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1. L 3- T 6 Tk i 22 5 0 R (AP B A) A 2475 2k Nk 1% I B (N P)
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R ILEREY PAPBA-b-PVP; #k— 5 i i i 2 ik 8 535 W
B2 (HA)FE I il 4% 5 40 T 9K IR . 7 38 5 1R — i liE (RAFT) /1 =
s AR ERHSORHE T SE I ) PAPBA-b-PVP i HE K
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o RIS IR B LG . L IRV RN B R 1 HRORLK FE R S
I8 G AT R RS P A o W s I K I B () i AR E 73.3-163.9 nm
OENIE . BTSSR AFAE, @i DLS Btk sk &
DFACKIRHREA pH. 5 LRSS
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Me AL VB F B RAFT 3500 4 N Foami Jk , 3k — 20 28 $50kE 10 2 1 K
APBA WG IR VG R & ke AN K S W H 15 TPE-PCL-
PAPBA-AA FLEY), FREAKIEC &% d A E I B 3 T R
Kui, B A R R e B 02 B S R (HA) 2H 26 1 4% 7 XK K
S T 9K Ir-CPIHA . SR Z B4R E S AU (*H NMR).
B 5% O (GPC) . A LB (SEM). B 5 HLEL(TEM) . Zhas
JCHUR(DLS) G et . RS/ e 61 7 A S AL AR X
FE SR A R R R EAT RAEANMR, UESE T H BRI TSR, 4
ARAET . R atE i E v S EREwT 7 o K I R A
A 470 nm A 721 nm XCBEHIEAE A, I HAS RSB e i
TIRFBHCEF A, RHREO MR RIS R E TR,

3+ DATHREAFAE N F10], PRANWEIL T X0 K 5 6 9K R R 1 M
e S AN AT AT . @R RR . zeta AL TGS, K
Ir-CP/HA R /E PBS(pH=6.5 1 7.4)F1 FBS &+ BH K 4F 1)
FaE k. 2T Ir-CP/HA TEAN R pH. &) 5 A4 70 IR 3R 5 T 1K
ERASHC R R ZR, B T 9K IR BB 1 pH R Bk
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SYNTHESIS AND PROPERTIES OF DUAL-
WAVELENGTH FLUORESCENT POLYMER
MATERIALS

ABSTRACT

Dual-wavelength fluorescent materials have attracted much
attention due to their significant advantages such as good
structural design, high sensitivity, spatial and temporal dual
resolution, real-time monitoring capability, and non-invasiveness.
Aggregation-induced luminescence (AIE) materials with tunable
emission wavelengths have large Stokes shifts, high brightness,
and excellent photostability, making them ideal for optical
imaging in and out of organisms. Tetraphenylethylene (TPE) and
its derivatives, as a common class of AIE materials, are favored
for their excellent optical properties, easy functionalization and
easy synthesis. Near-infrared (NIR)-luminescent iridium
complexes are a type of conventional oxygen-sensitive molecules
with high luminescence efficiency and long luminescence
lifetime, which can provide deep tissue penetration depth and
resistance to interference from the tissue autofluorescence.

Based on the above reasons, this paper designed and synthesised
v
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the polymeric nanomicelles based on tetrastyrene derivatives and
iridium complexes, and investigated the relationship between its
structure and properties. By ultilizing hyaluronic acid as shell
layer to obtain cell-specific affinity, the potential application of
dual wavelength fluorescent materials in the field of bioimaging
was further investigated.

The following is the specific research content of this article:

1. The copolymer PAPBA-b-PVP with controllable
molecular weight was constructed by reversible addition chain
transfer (RAFT) polymerization using 3-
acrylamidophenylboronic acid (APBA) and vinylpyrrolidone
(NVP) monomers as raw materials. The polymeric nanomicelles
were further prepared through boronic ester bonding between
copolymers and hyaluronic acid (HA). Under the mediation of
Xanthic acid disulfide (RAFT), the chain length regulation of
copolymer PAPBA-b-PVP could be achieved by controlling the
feed amount of raw materials. By adjusting the block ratio of
copolymer, the feeding concentration of copolymer and
hyaluronic acid, the particle size of the nano micellar size could
be controlled within the range of 73.3-163.9 nm. Due to the
presence of dynamic borate bonds, the pH, salt and sugar
responsiveness of the polymeric nanomicelles have been

\Y
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confirmed to be by DLS.

2. TPE-PCL was prepared by ring-opening polymerization
(ROP) of e-caprolactone using 1,2-diphenyl-1,2-bis(4-
aminophenyl)ethylene (TPE-2AM) as the core. The RAFT
reagents were grafted to the end-groups of the copolymers by
esterification. TPE-PCL-PAPBA-AA copolymer was further
prepared by linking APBA and acrylic acid into polymer via
active polymerization under the control of feeding. Then, the
iridium complex was linked to the end of the copolymer by
esterification. Finally, the polymeric nanomicelles Ir-CP/HA
with dual-wavelength-emitting were prepared by self-assembly
of the copolymer and hyaluronic acid (HA) based on boronic
acid ester bond. The structure and properties of the micelles were
characterized and studied using instruments such as 'H NMR,
GPC, SEM, TEM, DLS, fluorescence spectrophotometry, and
steady-state/transient fluorescence spectroscopy. It has been
confirmed that the nanomicelles possessed regular spherical
morphology, controllable particle size, good dispersion and
stability. The optical performance study have shown that the
nanomicelles exhibited peak emissions at 470 nm and 721 nm
and exhibited excellent optical lifetimes for both emission bands,
especially with high quantum vyield at the near-infrared (NIR)

VI
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emission.

3. Guided by functional characteristics, we conducted in-
depth research on the performance and biological application
feasibility of dual wavelength emitting nanomicelles. The
particle size, zeta potential, and fluorescence analyses showed
that Ir-CP/HA micelles have good stability in PBS (pH=6.5 and
7.4) and FBS solutions. Based on the exploration of the hydrated
particle size and optical properties of Ir-CP/HA in different pH,
glucose and oxygen partial pressure environments, it was
elucidated that the nanomicelles were colloidally sensitive to the
pH and sugar concentration, while their near-infrared optical
emission reflected the excellent hypoxic response. Cellular
experiments demonstrated that the micelles had good
biocompatible and could be effectively taken up by cells, and
hyaluronic acid induced specific selectivity towards cells with
differential expression of surface receptors. In addition, the two
wavelength emission of the nanomicelles endowed them with in
vitro and in vivo bioimaging and biolabeling functions. Flow
cytometry analysis demonstrated that the micelles had good
targeting and sensitivity as fluorescent imaging and labeling
probes, which had great potential for applications in early
detection or treatment of cancer cells.

