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Barbier Polymerization-Induced Emission as a Versatile
Approach for Tunable Non-Traditional

Intrinsic Luminescence
LI Qian*, LI Ming', ZHANG Ziming', FU Zhongxian®,
LONG Hairong', LI Deshan?, WAN Wenming®

(1. Fyjian Eversun Jinjiang Co., Ltd., Fuzhou 350212, China; 2. Fujian Institute of Research on the
Structure of Matter, Chinese Academy of Sciences, Fuzhou 350100, China)

Abstract Non-traditional intrinsic luminescence(NTIL) has become an emerging class of luminescent ma-
terials and the investigations on NTIL with tunable luminescence is highly desirable. Barbier polymeriza-
tion-induced emission has been demonstrated as a versatile approach for the design of tunable non-tradi-
tional intrinsic luminescence. Through the Barbier polymerization in the presence of different complexes of
metal salts (NiCl, (PCy;); and CuCl(PCy;)], NTIL polymers with intriguing aggregation-induced emis-
sion (AIE) characteristics and tunable emission wavelengths were successfully prepared with green and
yellow colors. Further application of AIE type NTIL polymer in the field of white light emitting diode

(LED) has been carried out as well. This work therefore provides a simple and efficient method to achieve
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tunable NTIL, which might cause inspirations to different fields such as polymerization, NTIL, AIE and
LED.
Key words Barbier polymerization; polymerization induced emission; aggregation-induced emission; non-

traditional intrinsic luminescence; white LED
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ROCEREWMEE T H A TR KRN BRATES R R B MBHEREZE T ZX
EM, G ENEREWRE S FHAT N on RS S FRITBRE R B B, (X S5 Tt
EABIHRERBFEAERLBEL SRR ERERNE. ARFPHRABREEW AL EL U LK
BRI W AE 8 R EHR, IAK B KN, X ZHE MR ESELWEY R FREBE AT 4, HELFEER
o, A B R AR NIEESEEA &6 (NTIL) & —2KH %0 TR HIR B AR KRR, 4%k, NTIL
REYHERRRAOMRTH T Z R, Ed 5 MHETHE ZRENTOEE TR, HTFHREREGYE
BHERRE RN Z B, Wi, REBAEZFCH R RKERN BGIRF NIt E TR ERE—H
A Jp B AR R E B BORER, KO R HEEAIHRARBBHEZHEE, DREREFEZHKACQIAR,
MHETELETOEH RN ACQ A, BREFEF L AR KK AMBERERS TERAEERF NI K S 6E
J1, BEMZB S EREST, B, #—FE 3 RE RN KA L AIE B NTIL RAEYWEAEEHNR¥ME
N 5 By Bz A B .

EL L HB )2 i (Barbier reaction) 2—REZEM A HLA LRI, 8 ZMHTFA IS RS K B 120 B4,
BB N REEERFFLRWIER T REFEZMB A —K KRB, 5 Victor Grignard(Phillippe Barbier
WA TR BM ISR NAH H, B HCER R BB DL LM A — 8% W& 8 12 38 F 4 DA B X K 43 Fn Atk 7
BRI ZHED M, 2017 4B, RATR I HbK B LLEBR BB A B 4 FAB, AR T - HANE LR E R
PLJTEE . HE—8, WATE AR KBRS T3 R, & ABE A, +B, Bl A, +B B AB, BB LLHRE
A BT —RIEIEERE T EELG SO ASEEN T NTIL REY. 7EH £&3X % NTIL
REYHEET BEHBREEAB RSB IECPIE) N, AR RSGYEERTAR L, MRS
YIRI M NTIL Fedk. T H X286 NTIL RSP RTOLK S BA TR, MPOuRR AT 7E AIE fl ACQ Z[F]
W, YBRAEMSIERREHN, FEBREYRIAEFHIOREL. LIaRRERY I EAN, TERERE
YWRIE NTIL FE. HFARFE A LA, H NTIL 2 AIE 2881, 435 R IR AT 5 B e,
H NTIL 2 ACQ 25%!, A FIEA A AL 184, 7 DISZ L ATE & NTIL R AWK HRE. E2,F
—NREHELERE, R —NRE6., Bk, A YVEH# SR E IR PIE, SHF —BETH
A3 NTIL %4k, B BAFR R AN RE YR, XE L NTIL REYHSFiIH, SRHE LA
) 2R , R B R B AR 2= 4 fE A SE B L A E

i, WATE LTI AL BEREADEMF , P75 B B PIE 57 NTIL R &Y 8718 & L5 1 5 7T
. MREAIA, EBRESYHRMART T NTIL REVHEAZHNE., B35 ARNEANEREESY .,
NTIL REYHM R FEKGUAE, FZHERKOE, #2—2 . B8R T NTIL REWEHR L BE LED F|E
B R
2 FRAy

