)+nR/2 I'top=(icenter(1)+nR/4+1)*Nlay

do i=bot,top-1
do j=1,Npl
thetal= (Pos2d_big(3,i*Npl+j)-Pos2d_big(3,bot*Npl))*PI/(dble(nR)*dist) ! ilKPos2d_big(2,1i)RfM/E
pos(3,i*Npl+j)= R-DCOS(thetal)*R+pos(3,bot*Npl) !20140425 gichen 3 & 1 swap
pos(1,i*Npl+j)=pos(1,bot*Npl)+DSIN(thetal)*R 120140425 qgichen 3 & 1 swap
if (i==top-1)then 120146923qichen
plane_flag(i*Npl+j)=k+1 !20140517qichen !20140923qichen

else
plane_flag(i*Npl+j)=0 [20140923qgichen
endif
enddo
enddo !draw the atom of the curve
do i=top,Nlay-1
do j=1,Npl
pos(1,i*Npl+j)=pos(1,top*Npl)-dble(i+1-top)*dist 120140425 qichen 3 & 1 swap
pos(3,1i*Npl+j)=pos(3,top*Npl) 120140425 qichen 3 & 1 swap
plane_flag(i*Npl+j)=k+1!20140517qichen
enddo 120140425 gichen 3 & 1 swap
enddo 120140425 qichen 3 & 1 swap
endif 120140425 qichen 3 & 1 swap
enddo 120140425 gichen 3 & 1 swap
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RETURN

END SUBROUTINE PLANE_TO_CURVE
RN RN R RN RN RN RN R RN RN RN R AN RN

! Part 2 IH5/ER Neighbor list
prerrrrrrrrrrrrrrrrerrrrrrrrrrrerrrrrrrrrrrrrrrnny

SUBROUTINE NEIGHBOR_LIST | Part 4 [SIER Neighbor 1ist
IUSE DFLIB

use Parameters

implicit none

integer ::i_@,i_1,KL,KH,i,i_nei,i_x,i_y
double precision :: re,rl,r2
double precision, dimension(DIM) :: pos_tmp

allocate(around_shift(Naround*DIM,N))
allocate(around_flag(N))
allocate(around(Naround,N))

around_shift=0
around_flag=0

around=0

rl=a*0.8deo
r2=a*1.2deo

cyc4l:do i_1 =1, N

KL=1 !KL = MAX(1,i_1-Nlay-1 ) ! % TR 120140524qichen
KH= N!KH = MIN(N,i_1+Nlay+1 ) ! [ 120140524qgichen
i=i 1

i_nei=0

cyc43a:do i_@ =KL,KH
re = sqrt( dot_product(pos(:,i)-pos(:,i_0),pos(:,i)-pos(:,i_0)) )
if( (re > r1) .and. (re < r2) )then
i_nei=i_nei+1
if(i_nei > Naround)then
write(*, ' (1x,"### i_neighbor > Naround ###",110)"') i
stop
endif
around(i_nei ,i) = i_@
endif
enddo cyc43a
VSFRSIH B/t 3*a*N1ay /4
if(i_nei < Naround)then
around_flag(i_1)=1

I if(i_1 <= NPL)then 120140429qichen mistake start
! KL=N-NPL+1
! KH=N
! elseif(i_1> N-NPL)then
! KL=1
! KH=NPL
! else
! continue
lendif 120140429qgichen mistake end
KL=1 !KL = MAX(1,i_1-Nlay-1 ) | % NI 120140429gichen !120140524qichen
KH=N !KH = MIN(N,i_1+Nlay+1 ) UOBRR 120140429qgichen !20140524qichen

cyc43b:do i_@= KL,KH
do i_x=-1,1,2
if(mod(Npl,2)==0)then
pos_tmp(2)=pos(2,i_1)+dble(3*i_x*Npl/2)*a
else
pos_tmp(2)=pos(2,i_1)+dble( i_x *( ( 3*(Npl-1) / 2+ 3 ) ) )*a
endif
pos_tmp(3)=pos(3,i_1)
pos_tmp(1)=pos(1,i_1)
re = sqrt( dot_product(pos_tmp(:)-pos(:,i_@), pos_tmp(:)-pos(:,i_0) ) )
if( (re > r1) .and. (re < r2) )then
i_nei=i_nei+1
if(i_nei > Naround)then
write(*, ' (1x,"### i_neighbor > Naround ###",I10)"') i_1
stop
endif
around(i_nei ,i_1) =1i_0
if(mod(Npl,2)==0)then
around_shift((i_nei-1)*DIM+2,i_1)=-3*i_x*Npl/2 120140425 a mistake
else
around_shift((i_nei-1)*DIM+2,i_1)=-1* i_x * ( 3*(Npl-1) / 2+ 3 ) 120140425 a mistake
endif ! i_1 Mli_e “FBH5HIR
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endif
enddo
enddo cyc43b
endif

if(i_nei < Naround )then
write(*, ' (1x,"### i_neighbor < Naround ## I = ###",110)"') i_1
I'stop
endif
enddo cyc4l
z_low=pos(3,1) !20140517qichen
z_top=pos(3,N) 120140517qichen

