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Abstract. In this paper, a novel white light material CRP4-Eu was developed by introducing rare
earth europium complex with excellent red light into coumarin derivative with blue light. Since rare
earth europium complex is mainly dependent on the energy transfer of the ligand 2-thienoyltrifluoro-
acetone( TTA ) , with a Stokes shift up to 274 nm, the absorption spectrum of rare earth europium
has almost no overlap with the fluorescence emission spectrum of coumarin derivative with blue light,
so that red light and blue light can be emitted simultaneously, and finally white light can be real-
ized. The effect of excitation wavelength and concentration of CRP4-Eu on the luminescence color
was investigated. It was proved that the CIE ( Commission Internationale de I’Eclairage) coordinate
of CRP4-Eu was (0.33, 0.35) when the concentration of CRP4-Eu was 30 wmol + L ™" and the ex-
citation wavelength was 392 nm, which was close to that of pure white light (0. 33, 0.33). This

provides a basis for the further development of single molecular white organic luminescent materials.

Key words: white light material; coumarin; rare earth europium complex; single molecular white light

Yis BE: 2021-07-21; 11T H#i: 2021-08-04

EeHH: HEARPEIESFHERS (51902038) 5 K& R¥AH I H (202111258320 ) % B
Supported by National Natural Science Foundation of China (51902038 ) ; Innovation Training Program of Dalian University
(202111258320)



1782 K it

E N

542 &

1 3l

H % )6 —H% 4 ( White organic light emitting
diode, WOLED) = Jy — Fft 7 8 f [ 44 ' 9, LA
THE SR E IR FF i HAR RN SR T 2 0 T
P, HEAR Dy 00 18 R A4 RE AT A5 B 1 AR AR 7O 4%
PEn A BT WA 52 4, E RO A L BUR D ST
T AR A 7E IR B R S 4B B B R Y
At BT R 280 6 R e A BT
RHZ I LB IR 6 R 6 M2 RO R KTk
SEHLAY |, 3 ol 5 I A B 00 ) g 1 25 F 2 R
R W2 R E B 20 W A L I, EARAR B
ORI DC A, 5 BT 5 3 E AT B9 %00
SRR L R I AN T O A AR B R (S
F RO R s T 28 f3 2 204k, mAE 1
FOEA R & A9 0 i R OGS 15 ke e 1
EBIROROCMEZ ENZET L LG M A
A A R R M AR M DL S ] LAY T A T
Fe, o HGE ] Tl Ak, AR R B s 4 6 o & IR
WG U A5 e BB ™ it 20 A AR TR AR T 5
P, 5001 FDOG R R AY & — B FFE N DL G
TER— A

Hir = E A 9 phy T O R 1) D' H PR A L B
JCRERE RSz A ) R A B TS A B
BRSO e A L BOR e AL
Wk RO R AR R 20 A RO RO R
RS A — B, 32 2 UDR 2 TR O X T A0 1 BR
IR REBR A/ B BR AT, AR XE 55 W 7 1% i =2 A BE
SEPCIC , AT AN BE AT 25 oK i s XY &2 4 BR
HITEREIX Y i O R B B B
FOCHCR JE T A R, i B LABAIC &
Yy B S BEUR O — B AT K 59 2%
HR Wong BFFRAL U ST AR A WIT R
R B35 E G AR A A 5 B 2100 & S ARG A4
TR B R G BN A AR O, X —
TR KT EOCH R B IR R T — AN e

TLRMENEARER — Ak W, h
T HE 1 AL PERE L A Kodak 24 7] 5K
B AR 2R AE F MR T HL R BOROE AR F
FELAR e LB U — 2 AT B T
T —R e R, BATES WS 15107 B R K
T SE A b A SR RO A A R A Ok
PERE Y 8- -2 MM 51 A, 3l i A e 1

nu\4

JELF PR EE - AU LA B 2wy HY B = 90T TR
(TRIAR TTA) S A AY S0 1~ BE o7 i, FAR £ B 1
AW ZES IS Y, 8 i &R AT A Y o 1 DG
S SRR TGS W20 S S SE B TR D
K5t A e AR D By 1 R AR R B E
TR

