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Abstract: The proton transfer reaction of 2—(2—hydroxyphenyl ) benzimidazole (HPBI) was investigated by means
of UV spectroscopy, fluorescence spectroscopy, density functional theory and time —dependent density functional
theory in different polar organic solvents, such as DMF and methanol, as well with mixed solvents of methanol and
1,4~dioxane in different volume radio. The effects of solvent polarity and acidity—alkalinity of aqueous solution on
the fluorescence spectra and excited state intramolecular proton mechanism of HPBI were analyzed. It was found
that the fluorescence emission spectra of HPBI molecule in all solvents have the similar configuration and exhibit
dual fluorescence peaks which are located at 350nm and 460nm respectively, and the smaller the polarity is, the

more beneficial to proton transfer. Based on the calculation results of M06-2X/6-311++G(d) and TD M06-2X/
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6-311++G(d) combined with the polarizable continuum model (PCM), it is further showed that the enol form is
stable than keto form in the ground state. As to the excited state, the keto form is stable than enol form, the latter
is easy to transfer into the former due to the low energy barrier of ESIPT for all solvents. In addition, a new
fluorescence peak emitted by a phenoxy anion is generated at 415nm when the alkali reaches a certain
concentration. The theory of TD B3LYP/6-311++G (d) predicts that the wavelength of the emission peak is 409.
44 nm.

Keywords: ESIPT; 2— (2-hydroxyphenyl) benzimidazole ; fluorescence spectroscopy; solvent effect; DFT
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VAR R W) e RS BOWT T, AT A o A B T SORI S A 8. A S e 52 8 OB 385 ) A (I
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1.2 A 5XENE

ZBCCHR (19 ] 194 B4l HPBL, 7= 4 4312544 T HNMR A iE.

DL, DMF,ACN, 1,4-"480S 30, A P BeSFalivas 0], LKA [) 20 7 HE i B e — £ il R TR 5 v 9, e
FREERT Y 1.0x107 mol/L 1) HPBL WK, 2 I T e 5650 WARIZEOELHE.
1.3 EFUEHE

HPBT BEZSE544 O0 AL FN 83 32 3 A R ] B3LYP 8 MO6-2X %5 B2 3z oK J7 ¥, UR 251158 TD B3LYP &
TD MO6-2X & N P21z bR J7 v, THA SRR 4 0 6-311++G (d) , IR FH Al Al Ak i 247 B B (PCM)
HEFET N Gaussian09.

2 HRE5HI

2.1 EFRMEX HPBL RSt iR R0

P 2 DA o BRI (YRR ) A 1 B0 ( L0, DMF, 1, 4= 450N 3, @ be) h HPBI %60t
18 3 AN 10 20,7 £ 3,5 15,3 + 7 B HEE— (4 B TR 5150 (9 5K U 1~ 4) 7 HPBL 1975
.2 PRYERMT, FEAN R AR R ) Al 0 el TR A 0], HPBL 2 2 B 350 nm 1 460 nm B3 9 XUt K
SPige SR RUA S0 F) HE B SC T HPBI (UA A5 0 156 4%, A8 2 IE 7 2Ot , R HPBI IEF # 2Y ( B A
A 180 ) SO S I R S, J5 B ORI IR B 2 1 e 7 S T A0k 25 L7 S A R (D
A AL ) 9O G s FREL A2 DO GIE. INIET 2 R U Y, 2 A I8 A 5 G 56 B8 B 78 7R AR R s R A L 2
VTR N 460 nm Aib (Y 5 56 3 BE FRAR, T 350 nm Kb Fr) 5% ' 8 2 A X 48 53, BRIV 700 A P B AR AT )
HPBI ) ESIPT, X MR BE— 25 nl 7E [ 3 A Bk, B TR 50 0] A I ik P Py L 51038 o, 26500 A9 A 1
ANHFEAR , 350 nm Kb (98560458 B2 A, 1T 460 nm FRFIT (145 ' e i B 38 0. DRI, 9500 AR A ) g A1 T 6 v
HPBI i A 7 PR RS P, AT ] 3958 HE ESIPT 504 AELAE o1 B35 Y v, 350 nm Ak I HP BT Ji i 5Ay
YRR B B 8 e T A T 7 2 59, 11 460 num 537 ) A 784 114 ¢ S04 ik J3E IS T e fh A 7
7, FWIHE BT BRI A T HPBL g ESIPT. iy - it i 1o 731 1] U555 HP BT JE i 46 C, AR
AR RIERY B A1 D A& EALREAIR T, 250 C Joor 1 WS AN RE K 2R ESIPT MM 5522 B A 1L A, iy C
F R B AR R SRR, 55 26 \DMF 2545 PR A0 R R 30 AR L, el T sn A b A 3 1
[ VB L RIS , 3 B0 W HPBL 986G 52 Wi ARk .

