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Fig. 1  Structural formulae of anthracene and phenanthrene
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WA MR, BT 4 CvkAa RGO A I
B FH SRR B, R TR MR B
1.3 MWK 53R

KP4 VEBE 1T (F2700 , Hitachi 23 &)
FERES I = AP, WOR MK e
220 ~ 600 nm , & 5K B4 S Bl 230 ~ 650 nm,
Ak P K S nm, R R 700V, 33 6l
12 000 nm/min

K A AT UL 4396 % BE 11 ( DR6000 , Hach 2
A )W A A 58 A T D IR O i 45 4 S L R
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K HRAZS/ B A2 64X ( FLS1000 , Edinburgh In-
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FrOeAet ™ A Ok G 16 45 ), 78 B3LYP/6-31G
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BRI LAy B 5 e R 55 98 e A X8, (& 2
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TN TEEUN = 4E O b, SR U e KA 3 A
I . [ 250380 T nm . [ 250/400 | nm . [ 250/425 | nm;; 55
eI X A 8 N4, [ 340/380 ] nm , [ 340/400 |
nm. [ 340/425 ] nm . [ 355/380 ] nm . [ 355/400 ] nm
[355/425 |nm [ 375/400 | nm [ 375/425 | nm,
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Fig.2 Three-dimensional fluorescence spectra of

anthracene and phenanthrene
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Fig.3 UV -Vis absorption spectra of anthracene and
phenanthrene (1 mg/L)

2.3 WHEFFEE

DT RAE MK P 25 5y SZ T ' ik
RV BRI, R RIEI A, S A R, R
SEHNAT VLIRS TE (8] 3 ) rh sk 1o i) A
PRI EE TR 25 C R IRE 1 mg/L 1544
T RO TR G PA R ; FIEFEAR
[] AT A K (250 nm) FTBTEE MR (1 mg/L) T, K
FEURBE XS PN FE AR

F 1 NTEFRNRE (25 °C) I B AHELE A W)
RPAT PR3, 78 B b, BMIETEY
250 nm A& — IR KA G 1 7 350 5
(32.93 +2.15)% M1(3.95 +0.01)% , #£ K 77 I,
R 0 5 R < 43 5316 T 355 nm 1292 nm,
Hoe e 7 7= 55k (29.07 £ 0.61)% A
(4.94+0.12)% , FREGERER, H—LEWTERN
IR B T DG R 5 . 456 55510
AT LIRS T R, W AR B e Bt R A U B



%24

PIVHERSAE . Rl A PR URIAE AL ARRAE LU 41 -

TR AR A RN, W AT 5 B8 A, Fi RO A
KB Ty R A R 5 Wi K S P BR AT T
it FRYRE SR KN, TR, v 1 BRI (9 E A
M A 5y A AR BRAT . DRI, JECRIAE AR AN R 3 A
KT PO R RN T FOA ™ A i
873 BRI A PR i 75 R 1, 20 IR AR 5 ke
R BRI i RE R AR, Dt 1 ROk
R BEARAEA R BT RO R T 4(25 C)
Table 1

Fluorescence quantum yields of anthracene and
phenanthrene at different excitation

wavelengths (25 °C)

e WR WOLRE, U 2] DS
P /nm  a.u. JLHE/nm  {EFEl/nm TER/ Y%
251 0.657 241 ~269 345~450 32.93%2.15
A 340 0.039 330~350 365~450 31.80 +2.88
355 0.059 345~365 370 ~450 29.07 +0.61
375 0.056 370 ~379 380 ~450 27.36 £0.45
250 0.356 241 ~269 345-~450  3.95=0.01
3k 275  0.062 260 ~290 345~450 3.18 +0. 14
292 0.060 277 ~307 345 ~450  4.94 £0.12

TEAH R Y PO B (250 nm) &, 23 5I7E - 20,
0.10.,20 .30 °C NI E RN HE 1Y 2 6 1= %, 45
WK 4(a) iR, 78 -20 ~30 CIEFEN, BRFER
St R b A B A T R TR N KR T
Bt T B () s T o BT M R S VR Y R
FEWIN S B0 SR o F Z [ R AL 253G K
Perm TARRRS BRI 3 A AR R 2O 1R
W/, B 4(b) S BEREE R 5O 7 R 25 (H BE TR
FERARAL . 7E -20 ~30 CIEHE A, BMFERY 2¢O
Ty AR b A U B P AR T G K