! do i=1,Npl
! around_flag(i)=0 120140425 qichen
! enddo
! do i=N-Npl+1,N
! around_flag(i)=0 120140425 qichen
! enddo
lcyc51:do i=1,N 120140504qichen start !4Z7E i A (15 T
! if ((pos(1,i)>plane_len) .or. (pos(1,i)<@))then

! continue
! else
! plane_flag(i)=1
! endif
! end do cyc51 120140504qichen end
RETURN
END SUBROUTINE NEIGHBOR_LIST ! Part 4 IH5/ER Neighbor list

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrnnd

! Part AR Npl_mov fE—/ZHIA 4 neighour Ik T>4L
rrerrrrrrrrrrrrrrrrerrrrrrrrrrrerrrrrr ey
SUBROUTINE Get_Npl_Move_ LIST ! Part IFHEERL Npl_mov

IUSE DFLIB

use Parameters

implicit none

integer ::i,j,k,cont
double precision :: r
allocate(Npl_mov(Nlay))
do i=1,Nlay

cont=0

k=sum( Npl_list(1:i) ) - Npl_list(i)
do j=1,Npl_list(i)
if( around(Naround,k+j) /= @) cont=cont+1

enddo
Npl_mov(i)=cont
enddo
RETURN
END SUBROUTINE Get_Npl_Move_LIST ! Part 4 1H5/ERC  Neighbor list

[N RN R N R R RN NN A RN
! Part AR BC_list ¥4 neighour KK T
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrey
SUBROUTINE Get_BC_LIST ! Part IFHE/ERL BC_LIST
IUSE DFLIB
use Parameters
implicit none
integer ::i,j,k,cont
double precision :: r
allocate(BC_LIST(N))
cont=0
do i=1,N
if( around(Naround,i) == @)then
cont=cont+1
BC_list(cont)=1i
endif

enddo
N_BC= cont
RETURN
END SUBROUTINE Get_BC_LIST ! Part 4 IH5/ER Neighbor list

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrny

SUBROUTINE Get_Van_around_list
IUSE DFLIB
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use Parameters
implicit none

integer ::1=0,3j=0,k=0,1_nei=0,i_nei_sec=0,mk=0,11=0,12=0,13=0 !20140821qichen !20141222qichen
double precision :: N_temp !20141019qichen
double precision ::re 1,rl,r2 ! 20141006qichen

double precision,dimension(DIM) ::pos_tmp

allocate(Van_num(N))

allocate(Van_around(Van_top,N)) !sample: (5,7,8,9...) 5, 7,8,9...instead of the number of the atom's neighbor.
allocate(Van_around_shift(van_top,N)) !sample: (0,0,1,0,5,5..... ) 15 stands for 15 neighbors 0,0,1 instead of the

coordinate of the first neighbor ©,5,5 the second,....

allocate(Neib_sec_near(9,N)) !to record each atom's second nearest neib no. 20141222qichen

allocate(slp2(Nlay-2,2)) 120140821qichen
allocate(slp1l(Nlay-1)) 120140821qichen
allocate(slp_x(Nlay-1)) 120140821qgichen
allocate(Mark( 2*n_folded)) 120140821qichen
allocate(Plane_No(N)) 120140821qichen
Van_num(:)=0

Van_around(:,:)=0

Van_around_shift(:,:)=0

Neib_sec_near=0

pos_tmp(:)=0.de

slp_x=0.d0 !20140821qgichen

slpl=0.de 120140821qgichen

s1p2=0.do 120140821qichen

Mark= 0 120141226qichen

mk=1 120140821qichen

Plane_No=0 !20140821qichen

r_van_1=3.0E-10 156 Fr_van_1103R1: iE4fr=a* 370.5= 2.449 ifr_van_1>2.449 120141006qichen
r_van_2=8.875E-10 !20140520gichen T HBEZAE 120141006gichen

lqichen20140821 start
cycv2l: do 11=1,Nlay-1
slp_x(11) = (sum( pos(1,11*Npl+1:(11+1)*Npl))- sum( pos(1,(11-1)*Npl+1:11*Npl)) ) /dble( Npl )
slp1(11)= ( sum( pos(3,11*Npl+1:(11+1)*Npl))- sum( pos(3,(11-1)*Npl+1:11*Npl)) ) / (slp_x(1l1)*dble(Npl))! 0.5 * a

* 309.5 = 1.228E-10 slpl F/R%E[AIHE

enddo cycv21l
cycv22: do 12=1,Nlay-2
slp2(12,1)= slp1(12+1)-slpi(1l2)
IF ( (slp2(12,1)<0.1d0) .and. (slp2(12,1)> -0.1d@) ) then
s1p2(12,2)=1.de ! IXHL[{j0. 32 KM 2 ML AR LI — M, D Te. 3fURAE T, KT e. 32 Z il
else
slp2(12,2)= o©.de
endif
enddo cycv22
cycv3: do 13=4,Nlay-5
if