B2 HPBI 2R FZ M P 49 %A AK# (A, =318 nm) B3 VE-GibEREEA T ey HPBL 83 (A, =318 nm)

2.2 BEFRMEX HPBI JiF 3% 22 iR 54

N T B EERRANAT HPBL 91 I S5 R 2 AL , i — 2P P R (S, ) U AS (S)) RERE
B LT e R i RS (TS) $5 22 FOLICIEFHEAT 14 B2 s BIE A 5 70 M, 75 HPBL 19 2 Rl U 1Y
B I DR RER BRI AR B, AHCE RS T3 1 Fik 2.

VPR (o) Mok s (S,) Bk 25 RE v 0 AL VR T AR I BE e AR 9 57 A TR RE B ML 7 O 153 A
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XtRE IR AT LU 3 TR TS 2R R 1 Enol #4741 B I(K T Keto 471, Enol S 3 %E 45
N DMF 2| 1, 4= 4R350, 35000 A W BRI, 2 TSR A e SO RE R 22 (AE, ) Py i,
Bl Keto A& YRR XA 5E PERFAR. TN TR A, Keto 48 S AR AE ARG L, BEIA R L B0B N , 2 il S48 14
A RE LI I (H L RE A 22 080N, FEARIR AR LR Enol A4 RUAXS A2 € R3S Jin. BESh, JN Enol 55 Keto 22 [H] JiT -
R PEASRE R (Eqs) T LA, GSIPT BYIE A BE 2R (Eys.p ) W2 5 T () BE 22, ESIPT [ 1 7] g 22 41 1]
RART B RER, ERIBMERIREAR, (i GSIPT HYRE 2214 N ESIPT HYRE 2 AN FEAK, I HPBI Uk 45 5 15
P AEAT AR AR 75 H RE S A ) S RO X A g MR I R ), A BT T A9 7 7R AL E , HPBIL A 4%
Fob S Al A B S5 RS e WA T I AR ), 950 B A P i, R R A RE LB , 544t sl AR X AR 2

& 1 &A=t HPBI Z % F-M R B A4 Z 69 %om kJ/mol
Solvents DMF ACN CH;OH CH,Cl, 1,4-Dioxane
E. .o 0.00 0.07 0.25 5.10 19.64
Ereo 25.42 25.54 25.81 33.37 56.27
So AE,_, 25.42 25.47 25.56 28.27 36.63
Eq+s 35.60 35.69 35.92 42.38 62.32
Er i 35.60 35.62 35.67 37.28 42.68
E,., 41.60 41.71 41.98 49.56 73.35
E\o 0.00 0.13 0.41 8.65 34.43
M AE, ., -41.60 -41.58 —-41.57 -40.9 -38.92
Eqs 54.25 54.36 54.61 61.79 83.90
Er i 12.65 12.64 12.63 12.22 10.55

# Ground state S, at MO6-2X/6-311++G(d) level, Excited state S, at TD M06-2X/6-311++G(d) level

VX HPBI J5T 4% 7% 14 52 1 ] DAY 11 5 1) A2 A6 A5 2 E[IE. Enol #4742 HPBI JEZS ) F BAELETE
=, A HPBI [ 4850 - SO RS RRAE F WY 352202 Enol #7 M S, A3 ELERIE S S, 19484k ; HPBI i & &
Keto ) UAZ 2 M LU Enol #4718 8 &5 , BRI HPBI (195 6 & 6% = ZE T Keto FTU[1Y) S, ~ S, A FER
i, JF HAE—E RS A] AR 2 o b A Sy AL [V P A XSO S 0. 3% 2 X6 LU B s T Pl 5 42 45 i
P HPBL WRISOG TS & i & Stokes {3 #5572 M A9 S IR {E FI#E TD B3LYP/6-311++G(d) #ig /K I
THRAH.