VII
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RERES TR — MR SR, XF g5 17T AR &1 2y 7123, b
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(Restriction of intermolecular motion, RIMinter) HLEEEO, ¥ RIMingra £
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EED TRAMERPE TN EAAAER T T RS TREYE S
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Dail*145 \ K H D fig v Bt 34 7 TR IIITR 1 —Fh AIE KRR A R
TTL LITHT < AR e i iR izsh (K 1-1). Sidkibiaii
FAELE, TTI /) ROS AERAE I o5, BE— DAY LR, TTI 236K
Je REA R 40 B 19 GE T U5 A T R, R 33 HepG2 dHiffISET= . %I
W oA R i ety IR PR AL THE R, IR EINR T AlEgens 1EuiE £t
PS 25 W) R B FH T2

BE— P A SRR Y, TT IO B R R i 40 M 18 JE T 5= 40 i
FTOIRE, RZAFE HepG2 AMMUALT: . A4 M #5348 [m) Je to 51 T B R4 2
feft TR, T EOINER 1 AlEgens 1ENIETE PS 25l AR BT S o

B TTI Nanoparticles &

™ H W oW, ‘
o ggils Q% %)

n \0“
v ROS damage DNA, O(O?)Q
. . membrane, organelles A0 &
+/ Extended n-conjugation then cause cell death. " W
< High byt X )€
7 S0 o Sll3 1) ~~ROS
/ High-efficiency ROS generation So 0,

B 1-1 (A)MOTTI. MTTI AT TTI B A6 25 W RAH B2 5t (B) T+ 40 i 6 3l 77 78
RER) T 29 K 0L ) JE B
Figure 1-1 (A) Chemical structure and corresponding properties of MOTTI, MTTI
and TTI. (B) Illumination of TTI nanoparticles for cancer cells photodynamic

ablation.
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QLR ROE T TS SR, 1E6EN 1R B R A PRI R . R
SRS, TBTCP X i FF 48 V6 bk 4 B 60 7 4 BR R (MRS A) A 1 &L 63l it
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WTERE. TR/ R, BT TBTCP sl )1yt A &L, T 286
FIERGT (CeB)o XIUHEFLIIN T — R R H AR 21 PS, AMUIHES) 163
TP EIIRR L 3808 T AU PS IJF R 4R At 1 kAt

€ AlE-active
€ NIR emission
€ High ROS and '0, generation efficiency

€ Photodynamic inactivation of bacteria
(Anchoring plasma membrane )

| ' € Photodynamic anticancer
R =H. TBTCP (Targeting mitochondria)

R R= OMe, TBTCP-OMe

B 1-2 AIE-PSs [ 93 1 &5 4 R AH B 14 5

Figure 1-2 Molecular structure and corresponding properties of AIE-PSs

162 INYFIEMEMBRAN

AR AR R SRR AL 0 M R 4 I T U R
(RNS). i1 40 % (ROS) 44, 3% 64 % (RSS) %, {ERER M. (55
P S RS A R 2 A 3 T Ao e B 5 4 14D,

R0 R L ) T A B G 2 BRI A R I K )
G (5B S, B, 6 A M e e R BT S B
FBH B CRIIGA(E . Xiel3158 ASEF AIE 55 ESIPT 2USIANSS 2 10 77 14
5T B AR ALK BEEA K (PBAS) (B 1-3(a)), 7E32)04MH7 o B4 kit
B A o XU S A o R B 5 0 P . o 3 5 5 0 1 R
FEAIE T T NoHa B0 5 1 5 S 0 52 e T 4 010 35 460 € 5 O 0 ek 6
PHAIE W) T X CIO™ 0 i85 R 5 P R GO () 1-4(b)) . o T B S M R
SR 40 T FR 037 4 o £ NoH. BT CIO #0147 30 T B -
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(& L @ e @ e

N
N@ N2H4

(b) "CL,, O O Of@

B 1-3 (a) L& PBAS & K; (b) PBAS X NoH4 A1 CIO™ [ A I AL il
Figure 1-3 (a) Synthesis of compound PBAS; (b) Detection mechanism of PBAS

for N2H4 and CIO~

Liang*H%E N5t 7 —F AIE 684 TCPQ , HEIRLL 680 nm N
H0 B L ZLAN(NIR) R A, LA R CIO™ [k B M ma B o %R 4T B A
R ET A, TRURE EFEEMESNE CIO M. AT RER
BRI AR R E, fEH F-127 QEREN S TECHIR NPs. frskf3 00 TCPQ
NPs A e 75 1% 41 L 2= D 5 4k Y s D) N C1O™, 3 A i 1 BE 8 48
FEEHANAFRHMM A CIO K (B 1-4). tb4h, TCPQ NPs i&iF
ST ClO 1R RS 175 5 40 it 453 493 A5 284 R0 K6 5 5 A 5 44 /) BRUBE L o 1) 2 7
=, TCPQ NPs BE/E# H T ALD Wil SILY 2530 1P, XEaxR T
CIO/HCIO LE# 5 0 BB A N AL P ic M 4E ALD B 58 b i) BRI ) .
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Enhanced brightness
after recogmtlon

Q« @ z»fcu s.\‘\qjcu
@ f @(/r,cn

Enhanced brlghtness
PNQ pca before recognition

A Redshlfted emission

TNPQ TCPQ
Aem: 617/479 nm Aem: 661/482 nm Aem: 663/476 nm Aem: 680/520 nm
QY: 1.8%/0.4% Qy: 1. 7%/0 6% QY: 7.1%/0.1% QY: 4.2%I1.8%

Nanopreclpltatlon
v AIE nanoprobe for ratiometric
detection of CIO-

ClO-

. Oreeyy. St Ratio

channel channel
— ¥ Quantitative determination of
intracellular Cl1O~
@ v ALD diagnosis and evaluation
—d S of drug-efficacy

Kl 1-4 (A) DUFP CIO s 7 1 AILE $REF HOAL 52 S5 K AR L ) 70 5 DAL S (B) TCPQ
NPs [l % & Hoxh CIO™ i i B A B & 195263846 . (C) TCPQ NPs fE/R AT {A A
N R E