2 % s

2.1 FEIWAF 5N

K] Varian INOVA 400 #% i 3 4R 354 ( 35 H
Varian 23 &), TMS b N #1) M H NMR R C
NMR %, 'H NMR 3% 4 00 0 451 2 4351 & 400 MHz
F1 100 MHz, WL 3% 55 >4 10 000 Hz, ik #h /1 30°,
Jk b EZ W E] 10 s, "C NMR %% JH Waltz 2 8
FeA WL 58 >~ 25 000 Hz, ik vh /3 30°, ik vh &
BHHE 6.2 s, BINKELS512 ~2 048 &, Mk i B
20 °C . ESI-MS HLI{ 55 7% H] HPLC-Q-Tof MS Jit
TEACI S, A W B A, R Ah-TT OGS 7E HP
8453 ik AX 45 , 58 6 Y6 i £ Edinburgh instru-
ments FS-920 22572 JCE AL 45 . & 455 LA
fif ¢ 200 ~ 300 H Ay & 2 AR, FoAh R A E 7 53
ali b2 gl R R Ul B B WA &
AT A b 2R
2.2 HKEYWERK

a1 AR FHEEM(2 g,0.70
mmol ) & T 30 mL L BRI F, 128 A 2 mL 7K
A, BN R IR TE 30 min , B HY Y [ A g A5
B FE AR AR (1.71 g,0. 62 mmol) , HL7™= fi oK vF
— el BT T — 2 RN,

CRP4 (4 1 f6E % 1 (200 mg,0.73 mmol)
Fl 8-F2 HKE2-WE RS (189 mg, 1. 10 mmol) ¥ f# T
ZOBE R I 2 h, TLC B 8 SN 28 05,
FESH a0k A5 243 mg, R .78% . 'H-
NMR (400 MHz, CDCL, ): & (107°) 11. 18 (s, 1H,
—CO—NH—),8. 86 (s, 1H,—OH—), 8. 45 (s,
IH,—N =CH—), 8. 37 (d, IH, J = 8.0 Hz,
ArH),8.16 (m,2H, ArtH) ,7.49 (m,2H, AtH) ,
7.34(d,1H, J=8.0 Hz,ArH),7.19(d,1H,J =
8.0 Hz, ArH) ,6.69 (d,1H, J=8.0 Hz, ArtH) ,
6.53(s, 1H, ArH), 3. 49 (q,4H, J = 7. 0 Hz,
—CH,CH,),1.26(t,6H,J =7.0 Hz, —CH,CH,)
TOF MS caled for C,; Hy; N,0, 430. 164 1, found
430.164 5,
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Fig.1 Synthetic routes of compound CRP4-Eu

CRP4-Eu A B : THLA Y CRP4(85 mg,0. 20
mmol) [ 30 mL & BEH W 3% il Eu (TTA),-
(H,0),(170 mg,0.20 mmol) A Z BEW W , [ W
PIARIETE 6 b F2 BV A0 28 % i, IR O ke BIU™
AULVE . DUVE U, HL™ & B THF 545 4 , 15 2
A0 E R IR . 76% , HRMS(ESI) calculated for
[Eu(TTA),(CRP4) +H"]" 1 025.061 6, found
1 024. 945 4, HRMS (ESI) calculated for [ Eu-
(TTA),(CRTRP) + Na"]" 1 047.043 5, found
1 046.934 4,

3 ZR54#%

3.1 BHFAXMBMRERIE

hy Tk — 2 Sy O MR CRPA-Eu
PIBCALZE R, AT W58 T CRP4-Eu 7EZIE T Y
Jik i 2 fros, AR BTG FOFE) 1 024.945 4
11 046.934 4 PHASBH &9 5 0 3 A Jo 3%
W 351 %k )% [ Eu (TTA), (CRP4) + H] * Fl [ Eu-
(TTA),(CRP4) + Na] " ,iX 5 TsoPro 3.0 program
(RO 48 AR AT | S 56 5040 A0 B R T 3 25  RE 6%

100+ 1024.945 4
Theoretical Theoretical
1046.934 4
Experimental

Experimental

%
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goo 850 900 950 1000 1050 1100 1150 1200 1250
miz
%2 CRP4-Eu 7 S 09 BT A 1 X Rz 1 024,945 4
FI1 046,934 4 AYBRME ( F) FISEIRAE () .
Fig.2 ESI-MS spectra of CRP4-Eu in acetonitrile solution.

