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Luminescent Polymers Containing Unconventional Chromophores

Huang, Tian“ Wang, Zhaoyang” Qin, Anjun” Sun, Jing Zhi*“ Tang, Ben Zhong*”
(“ MOE Key Laboratory of Macromolecule Synthesis and Functionalization, Department of Polymer Science and Engineer-
ing, Zhejiang University, Hangzhou 310027, China)

(® Department of Chemistry, Institute of Molecular Functional Materials, the Institute for Advanced Study (IAS), The Hong
Kong University of Science & Technology, Clear Water Bay, Kowloon, Hong Kong, China)

Abstract Luminescent polymers are referred to as conjugated polymers, which are constructed by m-aromatic building
blocks functioning as emitting units. But in recent years, it has been found that a few kinds of polymers only containing
auxochromophores or unconventional chromophores such as aliphatic tertiary amine, carbonyl, ester, and amide demonstrate
strong luminescence under proper conditions. Poly(amido amine) (PAMAM) dendrimers and hyperbranched poly(amido
amine)s are the first reported and most investigated luminescent polymers containing unconventional chromophores. Lately,
this kind of polymers have been extended to hyperbranched poly(amino ester)s (hb-PAEs), hyperbranched poly(ether amide)s
(hb-PEAs), and polyurea dendrimers (PUREs) containing tertiary amine moieties. The luminogen of PAMAMSs, /hb-PAEs,
hb-PEAs and PURE:s is associated with the N-branched tertiary amine moiety and the oxidation of the tertiary amine is as-
signed to the emitting source. Meanwhile, some distinct polymers had been also reported to be luminescent. Poly[(maleic
anhydride)-alt-(vinyl acetate)], polyisobutene succinic anhydrides, glycodynamer analogues of poly(acrylhydrazone)s and
multiblock polymer derived by poly(trithiocarbonate) mediated reversible addition-fragmentation chain transfer (RAFT) po-
lymerization of N-isopropyl-acrylamide. A common feature of these polymers is that only carbonyl and ester groups rather
than tertiary amine are involved in the polymer structure. Aggregation of multiple carbonyl groups induced emission is usu-
ally adopted to explain the mechanism of the emission, and the interaction between carbonyl and phenyl groups was also used
to explain the unconventional emission.

Keywords chromophore; tertiary amine; carbonyl; fluorescence; hyperbranched poly(amido amine)
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Figure 1 (A) A schematic demonstration of the chemical structure of
PAMAM-G4 with different peripheral functional groups (amino, hy-
droxyl, and carboxylic). (B) pH dependent fluorescent behavior of hy-
droxyl functionalized PAMAM-G4 aqueous solution™®
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Figure 2 Synthetic route to /b-PAMAM from diethylene triamine and methylacrylate by Michael addition and condensation reactions
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Figure 3  An illustration of the fluorescence of dentritic PAMAM using
aliphatic tertiary amine as a model compound, and the N-branch points of
tertiary amines inside the dentrimer are assigned to emitting centers™
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Figure 5 A plausible mechanism of PAMAM breakdown is proposed as
a cascade of Cope elimination reactions, where a is the reaction center
and b, c, d are the residuals of the elimination reactions, respectively!'"!
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Figure 8 (A) Synthetic route to hyperbranched poly(amido amine)
(HPAA12) by Michael addition polymerization. (B) Schematic depiction
of formation of the nanoring by the assembly of HPAA12 with plasmid
DNA. (C) AFM images of plasmid DNA before and after condensation
with disulfide-containing HPAA 1218
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Optical fluorescence microscope photos of the ring-shape films prepared
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HypET24-020 solutions in CHCl; on the clean glass slides under excited
wavelength of 330~385 nm (middle); and 510~550 nm filters (right)

986  http://sioc-journal.cn

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

SE BEINR E5 AR W 96 I AT B ARBOE K ag a, 4]
BEH I SR IF BRI, X N SRET 4 I 40 1 2
PSR 45 KRN, RMRAEAR G L N AR B ARAR
A et i HILRAETO BB s R A 5 5
L Af SRR B, DR LA A0 A A R B 58 1 5 e,
VEWIR BRSO R NRAT Ay 2RI R A AR, XA
TARME A TR T PRI, b, Pk, €
RIS AR FTEYIREAR N ARG T
M BETOCHAT R R A