Figure 1-4 (A) Chemical structures of four ClO -specific AIE probes and the

Alcohol

@;
LD

-

corresponding molecular optimization strategy; (B) Preparation of TCPQ NPs and
their response to CIO~ with clear fluorescence changes; (C) Schematic illustration
of the applications of TCPQ NPs in vitro and in vivo.
Zhou“Sl%}\i‘@}iTéﬁqﬂ%ﬁﬂﬁﬂﬁ‘ﬁ?i&ﬁ%ﬁﬁ‘ﬁﬁ%%ﬂwwIR- H202),
T s A g R A 2R Zbi ik HoO2 IR (] 1-5) . @i FE 1k se iR W,
ZIREFRERS LLLL H A ROS & HEFE LA I H202, TP-NIR- H202 iR Y
105 & MU 9Ot SR M 3k, BhAh, FEXOE T HOK (800nm) T, TP-NIR- H202
o] T R GUEMRIR L (50-170um) B/ BRUFF AL 20 H200 Bt




iy AN YN T R VAT

X R -0 0- = S
LK Lo L [ ISNE)
N (8] | = N7 AP
,) Mitochondrial =3 1 4-dioxane, Pd[dppf}Clg”J Mitochondrial

targeting groups | P N X targeting groups
TP-NIR-Br # gy 807,150, 85% yield TP-NIR-H,0,

H,0,, PBS, pHT7.4 LN’ ¥

= |
- --""\\ ,J Mitochondria
targeting groups
g-H TP-NIR-OH OH

M omico,
B 1-5 SOLHRE TP-NIR-H202 [ £ i 28 & 5 Ho02 1 i B AL ER
Figure 1-5 Synthetic route of fluorescent probe TP-NIR-H;O; and its reaction
mechanism with H20>

PR IR (Cys) By — Rl F5 (A VDB B, A6 1 5 4RI AC . 4ERran iR
A SR IE Ji P 18 A0 R E 2R T BT TR A S BEAE . Zhangl*®145E N & AR
T —F AIEETER G RE TCR-TPA, A THes kil Hela 40 i) Cys
(B 1-6). TCF-TPA HI =FUIERK I (TCF) 5 4L,  FH v 44 12 1 5 [ & 1
LAX 7 Cys 5 HARAEYIGEE, IF 5 A ALH -7 1) = KB R4 AIE Ry
58 KR 70 3 PN HEL A A B RO, AT 1 AR A AT 21 A (NIR) i 4 K i (666
nm). [FK, TCF-TPA X} Cys il FBREK(73.0 nM), JFERIIXT HeLa 4
M) Cys #E4T 7 AV KA

O /
(0]
NC 1 4 \ @ Cys
7 N —
"0
TCF-TPA TCF-TPA-OH
Weak fluorescence Strong fluorescence

+ AIE property

+ NIR emission wavelength (A, = 666 nm)
+ Low detection limit (73.0 nM)

+ Selective detection of Cys

B 1-6 TCE-TPA 4% 81 7

Figure 1-6 Sensing mechanism of TCF-TPA
1.6.3 B HiasT
EAER, S6ah /197 (PDT) B BN X FURAE A 057 . 5190697
JIIEARLE,  PDT R MUR B T PEAS B . (R M 25/ I FEE m 5 hF
i, AEN—FIER] . 24 RRE VR IT 7 VAT & 2 R E . AR, LA D
BON(PS)FFAEVF Z Bk 11, BIADCARREMEZE . WHIEZ . R ESAEEM

10
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A R84, ok b KPR ) PDT AbBE AR, B, TR PS kA&
77 T SRR 7 I A K
Shah[59125 A i A — Sk % 35 [3,2-b] it 1% -3,6- — H i (DPPC) & . [ ,

TR T — il £ 4k e 3R E LG KR 7 1E 8 PS, A T %% PDT. DPPC
PS fEJ06J7 & 1N R I H RO 7R, BOE 7 IR I &k 102 GM,  fEXT
Yo TR T P24 KR 102, %% DPPC PS il 7 48k ik, K ILILT/EN
HeLa 4011 MG 7 . AN TR B, 449°K DPPC PS & —FiF R PDT
20, ATE G IR SR B A R AE e 4 i (1] 1-7)

* Cell imagin
/

27N

@

Weak blue fluorescent Strong blue fluorescent (AIE) "4,,*: '4.'

%
Car, o 2

1-7 (a) PS A ROS Ky LAEHLHI; (b)2E T~ DPPC 442K AlEgen K PS HJ 5O 7 F1XL
KT WK AIE. GIKICH A 102 R E; LUK (c) 2T NanoDPPC 1) PS (4
J A D 2T i
Figure 1-7 (a) Working Mechanism of ROS Generation by the PSs: (b) Schematic
Representation of AIE, Nanoformulation, and O, Generation by One- and Two-
Photon Excitation of DPPC Nano-AlEgen-Based PSs; and (c) Intracellular PDT of
NanoDPPC-Based PSs
1.6.4 £4IR&

LG B AR (UHEHLWT Z 4 (CT) . B3R BB (MR 8 7 R g
(US). IEHFRHWZHMPET)E) R A MM EIE ), (ABAAE—
fRrwk e, bG o v B RE UGS B AR AR N R AT — e I fa kel CT MK
MR 2, US. MRI AT PET MBS0 AR, MRI AT CT RE&ER

11
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[ SR T P58, Mt 2 R, /L AN(NIR) R e AR R I H T L US.
CT F1 MRI B m ik A, BHETICEHE . PO R 8 m R U B34, [H ik,
NIR- 11 5% 56 BUAR AE v ROUM 8 12 i B A R KR 5

Yagun MalP®I5 NG T — M BB 28 A M8 7-(C L) & G &= TE
P e R, TR 00 S 8 4 B P 0 A A B B . {8 P RS T e 8 i (DSPE-
PEG)IRZ M TPE ot R ff Y R & 7E 7K AH h a3 K FF) il B, A BR & 7E /K AH
B R IR AR E PE AT AR M AE A, AT A SR S IR LA R I AR K
RANE 1-8 PFrox). flEHAEME B ¥ I7 kW78 Met M1 VEGF Z= BRI 78 2k 23
0 5% 9 (HNSCC) i 988 2H 23 0 IE i 4 2 b 1) 22 S Rk, IF S8 % 4R &
HNSCC HA7 5 5 i ¥ 1) il 4 R

Site 1 DSPE-PEG
\ .t
¢l W s R ¢ Capmatinib
O NN . . ST -
NEt, o Yo l 3 e g S

Site 2

— TPE oo -
a8\ v V o
GSH Cys ot B A
% B

g8
Q@ ‘.
i() i; ‘i
.
-

1-8 DDT W ¥ iH A1 A=) % 5 (GSH/Cys A& I A0 fif 787 240 Jfd j 1%
Figure 1-8 Design and biological characterization of DDT (GSH/Cys detection and

tumor cell imaging)

1.7 FXIUEKRAEREWER SR

R A BRI ORI R 2 BT ML e PR R B K,
PR e e v P R A 2R BRIA BT UKV ) T B /AN S 906 KBRS
2R MR B UK SO e T AR R, Il i 4 5 72 58 1R A Ok B (EPR) RN
A5 I A 50 A T SR, AT SR A0 A PR AE A2 9T R A i s AR s T .