SRV, TEAS SE I S5 AR AR EE A 3 Y
WORERTERT Bt R0 e & THE 7
MR , EREEM YOt 7 2 22 (b
FIRE BRI, BAHEN DL T = R 0 2=
S, AT DIAT 380X 433K PR () o SR AR
2.4 WHhEH

YENCHF A (0 /NS R S A B s T
FERR IR R 254, 5 nm B R 5 me/L 125544
T LIRS T ARSI BRSO A A B ), 25 SR
M2 Ui, S5RERM, ZH MR NHFmIIRIFR
UF A ERAE RO, BEANR A T 2O 75
WIRFFTE 4. 4 ns /24 ; 9E7E 365 nm 400 nm 405 nm
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Fig.4 Effect of temperature on the fluorescence quantum
yields of anthracene and phenanthrene and their

differences (with an excitation wavelength of 250 nm)

MRS R 2L A R FFAE 14,9 ns 247, IUAE
425 nm ZEPEHFAT (29 14.5 ns) AW, PiRh[E]
3 SRR 5 75 A 1 358 BT S S PRl P R 3
PR — R B

2 RREIESPA T BRAEE R (5 mg/L) 2O H A
Table 2 Fluorescence lifetimes of anthracene and phenanthrene

solutions (5 mg/L) at different emission wavelengths

ey RAHER/nm WICHFi/ns X
380 4.3914£0.0146 1.2395
8 400 4.3995 +0.0111 1.2918
425 4.366 6 0. 008 3 1.089 6
365 14.8622 +0.033 4 1.0126
400 14.9555 £0.052 5 1.1022
¥ 405 14.9756 £0.058 6 1.2928
425 14.496 0 £0.109 5 1.0372

TEMR WK N 254.5 nm FISME R, 20 IHE 5 x
10075 %x102.5%x107"'.5x10°.5 x 10" .5 x
10° mg/L BB v B T I UM FE B9 986 F e, H
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R & S K BB A 400 nm , FEAY &SI SR
365 nm, &5 Rk 3 iR, dEREW, 7ES x
107 ~5 x 10" mg/L JEFE N, A 5L 77 fin SEAS
FRTE(4.048 8 £0.040 6)ns Ao fi, 1E5 x 107" ~
5 x 10 mg/ Ly N, B2 5 i bifi 45 o s V4 119
S NG 1)/ =0 W N SN R/ v g WA NI T 29 st AR
ROV T3, NIERUN &8 AV R R mi i, & &
AV R A EAE L, Ok &y F 5 RAE S 745
G RS E S A R TIR R &9,
1M SFEEIEIETE MAE | 2 E e BE T B LA S 96 ' 75 i
WL AR TN T i Bl A T R R 1 B TR
5x10* mg/L N9 HAEL 5 x 10 7° mg/L Y5
AN T 11.19% , X FZEH TWEH K
B, ESTE RS P RAER, S8 FERGEZ B
1, 4 S BR AT B SR/, B i K, kg
SRR Ve B X 7] 43 S 4 A 258 D' 7 i 1 5 Wil A i AN
[F], v B2 vy, ORI (28 F i 26 S K, % T8
B IK 5y,
2.5 ETFUFHTELER
RISCRGEAHT T BURTE (1) 58 41 AT WL W0 1%
0 5 ) = 11 B 7 e 7 N S s e
PFF A LG F R, AR, BUREE
DR IE LA B K225, T RO AL EE 2
T BT 3K b 22 5 B JRL IR, AR B 95 IR e T = P Ak
T, K S NBEREHEERES MAESMERETH
5 BE 5 5 43 F L 1E (high energy occupied molecular

F3 OR[GO T AR O A i
Table 3 Fluorescence lifetimes of anthracene and phenanthrene

solutions at different mass concentrations

&Y BREWRE/ (mg L") TG/ ns X

5x1073 4.0825 £0.005 4 1.2639

5x1072 4.0729 £0.009 1 1.2829

» 5%x10°! 4.0151 £0.008 7 1.2897
= 5 x10° 4.3995£0.0111  1.2918
5 %10 4.3007 £0.005 5 1.2923

5x10? 4.2101 £0. 009 3 1.299 8

5x1073 14.307 1 £0.043 3 1.2870

5x1072 14.7604 £0.0299  1.2415

) 5%x107! 14.8100£0.0258  1.1798
¥ 5x10° 14.9555 +0.052 5 1.1022
5x10! 15.5123£0.0201  1.0937