(((s1p2(13,2)+s1p2(13+1,2)+s1p2(13+2,2)+s1p2(13+3,2))==0).and. ((s1p2(13-1,2)*s1p2(13-2,2)*slp2(13-3,2)) >0 ))then

Mark(mk)=13
mk=mk+1
elseif

(((s1p2(13-3,2)+s1p2(13-2,2)+s1p2(13-1,2)+s1p2(13,2))==0).and. ((s1p2(13+1,2)*s1p2(13+2,2)*s1lp2(13+3,2)) >0 )) then

the

Mark(mk)=13+2
mk=mk+1
endif
enddo cycv3
cycv4l: do 11=1,(Mark(1)+1)*Npl !20140903qihcen
Plane_No(1l1)=1
enddo cycv4l
cycv42: do 11=1,n_folded -1
do 12=Mark(2*11-1)+1,Mark(2*11)-3
IVan_num( 12*Npl+1l: (12+1)*Npl )=0
Plane_No(12*Npl+1l: (12+1)*Npl)=0
enddo
do 13=Mark(2*11)-2,Mark(2*11+1)
Plane_No( 13*Npl+1l:(13+1)*Npl)=11+1
enddo
enddo cycv42
cycv43: do 12= Npl*(Mark(2*n_folded-1)+1)+1,Npl*(Mark(2*n_folded)-2)
IVan_num( 12*Npl+1l: (12+1)*Npl )=0
Plane_No(12)=0
enddo cycv43
cycv44: do 11=Npl*( Mark(2*n_folded) -2)+1 ,N
Plane_No(l1l)= n_folded + 1
enddo cycv44
if ( sum( Plane_No(:)-Plane_flag(:))/=0 ) print*,' WARNING: Please check the code again for distinguish the curve and
plane ' 120140428qichen
lqichen20140821 end

37



A B Bk BRI B G 30

cycvl:do i=1,N
lif(Plane_No(i)==0)goto 131 !20141226qichen
i_nei=0
cycvle: do j=1,N !20140830qichen
1if(j==i)goto 138
lif((Plane_No(j)==0).or.(abs(Plane_No(i)-Plane_No(j))/=1))goto 138 !20141226qgichen
cycvlel:do k=-1,1
pos_tmp(2)=pos(2,i)+dble(3*k*Npl/2)*a !20140830qichen
pos_tmp(1)=pos(1,i)
pos_tmp(3)=pos(3,1i)
re = sqrt( dot_product(pos_tmp(:)-pos(:,j),pos_tmp(:)-pos(:,3)) )
if((re<R_van_2).and.(re>R_van_1))
then !( abs(j-i)/Npl>10).and.() !20141006qichenthen  !120140830qichen .and.(abs(j/Npl-i/Npl)>3)
i_nei=i_nei+l
Van_around(i_nei,i)=j
Van_around_shift(i_nei,i)= -1*3*k*Npl/2 120140425 a mistake !20141222qichen
goto 138
endif
enddo cycv101l
138 continue
enddo cycv1e 120140830qichen
Van_num(i)=i_nei 120140830qichen
! 131 continue !20141226qichen
enddo cycvl
120150302qgichen start to get the amount of atoms on the top plane and the lowest plane
N_plane_down = © !20150120qichen
N_plane_up = @ !20150120qgichen
do i=1,N 120140517qichen
if(Plane_No(i)==1)then
N_plane_down=N_plane_down+1 !20140517qichen
endif
if(Plane_No(i)==n_folded+1)then
N_plane_up=N_plane_up+1 !20140517qichen
endif
enddo !20140517qichen
N_plane_up=N_plane_up+10*Npl 120150302qgichen
N_plane_down=N_plane_down+10*Npl !20150302qichen
120150302qgichen start

RETURN
END SUBROUTINE Get_Van_around_list

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrnt

! Part 5 HEER WIIEME W offset_gauss R CERAHD
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrnnn

SUBROUTINE GAUSS_OFFSET_POSITION ! Part 5 IHEZER mINGLE RS F L offset_gauss i E I K

IUSE DFLIB
use Parameters
implicit none

integer ::1i,j,i_gauss
double precision, dimension(12) :: gauss ! guass ZrAiiffi i ] £
real :: ag,ag_1

offset_gauss=0.*a
do i=1+Npl,N-Npl ! CNCone
do j=1,3
do i_gauss=1,12
CALL RANDOM(ag)
gauss(i_gauss)=ag

enddo
pos(j,i)=pos(j,i)+(sum(gauss)/6-1)*offset_gauss
enddo
enddo
RETURN
END SUBROUTINE  GAUSS_OFFSET_POSITION ! Part 5 SRR @I EWME HE offset_gauss i K{H

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrng

SUBROUTINE compute_masslist ! graded nework ! Part 6 MASS LIST
use Parameters
INTEGER :: i,j,k

allocate( mass_list(N) )
mass_list=1.deo
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RETURN
END SUBROUTINE compute_masslist ! graded nework ! Part 6 MASS LIST