12
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1.7.1 X ZHEITEYI(TPE)

fEMZ IR AIE 2GR, TPE LM R . 55 aF K.
A B AR AR RS2 R . TPE G TVEARZ , W Memurry {5 B SR
Witting Je M. EERKEE . L4 H Mcemurry {558 5N 5 % AR AT 4k 1k
I & R . JianglTIEE A K 4-F B K HEHTE Zn/TiCls fE 4G T &
TPE-2NH2(W1 &l 1-9(a)). EH T4 Ak 7 00 BOAR R X 8y, Liul8I5E A did
Sn/HCI 11k 4, 4'- &3~ HEIH & TPE-AM(INE 1-9(b)). Hik, &
SCAB AR T LD Sn/HCH Jy A6 7] fEE AL 4-20  — 2K i 1] £ TPE-2AM.

(a) l J1 I " Zn ,TiCl4 - : |

(b) l ,U.o I Cone, HCI, Sn»HZN @ I @
HoN NH, 75C 0 O
NH,

1-9 Mcmurr 35 [ B 1 f B 2K
Figure 1-9 Reaction formula of Mcmurr coupling reaction

1.7.2 FmARLI5 (FR/INIR) BILEHD

/i 4 4h 3B (Far/Near-Infrared, FR/NIR) JfEfg{EiZ 404 (FIR)
AMGEZL AN CNIRD D't i 3 [ P9 B A W e B S e 1k A A o ik T . X 26 Rk ]
WSO TERBCRH AN E AR, W IRE AN K
JEHA: R B . W, mbee . k., JELS RSB &,
HILH FRINIR 26 H]— AR 2 it se A B8 K. Jufa g s M b= 1
PR RN R OGSk, JF HAZ 2R 5 0 Gurh il H AT LOdE i A2 1 45 4
KRR H SR FOGIERE . LA (NIR) % G IREN B 0 s Al fw 452 405 7« 2H 21
FEMI . BBRRBERE. BRERRIGTI/mEHE AT Z R0
OOT, FE Z S R B G IR £ 7% 8 Pt, Pd, Ru, Ir S EH
E. Wik, A& RKE S NI w3, P Z A
BRIV, A B T AE IR B A AT = AR

13
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1.7.3 3- A B R E X ER (APBA)

KRR (PBA) & — Flm 4 R AL I ok, RO PBA FE KRR LAAN AT HL
(¥ 43 - A0 5 B0 R AT 14 B PR PO BP0 AR AE Al BB - RB TR Ak
FEMZ G, KU 2RI (PBA)EM LS B B FIRE & 3 B e 1
AT 3P A AR Y, fE & RS PBA MIAR, 3- 74 0 B 2 2 T R
(APBA)H T3 pKa &y 8.2(#inA# pH {H), A HBTHEATHITRS
J IS0 (R U5 S ]Ik A ) 6 G0 KRORE 52 (3t 1 AR G A B, R DU ) K 2 4
S A 2 L R IE I SA B2 ARI62.631 . SA A7 AR AL T 4N MK AR 0 BE R B
LAY PBA R &G UM RRIE 45 # . RlIG, WL PBA SIANGUKE A
W T E 2 40 ) MR A M R 0, DAE SR SR RS S, A BTN
oK 245 0 E i 8 R 2 1) B8 RRURI 400 i 15 [841
1.7.4 EBRARER(HA)

N T AE AR TR SRR IS SR e S HE R Y R A R A R, FRATTRE SR OK
P AR P AR 2 PR R K AL & 032 W SR (HA) SINGK IR o 328 W o R e —
FOKVEPERRYE Z 08, BT HAEWMAEIE. WML S8k, (KT
DA S ot Jiek J88 41 A 35 1 3 ¥ 2R IA ) CD44 fl RHAMM (HA 4 518 8l 52 44) % 4k
(RS S Ve ST i, b AR SRR IR T SR BE 1] e [85). SROKIE HA FEH]
DLRF VRS ) HA SZUAE A0 R, JF 75 40 i /K SF 1 52 300 Jes 240 i 1 3 1) 2
FRAR S T B SX o A B AT IE AR B A A A R R, RIS APBA KL
P 1 4 4

gi ik, WATRE AR L AIE 70 7 TPE-2AM %L, SEAIH] ROP
A RAFT FA 5 M NGKHER PCL. PAPBA FITA I R B4 B il 4% ik BU AL SR
JG, HEXNHAA E—RiT 24O R (Ir-OH), iR J5 P -5 3% W o o o 9 7R
BB A FH ) 46 O K O K I AR . H LSR5 0 490 K T R SR 7 B8 K [ 6 X
e 7K A3 HOPE AR e ) AR D AR A, A G R A D R 2 O T A R

il 5% o
L8 REMRNETEAR

1.8.1 R GBI R AN B2 AL
e LA WL R IR EHAE N L FE P AT AE — AN R 2 4L, EZEFE LR L

14
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ANJ5 T -

(L)eFeE M2 AN OCIRE 1 5 e KA K@ W e v WX, H24H
LR LY 5 A D RE A 2 B R S0 A K (ot AT S e R AT PR ARG I R
0P 70 4y 1% %

() Ie IR E AT . AL GA ML CIRET 1 bR E 2 52 BB R 3R 1 5%
M, FECRGERERAL, TESIKENRE A RRBRERNES, Xk
25 M UL RE

(VIR FBH LA SZ BR = 5 BUAGONS TR 3B H 21 A% 2 B PR ), R R
CT 5t MRI A FE IR N B8 9 38 B AR

(D) RIFF AL % G WO AR ETTE K BT 0] 09 6 B R 25 5 R A e PR
FERNAT TR R I, AT FEACER IR R 1 A AT S A

(5) 3 2 PR FIARF 7 MR . AR A ASREIX 0 A [\ (40 P Bl 2 7 M A, af DA s
I v P R S M R U, DT R ) LT A ) B A I SR I PR IS P R o A
FATEEPE o 580 B TR A R 8 I 4 F AR e M EAT R, PR &
] 52 B A 10 0 3 B 1) SR PR A

(B)EMAH B VEA AL A5 Ge A LG TR b A8 FH 1) i 8 44 2% ) S5 7T R ki
A A R BT BOURORL, PR T TE AR A A R

(7) A% ¥ & FNELAR B BR ). 58 ok B8 75 B Re 8 MU BB B 4% R R, lAs
B, BAEAEREECR .

