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(201649 A 1 Hig®; 2016 4 11 A 3 AURRIME SR )

FIR S —PEEEBEF T NO 707X [(NO)2] 43 T8 40 T HZ M, Rh(111) K _E (NO)2 43T 5= A
ZEBEIE T 458, (NO)2 7 FHARTE B Rh(111) FRifi H A28 Mg 1 T4k, (NO)2 4 T FATH P
Hezl, ST A EUR T 4B 280 (100) A1 (111) 4544, fERE ML Rh(111)-(1 x v/3) |k, 1.00 ML (molecular layer)
B BERT, (NO)2 431 B AL M N 08 1 40 7 B2 i (ML AT M2), 4375 M1 N—N 85 4RI R
70°—90°; 43 F i M2 1 N— N #-FATAHE. £ M2/Rh(111) #, (NO)2 4> F Al W B F-THAL fee 25002 hep
20T, T R RS TR A A O AL R E MR T WA, Rh(111) 381 (NO)2 4 FZZE R G4, (NO)2
O T BT A 0L, B — B T M2, N— N84T T4, 582 R UL E#R T ML, NN
S ATERR A N 70°—90°, 7 FIEFE A E N 0.31 nm £ 0.02 nm.

KEIE: R X, R, 2R, B4

PACS: 63.20.dk, 81.16.Dn

1 5 7

73 H 4134 (molecular self-assembly) & 73+
FERRD AT SR AT T, AL B AN 53 B AR 3L B
(i [ 4 F 1 % B 7 gl O, s B 2e
TE B PP 45 K 2 73 5 T80 AR A% HT D0 A0 6 Fe 14
PR FIBLEIR B84, £ ISR T IR Y
SR, TP TAE B RIE A Fr S5 6 B A2 T A
SRR IS, (A H S RSAF. T H
2 2 I A I 7 - Ao g3 ) R L S R S A R[]
PIARAE I B A i) — R 288, HR R
HEZE (NZE) 7 T, fEeEREAE., YT
(N LR N |5 e N i L AN e S U
X2 W URAERAT |2 R o)) R A Sk VF 2 40
BRI FATHT T R

—H AR (NO) & KI5 R b 1 2oy
Z— 1 NO & FIRZ 5 B HNO 43 F 5 [(NO)s]
Gr 1. RO7E 5 A 4k 40080 L 2 Ak 2 i 4k 771
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A IR 2 —, B REME L CO, NO %
KEHIKRERS, BAEERH T EE-.
1986 4E, Root %5 [*1 | Fil B F g 4 R W 72 T
NO/Rh(111) &4, 45 R FEW NO 73 T W T HrhL.
1998 4E, Loffreda %5 1) | F & 1 % R 32 bR 3 0 1
5t ¥ NO/Rh(111) R %t, 45t fee 20 ALA hep 2540
RS FasE. 2006 4 3 H, Wallace 25 101 1] F fw % 14
HIZLA R ST CE B 78 T NO/Rh(111) R%8, 4554
FHINO 731 7] W B T T4 AP A 25047 )45
8 H, Nakamura 25 ' ] F 21 4b S5 SR ISCRE BF 72 17
NO/Rh(111) &%, H 5% 53CHk [10] —F, BINO
I3 F TR BT TR AP AS 25 0o, H A SCHR [8—11]
BIA T (NO)o 20 T IR .

2007 4F, Nakai %5 ["21 Fi| F 300 121 X 56 28 WSO A
Y L5 KR0S T BT T (NO)o/Rh(111) R
g, WP AL S 5 SCEk (10, 11] — 3, IF4E
H Rh(111) R B3+ 5 — 2B NO 7 ¥ Ak
XF, NO 431 B W% B - 25 1 /6 T4 Fl s A 250
KL, 4315 )2 B NO 2 F FF 4 i, N-—N
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F(NO)o 43 F I # 2 Wi A TR0, 77 2 F
H(NO)o 43 F M N— N 3 B TR 1. SCHk [12]
2t T (NO)2 43 F I N—N## 25 50.230 nm,
N—N—O A %1596.0° (it N ZNNO = 90°), {H
& A 3BT (NO)o 43 F 18] I AH FLAE F, oK % &
(NO)o F3F 1EWR B 1o 72 o 45 14 1) B 4 1B 5. 2008
£E, Jansen Fl Popa '3 Fi FiJ UL i3 4 i1 F1 %5 32
PR T AN FE S E M NO/Rh(111) R4, H
WS B A7 () &5 8 5 STk [10—12) — 2%, H2 SRk [13)
S U IR B A7 55 78 o BE A OR, EE RN 0.5 ML
(molecular layer) B} NO 43 3= EL0 f 7ETHAL.

