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Fluorescein HHlEMEE Ag(110)E LHIEKH R

HER  KBE' K O EFEH R
H R EEE Ao 7 A 1 G 1
(HITRFPIAR, B 3100275 2 FAAEEIR AR oE 2 58, Yel)

HE  FALIMNEH FREREUPS)MTE Ag(110)ZE M _E2¢EE (fluorescein) A KA TIFFY. WF5E #HH, 55 fluorescein
T HIER A 4 MR E WS A T 2K REZ LA T 2.70, 3.80, 7.40 F1 9.80 eV 4b. f1 4> Fr & 4N i T RE T
(ARUPS) & 25 53 B, fluorescein 43T = KA 1H A TR, 20T 1) C—=0 Huidifili a0 F 11015 1.

KEIE: BHLESEME, LSHEHTRERE, SMETE5H
FEDZES: 00647

The Thin Films Growth of Fluorescein on Ag(110)

HU, Yun-Wan' QIAN, Hui-Qin' CHEN, Qiao? MAO, Hong-Ying' SONG, Fei'
HUANG, Han' LI, Hai-Yang' HE, Pi-Mo! BAO, Shi-Ning'"
(‘Physics Department, Zhejiang University, Hangzhou 310027, P. R. China;
2School of Chemistry and Ultrafast Photonics Collaboration, University of St. Andrews, UK)
Abstract The thin films of fluorescein grown on Ag(110) have been studied by the ultraviolet photoemission
spectroscopy (UPS). Four emission features are located at 2.70, 3.80, 7.40, and 9.80 eV below the Fermi level,
respectively. The angle-resolved ultraviolet photoemission spectroscopy (ARUPS) suggests that the triring plane of

fluorescein is parallel to the substrate and the axis of the C—O orbit is close to the [110] azimuth.
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Structure and electronic structure
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Fig.1 The sketch of fluorescein

M SRR MR e T, TR T DA A
SRR A e L F 5T AR 4 e L A ) 2
g, X T e sE 48 R 0 H T AREPE RS R fR e
PE# AT B A48 = & L. Fluorescein J&—F L/
HIA AL T, (HZ5H X FR AR, B TR AT 3C
BRI 18 2 A7 5C Fluorescein 784 J& 5 i R T8 1Y 25
FaIIFGY . A OIS A UPS i T Fluorescein 7E4J Ji
Ag(110)FR AT b [) 1 55 B2 IF Y vy - 2 ek, 3145
T A KA LY T 4K 64 B Fluorescein 7€ 41 i€ 42 )&
Ag(110)FRTH A= KA 5Ty T 147 S 1 ARUPS #F5Y
T Fluorescein 43T 7£ Ag(110)£ i 78 5 % h—4>
43 HZ (ML)B B 433w, 30753 1A A LR
&K KL Fluorescein 7EAT IR 42 )8 Ag(110) 1 4544 )7
[LNIEYSS

1 X I8

SIS TE VGADES-400 B i 43 't B 1 RE 1Y
HEAT. AR R LA I R B s A T 3107
Pal™, jH8 EL2S i A A S ISR IR RE F AT S
%6 B (LEED) 2 AN G IR AN 2 BRIE i &4 H145 (SDA)
S, 0B IT2S R i B B R R L T RE A AT
R b 2807 DL iE AT AR 4 B Ok M BRI I &
(ARUPS). £ 3 i 2 ¥ 3% 7 (1000 eV, 30 min) F1iR
KR RE 750 K)Z KA PR AL BEAR AR08 15 P 1)
Ag(L10)FE it A AL T80 R fidonl ) 78 ¢ U5 L
17, 3833 L (2 3.5 A)ELIE AR K. A P kL
PR K B Ag(110) 4 |, FLUTRUE S i A 3
PR S S E . £E UPS By p (i FH] Hel(21.2
eV)EHMEIR. BERL EIN T =5.0 V (5 R AFIE RE L
L FN AR BRI R i T, R AR [ £
A M EAEER IS

2 HBRE5ITe

B2 25 1T HE Ag(110) 3£ i bR W) 2 56 1Y
Fluorescein UPS 4k, 8 5 & 40518 0.0.1.0.3 1.0,
3.0.5.0.6.0 ML. 555 1 5840 54 IR TR L
] & 3001, TEART G I 1TE LR Ty RSO B L. [
2 IR I — ZRB LR AR BTSN Ag(110)3R 1.
TR T T b TR AR Ag BT G A ERAE, 7645
A 4.00 F 9.00 eV Z B A IRGRAY d LT, Bl
FHAPLE B 55 R B, rT UMW IR A T Ag
(R D2 ek 55, RIS PRREE 3 ok A PLATF
FRAIE TS 05 B () S B 1 0. >k B A LA - R
A3 AL F K BER LA T 4.50, 6.30 1 9.00 eV 4b
(WL 2 Hrikida, BRI y).