1.82 AL AR B H

—. BEWHRREEG AW PUENEE . 3E S R M K A i
o) SRR A, RON AR ) i N R R 2. S — 7, R AR
WK T e 2k A A B BUR Y o T AR R, AR TR A e s R
PO ik, E T ST B2 T ROR . DRI, BRATTRI RT3 - I 4
B (RAFT) SR G W46 T 3- T4 M I i 56 2R B IR 5 2 9 ok bt v 5 ) 199 i B3¢ 3
Ry, R e S E W R AL TR T ORI A . R R T
(I HBORIR B2 R R IE SR BE K LU B, BR 8 S DN R TR K & R A% 1 R 42
I HAZYKRL T B BAFH pH . BRI ER i B, L B AR B R O
D) B R B 1

15
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T [ERE R T B R R AT E B R AE R A T B, @ gl A6
KA EE], T 2 Ew N GOK R AOE I RE . E AR, BL 1, 2-TOREE-1,
2- T (4-F R HEL) 4R (TPE-2AM) 73 T A% 0, FIH ROP 1 RAFT [ 5
& 77 RIE TPE-2AM 1) 50 EHE BRI C A EE . 58 (3- T4 M 1 e ik 2K
TR ) R0 5 TR M R A B o bR T U 40 4 R A T DA R R R R AR e . R
BRE . R UL S s i v, TR 49 B LR W id il Be A6 18 i b3 41 Ah 9%
JGE A (Ir-OH), i 5 18 3 O iR 1 B A0 52 B Jod 8 'R F TR BB K G i 7 1
KRR o T8 I H R LG R R B SR T AR 9K B R B RLAR, % R AR IS R 4R
B 50 B U K R ST oK IR o, I 45 SR R B A R AR P 4 L R4y
MEEEME . M MERIERS, FHEIE RFR 2 MEE, B4A 470 nm
A 721 nm XUREBOR B AR AR T5 1 6 2 A, JUH R IR LA R BRI T B
EE TR WL, ZE S TAUKIR R R 2 s e R EUE Y bR A
FAR H 785 TE N A A8

= RN T XK T I A T AR I R P e S N ThEE . 5%
TR pH R 2 B AR FE R U K 5 S 4 K i TR O A e sk e 1
M, SRR HEA pH. A BRI R, I BoAe 0 ORER R AT 1 e R .

A

I PR 37 v TR O R R AN N PR AT . R, R R K SO T UK R
BEAT 7 AU SE IR AG TN, G SE I RA RAF I A AR A M, BE 0 4l AT AR
AN~ RILT BUF IR 5k 0 M 0 R o SO0 K 96 0l 490 K i R 2 B LR A S 11
FEIAR A M L B R M RAT 204 e e R, TR FAE A A s E M bR
MR AREE, IR & R 252 WG 7 2507 2 A B R JF KT
o
183 AR EZL

AR B 2 A AR =AM 7T

— I 3- T4 M T I 5 R IR (APBA)fE SR E R OB . APBA S —Fil
AN AR A, 5 R R AT A BAE R, AT IR T AR 3 Bl ) R
A0 1 S50 BURRR IR I BE T, A B T K 25 W AE g et A R BURT 48 L $5 B

16
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T MR FHIE W R R N SR 6 JRURE . — T T AT R T 0 R A0 T e = 0
5 APBA ik 5 25 0l 2 e B TR e P SR A R R, S B ORE B0 e R B K
ZER AR 5y 5 R AT DU T R RR S PR I HA 32 A0 4 i 1 e

= & TPE-2AM MIEREC & MAF A CH B, JE T AIE RN AT 41
IR, EMRLREE R R AR (HGURE E )R AL RES T X
I RO AR P B A 2 T AR R R, R T R 1 T e B

HT

17
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F2E WNMERREBERNARS R

21815

UTAESR, ARG 5 R R NIERE ST X 2Pk St 1 4G 2k [ g
577, PisRMER GMHBENBORRA @At S RIFNRE . AR
A HFFR - M K G SR 2 W LE IR A B I AR, RemB ) T
RO R AT A FHISET], SRR (PBA) S HLAm A iz F 4k 2 188 SR A =
ZUOTIE 2 R, — 7T, BT PBA FE KT W AAS A B (1 50 1 R0 97 el
it 1085 7 FlA TSP A R R N AR AE, L FREE R B I &, kT
RN B M RS . BEAIRE A B A R e A AT A AR A, AT A
SRS SR SR AT A T2, Ak, SRR B % 3k 4R 1 11 12 3 4 0 o 3% g
JZ, SEPLSHRIThEE, BeM AR IR T, M TR AR AR IR S
FRIEERUSTT, 5 — 7, 2R 2 — ks 40 i BE 1) O 4K, E— 2B 06T SR T
3- T J Tk i S 2R R (APBA) B4R Rl pKa fH A B pH, BUNGUK AR
B4 ) J A e (862,781 4 bl - ey 3 i e S8 o) 1) 3 P 420 o 400 oK R A

Sy e AR 2R B IR 1 A B R A FH 9 SR A5 08 B ACHR B e K AR T B AR
Ei%ﬁﬁﬁ%ﬁ%ﬁ@mMMAﬁ%%ﬁoﬁ%ﬁ@%~ﬁm%ﬁ§%,

HE R S a6 B Sont iR 4 B R G R SRR A, R B AR 2R
e 3 S 2R IO EE [ g 19980 Sk i HA SETT DLRE R R BE 7] HA 2440
R IAIEAN N, T AE 20 R K T b S 3G G T R S R T, [ I IE R 4
WA T, A MG S APBA BA W W) B 80821,

g BEIE, ARTLAESRA 3-NMEE IR TIRR H RAFT REME RN
PAPBA. i#t— % RAFT A HNE LRI el (PVP) i BUY 3L Y,
WA BRI LB A R T — RAILTRY) PAPBA-b-PVP. )5 53 Wi il it
ZJ) A5 IR Tk S 4L 3 o 2 SR A R SR . ) P SR 3R oA 4 B L 1) B P ke P 1
IRACRIAR S PER, BF TR & BT 4, R0 T pH. R DL A HR
X IRHCRLAR KIS, AR 1297 AR BB Bt DR A B A 4 ik —Fib
.
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2.2 L ERSY

221 FEEH
& 2-1 LI
Table 2-1 Experimental materials

e HAZ SOSIE
L HE TR R TR R e YR IR A
BER T IE(AIBN) el e YR IR A
PR A T R e YR IR A
TooK LTk A el [ 2448 H Ak 2R PR A
N, N- “HSLH 2 (DMF) 4l ] 24 4 A SR PR A 7
%K el R RE A A BR 2~ 7]
3-FIL AL —KEY) el EHEFRIERE A A R 2~ 7]
LA FEAL M e R (NVP) Sy ATt b RIARER A AT PR A
&R Iy A e TR A A PR A 7]
FALIH Sy ATt b RIARER A AT IR A
125 B o I I3 M4k HEER AR Hi L AR B 25 BR A 7
2-IR TN IR el A B TR A TR A 7]