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrnny

! Part 7 THEAERR

VP BEDHE CGRE A

| anglel: F#/ERiEIfI)% (0, 180) Z[iffAanglel(N)

! B RILHEE AT B Tsin(anglel) : SELTE 24 (0, 1) FEHIE ag_1
! J&F[0, sin(anglel)] MkFEiX~anglel; Wi KT sin(anglel) M ZFF

! angle2: F*/EWiENffi/% (@, 360) ZI[i {f ANangle2(N)
rrerrrrrrrrrrrrrrrrerrrrrrrrrrrerrrrrrrrrrrrrrrnny

SUBROUTINE RANDOM_VELOSITIES(i_case) | Part 7 HEIZER  120140428gichen
IUSE DFLIB

use Parameters

implicit none

integer ::i,j,k,k1,i_gauss,i_lay,i_case ! CNCone !20140428qichen
double precision, dimension(:), allocatable 11 ve VRN TP
double precision, dimension(12) :: gauss ! guass ZrAiiffi il £

real(4) :: ag,ag_1

double precision, dimension(:), allocatable :: anglel

double precision, dimension(:), allocatable 11 angle2

allocate( anglel(N))
allocate( angle2(N))
allocate( vO(N))

vo(:) = sqrt(DIM*T*kb/(mass*mass_list(:)) ) ! DIM
CALL SEED(rdseed(i_case) ) IMPIf90 | ONBENLEERES 120140428qichen
ICALL SEED(13846 ) | ONBEHLEERES  120140428gichen

ICALL RANDOM_SEED

!do k=1,Nlay-2

! do j=1,Npl

! i= j + k*Npl

do i=1+Npl,N-Npl ! CNCone

i

100 CALL RANDOM(ag) VN Selangled (AR S50l LRIY o A
anglel(i)= ag*180.0D0
CALL RANDOM(ag_1)
if( ag_1l >= dsind(anglel(i)) ) goto 100

CALL RANDOM(ag)
angle2(i)=ag*360.0D0

VT UAT 7= A i 07 3 A R AL 5
| (sum(gauss)-6)/6+1=(sum(gauss)/6) sZitifiigauss M iilfIBEHLEL J&T (0, 2) FifH1
1 ( ((sum(gauss)/6)-1) *2/100+1 )* LI 1+/-2%
do i_gauss=1,12
CALL RANDOM(ag)
gauss(i_gauss)=ag
enddo
vel(1,i)=( ((sum(gauss)/6)-1) *2/100+1 )*vO(i)*dsind(anglel(i))*dcosd(angle2(i))

do i_gauss=1,12

CALL RANDOM(ag)

gauss(i_gauss)=ag

enddo

vel(2,i)=( ((sum(gauss)/6)-1) *2/100+1 )*vO(i)*dsind(anglel(i))*dsind(angle2(i))

do i_gauss=1,12
CALL RANDOM(ag)
gauss(i_gauss)=ag
enddo
vel(3,i)=( ((sum(gauss)/6)-1) *2/100+1 )*vO(i)*dcosd(anglel(i))
end do
deallocate( v@)
deallocate( anglel)
deallocate( angle2)

do i=1,N
if(around(Naround,i)==0 ) vel(:,i)=0.de0
enddo
RETURN
END SUBROUTINE  RANDOM_VELOSITIES | Part 7 FEER

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrnnd
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I Part ! make momentum of mass centre = @
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrnnd

SUBROUTINE Initial_momentum(nstart,nend) ! BPB3_F90 ! BPB8_F90 20140428qichen start
use Parameters !20140428qichen
implicit none
INTEGER :: i,j,k,lis, i1,i2,i3,nstart,nend
DOUBLE PRECISION :: moment_tmp(DIM)

moment_tmp(:)=0.d0

do i=1,size(moment_tmp)
moment_tmp(i)=sum(vel(i,nstart:nend)*mass_list(nstart:nend) )

enddo

moment_tmp(:)=moment_tmp(:)/dble(nend-nstart+1)

do i=1,size(moment_tmp)
do j=nstart,nend
vel(i,j)=vel(i,j)-moment_tmp(i)/mass_list(j)
enddo
enddo

do i=1,size(moment_tmp)
moment_tmp(i)=sum(vel(i,nstart:nend)*mass_list(nstart:nend))
enddo
RETURN
END SUBROUTINE Initial_momentum ! BPB3_F90 20140428qichen end

IR R

! Part 9 ! Write out Data
RN RN RN RN R RN RN RN R AR R R RN

SUBROUTINE WRITE_OUT(i_case) ! Part 9 ! Write out Data !20140428qichen
use Parameters
implicit none
integer ::i,i_case 120140428qichen
character*ge :: char_format 120150302qichen
! Write out position velosity acceleration
open(unit=2,file=Sampout(i_case),status="'replace’, & 120140428qichen
action="write',err=700)
write(2,'(A1,L2,1I6)"',err=900) '%',VelAcc,N ! The '%' signals to ignore this line to the BallRoom program producing
an image from the simulation
do i=1,N
write(2,'(1X,3E23.15)"',err=900) pos(:,1i)
enddo
do i=1,N
write(2, ' (1X,3E23.15)"',err=900) vel(:,1)
enddo
do i=1,N
write(2, '(1X,3E23.15)"',err=900) acc(:,i)
enddo
close(unit=2)