2012 4, Wu %5 M) ] Castep 155 Bt #f 78 1
(NO)2/Rh(111) REE, 45t 1 (NO)o B4R, 70 15
FLZ RN B REF A S H, Horb o 7 AR TR
B R AN 25 AL T, 12485 185 SCHR [10—13]
— 3 SCHER [14) iR T (NO)o 43 18] R AH HLAE
FH, % B 70 0% B R G 75 25 RR ) T R R T 1Y
ARG I, FIR 3 H T (NO)o 2 FHI 45 S 50 e
LSRN oY =) L L R VN TR ]
BE, 4 ZNNO = 90°Hf, (NO)o 7 FHIN-—N
SEEAE Y M 0.19—0.31 nm. SCERT 5L (NO),
43 P4 R 25 & Rh(111) 2544, fi# 5 Rh(111) i Z
AT AR A Rh ik, R4 H (NO)g 4 T 52 IR AE
Rh(111) R M1 A HE S, LR 5T (NO)2 7+ F
% IR0 SR T 254 5 M EAE .

1995 4F, Brown 45 [ R F e 56 W 15 21 41
WA 7T TR R 19 (NO)o/Ag(111) & 48, f5 H
Ag(111) F i I (NO)o 70 7 # i v N—N - 47
TR, M (NO) 7 FZ Z R NN HEE T
FIM. W OCHR [12] B (NO)o/Rh(111) REiE 2
(NO)o 73 F 5 Ho o FJE A H). PR AR SCHE ST
Bk [14] f9 3£l 1, DL (NO)o 2 1 A 36 A &5 1 B e,
WFFE Rh(111) K - (NO) 7> T 2 B E 4 5
% 2 2 A R AE BLAE .

2 A K

CASTEP (ambridge sequential total energy
package) #& — 3 T8 BEVZ 0K 7 VR A — PR R B
MIREFE. ASCH IR T 45 M ) SRR T R R
HAg. KRB B R R B AT Y Perdew-
Burke-Ernzerhof |~ SCf B AL 101, 4% .00 BT RO

HAL - 2 (B AR FH SR FH R BB 35 4 A

TEARH, (NO)o 7> T AR WE 1. 1%
JE R IE DT, HKFEmbrid N a, b, ¢, T N—O
8] 25 F% i N Lo, N—N [8] BE AR 9d A Lan, O—0O
] FEARIC N Loo, KM ZNNO bR Na. % & F
(NO)o 43 F B AR (1 ~F T 45 #49 )R ~F (0.120 nm x
0.251 nm), N T 285 F 8 A TAEH, 7%
A NN BPA7 T i e T 0056 A 2. i 5 il
K a, b, c¥JHUHE 1.400 nm.

a b

Bl (MTER) (NO) 415k M 4 s i &
Fig. 1. (color online) The sketch map of (NO)

monomer.

FFIE Rh(111)-(1 x +/3) F AL L 2. Rh ()
W16 s 2508 0.380 nm, S5HIMRAL)E A& SHN
0.390 nm. Rh(111) REHIYZ, BRHE (NO), 73T
BRI i K2R (0.251 nm), % F& B B 5 FE (8
JE 0.200 nm) A5y 7 2 J2 B (U B = )2 70 7 1%),
HAEE2.500 nm. EEE = FEE I 2 4 i S Ak
[ e ARS8 9T, 2R —ANEE B RE T A
BH. Rh(111) 2% [ i PUAS IR B 2 AR TR fee 25
ML LA hep 45 O .

B2 Rh(111)-(1 x V3) &HmEE 1, Wifi; 2, fec =
ALy 3, ML, 4, hep 2500

Fig. 2. The sketch map of Rh(111): 1, top site; 2, fcc
hollow site; 3, bridge site; 4, hcp hollow site.
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% (NO)o 73 T HARIE B T Rh(111) RIS, 3#
WAL AE A Ecpem 8N

AFEchem = EN0)s/Ru(111) — ERu(111)
- E(NO)gmonomcrv (1)
HH Exoy,/ruiny N (NO)2 /Rh(111) W M & 4
M % B, Bran NRh(I1D)H & 1 6 &,
E(NO)zmonomer y‘j (NO)Q ﬁ%i‘ﬁi E@ﬁ%%
2 (NO)o 70 7 H AR AL B1% (77 BE AT L=
i) I, S5 RE AEy RN
AFEy = E(NO)zmonomer - E(NO)gmolecular chain>
(2

)
AE1b2 = E(NO)Qmonomer - E(NO)gmonolayery (3)