2.2.2 EEBEHFUR

R 2-2 SLHAE
Table 2-2 Experimental instruments

ez e T
R IR TE AL AVANCE ONE 500 MHz 1 [% Bruker #H A R 2 7]
ZLAMIEIEAX FT-1R-850 HBRBHY
VdiieE Sria i e Waters 2695 S [ B A 0
ZANL E FLAL 73 BT A Zetasizer Advance ARSIl A 7
EE LSRR T e S-4800 EENEDAS

2.2.3 ¥l

2.2.3.1 B (3-FtHEt Bk B TIER) (PAPBA) M & BR

HEA R APBA FAd, AR SCHR R IR SR IR IR — KA 5 T I SR B
e, DL EIR —HRER (XA N EEF AR TN, APBA 4RI p- Wi SR 4 55 )
LA PAPBA. FATHZIRANE 7> T BT REKH: 2 K, 4 K)y&& 2 FhEEH
PAPBA, I UL 4 K 7 T RGOV, FARRIEIT
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APBA( 0.5 g, 2.62 mmol). %7K il (0.0254 g, 0.131 mmol)F! AIBN(4.3
mg, 0.0262 mmol)iN A 5 mL X) DMF-Water(Vomr:Vwaer = 95:5)I8 &5 574, &<
B =K. 70°C M 24 hfg, JHFHBZESFFREAH R =EGE, RiaH, H3
mL FEEARE A, K= RS SR e, WEEF Y, FEE R
BfE— W, FHEE AR 10 mL HEHSEER, TIREM.
2.2.3.2 PAPBA-b-PVP L BE4ES A AR

& & PR R 1Y) PAPBA i3t —20 5 207 FEk g e B (NVP)ifE I RAFT 24l
#% PAPBA-b-PVP. 78 NVP HIFRl & PVP HISEELKEE, 408 1 KAl 2
K, MI& R 3 A FEE LR PAPBA-b-PVP JLERYI[C/E: PAPBA(4K)-b-
PVP(2K). PAPBA(4K)-b-PVP(1K). PAPBA(2K)-b-PVP(1K)]. L. PAPBA(4K)-b-
PVP2K) & il HARERAE T

¥ i) PAPBA (0.38 g, 0.1 mmol). NVP(214 uL, 2 mmol)#1 AIBN (3.28 mg,
0.02 mmol) N A 2 mL T DMF &5 H, @SS =I, 70 °C KM 24 h, =
PRI A I LSS 3 mL BV, K 7= SRR BN 80 mL
% OBE, UTEWCEERR . LR B, R OBk TTE, .
2.2.3.3 PAPBA-b-PVP/HA B AR RAIHI &

PAPBA-b-PVP/HA il %t 2 K Mi& antE 2-1 fion, RV SEHRKRAET
A 2 i 85 R B A Kokl 1. 20 % PAPBA-b-PVP B, SLRMik
FE(n: 1.5. 25. 35. 5. 7.5, 10. 12.5. 15 mg/mL)=%:% B 5 B2 v (40 -
0.1. 0.2. 0.5. 1. 2. 3. 4. 5 mg/mL)¥ il & H 4k 14 S5 AN [F] 1) 3 51 e SRR
HIF 9% 209 2K i o okl 4% i AT R 4% . LA 7.5 mg/mL PAPBA(4K)-b-PVP(2K) 5 3
mg/mL HA Jyf5l 3 B SR il 25k #2: X 7.5 mg PAPBA(4K)-b-PVP(2K)#%E T 1
mL FEE, 4 3 moimb (135 BT R K VA V2 4 120 4 15 R o 2 3 SR WY I
ity 7R AR € HASE AN K AR
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N o) S
S SRS i*ﬁ s

I HN"0 o o
B\/0H V(THF):V(H20)=1: HN
OH 2(%‘,5) (6h =1 5OH AIBN, 70°C, 24h
» Fi OH 5 OH
OH
PBA APBA PAPBA
OH § /
O
OH / )

OH HO

S
O o) In m

/ n m w N

ozg]j HN © OJQ \fo OH Z: :NH " H(N> © 0)3

N ——

AIBN, 70°C, 24h g q o
Bon 0 o X
HO O
4\0%% A
OH 07\
PAPBA-b-PVP

PAPBA-H-PVP/HA
& 2-1 PAPBA-b-PVP/HA i 5 [ il 2% 5 28
Fig 2-1 Schematic showing the preparation of PAPBA-b-PVP/HA micelles
2.3 MR S EHISRIE

Z LR A (*H NMR) . BASAR DMSO sl i AR AR B Ay 38 57 ¥ At
10~15mg Ff i, VU ERRELE N N bRY, 3EATIE -

R ARG FT-IR) IR : BUE ARG, KA KBr K vEHIRE AR,
W %45 Bl 4000 ~ 500 cmt,

BB (% (GPCYMI, A R Z 9 AT M8, DA DY Sk IR Sy i sl AH
MIEH 1.0 mL/min, KR EA 35 °C.

IEIARREAE 73 A1 LA Zeta FLAZ(DLS)MGE,  HX 3 mL AR ARV A 9% BE (0 I rpr g
AP, PEEFRI 3 WK, S RBCFIIE; KR AVAE T Rb A, 9 IR
5K, RHWCERME, MR 25 °C.

AR BTSN B R AT & S AR e, B 1~2 JTEVE i Ay b
RS, SR BT BT
24 BR5VHE
2.4.1 PAPBA HI& R SR

) 52 25 2R TR — /K & 0 5 A s Tk e o Tk i 1 e A e APBAAL, R
RAFT &G H I PAPBA. APBA HI#HLEIGUIE 2-2(a), HhE0i#(d) = 2.50
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ppm >4 DMSO (1A, APBA HIHRFEIE(OH® = 10.15 ppm, -NH-; sH" = 8.04
ppm, -OH; 6HY = 7.89 ppm, -Ph-H; JH¢= 7.83 ppm, -Ph-H; dH"= 7.53 ppm, -Ph-H;
OHf = 7.29 ppm, -Ph-H; 5H" = 6.45 ppm, -CHCO-; §H?= 6.26 ppm, =CHy; 5H*=5.74
ppm, =CH), IESE [ B4k APBA (451, & 2-2(b)y PAPBA ML ML IRETE
PAPBA HJ 45L& (SHM = 7.98 ppm, -OH; dH*¢ = 7.71-7.15 ppm, -Ph-H; JH' =
3.51ppm, -OCH,-; 6H = 2.87 ppm, -CHCOOH; sH° = 2.59 ppm, -CH-; dH*= 2.38
ppm, -CH-; sH*' = 1.19 ppm, -CH3), M LtT APBA HI#ZEILIRENE, K
PAPBA 1 C=C M TUIH e, B 1R -EW)F 55 LI k5 W SRR 0,
[FIE AR T APBA HZKHIIR (7.15~7.98 ppm)IfI15 5, K TR &Y PAPBA &
o