! Write out the Van der Waals force neighbor list 120140504qichen start
open(unit=2,file=Sampout_8(i_case),status="replace’, &

action='write',err=700)

write(2,'(1X,116,2E23.15)"',err=900) Van_top,r_van_1,r_van_2!20141006qichen {I'{§ % {12l 120140520qichen %itli ot
Klfvan der waals JIfffi “4BJE» %

write(char_format, *)2*Van_top+2

char_format=adjustl(char_format)

char_format="(1x,"//trim(char_format)//"18)"

do i=1,N

write(2,char_format,err=900) Plane_No(i),Van_num(i),Van_around(:,i),Van_around_shift(:,i) !ISHlHIIEN %5 T

2+Van_top+DIM*Van_top !20140821qgichen

enddo
do i=1,N
write(2,'(1X,9I8)"',err=900) Neib_sec_near(:,i) 120141222qgichen for searching second nearest neighbors
enddo
close(unit=2) 120140504qichen start

! Write out Substrate sample neighbor relationship !20150302qichen
open(unit=2,file=sampout_9(i_case),status="replace',&
action="write',err=910)

write(char_format, *)2*Van_top+1

char_format=adjustl(char_format)

char_format="(1x,"//trim(char_format)//"18)"

do i=1,N_plane_up+N_plane_down

write(2,char_format,err=900) Sub_grp_pairs_num(i),Sub_grp_pairs(:,i) !20140425 !20140504qichen
enddo
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close(unit=2)
if(i_case==1)then !BPB12f !20140428qichen

open(unit=2,file=Sampout_3,status="replace’, &
action='write',err=700)
write(2,"'("ATOM")",err=900)
do i=1,N
lwrite(2,200,err=900) i, Pos_big(:,i)*1.0E10,1.00, &
write(2,200,err=900) i, Pos2D_big(:,i)*1.0E10,1.00, &
temp(DIM+1,1) *300. /maxval(temp(DIM+1,:) )
enddo
close(unit=2)

! Write out Neighbor list
open(unit=2,file=Sampout_4,status="replace’, &
action='write',err=700)
write(2,'(1X,I16)"',err=900)N
write(2, ' (1X,I16)"',err=900)NPL
write(2, ' (1X,I16)"',err=900)Nlay
write(2,'(1X,E23.15)"',err=900)lay_dist!20140429qichen
write(2,'(1X,E23.15)"',err=900)plane_len!20140429qgichen
write(2,'(1X,I16)"',err=900)N_folded !20140517qichen
write(2,'(1X,E23.15)"',err=900)z_low !20140517qichen
write(2,'(1X,E23.15)"',err=900)z_top !20140517qgichen
! write(2,'(1X,E23.15)"',err=900)Aera
do i=1,N
write(2,'(1X,14I8)',err=900)
around(:,1),around_shift(:,i),plane_flag(i),around_flag(i) !20140425 !20140504qichen
enddo
close(unit=2)

! Write out 2 PDB files ([EZ!ffraswin.exe) Data
open(unit=2,file=Sampout_2(i_case),status="replace’', &
action="write',err=700)
write(2, ' ("ATOM")"',err=900)
do i=1,N
write(2,200,err=900) i, pos(:,i)*1.0E10, 1.00, &
temp(DIM+1,1) 1%300. !/maxval(temp(DIM+1,:) )

enddo

close(unit=2)

! Write out Npl
open(unit=2,file=Sampout_5,status="replace’, &
action='write',err=700)
lwrite(2,'(1X,I16)"',err=900)Model_No
write(2, ' (1X,I16)"',err=900)N
write(2, ' (1X,I16)"',err=900)Nlay
lwrite(2,'(1X,E23.15)"',err=900)Area
do i=1,Nlay
write(2,'(1X,I16)"',err=900) Npl_list(i)

enddo
do i=1,Nlay

write(2,'(1X,I16)"',err=900) Npl_mov (i)
enddo

close(unit=2)

! Write out BC_list

open(unit=2,file=Sampout_7,status="'replace’, &

action='write',err=700)
lwrite(2,'(1X,I16)",err=900)Model_No
write(2,'(1X,I16)"',err=900)N
write(2,'(1X,116)",err=908)N_BC
do i=1,N_BC
write(2,'(1X,I16)"',err=900) BC_list(i)

enddo

close(unit=2)