P

HrF B(noysmolecular chain M E(NO)smonolayer 77
(NO)o 7 THEAR R B =

IR N W Bt F Rh(111) R 1 4 (NO)o 7 F Ak
BT HEIE, A RE B BE AR, M
5N

AE‘c/;hem = E(NO)gmonolayer/Rh(lll) - ERh(lll)
- E(NO)gmonolayer' (4)

MR B 2 48 Rh(111) R i L2 1 2 R T (1

MEAFH RN

AE = E(n+1)monolayer/Rh(111) - Emonolayer
- Enmonolayer/Rh(111)7 (5)

HH By 1)monolayer/Ru(111) 2 1+ 1)z )7 B 1L
Rh(111) FE R I FER, 1 Epmonolayer/Ru(111) 7
n J2 B AE Rh(111) 22 1 W B o RE B

o7 52 R ) B A T4 T Ak, X4
RREE:E Y W i ) LN E 2NN
A RE A A 525 FE Bk SR e . B35 R 2
P AR B, 2005 | N BRI T o 0L 3 T R 26
— M RE YN T SRR S T A
B P JER - A (1T 20 T SR AT R 4 A
{10 S 7 45 4 2 B AR A TR e, TR B At TR X L
RN 5.

ETH R FE v, R T 3R AR R 4 R AT
K H T A% Ak BE B A 380.0 oV 1 JIE k. S 40K
FE U SO 3 a0 R Hellmann-Feynaman /7 /N F
0.001 eV/nm; F&&AE 1L /T 0.000005 eV; fi7 F5 48
/N F0.00005 nm.  XF 45 #4545 1 A AL i FE
Wk S BONKE A, BESHSI TR L. g it A
#K H Materials Studio 8.0 345 T 22 () CASTEP
*ﬁﬁ% [23,24].

*1 (NO)2 48 .Rh A Rh(111) I 775 52 BAIE My RS 455 4L

Table 1. The structural parameters of (NO)2 monomer, Rh crystal, Rh(111) surface, molecular chains,

monolayers and (NO)2/Rh(111) system.

Y 4K /ML ks g /nm
(NO)o Btk — — 1 x1x1 1.400 x 1.400 x 1.400
Rh &k — — 4 x 4 x 4 0.390 x 0.390 x 0.390
Rh(111) % S (1 x/3) — 5 x 3 x 1 0.275 x 0.477 x 3.175
5y T C1, C2 — — 6 x 1 x 1 0.220 x 1.400 x 1.400
1 x1x1 1.000 x 1.400 x 1.400
o THEC3 — — 5 x 1 x 1 0.275 x 1.400 x 1.400
HLZ I (1 x+/3) 1.00 5 x 3 x 1 0.275 x 0.477 x 1.400
BN U (1 x+/3) 1.00 5 x 3 x 1 0.275 x 0.477 x 3.175
EZ= L UEY (1 x+/3) 1.00 5 x 3 x 1 0.275 x 0.477 x 3.175

3 &R 51T

3.1 E#MRh(111)F @ (NO). 7 F # #9
[RF&EH

FESCHR [14] W EE Al X (NO)o 75 1 HAR AT

il K55 T B AR N K Lvo 40.120 nm,

Lnx 40.199 nm, Loo 790.251 nm, 844 o 5 103°,
Iy T HARRE RN —1408.805 eV. LILAL G K5 T 5
AR R FEE A T B B 1T B 1) 4 T RE (C1 A C2), AHAR
(NO)q 43T O—O [alEEARIE A D, W 3 fiR. &
A5 5y Tl EE D, M 1.000 nm &N 0.220 nm, XX
Se oy FEERHAT AL, SERA TR 2, " KR
Zor TRESS AT, R4S S RE R4 TR 4.
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D

°® | 3888 t?

D=

C1 C2

B3 (MTEM) (NO)2 4 T8 C1F C2 M mE
Fig. 3. (color online) The sketch map of (NO)2

molecular chains C1 and C2.

#*2 B4 FIAFE D A 1.000 nm /M F] 0.220 nm B
(NO)2 7+ THEI RE R

Table 2. Energy of (NO)2 molecular chains as distance
D from 1.000 nm to 0.220 nm.