Kl 2-2(c)y APBA 1 PAPBA 44Nk ], 7E 3200 ~ 3600 cm™ i Fl 4
A BT RO o E A ) v R R T S R I fr e A 1 N-H AR 45 955 B B
B muk R 2932 omet IR I Dy de R B b R SRR RITIE FEY R 4 e 4 4R 5
B8, BERE | A i) C=O 4k 3= 4 7 1650cm™ Wiy, 1350 ecm™ 4b(¥)
WU JE T AR L 11 B-O M 4E4R3N. #HELT APBA, PAPBA HiJ&T C=C fif
AFPRBNA) 1630 e RRAEIE R 2%, ik —BUEW] T APBA F1 PAPBA 451 .

N T A A KAEER K 203 T R GK R, AR T B s
DU AR RS, AT o FEAFR 2 #iREY PAPBAQ2 K, 4 K). K 2-
2(d) WA A7+ & PAPBA 1] GPC 2k, 453 E78 PAPBA fEitk ] IR N —
ANHLE, PAPBA2 K)HI%H 48 M = 2700, 4 FE4MifE% PDI = 1.78,
FERMMB S . PAPBA KA & Mn = 4000, 43 FE4MHita4L PDI
141, UER T HinE G R PAPBA ™ .

P
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(a) a\b (b) OH s i 1
cl o o a }_O/ H,0
HN' o] "
| [e]
d g ¢ NH
@\ s I o
e OH
f T/ . H,0 ¢ ' ?'OH
OH o f OH
C h P a h
b DMSO
l I 1+e+f+g
121'11'052'3%%;:;;5;0 w 9 8 7 6 5 4 3 2 1 0
Chemical shift (ppm) Chemical shift (ppm)

(d) aPAPBA(2ZK) PDI=1.78
b ——DbPAPBA4K) PDI-1.41

.

A0 RN T 50

3450
4000 3500 3000 2500 2000 1500 1000 500 3.0 5 0.0 05 100
Wavenumber (cm ™) Elution time (min)

2-2 (a) APBA #1(b) PAPBA K% ILIREIE; () APBA 5 PAPBA HIZLAMGIE E; (d)
PAPBA (] GPC HfiZk
Fig 2-2 '"H NMR spectra of APBA (a) and PAPBA (b); (c) FT-IR spectra of APBA and PAPBA,; (d)
GPC curves of PAPBA
2.4.2 PAPBA-b-PVP BI& R 5 RAE
(EE I M 2R I R L R SRR B RAFT SR NEKI PVP 8RB, 54
PAPBA 5 NVP BAkH#RE, #EMa s 7 PiRBKA R EE R EY. |
PAPBA-b-PVP fZ A S (W 2-3(a)), 1L2~07F2(8) = 3.31 ppm Sy CD3OD K&
7155 (0H" = 7.98 ppm, -OH; dHY9 = 7.71 -7.15 ppm, -Ph-H; 6H! = 3.51 ppm, -
CONCH:-; 6H? = 2.52 ppm, -CHy-; dH™ = 2.37 ppm, -CH-; oH' = 2.17 ppm, -
NCOCHo;-; dH*= 2.04 ppm, -NCOCH,CH>-; 6H"= 1.86 ppm, -CH-; SH" = 1.49 ppm,
-CH-). 5 PAPBA [{ili €I#tk, PAPBA-b-PVP i [&7E PAPBA {5 Sk 3EmE |,
HIL T PVP B REHI R RIS, ESE T BOIL R EH & k. B 2-3(b) A
PAPBA-b-PVP. NVP 5 PAPBA FZLAMEE, LY {AE 1280 cm™ abHrsg 1
NVP 1 C-N FRZaHRzNIE, 1 NVP Z M3 XUEAE 1631 om™ Ab ARSI AR B,
1650cm™ A% | 5 (B E ] 1 C=0 M4a PR k), 1550cm ™t Ay ik i
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| #F (BRI R N-H 2 IR s R0 0g), 3B RHmI3E T PAPBA-b-
PVP.

(a) g (b)
o " b B / s>_(/_
< | m H,0
P P ] CD,0D|
};O
h i i D ,
|“‘_’F&+\'+g 1 | R /2% 1650'."".1\;’3.3-.[350
L 1 1 L 1 1 L 1 L L 3|450 L L 1 I::SO L L
oo 8 7 6 5 4 32 1 0 4000 3500 3000 2500 2000 1500 1000 500
Chemical shift (ppm) Wavenumber (cm'l)
& 2-3 (a) PAPBA-b-PVP [ ES AR E; (b) PAPBA-b-PVP. NVP FI PAPBA (141 M

Fig 2-3 (a) *H NMR spectra of PAPBA-b-PVP; (b) FT-IR spectra of PAPBA-b-PVP, NVP and
PAPBA
&l 2-4 Jy PAPBA-b-PVP ] GPC HfiZk, &% E/Rx PAPBA(4K)-b-PVP(1K)IH
85 78 My = 4900, 4 TR Ai4E%5 PDI = 167, 2 FEASAAEE.
PAPBA(4K)-b-PVP(2K) 1517y & Mn = 6800, 4> 7B/ #itE% PDI = 1.77,
ST EATESGE, S REAEL OIS TR

—a PAPBA(dK)-b-PVP(1K) PDI=1.67
— b PAPBA(4K)-5-PVP(2K) PDI=1.77
b

7.5 8.0 8.5 9.0 9.5 10.0
Elution time {min)

& 2-4 PAPBA-b-PVP [f] GPC i £
Fig 2-4 GPC curves of PAPBA-b-PVP
2.4.3 BEIKEIRIFI & MR
FLERY) PAPBA-b-PVP BCHI IR 5, FERHE T, REAFIREER HA X &1
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KSR, HEFEERRARnE 2-5a)), KHCAHRERS T
BRI . Kl & ORI A R R T8, P B a ik, #EATL5M i,
K 2-5(b)fs, SR HA #EL, PAPBA-b-PVP/HA Hiff)-OH FfLfE N-H
RRE UG R AE T S B 5, A, BRI A 1R AEE AN 1350 em™ b 8h &
1360 cm, i B IR 5537 B TR R G I SRR 5 40 R I T R I e
BEMER T BRI B