5 x10? 15.9084 +0.0300  1.1008

orbitals, HOMO) FIMIKHE R 5 45 43 7 HUiE (low energy
unoccupied molecular orbitals, LUMO) , HZ5 %A1,
BECFEAEAEIEZS WO SFIRZA T # HOMO LT =
TR LI AT THRA > T850 b R AL HE = BT
o H BRI R T OOk = LUMO
J& AR EC =C FLH0 00 X B i = R
ZERITIE T mom " BRIT 0 T R HUE N = HF
FEHAFRE , 23 M R RE ST H b T8 3 5 — R S Y
FRARIRBIREL , 225 TR AT ERIT , PEREZO LY A5 1]

== HOMO(JE) =0= LUMO(Z) HOMO@E) —e— LUMOGE)
0.151 :. > ,’ N
; 808 .
0.10 _ .. J ’ 0 08.3 1 N
0.05F ,:”3, ~_— - .
I ~~0.053 01 -
oF ~0.045 09 0.035 19
R < D < (R
Z;q -0.10F 0 -0.068 23 0
k)
I
o i ““ -0.203 85 :e: :::
020+ "'
I -0.260 80 =024037 D
—025¢ D -0.223 44 . M )
.~ o'a
~030r ) () 20.269 03
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Fig. 5

Schematic diagram of HOMO and LUMO for anthracene and phenanthrene in the ground, excited and emission states
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Table 4  Molecular hardness of anthracene and phenanthrene in ground state, excited state and emission state

BE WA KA
s
Enomo/eV Epyno/eV AE/eV Enomo/eV Eppyo/eV AE/eV Ewomo/eV Eypno/eV AE/eV
J -0.20385 -0.068 23 0.13562 -0.260 80 0.053 01 0.313 81 —-0.249 37 0.035 19 0.284 56
3 -0.22344  -0.04509 0.178 35 -0.294 72 0.083 21 0.377 93 -0.269 03 0. 056 74 0.32577
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Comparison of the fluorescence characteristics of two isomers:
anthracene and phenanthrene

SUN YaJing' SHEN Jian®® CHENG Cheng’”® LIU ChuanYang”® SONG YiMing"
XIONG QiuRan’® WU Jing®* TANG JianShe'*”

(1. School of Environmental and Energy Engineering, Anhui Jianzhu University, Hefei 230601 ;
2. Research Center of Environmental Technology in Water Pollution Source Identification and Precise Supervision, School of Environment,
Tsinghua University, Beijing 100084 ;
3. Research and Development Center of Advanced Environmental Supervision Technology and Instrument, Research Institute for Environmental
Innovation ( Suzhou) , Tsinghua, Suzhou 215163 ;

4. Anhui Key Laboratory of Water Pollution Control and Wastewater Reuse, Anhui Jianzhu University, Hefei 230601, China)

Abstract ; Fluorescence lifetime (FTM) and fluorescence quantum yield (FQY) play an important role in revealing
the mechanism of the effect of isomerism on the fluorescence of organic molecules and are expected to be used as
spectral parameters to distinguish between organic pollutants with similar structures in water. The three-dimensional
fluorescence spectra, FTM and FQY of the isomers anthracene and phenanthrene were studied. The emission wave-
length of the strong fluorescence peak of anthracene has a red shift relative to phenanthrene, and the excitation
wavelength and emission wavelength of the weak fluorescence peak of anthracene have a red shift relative to phenan-
threne in the three-dimensional fluorescence spectra. With an excitation wavelength of 254. 5 nm and a mass con-
centration of 5 mg/L., the FTM of anthracene and phenanthrene were about 4. 4 ns and 14. 9 ns, respectively. The
maximum absorption wavelengths of anthracene and phenanthrene were 355 nm and 292 nm, respectively. The cor-
responding FQYs at 25 C and 1 mg/L were (29.07 £061) % and (4.94 +0. 12) % , respectively. Density func-
tional theory calculations showed that in the emission state, the orbital energy gaps (AE) between the frontier mo-
lecular orbitals of anthracene and phenanthrene were 0. 284 56 €V and 0. 325 77 eV, respectively, indicating that
the molecular hardness of anthracene is smaller than that of phenanthrene and that anthracene is less stable. The
electrons of anthracene are more easily excited from the ground state to the excited state, and hence the fluores-
cence intensity and FQY are larger than those of phenanthrene. At the same time, the delocalized m electrons in
anthracene require less time to complete the w—m " transition, so its FTM is shorter.

Key words: anthracene; phenanthrene; polycyclic aromatic hydrocarbons; three-dimensional fluorescence spec-

trum; fluorescence quantum yield; fluorescence lifetime; density functional theory
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