! Write out Mass list
open(unit=2,file=Sampout_6,status="replace’, &
action='write',err=700)
! write(2, ' (1X,I16)"',err=900)Model_No
! write(2, ' (1X,I16)"',err=900)Miss_angle
write(2,"'(1X,I16)"',err=900)Nlay
do i=1,N
write(2,'(1X,F16.10)"',err=900) mass_list(i)
enddo
close(unit=2)
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endif 120140428qgichen

RETURN
200 FORMAT ('ATOM ',I5,1X,' C ',' ','NTI',1X,' ',' 1',' ',3X,3F8.3,2F6.0," e L)
700 continue

print*, 'Write_Sample: WARNING: cannot open ',SampOut(i_case),' for write' 120140428qichen

close(unit=2)
stop
900 continue
print*, 'Write_Sample: WARNING: error when writing ',SampOut(i_case) !20140428qichen
close(unit=2)
stop
910 continue
print*, 'Write_Sample: WARNING: error when writing ',SampOut_9(i_case) !20140428qichen
close(unit=2)
stop
END SUBROUTINE WRITE_OUT
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrnnd

! Part 10 ! fR1b45H
[N N RN N R R RN RN RN A R RN
subroutine Evolve_Sample ! Part 10 ! fifb&iiy
use Parameters
luse Simulation_Control
luse Statistics
implicit none
INTEGER :: step, step_big, i_t, i, j,d,I_k ,SUM_L ,SUM_L2, N_SIDE,i_fft ,11,12
DOUBLE PRECISION :: ene_kin_aver,ene_pot_aver,ene_tot_aver,temperature, sum_a,&
SUM_TL,SUM_T
IDOUBLE PRECISION, DIMENSION(:,:),ALLOCATABLE:: zita_minus, zita_plus

INTEGER :: Nsteps= 2**2 112
DOUBLE PRECISION :: deltat= 4.E-16
DOUBLE PRECISION :: rou != 1.E14 I[HE&R%L

DOUBLE PRECISION, DIMENSION(DIM,N):: fri_for

rou= 0.D0 !1.E13

fri_for=0.do
time: do step=1,Nsteps
do i=1,DIM
fri_for(i,:)= -1.d@*vel(i,1:N)*rou
enddo

pos(:,1:N ) = pos(:,1:N) + deltat*vel(:,1:N) &

+ 0.5do*(deltat*deltat)*( acc(:,1:N) + fri_for(:,1:N) )
vel(:,1:N) = vel(:,1:N) + 0.5d@*deltat*( acc(:,1:N) + fri_for(:,1:N) )
acc=0.do

call Compute_Forces
vel(:,1:N) = vel(:,1:N) + 0.5d@*deltat*( acc(:,1:N) + fri_for(:,1:N) )
enddo time
RETURN
end subroutine Evolve_Sample
[N RN R N R R RN NN A RN
subroutine Compute_Forces
use Parameters
use SWPotential
luse Statistics
implicit none
INTEGER :: i,j1,j01,j02

DOUBLE PRECISION,DIMENSION(DIM):: F2_all ! store 2-doby-force
DOUBLE PRECISION,DIMENSION(Naround):: For_sca ! Force scalar I store 2-doby-force
DOUBLE PRECISION,DIMENSION(Naround,DIM):: For_vec ! Force vector I store 2-doby-force

DOUBLE PRECISION,DIMENSION(DIM,Naround):: derta_i

DOUBLE PRECISION,DIMENSION(DIM,3):: For_ang

INTEGER,DIMENSION(Naround) :: k_i

DOUBLE PRECISION,DIMENSION(Naround) :: Rik ! store 2-doby-force
DOUBLE PRECISION,DIMENSION(DIM,Naround,Naround):: derta_kk

DOUBLE PRECISION,DIMENSION(Naround,Naround) :: cosalfa,Rkk

For_sca = @.de ! store 2-doby-force
For_vec = 0.do ! store 2-doby-force
derta_kk = ©.de

cosalfa = 0.do

Rkk = 0.de

I$omp parallel do &

!$omp default(shared) &

!$omp private(i,ji1,je1,je2) &

!$omp private(F2_all,Rkk,cosalfa) &

!$omp private(For_sca,For_vec,derta_i,For_ang,k_i,Rik,derta_kk)

cyc2: do i =1, N ! cyc2 calculate particles except boundary layer particles

120140425
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if(around(Naround,i) /= @)then ! fixBC
U IR B
cyc20: do jl=1,Naround ! store 2-doby-force
k_i(j1) = around(j1,i)
if( k_i(j1)==0)then | EMPTY NEIGHBOR
derta_i(:,3j1) = 1.de ! BAHEA flifG2fk /) #i e =0
Rik(j1) = 1.de
else
derta_i(:,3j1) = pos(:,i)-pos(:,k_i(j1))
Rik(j1) = sqrt(dot_product(derta_i(:,j1) ,derta_i(:,j1) ))
endif
enddo cyc20

cyc2l: do joi1=1,Naround-1 ! create half triangle Matrix: derta_kk,Rkk,Cosalfa
do j@©2=j01+1,Naround

if(k_i(je1)==0 .or. k_i(j@2)==0)then ! boundary particle
derta_kk(:,jo1,3j02) =0.do
Rkk(j01,j02) -0.de
Cosalfa(jo1,je2) =e0.de
derta_kk(:,j02,jo1) =0.do
Rkk(j02,501) -0.de
Cosalfa(je2,jo1) =0.de

else
derta_kk(:,jo1,jo2) =pos(:,k_i(jo1))-pos(:,k_i(j02))
Rkk(j01,3j02) =

sqrt(dot_product(derta_kk(:,jo1,j02) ,derta_kk(:,jo1,j02) ))

