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Fig. 1. (color online) The sketch map of BP3S

monomer.
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Fig. 2. (color online) The sketch maps of Au(111) substrate, signing top, bridge, fcc-hollow and hep-hollow sites.
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R RE AEL, oy KT BRI RE. X35
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BT+ BB RS, RA 2R Re /N T
TR RS A FaE. By 1 B AR RS, a0
SR SR BRI B, T AN e A 2 R AR S AR
BIVEFH. % L8 5 2 P AR B, 0 20T 51 N R 4
LB,

NT SRR AR, Bt R o RAT
KT R RE B N 300.0 eV IR B k. kG Al R
B B S5CH B W0 R Hellmann-Feynaman 77 78T
0.003 eV /nm; BEEAZ/NT0.00001 eV; A,
/NT0.0001 nm. X &5 R R A AR AL G B b & R
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5 U9 ) CASTEP A5 H 10171 Shg S L3R 1.

F 1 BP3S Hfk Au fibfk. Au(111) 14 T4 2R BP3S/Au(111) 2RSS

Table 1. The structural parameters of BP3S monomer, Au crystal, Au(111) surfaces, molecular chains,

monolayers and BP3S/Au(111) system.

fEiY 45K 725 % /ML ko g /nm

BP3S #ifk — — I1x1x1 1.600 x 1.600 x 2.500

Au fifk — — 4x4x4 0.422 x 0.422 x 0.422
Au(111) S1 (V3 x VT7) R19° 0.20 3x2x1 0.516 x 0.789 x 3.230
Au(111) S2 (V3 x V/13) R14° 0.14 3x1x1 0.516 x 1.075 x 3.230
53 FHECL — 1x3x1 0.516 x 1.600 x 2.500
Iy THEC2 — 1x2x1 0.596 x 1.600 x 2.500
o7k C3 — 1x2x1 0.789 x 1.600 x 2.500
B M1 (V3 x VT7) R19° 0.20 3x2x1 0.516 x 0.789 x 2.500
LR M2 V3 x3 0.17 3x2x1 0.516 x 0.894 x 2.500
HEE M3 (V3 x v/13) R14° 0.14 3x1x1 0.516 x 1.075 x 2.500
M2 on S1 (V3 x \/7) R19° 0.20 3x2x1 0.516 x 0.789 x 3.230
M3 on S2 (V3 x v13) R14° 0.14 3x1x1 0.516 x 1.075 x 3.230

3 £R53H®
3.1 BP3SBEFHETFLEM

BP3SH 7 74 BN R 2%, SCHR [7) i 4
i BP3SH #1701 [ 45 M B B, i E 0 0€ 0 7 B
Y A% IR 2 T A E BP3S BRI IR T A5 M. 2
BP3S LR o AN IR [ A 0 0, KR4 28 A1 T
AR E R XS AL L, 152 0 09 0° I, B BE AT 2R 24
ST AN Y AR, TR EEAN YRR ISR N Y B
B, 3 . AR A RS ERAR I T B AL A

Frik. 76 A BUFD B B BP3S Bk i Sk mdt b 3R A4
RS — R PR FLr 2R IR E] JE £ 0 )N 0°
TR, BERE 10° 38K H 42 90°.

XTI S B RS R AT S5 R Ak, TH SR B
KRR ae R e, Hod A B R T R R B E 2
—3028.330 eV, XF (1) 018 9 35°; T B &Y ik rbfy
TRAIRE R & —3028.270 eV, X Rif) 0 R 40°. AR
A BRI RBE = b B B A BE =K 0.060 eV. H
T AR BP3S Bk L B A S ARG RRPE &, (Rt A Y
FARLL B R R e R A . EE SRR
) RATIEEL A 7 BP3S R T T
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K3 (MTIEG) BP3S ik MR R
Fig. 3. (color online) The sketch maps of BP3S

monomer.
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ZERRAL S A S IR, Au it 2501, VB,
2, V7, 3, V1343 B % N F0.298, 0.516, 0.597,
0.789, 0.894, 1.075 nm. T4 78 A HAEH K
438 P BN 0.300—0.500 nm, £F 4 5E 1) A Bk
fo JE it B, MR SCRR [13] 4 T RS E 5 A R
BP3S AR S5, TRATHIEE =P AT BB
BP3S 4> FHELE 4 (C1, C2, C3), i AH 4R 4>
A PR3 59125 0.516, 0.597, 0.789 nm. [l 5E 4> 11
PR, A B ORI 2R 5 4y T RE B 2R (1 KPR
AN o, W4, 5 FHEH o 90° B 10° KK/
B OR. WX L oy TR R AT A AR A, TR
Ry FR2, HXR ML GRMLLTES, M
LRFINZ TR AT E . I 455 58N o T4
(1) BE F R BRLAR 1) B K RE B 22