Insets showing the calculated and measured isotopic
distributions of the intense interested peak at m/z =

1 024.945 4 and 1 046.934 4.
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W UL B A 2-WE Wy HE — 5509 B ( TTA ) 2647 e
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3.2 &% CRP4-Eu HI ML E

FATE LI IO Lo B T &Y
CRP4-Eu DL B B P44 BG4 CRP4 FHG 1 46
BlAY, WK 3 Fin, CRP4 78 442 nm Ab A 58
145 A0 W Wi U | BE IR T Y R e i 70 620 L -
< em M EEEECA W R AE 338 nm AbH
o O 1Y) 58 A W AT 0 | BE R H O R L & D 52 000
L-mol™ - cem™'y, 5T HMNXHME CRP4-Eu A
P A 58 AMREAE TR i 0, — A 2 7 5 B A P o1 ik
[ 7E 338 nm Ab (1) 58 AMERAE W 06 | HLEE IR TG &R
BeHRT77270L - mol™" - cm ™! s — N 1F 454
nm (158 S REAE W 5000 R O 5 D' 5% 0 A B G R AT
AR 4y 0 BTk, FLEE IR Ok R AL & Ol 88 500
L+mol™' - em™', FIFERAEY CRP4 [ 442
nm b FEAE WSO AR LY XN IR T 12 nm B B
MILLRS XWX A RS 5 LA, 4
T P K,

1.04
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mol

o, —=Eu(TTA),(H,0),
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< 05{ 7 =\
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Fig.3 Absorption spectra of compounds CRP4, Eu(TTA),-
(H,0), 1 CRP4-Eu in acetonilrile.

3.3 AEHEKKIIUEY CRP4-Eu B K
A

AR 58 T ORI K AR B0 G
AL CRP4-Eu 2 OISR, H T CRP4-Eu 1)
T 2 B RGBT A R G R B R A D
B\ 8- Kk s RS 3 1 e R W IS R ] 2 AN ]
V7 B 9 A D A T L R R T A 43 1 O B
FE R T AR, IR 4 BOR B BUK
P M 390 nm & 3 i &) 450 nm, 7] LLF 2 7E
612 nm A £1 6 2 3 6 55 , 10 492 nm Ab 119 5 &% (4
TEGAE TR X U B A B 1Y 21 (58 D6 B 085S
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Fig.4  Fluorescence spectra ( from 390 nm to 450 nm) of

CRP4-Eu( in acetonitrile solution) in different range

of excitation wavelength

M A 0 20 40 19 W 20 kA8 s, YOk Dk KA
B —F (I, 2009 6 Mg & (0O IR & 5 B ik
T EOE, R, 5 H G A B CRP4-Eu i & 5
H B, RSP B(®, =0.69, L
W, W% WK 550 nm) FE S H, A5 CRP4-Eu 1)
LIGHR T3 0.012(338 nm R , WO R T
F0.32(454 nm EK) LM F 7Ry
512 0.008 F10.17(392 nm ¥ %), FATIE B W
T DO R, % B I A B0 F R R
CRP4-Eu MR I+, FL 52 K 351 1 B €5 /2 AT LA
WA, s 5 FroR, 253 BIH] 370,392,420 nm
O I K k& CRP4-Eu BY 215 1 W, WLEZ 3] 1
ERYE Ry N N S E S AN = B AV & s )

550 600 650
A/nm

E'S CRP4-Eu(30 pmol « L™, Z W5V W) 76 A A ¥ & I
KT, B NZEB A, BB 50k
370 nm ( ¥ £04%) 392 nm (XF A F14E) Fl 420 nm
(XN WEERER) o
Fluorescence photos from left to right; excitation
wavelength is 370, 392, 420 nm and the corre-
sponding fluorescence spectra of CRP4-Eu (in ace-
tonitrile) with different wavelength ( red line; 370

nm, white line; 392 nm, blue line; 420 nm).