43 FiE C1 TEEC2
D/nm
E/eV AFEy;/eV E/ev AFEy,/eV

0.220 —1408.786 —0.019 — —
0.240 —1409.025 0.220 — —
0.260 —1409.110 0.305 —1408.747  —0.058
0.280 —1409.105 0.300 —1408.783 —0.022
0.300 —1409.023 0.218 —1408.804  —0.001
0.320 —1408.929 0.124 —1408.801 —0.004

0.340 —1408.882 0.077 —1408.806 0.001

0.360 —1408.838 0.033 —1408.807 0.002

0.380 —1408.836 0.031 —1408.798  —0.007
0.400 —1408.812 0.007 —1408.802  —0.003
0.420 —1408.811 0.006 —1408.793  —0.012
0.440 —1408.804 —0.001 —1408.793  —0.012
0.460 —1408.802  —0.003 —1408.798  —0.007
0.480 —1408.799  —0.006 —1408.794  —0.011
0.500 —1408.781  —0.024 —1408.801  —0.004
0.600 —1408.797  —0.008 —1408.803  —0.002
0.700 —1408.791  —0.014 —1408.802  —0.003
0.800 —1408.794 —0.011 —1408.803  —0.002
0.900 —1408.799  —0.006 —1408.794  —0.011
1.000 —1408.802  —0.003 —1408.801  —0.004

e 2 Al 4 s Fh 4 - BE I 25 & RE, T %0
24> FE)FE D BUEAE 0.240—0.380 nm [X 8] 531
B Cl1EMta e, AR /1 B EE D BUE G, 55
Tk C2 S5 E A TR . BTk [12, 14] °T%1 (NO),

TN AT, REER, BUR T 255 IE R,
AR T 255 e, A R TR A R A
e 55 HE R, AR PR RR TR G, M58
W 51 A5 HE R P, TR AR E. R
Pl o -85 W /N 3 T IRLEE D, MR FRAECK, A
2 (NO) 7 TAEH JIIRTS, B ReLINE, 4r T4
RREAETH FRANRE. £ TECLHR, 4
S FIAIEE D < 0.380 nm B, M4E4> 1 W I HEF
TN F RS, 4 TRECIIFMh TR e, H49 T
[E]#E D < 0.220 nm (/N T2 FHARN AR Loo) I,
(NO)y 43 FHISE MM RIR, 7> 155 C1 g5 AT e,
TE T8 C2H, M4y FIEFE D < 0.280 nm B, 4
A SRR T B HE R A4S 2 T C2 45 A ER
JE. {E5r T8 C1 24531 (Al FEAUE 5 0.280 nm +
0.040 nm i, 4> FHARHN Lyo 40.120 nm, Lyx A
0.193 nm, Loo N 0.278 nm, 8 o A 110°. ZH
P ANSCHR [14] — 5.

0.2 0.4 0.6 0.8 1.0
D/nm

4 4yFIFEE D M 1.000 nm J&/ME] 0.220 nm B (NO)2
TR EHE A

Fig. 4. Energy AFEp; of (NO)a2molecular chain as dis-
tance D from 1.000 nm to 0.220 nm.

g5 kg A6 5 19 Rh &8 B, Rhodh % S S
1, V3, 245 3% B F0.275, 0.390 F10.550 nm.
M FfemsreECIHh o 7 EDN
0.280 nm = 0.040 nm, W Rh(111) L E&1&E
[ (NO)o 4> FIAEE D 5 0.275 nm. 44> T8 C1
FAAR 5 7 H 3 f1 L0004 B, 18 38 43 F 18l ¥E D 24
&S B N 90° B B 5° 4K U /N B 45°, K4 g H 4y
THEC3. XX LS5 C3 AT ML, 45 KT
MREBA TR e, M I 8 4 HIEUE 90°
F60°, &5 % E 15> T4E (C3-a F1 C3-b) I T3 3,
Xof IS PR 285 ) 7 T L 5
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#3 (NO)2 4378 C3-a fl C3-b IR E 5 LS H
Table 3. Energy and structural parameters of (NO)2 molecular chains C3-a and C3-b.

it B/(°) E/ev AEp/eV Lyo/nm Lyn/nm Loo/nm a/(?)
(NO)g ik — —1408.805 0 0.120 0.199 0.251 103
5y T4k C3-a 90 —1409.114 0.309 0.120 0.193 0.279 111
9y Tk C3-b 60 —1409.071 0.266 0.120 0.236 0.280 100

©© ©
2 &

E5 (MTIER) (NO)2 4 T8 C3-a fl C3-b &5 HIR
b=3

Fig. 5. (color online) The sketch maps of (NO)2 molec-
ular chains C3-a and C3-b.

bL R 3 Loo M4y T 1816 D, EA11)L-FHH
& BRIy T8 C3-a M C3-b 1, AR T AEJR T
HRHEF, EBL(100) A1 (111) 4549, 4> 785 C3-a
4 B G5 KR AE BR 2, T 4 4 C3-b 4y T
RIS NO 7 T ER 2SN . N5 B AR 25 ) A
ELER, 4 74 C3-a 1, Lo TRFFAZE, Lan ik /N
3%, Loo K T 11%, B o $K T 8%, 11515
C3-bH, Lyo ARFEFAAE, Ly #K T 19%, Loo 3
KT 12%, 8MH a /N T 3%. XEHE (NO)y 7T
SERITEAS [ B A g aT O R 1E, HL % (NO)o
oy T AR E B AT NO #1411 BE & 7T AT (NO),
DT RELE ML REARETT A, TR —
HAE RS