Eei o 785 CL, C2MC3, vl 54> 78 C1L I

Fa e tE w1 > 7 8EC2, 14 T 4EC3 LA R

E. HR2W M, SERRRKMENT FHECLT

f170.071 eV (100°), 7> T HEC2 i KW &5 & fig

90.047 eV (90°), 7> THEC3 B KINEE & He N

0.014 eV (70°). 4 3 b (1) ik 55 il 1) o 46 A )

5 2 1 K AR Ry, =S5 T B AR E
e

4 |4

4 (TR ) BP3S 4 T4k %7
Fig. 4. (color onmline) The sketch maps of BP3S

molecule chain.
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Fig. 5. The energy AFE of BP3S molecular chain as

angle a from 60° to 140°.
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GERI) v F X R 870, TT° A 5T°. HAS—CHEY
SRR I AR o, W =AN 5 1 b iAo 2
P o £ 4353 35°, 25° Fl 50, R HIBEE 43 F 8k (7]
PE )38 K, F20E 7 785 BP3S BRI 73 15 il

LA B . TR R E 1 7 FBE N C1,
I} B (] B R 0.516 nm, SR B R IRl ZR 5 00 1
BEENZ I A B o N 100° £10°, 7014 A0 AR i 25
HHEN0.071 eV, TN — A A RS

2 BB o 60 HKF 140° I BP3S 70 TR RE R
Table 2. The energies of BP3S molecular chain as angle a from 60° to 140°.

/() 7y T4k CL 73T C2 7> THEC3

E/eV AE/eV E/eV AE/eV E/eV AE/eV
60 — — — — —3028.343 0.013
70 — — —3028.341 0.011 —3028.344 0.014
80 —3028.370 0.040 —3028.371 0.041 —3028.333 0.003
90 —3028.396 0.066 —3028.377 0.047 —3028.33 0
100 —3028.401 0.071 —3028.362 0.032 —3028.321 —0.009
110 —3028.399 0.069 —3028.356 0.026 —3028.321 —0.009
120 —3028.383 0.053 —3028.357 0.027 —3028.321 —0.009
130 — — —3028.355 0.025 —3028.319 —-0.011
140 — — — — —3028.329 —0.001

3.3 E®Au(111) X @EBP3SE EEH
[RFEEH

e 1 43 1 B C1 AR 40 5 445 18] BR 9 Au il
W S8 V3, BT A ALy BE R TT AR 1
02 54 0.300—0.500 nm, WIAR 4 Au(111) ) &5
25k = 258 Ul Au(111) i BP3S 82 i,
433 290.20 ML 3 J£ (¥ (V3 x v/7) R19°(M1),
0.17 ML 7 55 FE (1) (v/3 x 3)(M2) #1 0.14 ML %
FEH (V3 x V13) R14°(M3). 44> T8 5 R K 1

LA

MM B, Wl 6. 24 B2 90° B, HLE M M1 5
— SREE RS = kB e A MR, BB AR HE R BP3S
RS ALHES, B2 2 B FE 9 0.325 nm. 177 522 i M2
W — 2 BE AT HES, R YRR 0N 0.474 nm. R
JE B M3 AT M1 2RAe), o B 2 58 09 0.623 nm.
U3 A B M 90° 453 10° 3B MR/, % = 2 R
T I PR R AT A5 R AR AR, TE SR 2 B LR 3T
B 7, R R %R A fe . i 454
BE A B2 1) RE B AT 3 T-RE I i KRR 2 22

Kﬂﬁ?’)ﬂlﬁ‘]
[~
[T

T

[ | [ |
[ [ [/

Kle (MTIEE) BP3S R AR

Fig. 6. (color online) The sketch maps of BP3S monolayer.
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£3 UM B 20° BIKF] 90° K BP3S HUR K fE &
Table 3. The energies of BP3S monolayer as angle 8 from 20° to 90°.