Wil ML B o5 5 A — 25, 7 o JE 0
(IIRZE A RE(Es)iifi, POKRES AT 2.40 eV A0 H Bl —
ANHT I o W JHLSHR A SR B 2 AT WL AR 5 Y 1
I 28 3 . 24 Fluorescein v IS 1) JE B2 R 3 3.0
ML i, 3k H Ag il BRHIE I LT 58 42 2% BLi,
T ] 7R S22k B A ML EE Fluorescein 43+ 14
e L TR . Bl R I — A, o By FE
TRV ] B 45 A RE R RS 8, o IRES A RENR RS 8l 1X
ol it 5 A7 AL TR A 5 B ()3 o, e e = sl ARG
REm RS SR R . FEA PP AR 48 i A im
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Fig.2 The UPS of fluorescein with different
coverages on Ag(110)

The spectra were collected at the surface normal with an
incidence angle of 30°. The work function with different

coverage is shown in the up-right part of the figure.
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A, WA IS & AR T A EAE . A AL AR R
147 5 P8 O B AR R I, i R s B ) A7 )
#FJEE S 1) Fluorescein 431417 HL F-45 4. 8 75 &
h Z 0, AL TR TSI SZ A SIS A RE M A /N, s
PTG T AR ALY SR RS B s B 25
M. T IRF] 6.0 ML I, A HLE SRR 4 4
FEAE U 53 547 T 45 4 BB 2.70.3.80.7.40 Fi1 9.80
eV Zb (UL 2 s it gLk ).

R4 UPS Y R A Lk Ha A7 (A8 Ak, BT LA 8 7E
Ag(110)Zm FAL G 1 A& JE B Fluorescein A L
TR Ty R B0 ) 28 Al 1 11221 24 Fluorescein HY 78 55
B4 0.0.1,0.3.1.0.3.0.5.0.6.0 ML I}, — YA 1k
fi7 4y 5 Rk 17.30.17.50,17.70,17.80 17.78 . 17.74.,
17.70 eV, A8 1 /9 T o8 £ 43 51 24 3.90.3.70.3.50
3.40.3.42.3.46.3.50 eV. & T I pR £ bifi %5 7 55 L 1)
AR ILIE 2 A7 F A/ NEL DR T DL 2
F i, DR E AL K A 4R B B R s, B
Z/NB B /IME 3.40 eV. L5, W2 7 2% B i,
I eRBOUTTF AR 2R 18 38 i, fe 243k B4 M 3.50 eV.
RS Ag #2100 I Fluorescein 75 75 & A i
S, FFA A B R4 R B T pR B A
R ¥E Fluorescein 78 = /% /N T 1.0 ML B, 1
B2 A Ag(110) FLTHT b 258 UK 2 i B il 7. i
AR AT U B B ) e S PR s/ N L R Pl R TR AR
R 5| #E Y. Fluorescein 1478 55 £ 1A %] 1.0 ML, X L/
() R R 3 1 Fe/IMEL(3.40 e V). BE IR Y
PE—HE KT 1.0 ML), T2 T AR Ak,
R BT IR 222 M3 . 3.50 eV BYAE A J52 I 1) 2
Fluorescein #4 BFAS Bf (4 .

KAl Gaussian03 53, 45 G4k sl fa B RE i “ 4R
B R L5 M 7L [ADC(3)], ¥ A Fluorescein 43
VAT TR 28 MBS AR, AR RS
FEATFHUERSE G RER/D, [FIRREW A E 4>
HA 7 )& o XFRPE. THREE SRR, T EED
B BT 06 23 B T 45 G RB M 6.00.7.70.,10.60 Fil
13.10 eV Ab. 2% J& 3| Fluorescein M50 F 2 FZ 01
JEBF T pREE, AT LK B2 B T 2.40.4.50,
6.30 1 9.00 eV FFIEIE, Z Z BT 2.70.3.80.
7.40 F1 9.80 eV FJHHIEIEFI S AH Fluorescein 4311
F 6.00.7.70.10.60 F1 13.10 eV 4 HRAE 1443 51 5k 5
FAHFEI W23 FHE. % 1 5o a9 Fluorescein
A4 T BB A7 B 0 FRIS T 55 45 2R L & Fluorescein
TE Ag(110) 2 17 _F 3% 5 ) 45 45 B8 A7 B R A B S 7Y

% 1 %S4 Fluorescein M FHIEMN BN IR ITELER
I % Fluorescein 7 Ag(110)FR m i g4 S aEfr
BEMAERR

Table 1 The theoretical and experimental results of electronic

states of free and adsorbed fluorescein molecule

Free molecule Monolayer on  Multilayer on

Location — Type = ey)) Ag(110)eV) Ag(110) (eV)
C=—O trining o 6.00 5.8 6.2
BA+trining T 7.70 79 7.3
BA o 10.60 9.7 10.9
BA-+trining o 13.10 12.4 13.3

R Z 2B R, e 145 4 BB B4 AR
P 3.40 F1 3.50 eV [T REIN LB IE.