3.2 E#Rh(111)FRE (NO). #FREE
B[R F 4544

o E I 4> T BEC3 A AR A T B A A R
(0.275 nm) Xt M. Rh §i#& S H0H 1. BT HE ST
B A] AE A VE PR BS59 0.300—0.500 nm, M Rh

BZHH R V3 (0.390 nm) A& 1A 4R 4 T 18]
PH B4 B R A IS 45 44 N 78 55 58 1.00 ML
(1 x3). & (NO)y 7 FHiAHFN-—NE#LEx
MRy, T8 C3-a F1 C3-b W B T 524U
Rh(111) I H 5> 7 528, SO Ay M o°
F3B% 10° B K F 90°, X ix w4y FE 47 45 /AR AL,
4 LA A>T C3-a F1 C3-b 2 B — M a2 1)
I (MLAIM2). HT 2y BUELE 70°—90° 2
I, 4> FRERIRE B A S, HAiM S5, Wie
X7 A SR AR IE 9 M. 43 T M2 1, NO
3T LTI BB AR, 7 N—N P47 R AT .
G5 M1 AT M2 B 2546 = B L] 6

El6 (MTEEMR) (NO)g 7T HZEB M1 Fl M2 1457
=y

Fig. 6. (color online) The sketch maps of (NO)2 mono-
layers M1 and M2.

®4 (NO) 7 THEEHREE SEWSH

Table 4. Energy and structural parameters of (NO)2 monolayers.

Y /() E/eV AEY, [eV Lnn/nm Loo/nm a/(°) B/(°)
(NO)o ik 0 —1408.805 — 0.199 0.251 103 —

M1 70—90 —1409.123 0.318 0.193 0.277 110 90

M2 0 —1409.071 0.266 0.240 0.268 97 60

026301-5
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I3 F B M1V 2 e 54 105 185 C3-a 4K,
HAEEME KT 70 T8 C3-a A& (£90.01 eV), NI
T2 57T M1 ARAR 4> F4E 59 EIEH. /0TI
M2 5 T4 C3-b A ik, FIHREESET 0 755 C3-b
(PR, JUI7E 731 B M2 HAH 4T 185 2 18] () A
TERZINZE.

3.3 Rh(111)XE (NO), > FHEEER
[RFeE

FEARAL J5 ) Rh & B 38 H SF T Rh(111)-
(1 x V3)(Bid K 9) Ja k4T 45 Mt 1, /8 & N
—4851.559 V. HISCHR [12, 14, 15] AT &4t Ji$ R
(NO)y 4> T HLZ B Hp NO 43 7 J L 3 BB, I3
O3 JEE M2 23 50 B F Rh(111)-(1 x /3) I THAE
fee 250 A7« M A hep 25O A7 M) 2 HY 43 1 B2
WPt FR G, WP v 2 BT 0.200 nm. %X LG i}
RS AT 25 A0k, 25 3R AR 8 R B 454 =
AN, FLOR B 53 53] R fee 25 O hep 25 O S FITTHA .
SERIEER S MR R B E LA 7.

P = AN 25 F () e B, AT fee 25O 7 AR 8
PERY SR T hep 250 A7, 25007 1 B E T 5 T THA.
CEAEFA LT, AT EE
JE 7T AN B TR = A S R = AR
JE B B B — AN R R A&, I NO 4 F IR
Bt T hep 2O AIET, 25 =2 HRh XN 5T A
S5HEF/EM. Bk (NO), 43 F I M2 7E Rh(111) &
THI W BB, fee 23 /00 B2 A 58 T hep 25 /O A7, A AT #8
ST, MAFA AR 2. R3E CASTEP i1 5H 45
B(NO) 7> T B4kt NO Y HL T 45y R N 1016 =
O 06 NFEF#HE THAaHBFHORET. 1Mo
T B F TA B, LT 25 S RhFO14NO=
O 0M WINJRTFHBLHLEO FT My HTET
N JEF M Rh 5 FIRG I BT U0 TR T
AT O AR, H T 458 Rh 034 N—0-18—=

O~0-16 RN J& 7 A Rh J& 53R 15 (I #8 70 BE 1B 1

et s O TRy IR 7 v 73830 T #B 70 HL. ARE Fe
A7 5 1 175 100 AT R0 o 67 B PR IS L p A EL AR P o
TRE IR BRI, B 2O (2 T B L THUA, BE AR E , 12245
FSCHR [0—14] B4 18— 2L

i®

K7

(MFIF ) M2/Rh(111)-(1 x +/3) F i fec 250
AL hep 75 oL AR I Bt 45 44

Fig. 7. (color online) The sketch map of M2/Rh(111)-
(1 x v/3) in fcc hollow, hep hollow and top sites.