%2 7 2t HPBI 34 % Stokes {345 4 % *

Solvents DMF ACN CH;0H CH,Cl, 1 ,4-Dioxane

Adsorption e

Calen. 316.12 315.07 314.89 316.87 319.28
fonel Exp. 317.67 315.73 315.28 317.97 318.23
Fluorescence Emission A,,,/nm

Calen 380.75 379.42 379.25 374.48 359.37

el Exp 353.38 350.57 349.05 352.23 350.67
Calen 447.46 447.47 447.38 448.49 454.64

feto Exp 457.45 457.58 450.15 460.86 457.43

Stokes Shift AA/nm
Calen 131.34 132.40 132.49 131.62 135.36
Exp 139.78 145.85 134.92 142.90 139.19

% At TD B3LYP/6-311++G(d) level

% 2 R HPBLAE A VAR IR SO AY A, SERH -5 Enol #4781 By BLIE T A A — 2, H LR
RIS AR AT , DA LA I HPBI 22202 L Enol #RAEAE. X T & G161, Enol #7IfY A, HIETT
FES = TSR0 (E, Keto MTYA A, BEIS TR EIGAR TS50 6L, (P A, BEIA AR PR 22 A S A 3
B4 RIEAR—EL AP, Stokes (15 BIIE T (L L AR T S 36 8, LBl 97 7R A P8 1) A0 A i 3t B A 15 45 52
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BaR.

VRN HEH, 68 Fi 8O W 25 53¢ 9 3 i) DMIF, 1, 4- SRR — S Wi be , >R A TD B3LYP/6-
311++G(d) BFFRLIR ] GaussView U T HPBL 56 KGR (WL 4 FIIE 5) . v LI, Enol 1471
FA 1A RR A0, ELREIR ARSI A A T 2088 5 T Keto A4TUAT 2 AR KA S, fEL7E ] WOG X A
450 nm e A7 PR A ST TR R MR I RE IRLAS K.

B 4 HPBI ¥ B2 XM AL R B ER P ey K 4 38k B 5 HPBI B XM A E R EZEF P el L 5 038

2.3 HPBI BEfFx H 5 R0

HPBI BRI ER |- 1) N J5 AT 42232 Jog - i 2 A5 55
B , BRI ) 1y 30 e v g R o 1 T 28 LA 55 TR
PER I, A BT 0 BR A E SR 255 ) HPBI 15 51k ot
L5 7% &1 6 Sy HPBI 7648 ] NaOH ¥ JiE (1) /K %5
W 2O G AT LA Y, Bl A5 Bk B2 A 3 i, HPBI
£ 350 nm F1 460 nm [} i8I A0, B EsEak
DU AR A G 55 1) [F] ), 75 415 nm i 3 H 30
TOH e Kk T T 1.0x 107 mol/L 1
HPBI 59, 48k B R4 N3] 2.0x 107 mol/L i}, 76 FF
GHIBE 415 nm BT ¢ 606, XY Bk B2 1 i F) 4.0
107 mol/L B} ,350 nm F1 460 nm &b (7 EIESE 4 B 6 NaOH # &5 HPBI % 56 %3849 %6 (A, =318nm)
&, R IR 415 nm By 2EG 0. BAK 3X A2 i 2
HPBI 55 S5 7™ 49 24 5 K a5 13 4 60 25 B RRAIE 08, bl T HORN BB R A i #e 1 JA 1 M2t

Rt 25 W R Al B2 1 78 £, HPBL W L0 B0 BT -1k PR 25+ HL, PBI™ Atk 43— KR IR S iy 48 171 125+ PBIL 4%
AFFEAEIEAS  Ho HPBI th P23 0] A 155 R 0 s =X (45 I 5 e e i S p 1A ) 5 1 =Xy 7.
25 TD B3LYP/6-311++G(d) 715, /KW H ik Lo G5 I A 96 R S0 AL, 530 34 :382.78 nm (H,PBI™) |
368.12 nm( Enol) ,431.10 nm(Keto) 2 409.44 nm(PBI™) , I SR IF I mae 5 i 48 170 B85 1 1 BB 2% Ol A B e
PAS B B A 5 T HPBI HA A5 TE .

3 ik

D) TERRPEA R 06 L HE S Be i R o S AR U AR B9 1, 4 - 40N B - HURE BT A 38 51 H
2- (2R BRI ) ZHF BRI (HPBI) X4 4 B 2K ( Enol) AR (Keto) 2 2801 PN o 1 5% # i B 1l 1) 1722
PR, AT B 350 nm 55 460 nm BT 449 XU K 0.

2) ZEASI i A RS HPBL ) F2A AR 3, HARE PR = T AR A Y 5 3 A A5t i 2O 2 LA
AE A RS E , Bt WO 2500 1 N BT HEAR 5 AL 9 W X & 3 Stokes 42 A 3 R 9.

3) R AER IR, AR T HPBL G B R 2 , SR MV 57 A F T HPBI [ ESIPT, H 46 7 1
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