B=3c HEBE(19.4 mg,0.07 mmoD) FIE 4L W4 (4.6 mg,0.05 mmo) I MEF 1 mL DU kg, Bl {7
1 he¥ - RFEHF( g,4.62 mmoD M T 11.5 mL EKMER . ESHAP ZRT B 558
128 LA 4 AN B [F] A B B R R AT TR B8 (0.13 g,5.54 mmoD) , AN RE = RKMES K
R BRAKBRE L FERSK 25 mL Schlenk B, Z FHEH B 80 CHIMMB A TR 24 h, RMIERE, A
FACE K ST RN HATTEK, Z e A @B AR #HTER, RE =R, GIA VMG T =84k =584
FERE&BE IHFEHATKRBRESEST TR EE TIREZRBREZBHN ., &5, B0 T &AW iiiE
gift, TWEEZTHREIAR=ZXFE. SAESS5WRMEIRER L.
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KBRS PR (NMR Bruker 400 MHz) K X S 28 K A7 51 AL (XRD, Rigaku Miniflex 600) 4347 & 4
HIZEH . RIBER B % 15 (Agilent 1260 Infinity IDAWREWHN A TERDTEM . REYHIBMEER
FIEIE A F KRR B K /00 0k TR A VA VR TR R 5O R SR A 9% 56 0% 1% (X (Shimadzu RF-5301pc) Ml
. REWESFRKER S EH K/ WSR-S RS 590 nm T #3353 i 847 (Perkin Elmer
Lambda950) i, ,

3 GRS

3.1 EERWREM S HEAE

REFPEEHRAERRE 1), BIEEREE T, L2208 7.7 BHERIERFER E a MEENE
S 06~TTHMZEIERNER L b.dM e MEAWES,7.4~75 AINZEHEIERER |k c M EBEANFS.
MEEVEHIIES,7.1~7.9 AFETRZHREYWERES . FN,3.0~3.2 ME=ETRENRER
5. BlBEREIENBEYHITRIE, EREHREBHREYEN S TERN 16 300 g/mol, 7 FRASMHHN
2.61, I REYBARK XRD {75 B (E 1(OIRA REWE S~ HWAK W HRERFTHERE
B RFAE 0 , T IE S 4 B b EL g 2 B

Bl 1 =R EL S5 R AE (a)CDCL W 4-358 K BIE R = K WEEAG' H NMR i¥%;
(b)DMF il 13 21 % = K W REW GPC R ; (o) B =K WRE M By & XRD 7 4 Bl %

3.2 NTIL 3 =3 B N9 R b R

Vel 25 50O 100 10 K e A ] 62 ok 0 25 0 00 0 0 L LRI 388 45 U6 7 K6 (365 mm SRR I 54) () 5 50 97 10 80 19 0K 5
(b)NCL (PCy; ), R(e) CuCL(PCya ) ¥ 97 15 48 45 1 1 18] 45 2 O
B b HI 3R 92 B SR ) B SRR 7 [ BRI B AN LA SOb e R R . BB R =R TR G WL TR
R, I EA AIE ZOobRE, KB AR ROBEO A 2 Fim., M (2- T REEBERE) BE ., 1.5-XU (IR EE ) I
HiEEAS S REIE GG, RN R A YR KSR AR W, (B8 A (2- TR BB O B\ 1.5- (=
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FB B N E REY R = RAE T, M= EBEABIANREY=RERT65%), HILHE
SR CEB IR ERE, SEAR . FATUHRE . S5R M. T ALBRESWIENEGMF G, B E T
ELELER PIE 2445 T & B NTIL RE4Y . AELERALIEBT, £2BEEAYNEIA 2584Y
Kk B LA B4t C-O-Mg SR A AL FIE FRBER NTTS BRGNS RSERESEE AR, 5T
AL N R M NTIL REVEREHEEZWE X, B, AFRESREREWHEIA R AW E
WS R AR, A BIARR M ROEH K . M5 AMBIFA NiCL, (PCy;), B, REW AR HREK
O 2(b)J; 43| AR A CuCl(PCy:) B, BEW Rk B &G5OG R 2(0)]),