3.4 Rh(111)XRE(NO) N FTZEREH
[RFE544

TE=/NFGTE 71 R B &5 K e 2 Al 090
IR ML A M2 43 5 BT M2/Rh(111)-(1 x v/3)
TOUAL, e A5 TP A 23 O A ) 8 0 7 B2 P i
R, PRI HZE H L 0.30 nm. XX
e ZE AT A AL, ERI TR 6, T M2 7E

M2/Rh(111) W f AT e .

#5 M2/Rh(111) Wt R HIRERE K LS5
Table 5. The energy and structural parameters of M2/Rh(111).

e B o7 E/eV AE! on/€V h/nm LnN/nm Loo/nm a/(°) B8/(°)
M2 + S —6260.630 0 0.200 0.240 0.268 97 60
fec FLAL —6263.485 —2.855 0.133 0.275 0.275 90 60
hep 70 A —6263.359 —2.728 0.133 0.275 0.275 90 60
TiAL —6262.453 —1.823 0.188 0.275 0.275 90 60
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6 M2/Rh(111) EWRBo> T 1 M1 (RE & RS HL
Table 6. The energy and structural parameters of M1 on M2/Rh(111).

e B E/eV AE/eV H/nm
M1 + M2/Rh(111) [fcc 4507 —7672.608 0 0.30
N AT DY AN B —7672.624 0.016 0.31 & 0.02
M1 + M2/Rh(111) [hep %5 04] —7672.482 0 0.30
N ALF- Y AN B A —7672.500 0.018 0.31 £ 0.02
M1 + M2/Rh(111) [Tifz] —7671.576 0 0.30
N AT PY AN B —7671.582 0.006 0.31 £ 0.02

M6 RTHIL, PIAN 53T IR 8] IR AR X~ 78 X6 43
FIAAH EAE RS2 AR /. 72 (NO)o 4315 M2 W fft
F RU(111) FIPAS 25O (1 At 1R B 435 M1,
Y73 FEE ML AT M2 22 [8) ) AH BLAE P29 0.02 eV, K
FEN(0.31 £ 0.02) nm. 1fi 7E 53T 5 M2 W T
Rh(111) 5 AL (0 JE Aty 1= PR B 4 7 B ML, T 437
R M AT M2 22 T8) B9 AH BAE /N 0.01 eV, PR m]
FIWr B B o 7 2 R, 5 2 NO 7 1 S AR 1R
BTN bz, HAS B4 TR N— N4t 5
Hoh JER IR A 9 70°—90°.

N T BWIT (NO) 731 2 JZ AL Rh(111)
2 TH] B W BT £ K, AR 4y 7 B ML BT T M2/Rh
(111) B fee 2500 A7 B9 28l E, FEn— 4 7 8 M1,
%5 T 2 2 W R Gt AT g i AR Ak, 45 50
T, KR PSSR W8 . R TR T2 )R
I A] ) MR ELAE 2928 0.010 V. SCRiR [12,15] Arid 4
T2 RN N—N 2 BT, AR5 4E R2 o)
T 2 E M N—N 8 5 4o i R A U 7E 70°—90°
Z [].

K8 (MTEL) (NO): 4 T2 Z A Rh(111) F )
W B 254

Fig. 8. (color online) The sketch map of (NO)2 multi-
layer on Rh(111) surface.

£7 (ML+M2)/Rh(111) FWRHA TR M1 (RS 5 L 4B
Table 7. The energy and structural parameters of M1 on
(M1+M2)/Rh(111).

W B S E/eV

M1 + (M1+M2)/
Rh(111) [fcc 25 0M7]
N AL T PYASER Bz

AE/eV H/nm

—9081.747 0 0.30

—9081.757 0.010 0.31 + 0.02

4 #

FIF S — 1 IR P AT 7 R 40 Rh(111) 3% 1 ()
(NO) 7 745 70+ 52, Rh(111) K1 E 1
(NO)o 73 THZ A 2 Z I I T 454, (NO),
Oy 7 BRTE R Rh(111) F 1H B 41388 b e
7 T5E, — 7 THEES 5 REN 0.309 eV, (NO)o 73T
SPTHSEAT A R HES, ER TR AR T #E I(100)
g, R TREGE A RE N 0.266 eV, (NO)o 4 F
STH e 7% J5 AT A P HEF, AR T AR AR R
U (111) 4544, BLX AN 9> T8 9 2k aill, 7678 55 B
91.00 ML L Rh(111)-(1 x v/3) I, (NO), &
T HHFE RN E )5 T E R (M1 AT M2), —
Iy HE M1 454665 0.318 eV, N—N 4 53¢ i 92
FA870°90°; 3 — 7 T M2 455 84 0.266 €V,
N—N#PATHE, N—O 854 M 97°.