e B M1 R M2 M3
E/evV AE/eV E/eV AE/eV E/eV AE/eV
20 — — — — —
30 — — — —3028.455 0.054
40 — — — —3028.428 0.027
50 — — —3028.409 0.008 —3028.409 0.008
60 —3028.431 0.030 —3028.394 —0.007 —3028.406 0.005
70 —3028.414 0.013 —3028.391 —0.010 —3028.404 0.003
80 —3028.400 —0.001 —3028.387 —-0.014 —3028.400 —0.001
90 —3028.397 —0.004 —3028.388 —0.013 —3028.401 0

0.06

B/(°)
7 ML B M 30° BKE] 90° I BP3S HRIRHIL &
R it 2k
Fig. 7. The energy AE of BP3S monolayer as angle g
from 30° to 90°.

HESHE 7T LUEH: AR S, 525
M2 REE LN T T2 TR CLIRE &, XUl
BH M2 o 8k R HE R, M2 ARFRE; T4 M B
HUAR & FRIN, 825 M1 FI M3 #RRERaE. M BN
60° iF, M1 [HIfEE N —3028.431 €V, 54> THEMI45
A AEN0.030 eV, Ut B 4 ¥ B 2 [R] A2 AH H 5] .
FARE B4 300 B, M3 [RER N —3028.455 eV, 57
THEMIZE A AE N 0.054 €V, B M3 4 14 2 1A]
FEAE R 5T M1 o2 MAEAER. iy
THE 5 AR 25 A RE AN L2 I 4 TR I 45 B RE,
AR5 8 18] AR B 95 T 40 8 AR 4R 43
FHIAMAEAER. B TRERMIFESTZEKT M
ME S, R M3 A B /T ML JE 5, Bl
M3 o5 S TP GRIR . BRI M1 AT M3 5
BP3S HAR R 456 884 129 0.101 F10.125 eV, 5
JEIEE—A B RS

2, BP3S Hu AR AT Lld i v 7 bL H- 0 7 45 R
L Au(111) R b B T R — R E 1) 2> 1 8E,
ZJE %y ¥ B I VO 48 P H T AR R UL Au(111)
R b BT P b R R (H 7 i A R )
=8

3.4 BP3S/Au(111) M RZERIETLEH

e AL 5 M Au g M o B A P
T Au(111)-(v/3x+/7) R19°(S1) F1 Au(111)-(v/3 x
V13) R14°(S2), Xf & AI1#E 47 46 # 4k, W S1 0
S2 [RIREE 7 N —18272.449 F —25581.654 €V. 4
M1 A1 M3 73 53l W Bt S1 A0 S2 B THAL S R AL fee 25
OAr A hep 0 AL. W B = FE BT E 0.200 nm. X
X LCIR BB AT S5 Ak, TH LA R TR 4,
HH I (/)RS 0 PRI B 22546 L 1] 8 FNAL 9

#4 BP3S/Au(111) Bt R R &S5
Table 4. The energies and structural parameters of
BP3S/Au(111).

W Bz E/eV  AE’'/eV h/nm «a/(°) B8/(°)
M1 + S1 —21300.880 0 0.200 100 60

TRz —21302.391 —1.511 0.244 101 64
M —21302.759 —1.879 0.199 99 65

fec AL B ML
hep 250 FEAS AL
M2 + S2 —28610.109 0 0.200 100 30

Tifr  —28611.601 —1.492 0.244 100 36
Wi —28611.800 —1.691 0.207 99 36

fee ML B ML
hep 250 FEAS AL
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(a)

(b)

L I = <]
L < <
cooe

K8 (MFIEM) BP3S/Au(111)-(v3 x /7) Eifi (a) WAL (b) Hrh K444
Fig. 8. (color online) The sketch maps of BP3S/Au(111)-(v/3 x +/7) in (a) top and (b) bridge sites.

M AT H, 24 BP3S H R R 7E Au(111)-
(V3 x V/T) I, Fase S5k N TR IR AL, 1 foe 750
AL AT hep DAL AR AL 5 A A AL, B T AEM AL
WS BT PRI Ak 22 I B R (—1.879 V) ELAE THA R Bt 1k
R AR (—1.511 eV) EAIK, DAL AR 4 A & FATT A
€ BP3S 7E Au(111)-(v/3 x /7) W BB W7 S i,
Tk . [FFE, 24 BP3S 52 B /R Au(111)-
(V3 x V13) B}, R E AR 2, TRz, P
FOALATEE.