P Xt R 2 BUE G AT BIL S O A Jg 12k 5 B
B, PR AT AL L B35 48 ve 7 8% 38 K 7E 100 nm
DL #82 B LK A BOA [6] 19 A7 BIL2e
VAR 2 5y e M 06 1% 5e ik | AT & AE 9 0l 3 Ik fiE
R Forh R Y 9O A1 Y BE B e 7% ) AR HE
A VORI, e HA — D RIEK W YOLRE S
KGR TR LA S AN T B R 2000 K
MO T T A 2wy Y BE = S0P A ( TTA ) (9 g L %
B T TTA (4 55 ICAE 335 nm A7, X A5 &
M LR EW DO K S (450 ~550 nm) JLT
B A3k A AL 25 't 1] 7 2 38 A8 23 19 2 6 AT
R TR, Eih T B Wb 5616 ) Al
JCH RN B AT A W) R 5 A B RO — Y
FHAS TR) (1) 38 2 I < 38 2 i, 79 A 358 40 19 2 e AN [F]
SEH LT ER LA T BENLBL,
3.4 L&Y CRP4-Eu iR B 3358 O & l

FATHE— L F 5 TS Y CRPA-Eu 1Y ¥ &
AR AL X A G B B SR R 6 BT s, Ik
FES 1 wmol « L1, 250 6385 i1 W 4> e 43 5l
SN 470 nm A1 612 nm, ff E W BB, Hood bt
1 470 nm Ab #2866 B B 41 & 500 nm, 612
nm AL LLEIOCIE A H ), X FEEH T
WE R R S ER GR o TR N, kAT
WAL AR S POE R A, WL, k&
CRP4-Eu {9 B2 A2 A [ 3R P — R, 02 52
HIOC RGP R) — D EE R R,

1.0- e ——1 pmol * L'
ﬁ LY ——5 pmol * L!
0.8- , / \ ——10 pmol - L
A \\ —:—50 wmol - L!
0.6 R \X ——100 pmol - L!

i\
I

Fluorescence intensity/a. u.

e o
c_F

450 500

B 6 AR CRP4-Eu( Z W) B9 661 &
eI 400 nm,

Fig.6  Fluorescence spectra of CRP4-Eu with different con-

centration in acetonitrile solution. Excitation wave-

length is 400 nm.
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CIE B ARMEAER 7 hbr i . 44L& %) CRPA-Eu ik
FE R 1 pmol + LA, T 370 nm Abifk & HAEF £
LLED0, R LG E N L1 & 4T CIE A8 b7
L v 21, DX 5 > 08 R D 3 R I 1 5O
BT sR  H CIE A bR 28 8 el 48 Sy (6, 3 1) 5
DX 38 5 2980 K% KR 420 nm Bl 4R AL T K

¥ CRP4-Eu ¥ N 30 pmol - L' kWK N
392 nm B}, H CIE A8 FR{E K (0.33,0.35) ,#2iEF
4 15%(0.33,0.33) , LI EERIE , A& #H
FEAL AW B3 % D K Ak L& %) CRP4-Eu fig
% 2 B AR 4l AE (1 F G, T LAAE S — R TE G 1
HLE AR

X, IF A5 LAY CRP4-Eu W (1935 K,
HF&EE R maA, Eamaotl i, Law
CRP4-Eu [y CIE A AR i #ifE mLk e IX , b4 ARSCEITIEA B T 3T/ LRI A Y A O R

0.9 THERI R 35y F 16 A BE CRP4-Eu, 1% 43 ¥ 38 3 #

4B ®

o8- ZE%E%QI LT R IR T I B SO0 9 T4
0.7 1 Ze=30 el PG, SO T R DK O T
0.6 1 30 ol L7 AR %46 (3 63 B B, 9 FLEE CIE Ak
x: Fel - T UL T D e B 1L A B G
o O K RV BE (. % B CRPA-Eu 72 ¥k B 30
024 pmol + L™ R IEKHy 392 nm B, H CIE ALFR{E N
o1 (0.33,0.35) , 423 F2iH6(0.33,0.33) , SLER4S
oL L L, L ) SRAEY 585 A A TR AL 2 B 3 e e K R T

&Y CRPA-Eu fERS J R4l /9 FOE, n] RIAE

&7 CRP4-Eu (%5566 CIE A& A5 (8 BE i & I K (360 ~ . .
) — PRV TE I AT LR R

500 nm) FIeJE (9 22 16
Fig.7 Luminescence spectra of CRP4-Eu plotted on a CIE

RSt G L B A [ N B BT S
http ;//¢jl. lightpublishing. cn/thesisDetails #10.37188/
CJL.20210246.

diagram showing tunability of chromaticity of visual
emission image, following the excitation wavelength

(from 360 nm to 500 nm) at fixed concentration.
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