76 M2/Rh(111) W Bt & 5E, (NO) 4 Al W it
T TR foe 2502 A hep 2504, 18I HL 1o #5758 0]
FERRE P A 2SO B R M T THAL. Rh(111) 3R1H
(NO) I+ T ZEB ARG, (NO)y 4> 73 E T
A0 AL, B — 2 T NN AT 4R,
5 )R R HAB)Z 7y B NN 5 4 R SR
70°—90°, 4rFMEMRIAH HAEFH N 0.01 eV, 4712 [A]
HA 2N (0.31 4 0.02) nm.

S

[1] Whitesides G M, Mathias J P, Seto C T 1991 Science
254 1312

026301-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1126/science.1962191
http://dx.doi.org/10.1126/science.1962191

) I % R Acta Phys. Sin.

Vol. 66, No. 2 (2017) 026301

[10]
[11]

[12]

Hickman J J, Ofer D, Laibinis P E, Whitesides G M,
Wrighton M S 1991 Science 252 688

Fujita M, Ibukuro F, Hagihara H, Ogura K 1994 Nature
367 720

Wang W, Huang L, Zhang Y, Li C M, Zhang H Q, Gu
N, Peng L, Zhao L X, Shen H'Y, Chen T S, Hao L P
2002 Acta Phys. Sin. 51 63 (in Chinese) [F£1#, # X, 7k
T2, FERL, WIEES, BT, 3200, BN, TR, BRA
FEHETE 2002 PH AR 51 63)]

Hu H L, Zhang K, Wang Z X, Kong T, Hu Y, Wang X
P 2007 Acta Phys. Sin. 56 1674 (in Chinese) [#IifF &, 5k
e, TR, FL¥, $AFL, EBF 2007 YRR 56 1674]
Palmer R M J, Ferrige A G, Moncada 1987 Nature 327
524

Orville-Thomas W J 1954 J. Chem. Phys. 22 1267
Root T W, Fisher G B, Schmidt L. D 1986 J. Chem.
Phys. 85 4679

Loffreda D, Simon D, Sautet P 1998 Chem. Phys. Lett.
291 15

Wallace W T, Cai Y, Chen M S, Goodman D W 2006
J. Phys. Chem. B 110 6245

Nakamura I, Kobayashi Y, Hamada H, Fujitani T 2006
Surf. Sci. 600 3235

Nakai I, Kondoh H, Shimada T, Yokota R, Katayama
T, Ohta T 2007 J. Chem. Phys. 127 024701

[19]

026301-8

Jansen A P J, Popa C 2008 Phys. Rev. B 78 085404
Wu T Q, Zhu P, Jiao Z W 2012 Appl. Surf. Sci. 263
502

Brown W A, Gardner P, King D A 1995 J. Phys. Chem.
99 7065

Perdew J P, Burke K, Ernzerhof M 1996 Phys. Rev. Lett.
78 3865

Wu T Q, Wang X Y, Jiao Z W, Luo H L, Zhu P 2013
Acta Phys. Sin. 62 186301 (in Chinese) [% AR, T,
FEREM, B, R 2013 PEEZAAR 62 186301)

Wu T Q, Wang X Y, Jiao Z W, Luo H L, Zhu P 2014
Vacuum 101 399

Wu T Q, Wang X Y, Zhou H, Luo H L, Jiao Z W, Zhu
P 2014 Appl. Surf. Sci. 290 425

Wu T Q, Cao D, Wang X Y, Jiao Z W, Jiang Z T, Chen
M G, Luo H L, Zhu P 2015 Appl. Surf. Sci. 339 1

Wu T Q, Cao D, Wang X Y, Jiao Z W, Chen M G, Luo
H L, Zhu P 2015 Appl. Surf. Sci. 330 158

Guo Z H, Yan X H, Xiao Y 2010 Phys. Lett. A 374 1534
Florence A J, Bardin J, Johnston B, Shankland N, Grif-
fin T A N, Shankland K 2009 Z. Kristallogr. Suppl. 30
215

Segall M D, Lindan P J D, Probert M J, Pickard C J,
Hasnip P J, Clark S J, Payne M C 2002 J. Phys. Con-
dens. Matter 14 2717