TES A 1Y Fluorescein 4> T #LiE v, 454 g
N 6.00F1 7.70 eV Ab Y 15 0 XF 1 T 05 e o A BLIE
(HOMO) A FI d5e e o 511 (HOMO-1) . i Fix
PN LTS BB e A HoAth iy 3 B82S, R ) F
P, HiHE Fluorescein H H 4TI & 5018, 1 F
S5 HE R 6.00 eV ARSI B T HA o SRR
C—OMiili; Wi T 7.70 eV (KIS HA 7 BgerE,
FET 0T 0 = 2RI ATEIL T [/l — - 1 )6
I3 FIAR R IR FE AR 73 (BA). 18] 3(a) g =R IR HY
C—O KHEMHF =K, K 3(b)h =K BA X1
L F = .

WIRTTE TS, 28 558 0 1.0 ML B, jE2k
PTEEEREN 2.40 eV H1 4.50 eV b1 EIE 43 HIAF
Ag(110) 1A | Fluorescein f HOMO Z5 #l HOMO-1
. 4 XX AT T ARUPS 5 (1 45
SISO GHL T T AL TH T Ag(110)
P _F 11018, 1], SRAMEA S A 0°FF 4R 2 i v

E 3 Fluorescein & FHEEF=E

Fig.3 The molecular orbits of fluorescein
(a) the electron cloud picture of the C—O0 orbit with o
character; (b) the electron cloud picture of the orbits of triring
(three planar phenyl rings) and BA (one phenyl ring with
COOH) with 77 character
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B 4 7 Ag(110)FRME L% 45 FZH Fluorescein K
ARUPS it [E

Fig.4 ARUPS of fluorescein on Ag(110) at monolayer
recorded with a fixed emission angle at 30°; The geometry of
the photoemission experiment is shown in the up-right part of

the figure.

i, SR ] S A IR TR IR L AR 2Rl 30°fA1
CER U B R AT FAR/NED). ARUPS 151K %
WY Bl A AR A3 R o W45 B B N, T o'
WA R VRl 559 . ST v BT R B R A S p WAk i, BE RS
NSRBI, SEH R v A I R TR 2R T
Sy LRGN, & AT T SR TE 5 0] 1 43t
BN o VSRR T HAT o SRR MR A =R R A
BA #R47, ‘& WM AL I ) 2 B R IRF IR B
BN, o Wenit BB B IR, = 2R F1h
AT T Ag(LIO)VRHIEF-1H . ok B T HA o BRHER
C—O HLIEM o WAL TT 1 P47 F C—=0 Rl 1.
Bt A AR B3N, o W2 T 55 6 BH, C—O By
AT TR Ag(110)FR ).

P& 4 Hhs i Y R A I 2 I A A7 R 0°, TG
HL A SR A R 30°. WU, ISk A SR A A

JH @C

@o

d A2
5 Fluorescein 7 Ag(110)3% T _E A9 IR b4 =
Fig.5 The side view of fluorescein on Ag(110)

S HE A4 i im0 SE LS AR ], (HiZ g2
A SCHE F-FE WO 1] 2H B )~ F- T A IS Ag(110)
FM EAY[001 8 ], ANV (11014 . AR 453
LI AT LA, FCT TR IS [110] 4 [ B,
o WEA R B SRR R K C—0 Hli 2 Jy 1) B ¥4 i
FUF[110]44 1. 1T C—O f£ Fluorescein 731 H /&
if 7€ 1, Y Fluorescein 43+ 7E Ag(110)#f )ik | 1)
e mT DA 2, WKl 5 Bk,

Fluorescein J&—Ff LA /N A HLA> T, (HILXT
FRYERBAR. B s/ b AR oy T B e e 4 8
B SRR B S5 A5 UPS #E17 4 BT i 5,
192 A7 B E5 0 7 TR S BT FB—, ik
P e . [ 5 BTN 118 W 5F ) 45 4y 5 2 B8 2 A 52
05 VR ok Uk B . vE AR PRS0 R X, R
Gaussian03 X} Fluorescein 7£ Ag(110)Tf I A W fff
1T HEATE, BAEPIS FESE Fluorescein 7E Ag(110)
AT P R B 2454

3 & i

TE Ag(110) 1 I, 54 Hl2F S1K Fluorescein
S FHEA G A DNRFEE LT SR BB AT
2.70, 3.80, 7.40 #1 9.80 eV 4b. ARUPS il & 4% 5 &
B, Fluorescein 43 Y = RKIFF 1 FE1T Ag(110)%f
JEEAVTE, 4319 C—0 BBl #r F (1101514,
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