Cosalfa(j@1,§02) = (Rik(jO1)*Rik(j01) + Rik(j02)*Rik(j02) - Rkk(j01,302)*Rkk(j01,502))

/ (2.0de*Rik(j01)*Rik(j02))

derta_kk(:,j02,j01) = derta_kk(:,jo1,j02)

Rkk(je2,je1) = Rkk(je1,je2)
Cosalfa(je2,je1) = Cosalfa(je1,je2)
endif
enddo
enddo cyc2l
ISW start
! 2-doby-force
cyc22: do jl=1,Naround ! store 2-doby-force
For_sca(jl) = -1.do*SW_epsl*fun_f2(Rik(j1))/SW_sigm
For_vec(j1,:) = For_sca(jl)*derta_i(:,j1) /Rik(j1)
enddo cyc22 ! store 2-doby-force
F2_all = sum(For_vec,dim=1) ! store 2-doby-force
Acc(:,i) = Acc(:,i) + F2_all / (mass*mass_list(i))
! langevin

! flux1(i) = flux1(i) + ©.5de*( dot_product(derta_i(:,1),fluxdir )
For_vec(1,:)) &

! + dot_product(derta_i(:,2),fluxdir )

*dot_product( vel(:,i), For_vec(2,:) ) &

! !+ dot_product(derta_i(:,3),fluxdir)

*dot_product( vel(:,i), For_vec(3,:) ) &

! + dot_product(derta_i(:,Naround),fluxdir)

*dot_product( vel(:,i),For_vec(Naround,:) ) ) ! store 2-doby-force

! 3-doby-force
cyc23: do jol=1,Naround-1
do j©2=j01+1,Naround

INotBC: if( (Rik(j@1l) < L_u) .and. (Rik(j@2)<L_u ) )then ! W5k THI%

i

NotBC: if( k_i(j01)/=@ .and. k_i(j@2)/=0 )then ! iFLki 4l Ap#k

ISW start
For_ang(:,1) =

-1.de*SW_epsl*fun_f3(derta_i(:,jo1),Rik(jo1),derta_i(:,j02),Rik(j02),Cosalfa(jo1,jo2)) /SW_sigm

For_ang(:,2) =

-1.d@*SW_epsl*fun_f3(derta_i(:,j02),Rik(j02),derta_i(:,j01),Rik(jo1),Cosalfa(jo1,j02)) /SW_sigm

For_ang(:,3) = - For_ang(:,1) - For_ang(:,2)
ISW end

*dot_product( vel(:,i),

AR TE

Acc(:,k_1(jo1)) = Acc(:,k_i(jo1))+For_ang(:,1) / (mass*mass_list(k_i(je1)))
Acc(:,k_1(j02)) = Acc(:,k_1(je2))+For_ang(:,2) / (mass*mass_list(k_1i(je2)))

Acc(:,1) = Acc(:,1) +For_ang(:,3) / (mass*mass_list(i))

! langevin
! flux2(k_i(je1))=flux2(k_i(je1)) -
dot product(derta i(:,jo1),fluxdir)*dot_product(vel(:,k_i(jo1)),For_ang(:,1))
! flux2(k_1i(je2))=flux2(k_1i(je2)) -
dot_product(derta_i(:,j02),fluxdir)*dot_product(vel(:,k_i(je2)),For_ang(:,2))
endif NotBC
enddo
enddo cyc23
endif ! fixBC
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end do cyc2
I$omp end parallel do
return

end subroutine Compute_Forces

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrey

! Part 11 FRE4AG

[N R R N R N R RN R R R RN RN A DR RN RN RN
SUBROUTINE compute_temperature I Part 11
!USE DFLIB
use Parameters
implicit none
integer ::i,j,k,k1,i_gauss,i_lay ! CNCone
'L EhE R
temp =0.d0
j=DIM+1
do i= 1, DIM
temp(i,:) = temp(i,:)+ vel(i,:) * vel(i,:)
temp(j,:) = temp(J,:)+ vel(i,:) * vel(d,:)

end do
temp = temp* mass/2.0do
do j=1,DIM
temp(j,:) = 2.0d@ * temp(j,:)*mass_list(:) /kb
enddo
temp(DIM+1,:) = 2.0d0 * temp(DIM+1,:)*mass_list(:) /(kb * DIM)
RETURN
END SUBROUTINE compute_temperature ! Part 11