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1126/science.252.5006.688
http://dx.doi.org/10.1038/367720a0
http://dx.doi.org/10.1038/367720a0
http://wulixb.iphy.ac.cn//CN/abstract/abstract8100.shtml
http://wulixb.iphy.ac.cn//CN/abstract/abstract12736.shtml
http://dx.doi.org/10.1038/327524a0
http://dx.doi.org/10.1038/327524a0
http://dx.doi.org/10.1063/1.451742
http://dx.doi.org/10.1063/1.451742
http://dx.doi.org/10.1016/S0009-2614(98)00569-7
http://dx.doi.org/10.1016/S0009-2614(98)00569-7
http://dx.doi.org/10.1016/j.susc.2006.06.009
http://dx.doi.org/10.1016/j.susc.2006.06.009
http://dx.doi.org/10.1063/1.2751156
http://dx.doi.org/10.1103/PhysRevB.78.085404
http://dx.doi.org/10.1016/j.apsusc.2012.09.093
http://dx.doi.org/10.1016/j.apsusc.2012.09.093
http://dx.doi.org/10.1021/j100018a045
http://dx.doi.org/10.1021/j100018a045
http://dx.doi.org/10.7498/aps.62.186301
http://dx.doi.org/10.7498/aps.62.186301
http://dx.doi.org/10.1016/j.vacuum.2013.10.019
http://dx.doi.org/10.1016/j.vacuum.2013.10.019
http://dx.doi.org/10.1016/j.apsusc.2013.11.098
http://dx.doi.org/10.1016/j.apsusc.2015.02.049
http://dx.doi.org/10.1016/j.apsusc.2014.12.138
http://dx.doi.org/10.1016/j.physleta.2010.01.060
http://dx.doi.org/10.1088/0953-8984/14/11/301
http://dx.doi.org/10.1088/0953-8984/14/11/301

32 % R Acta Phys. Sin. Vol. 66, No. 2 (2017) 026301

Structure of NO dimer multilayer on Rh(111)*
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Abstract

Molecular self-assembly is the spontaneous organization of molecules under thermodynamic equilibrium condi-
tions into well-defined arrangements via cooperative effects between chemical bonds and weak noncovalent interactions.
Molecules undergo self-association without external instruction to form hierarchical structures. Molecular self-assembly
is ubiquitous in nature and has recently emerged as a new strategy in chemical biosynthesis, polymer science and engi-
neering. NO monomer is apt to be absorbed on the surfaces of some metals such as Ir(111), Ni(111), Pd(111), Pt(111),
Rh(111) and Au(111), and the interactions of NO monomer with the metal surfaces have been extensively studied. When
NO monomer is weakly adsorbed on the noble-metal surface, it cannot be reduced completely but forms a stable structure,
which is named NO dimer. The first-principle technique is employed to determine the structures of NO dimer ((NO)2)
molecular chains and monolayers on virtual Rh(111), as well as (NO)2 monolayer and multilayer on Rh(111). First,
(NO)2 monomers are assembled into two stable molecular chains on the virtual Rh(111) surface, whose bind energies are
0.309 and 0.266 eV, respectively. The molecular chains are self-assembly systems, in which (NO)2 monomers are parallel
and ordered, and the O atoms and N atoms are shown to be of (100) and (111) structures, respectively. Then, the two
molecular chains are assembled into two stable monolayers (denoted as M1 and M2) on the virtual Rh(111)-(1 x v/3), and
the coverage is 1.00 ML. In the M1 monolayer, the angle between the N—N bond of (NO)smonomer and the substrate
is in a range of 70°-90°, and in the M2 monolayer, the N—N bond is parallel to the substrate.

In the adsorption system of M2/Rh(111), (NO)2 molecules can be adsorbed on the top as well as the hcp and fcc
hollow sites. When (NO)2 molecules are adsorbed on the top site, the adsorption system is best described by the elec-
tron structure Rh01*—N°= O~7°!* and when (NO)2 molecules are absorbed on the two hollow sites, the adsorption
system is described by the electron structure Rh 034 N=018—= Q=016 Therefore, (NO)2 molecules are more apt to be
adsorbed on the two hollow sites than on the top site. In the adsorption systems of M1+M2/Rh(111) and M1+4(M1+M2)
/Rh(111), (NO)2 molecules are adsorbed vertically on the two hollow sites, the N—N bond is parallel to the substrate in
the first monolayer, and the angle between the N—N bond and the substrate is in a range of 70°-90° in the second and
third monolayers. The interaction between the neighbor monolayers is about 0.01 eV, and the thickness of the vacuum

layer is 0.31 nm =+ 0.02 nm.

Keywords: NO dimer, monolayer, multilayer, self-assembly

PACS: 63.20.dk, 81.16.Dn DOTI: 10.7498/aps.66.026301
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