Kl 3 NiCL (PCy, ), fEJT T 7 #5558 W RE 04 22 S0 4 P (o) 3 =30 WA 8145 T 038R (Z020) Rk S CRER) BT 5 (b =K
WEREAEAS 6] o, PRI K /9 200K I 38 45 7 380 v #8950 6 0% (423 nm 30K0) 5 (0) B K WRER CIE A b5 5 (d) )2 (%
JZHTAR i R R TR 8 (10 mg/mL) A6 A ] 2% %% N ] CIRF ) 53 S B8) 09 M8 (365 nm (3SR AT IRAE ) 5 (o) 3
CORNEE (0.1 mg/mL)AEA ] . K/ P9 20K W T A 7 W 4 B (5 A DGR 365 nm (8 AR KT LG )

mE 3(a) fin, #E NiClL, (PCy;), FERA T . R=E2FXHENRRBREE KR 423 nm, R KR FHEKH
509 nm. MK 3(b, © ATLAFEH,BEE KSR M, RE W K508 K. 2K MERSE (o) 1K
F 0%, BREYEB N EWHFBEB LK. MY o, B S50%HME 90% , BREYVBRZEH K EHLE, &k
WG I E BT TR BB FNR S MZ B M . A 7E 2 A R A b 3R =2 W B VR T
EIMME, FE— B IEHH AIE 778, WK 3(d). 7& 365 nm Z4MT R RET , BEE i FE B3R , BH B HHE
K REYIREHRE AR EIRE , FOB U BT ER. BEWH CIE &454(0.25,0.49), JLE 3(c).

WA 4 iR, CuCl(PCy)VERA T, B=XHBEN R KB A E KR 470 nm, B K EFFE KK 565 nm,
T U A P A TR PR K B T ATE 708, M 4(b, OFTLUUE S, FEEK S BN, REWH
RATREWHI A, & o, KT 5070, REVEBR N FZEWHIHF MR, T o, H60%IHME 0%, BE
VISR R A B, R OCHT 58, 3F B B ORIT R AT LLBA B BIR A W WO W M, F B FE 590 nm 4t
HI A FE I RBWEARE S AT, W 4Ce, g, HETTEHE AR L IHINR =28 F BRI 2 Y
L. —HEHHE AIE 70, WE 4D FTTUE W, F 365 nm EHMNT B BT , Bl & B E B RS , 76 50 2 Wi
LR, REYHHEHEBR OISR ERE LB LBIEHER ., WEOFR, REWH CIE £454(0.45,0.54) ,
33 MM

HAZHRE(LED) 2—FIEFEENTREBHRS. REAEHHRE . KEACKEREYWSE A LED
HEEPT, UM &R S M AN LED AT, I EXHR, KeBERAYW5I AR LKEREE, TUBRAS
AIE M EATOLREY . B FHATLIEEE AL, TLUR A &# 2 5t LED 4T3 E

BREYH NS RREFE, R EEEG LEDE 5Ca, D)X, FBERNERGERESYHBE (A 5
(), BRAMS A LED AT, FrBASE LED 4 3 VR EAEE, WE 5(d) . #— 8k 5 56 LED 4T
HIPERE, M T BAI1RY CIE 245, 0 5(e) Fim, LB =N F RS YW H R IE 6 LED 4T, K CIE 4
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Fr4r3128(0.323 7, 0.319 2).,(0.306 7, 0.296 3)F(0.329 1, 0.328 3), T4 H6(0.33, 0.33),

T« () B = I REAE A A5 TR MR CRZR) RLR T (L0 40) il 5 (b) B = 2K FHREAE AR I] oo 97K/ DU S0 0K W TR A Y5 V7P 1) % 59 96 3% (470 nm L
£ (OB =IRHEEN CIE 45 s (DR =K EE0.1 mg / mL) FERF @u MK /10 %0k e TR A V8 b 9 & 9 58 B 1 (470 nm KD 5
(OB =FHEL0.1 mg / mL)FERT @ BY7K /P ZK IR 5 BT FE 590 nm T AYE 3R ; (D W2 @55 2 1 i - — i R =28 e
W10 mg / mL) 15 7] 7€ % W 1) T () 8037 > ) B B (365 nm B9 284N TR ST ) 5 (@) B =W A2 (0.1 mg / mIDTERIA ¢
4 7K/ 10 WK i TR T T 1 BB 43 07 ORI 365 nm 158 AMT B 41T

Pl 4 CuCl(PCy); 1EJITF R f3 5 = % NVE % % 4% bk

Bl 5 W% LED XTHI % () REFTIR B MEA LED AT (b)JH 3 VI A2 G LED £T; (o) M B AT K Pk
RAEVMHEA LEDAT; (Dl 3 VRIS SEMREARANERADW KA LED 4T (e) IR BEA
WEFEPEERAP S A LED AT Rk K1 CIE A b
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Ak
W EC KR ESEPIHASBRERSY, RNELAT ZXFERSY RN ZHEE. FHERSYA

BERENET  EERRETAZE MAERERS TRHEARNIOL, NTIRI LA B AIE £ NTIL
RCHe . MR EERERY  EXEREREGHEI KRS, R CEBIBERIAK. Y5IANEREE
B & ¥R NiCl, (PCyy). B, IR R AW R WG EKG; U5 ANEBIRILE WA CuCl(PCy) B, IR RE
WRMEARE, EdERX LED I RERER G RLN NTIL BEY, IR T H 5 A6 LED 4TH
W& EA T A= KR EREYHBEN Y., ZRERE T IEEERICHRIT BB, H B AIE.PIE
K NTIL S ERI T EZRE.