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrreng

SUBROUTINE  Get_Sub_grp_pairs !Part JELIC/5T41)5 %1% 120150302qichen
IUSE DFLIB
use Parameters
implicit none
integer ::1=0,3j=0,k=0,1_nei=0
double precision H)
double precision,dimension(DIM) ::pos_tmp
allocate(Sub_grp_pairs(2*van_top,N_plane_up+N_plane_down)) !20150302qichen
allocate(Sub_grp_pairs_num(N_plane_up+N_plane_down)) !20150302qichen
Sub_grp_pairs_num(:)=0
Sub_grp_pairs(:,:)=0
pos_tmp=0.d0e
do i=1,N_plane_down
i_nei=0
pos_tmp(1)=pos_sub_down(1,1i)
pos_tmp(3)=pos_sub_down(3,1i)
do j=1,N
do k=-1,1
pos_tmp(2)=pos_sub_down(2,1i)+dble(3*k*Npl/2)*a !20140830qichen
re = sqrt( dot_product(pos_tmp(:)-pos(:,Jj),pos_tmp(:)-pos(:,3)) )
if((re < r_van_2).and.(re>r_van_1)) then
i_nei=i_nei+1
Sub_grp_pairs(i_nei,i)=j
Sub_grp_pairs(i_nei+Van_top,i)= -3*k*Npl/2
endif
enddo
enddo
Sub_grp_pairs_num(i)=i_nei
enddo
do i=N_plane_down+1,N_plane_down+N_plane_up
i_nei=0
pos_tmp(1)=pos_sub_up(1,i-N_plane_down)
pos_tmp(3)=pos_sub_up(3,i-N_plane_down)
do j=1,N
do k=-1,1
pos_tmp(2)=pos_sub_up(2,i-N_plane_down)+dble(3*k*Npl/2)*a !20140830qichen
re = sqrt( dot_product(pos_tmp(:)-pos(:,]j),pos_tmp(:)-pos(:,3)) )
if((re < r_van_2).and.(re>r_van_1)) then
i_nei=i_nei+1
Sub_grp_pairs(i_nei,i)=j
Sub_grp_pairs(i_nei+Van_top,i)= -3*k*Npl/2
endif
enddo
enddo
Sub_grp_pairs_num(i)=i_nei
enddo

END SUBROUTINE Get_Sub_grp_pairs !20150302qgichen
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rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrnd

! Part /EIEJERR T AR
[N R R R N N RN R R R RN RN A RN NN RN
SUBROUTINE Initiating_substrate !20150120qichen start

!USE DFLIB

use Parameters

implicit none

integer ::1=0,3j=0,ntemp=0

double precision,dimension(2,N_plane_up)::abtemp

DOUBLE PRECISION, PARAMETER :: Sigma = 3.3407d-10

DOUBLE PRECISION, PARAMETER :: Z_balance = Sigma*(2.d@)**(1.de/6.de) 120140517qichen!20140622qgichen equilibrium
distant [m]

allocate(pos_sub_down(DIM,2*N_plane_down))
allocate(pos_sub_up(DIM,2*N_plane_up))

pos_sub_down=0.d0@
pos_sub_up =0.de@

pos_sub_down(3,:) = z_low-Z_balance
pos_sub_up(3,:) = z_top+Z_balance

do i=e,1
do j=1,Npl_list(1)
pos_sub_down(1:2,i*Npl_list(1)+j)=pos(1:2,i*Npl_list(1)+])
pos_sub_up (1:2,i*Npl_list(1)+j)=pos(1:2,N-(i*Npl_list(1)+j)+1)
enddo
enddo
ntemp=(size(pos_sub_down,dim=2))/Npl_list(1)-1
do i=2,ntemp
do j=1,Npl_list(1)
pos_sub_down(2,i*Npl_list(1)+j)=pos_sub_down(2,(i-2)*Npl_list(1)+j)

pos_sub_down(1,i*Npl_list(1)+j)=pos_sub_down(1,(i-2)*Npl_list(1)+j)+2.0*(pos_sub_down(1,Npl_list(1)+1)-pos_sub_down(1,
1))
enddo
enddo
ntemp=(size(pos_sub_up,dim=2))/Npl_list(1)-1
do i=2,ntemp
do j=1,Npl_list(1)
pos_sub_up(2,i*Npl_list(1)+j)=pos_sub_up(2,(i-2)*Npl_list(1)+j)

pos_sub_up(1,i*Npl_list(1)+j)=pos_sub_up(1, (i-2)*Npl_list(1)+j)+2.0*(pos_sub_up(1,Npl_list(1)+1)-pos_sub_up(1,1))
enddo
enddo
abtemp=pos_sub_up(1:2,1:N_plane_up)- pos(:,N:N-N_plane_up+1l:-1)
abtemp=pos_sub_down(1:2,1:N_plane_down)- pos(:,1:N_plane_down)

RETURN

909 continue
print*, '## FATAL, POSSIBLE CAUSES:1.errors of N_plane_up/down readin 2. errors of pos readin '
stop
RETURN

END !20150120qichen end
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