H TR T8 53 2T 5 RS 51, i
CRTRERTERDER AT BT, B8R4
ST BT 5P Aut B (8 SRR AL) TR R
ERIR AR, —ANS2 BFE - Aut &1 (3
8 g TR A ) BT A RS E B IR B i b, H O — A
STETEHEAAuT BT (8 MR AT L AL) B
T B R e PRI B &5 4. XA 45 1 R0 STk [13]
C6H13S/Au(111) W b R G, FoE W A7t 2
ML ANTRAL, HARL 9 TiAL SRS .

EL A5 T B AT 5 5 2 I BP3S SR 1) T % A
o Fl1 B, AT S0 W Bt Ak JEE 40 1 B F) 45 AL S T AR /)
(LA, T B2 B 285 46 A — s e (3
AL B0 T ). X SRR R Tk P R SRR IR A
VEF T2 74 2 (R A BAE R XA 450 R SC
fik [12]  C6H5S/Pt(100) Wt # 4t — 8. Bz, I
B 1T J5 BP3S L J2 B 45 W AR A AR /DN, 3K 350 B W f
RGN G5 K 2 B R T 5 2 B Y (R A LA
o JE XS FE IR AN K

& 45 BP3S Bk 7F Au(111) 3 TH # W) B 3
2. HSEBP3SHZ; T S—HHE Wr 2 JE il &
X PR H P 2R BRSPS A N 35° (1) BP3S 4K
(—3028.330 eV); %A J5 ¥ £ BP3S 1k 7£ i Ul
Au(111) R 10 P47 HE 51 LAY 48 T 5 7 ) A0 B4R
B % R € 1 7 7 55 (—3028.401 eV), 43 F
5 BRI S5 G RE N 0.071 eV; 5 V£ BP3S 4>
THELE AL Au(111) FTH P AT 45 17 HE 51) DL 48 B
L4 77 A ELAE P P2 R o R A [ 7 6 P 11
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Fig. 9. (color online) The sketch maps of BP3S/Au(111)-(v/3 x 4/13) in (a) top and (b) bridge sites.
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Structure of BP3S monolayer on Au (111)"
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Abstract

The first-principle technique is employed to determine the structure of the BP3S monomer, the structures of the
molecular chains and monolayers on virtual Au (111), and the atomic structure of BP3S/Au (111) adsorption system.
The results show that the BP3S monomer presents a symmetric structure, and the angle between two benzene rings is
35% £ 10°. At first, many BP3S monomers are assembled into one stable molecular chain in the virtual Au (111), the
distance between the neighbor monmers is 0.516 nm, and the bind energy between the monmer and the molecular chain
is 0.071 eV. It is a self-assembly system. Then many molecular chains are assembled into two stable monolayers in the
virtual Au (111)-(v/3 x v/7) and Au (111)-(v/3 x v/13), and their coverages are 0.20 ML and 0.14 ML, respectively. In
the virtual Au (111)-(v/3 x v/7) and Au (111)-(v/3 x v/13), the angles between the molecular chains and the virtual
surface are 60° and 30°, respectively, and the binding energies between the monmer and two monolayers are 0.101 eV
and 0.125 eV, respectively. They are both the self-assembly systems. Finally, two monolayers are adsorbed on the Au
(111)-(v/3 x +/7) and Au (111)-(v/3 x v/13) at four adsorption sites. The S atom is easy to obtain two electrons and
turn into S2~ ion, and the Au atom is easy to lose one electron and become Au* ion, so the bridge site (two Au™ ions)
is more stable than the top site (one Au™ ion), while the hcp and fcc hollow sites (three Au™ ions) are both unstable.
In the Au (111)-(v/3 x v/7), the chemisorption energy of the bridge site (—1.879 eV) is lower than that of the top site
(—1.511 V). And in the Au (111)-(v/3x+/13), the chemisorption energy of the bridge site (—1.691 éV) is lower than that
of the top site (—1.492 eV). The results are confirmed in the other S-Au adsorption systems, such as the C6H13S/Au
(111). A comparison between the structures of the BP3S monolayer before and after being adsorbed on Au (111) clearly
shows that the structural parameters of the adsorption system depend mainly on the interaction in the monolayer, and
that the contribution of Au (111) to the structure of the monolayer is weak. These results are confirmed in the other

self-assembly adsorption systems.

Keywords: BP3SH, monolayer, self-assembly, CASTEP
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