1]

[2]

[3]

[4]

(5]

L6

7]

[8]

L]

[10]

[11]

2 % X W
HU R, LEUNG N L C, TANG B Z. AIE macromolecules: syntheses, structures and functionalities[ J]. Chemical Society Reviews,
2014, 43(13): 4494-4562.
LAIY, ZHU T, GENG T, et al. Effective internal and external modulation of nontraditional intrinsic luminescence[ J]. Small, 2020, 16
(49): 2005035.
WANG R, YUAN W-Z, ZHU X. Aggregation-induced emission of non-conjugated poly(amido amine)s: discovering, luminescent mecha-
nism understanding and bioapplication[ J]. Chinese Journal of Polymer Science, 2015, 33(5): 680-687.
ZHAO E, LAMJ WY, MENG L, et al. Poly(maleic anhydride)-alt-(vinyl acetate) : a pure oxygenic nonconjugated macromolecule with
strong light emission and solvatochromic effect[J]. Macromolecules, 2015, 48(1): 64-71,
ZHU S, ZHANG J, WANG L, et al. A general route to make non-conjugated linear polymers luminescent[J]. Chemical Communica-
tions, 2012, 48(88): 10889-91.
HEB, T4, BEE, % REFIOURH S FETOCERBPHRAT]. B8R, 2020, 65(15): 1428-1447,
ERE, FEY, WiRE, % EREGREFTROGHHI]. EER, 2013, 25(11): 1805-1820.
WX, BEE, PRE.F. REFEFROCGYEMIELI]. L¥#HE, 2011, 23(4): 623-636.
XU C, WU T, DUAN L, et al. A naphthalimide-derived hypochlorite fluorescent probe from ACQ to AIE effect transformation[]J].
Chemical Communications, 2021, 57(86): 11366-11369.
KEH C C K, WEICM, LI CJ. The Barbier-Grignard-type carbonyl alkylation using unactivated alkyl halides in water[J]. Journal of the
American Chemical Society, 2003, 125(14) ;: 4062-4063.
ZHOU F, LI CJ. The Barbier-Grignard-type arylation of aldehydes using unactivated aryl iodides in water[J]. Nature Communications,
2014, 5. 4254,

[12] JING Y N, LIS S, SUM Q, et al. Barbier hyperbranching polymerization-induced emission toward facile fabrication of white light-emit-

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

ting diode and light-harvesting film[J]. Journal of the American Chemical Society, 2019, 141(42): 16839-48.

LIS S, JING YN, BAO HL, et al. Exploitation of monofunctional carbonyl resources by Barbier polymerization for materials with poly-
merization-induced emission[J]. Cell Reports Physical Science, 2020, 1(7);: 100116.

LIS S, ZHU N B, JING Y N, et al. Barbier self-condensing Ketyl oolymerization-induced Emission: a polarity reversal approach to re-
versed polymerizability[J]. Iscience, 2020, 23(4): 101031.

SHENG Y J, SUM, XIAO H, et al. Barbier hyperbranching polymerization-induced emission from an AB-type monomer[]]. Chemistry-
A European Journal, 2023, DOI: 10.1002/chem.202201194.

SHI Q X, LI Q, XIAO H, et al. Room-temperature Barbier single-atom polymerization induced emission as a versatile approach for the
utilization of monofunctional carboxylic acid resources[J]. Polymer Chemistry, 2022, 13(5): 592-599.

SHI Q X, XIAO H, SHENG Y J, et al. Barbier single-atom polymerization induced emission as a one-pot approach towards stimuli-re-
sponsive luminescent polymers[J]. Polymer Chemistry, 2022, 13(31): 4524-3454,

SU M, LI T, SHI Q X, et al. Barbier-type nitro/nitroso addition polymerization as a versatile approach for molecular design of polyaryl-
amines through C-N bond formation[J]. Macromolecules, 2021, 54(21): 9919-9926.

SUN XL, LIUDM, TIAN D, et al. The introduction of the Barbier reaction into polymer chemistry[J]. Nature Communications, 2017,
8(1): 1210.

LIU B, DUAN H-Y, WANG Y-L, et al. A fluorescein-centered polymer as a phosphor for fabricating pure white light-emitting diodes
[J]. Materials Horizons, 2018, 5(5): 932-938.

GRAE S8 T 85