4 LUnEAZCHREMERER

FERTH B2 (KIS B, 5 T SRS A S IR i
i, — ARG F) (RO LR i 107 e U ) 4 A, TE
JRAE RS L, RIS e A 1 5 ¥ 1 ST A B 5T
Bef Lin A5 W B IR R i A ot
A I 57 S5 AR T 110 R TR Y 2R A AT HE R AL
JEHEHIAFAE. {H)E, fELL PAMAM 4 1035 iRl e
REMIMRE LA, — SRS B EEAS N T
REWBI e PAB A 7O SN B S XL R
AR R, AR S A Th AT UL, M
AR B (B I ), I SR WA M v U AT A
BTG, T AR B AT SR A A REU 54 E

R RHE28),

2007 45, FUERHER A A S B A O
T ORIRET S BRI LI B IR I 13A) 9K
SYBLZ. RS IR Mok v LU fif R (1 A
SEFN B G HIFH(E 13B, C), LI b RRE T

Acta Chim. Sinica 2013, 71, 979—990



™ T™S
HN\/\N/\,N H

N N
NH QINH
T™S

1

HzN\/\N/\,NHz a

Herl HHNH HNH
o

HaN A~y S
G WU MO

B 12 7ERIG T COp &l i R S B SO R AR B 2. SN A P2 ()1 7 COo; BSA, 18.5 MPa, 40 °C, 20 h; (b) BSA, TREN, 120 C, 17 h.

TMS = = I JERER)

Figure 12 Synthesis of polyurea dendrimers with terminal amino groups in supercritical CO,. Experimental conditions: (a) supercritical CO,, BSA, 18.5

MPa, 40 °C, 20 h; (b) BSA, TREN, 120 °C, 17 h. TMS =trimethylsilyl’*!

TERAMT S T R iR (oa(B 13D). ikl 4
R RPN 338 nm [PERAMNETR T, HHh LIR
TR ETEBOR S IR 419 nm SO 4|
ek AN PRSI I, A S 21#% 21) 428 AT 432
nm PRIT. TAEKFD SEEN T, SRR R O A e
. AERIE, £ NN- ISR, N-FE g 4 i
A KA SR AR PR R R, BRI R R AL FET
K24 391 1 551 nm (PGB R, 2 Sl A HI A 477
615 nm HEEHALE. TG, BRFILLE K% Pucci
VR PR TR T T S REF AR S T T
WG RS 3 R OBILG. 2008 4, 2 [ Rk2 Fe bt -+
Lehn W58/ NHPPHRGE T 4 esh 24w o 1 10— S8 2 e

Acta Chim. Sinica 2013, 71, 979—990

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

RAERE TR RIS

B, RS BT BT I RS ST R T
I = AR IR AT 9T 0 S IO TR 2 Bl R S e
Jide . R R 6 10 i ILAN RS IR 4% 1) 2 2 A A R e 1 A
DG, T LR A AL T A AR o, JEMRScis i /e 211
nm 1 340 nm KA PIANE, 53 00 N KA m—m* Al
n—r*EKIE. H 405 nm KGR RPN, 96
AT AE 480 nm PRAT, 1 FAS [ 52 1 1 n] DAAE LR £
Pt BAWEE T EE 425~475 nm [R5 (526, 500~550
nm AR EHT 600~650 nm L a5, VYEE LI
B2 U ok JiE FBEE R 1) ne—m* KA.

fif RN ERME T RK¥EE IR0 T R2RET R

http://sioc-journal.cn 987



Bl 13 (A)DKIREF 5EIR LR NE AR IR YL 2 45 . (ByILEY
TSR REBT R, 500 2 um. (CYRI(D) 73 A A SR i
E FHEFI 365 nm SN T (1 T

Figure 13 (A) Chemical structure of poly[(maleic anhydride)-a/t-(vinyl
acetate)]. (B) A typical SEM image of the copolymer colloids, scale bar:
2 um. (C) and (D) Photographs of the suspension taken under the illumi-
nation of daylight and 365 nm UV light, respectively®”
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