(b) - PAPBA-b-PVP/IIA

PAPBA-H-PVF

650 —=F * Tas
1550 1430 1220

HA

LCI,,Cl,

— 16507
-OH,-NH

1.
1550

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

2-5 (a) AN [A] HA YR R 1) PAPBA-b-PVP/HA G F;  (b) HA. PAPBA-b-PVP Al
PAPBA-b-PVP/HA [ 4141tk ]
Fig 2-5 (a) Photo of PAPBA-b-PVP/HA micelles regulated by different HA concentrations; (b)

FT-IR spectra of HA, PAPBA-b-PVP and PAPBA-b-PVP/HA

2-6 R H T RHEBI(SEM)WEE PAPBA-b-PVP/HA IR AR IHITESLII 45
B, Hr2-6(a)y 3 mg/mL HA 5 7.5mg/mL PAPBA(4K)-b-PVP(2K)Ht: B 421 %
IR SEM B F, B 2-6(0) AR HA 5 10 mg/mL RBP4 B I H i) SEM
B, FTLE R 9PRER R T RN AR R T AN R AF I B . IR AR R
W B GHUN (DLS) R il fr K2 707l 9 142 nm A1 156.2 nm, 4n& 2-6(c) &
().
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7.5mg/mL PAPBA-b-PVP/HA] 100+ 10mg/mL PAPBA-b-PVP/HA
D,~142nm, PDI=0.106 D,=156.2nm, PDI=0.132

Intensity (%)
Intensity (%)

(=]
=
(=]
=

0 L 0 L
10 100 1000 10000 10 1000 10000

100
Diameter (nm) Diameter (nm

2-6 (a) ¥if#7y 142 nm 5j(b) 156.2 nm 3R SEM &5 (c) 142 nm 5i(d) 156.2 nm UK
kAR A

Fig 2-6 Images of micelles with particle size of (a)142 nm and (b) 156.2 nm; Hydrodynamic

diameter distribution of the micelles with different sizes: (c) 142 nm and (d) 156.2 nm

2.4.4 HIE SRR PRE R RAIEE

WRAE KRG L], FRATHEM LR 7 75 PR B LL BB R P 2R
BRI E R SRR RS R . I, S8, BT T RIS K K
RBEEE S 32 B RV FE X G IR AR RSH A EH - B 2-7 J#7R T 10 mg/mL (8%
8.3 mg/mL) A~ [A &k Bt K 1) 3t % ¥ [PAPBA(4K)-b-PVP(1K) . PAPBA(4K)-b-
PVP(2K). PAPBA(2K)-b-PVP(1K)][F] &% F4 (0.1 0.2, 05. 1. 2. 3. 4. 5
mg/mL) 3% B T R 2H 266 BRI R HORLAR AR A a3 . R AN, A 02 W BT IR K
FERIE N, BORAR SR AR BN EARE R HA KRBT 05
mg/mL B, AR AEA AN S, ARG T 0% B R R IR BE AR, I
A R T e 5 L R K A P R S B4 . ELRRIRES 1 R L3, Sk
RARAZE A TCFr . BAKRE, LRI T BB 2 5 R AR AR AR B (1 14
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hns [N, Z2REEH) PAPBA(2K)-b-PVP(1K) 5 PAPBA(4K)-b-PVP(IK)AHLL, %
B PRI 4 MILRYT SRR R I TP, BRI N T K 1 2R I
BEIN T IR ERATHR S B, IR R AL B K U A, AR K SRR RN . B
Gb, SRIKBEBAEN L T2 BR %D, Rl PAPBA FEB S KMok /K PVP 4
KRS HA 2R R A E R, R, RIILEY) PAPBA(4K)-b-
PVP(2K)[F HA ZH3 iR R MO e, IR G BE 9B &, Rk, )5
BRI R FH A R B L (R JE SR AT AR LI S5

240 | —s— PAPBA(4K)-b-PVP(2K) (10 mg/mL)

—e—PAPBA(2K)-5-PVP(1K) (10 mg/mL)
220 —a—PAPBA(4K)-b-PVP(1K) (8.3 mg/mL)
200 F —¥—PAPBA(4K)-b-PVP(1K) (10 mg/mL)

180 F
160 | k//‘
140 |
120 |
100 |
80
60 |

o 1 2 3 4 s
Concentration of HA (mg/mL)

Diameter (nm)

B 2-7 ILERMHRBLEL . BORHKE S HA VR EEN AR & kAR I 4
Fig2- 7 Hydrodynamic diameter changes of micelles with different block ratios and feed
concentrations of the copolymer as a function of HA concentration

K 2-8(a)En T AR EILEY(n: 1.5, 2.5, 3.5, 5.0. 7.5. 10.0. 12,5
J% 15 mg/mL) 7 HI7E 1. 2 J2 3 mg/mL Ff3% B 5 RV 1 21265 T T2 IR AR R R A2
LRSS . BESRVR LN, Rk AR e R s EE BT, B
HRYIAKIZ A 5 mgimL i, Rifeik B 5 KG9y 140.2, 151.4 J 163.9 nm.
FIRERBIAANET 5 mo/mL (IR BEES, e idh o P R S e 11 B R i o o A
CAHRHT RIS SRR AR, 22D 3T LRI 2 RF S 08 i i IR i
Bt RO e ¥ K IR DI RE . O T REINECR A T AR B B R T 2 Dh RE 1k e
71, 3 mg/mL HA il % [ B AR SR B 2 R i B REH AR B0 A, Hokide w2 T
73.3 nm 155 163.9 nm JuFE A . REHEEZAORBANH St — 5 ThREALRT §—
NEESH, DRI W TEORI zeta AL, S8R WK 2-8(b)m. I
RRMEAIH THORR 7, BICRYBRE RN, L zeta HIA7IN-41.2
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mV P8 %-62.5 mV, & LR FL R FH IS A B Ae e P
BT ER N, AW EEENHKHER, EFE 75 mgmL HEY
PAPBA(4K)-b-PVP (2K)5 3 mg/mL HA Friil| % /) 142 nm R, TGS

2%
7t
200
(a) —=—[1A (1 mg/mL)
180 | —o—IIA (2 mg/mL)
—i—HA (3 my/mL)
_—
= 160
g
= 140}
S
3 120
E
2 100 |
=
80
60

0 2 4 6 8 10 12 14 16

Concentration of PAPBA(4K)-5-PVP(2K) (mg/mL)

(b)ZUU
180 -

- 100

80

60

Diameter (nm)
Zeta /mV

&
=

{-70

0 2 4 [
Concentration of PA

1 R0
8 10 12 14 16
PBA(4K)-5-PVP(2K) (mg/mL)

2-8 (a) LI ANIE W] o IR (1 BORHA XS IR ACREAR IR 20 (D) 3 mg/mL HA ), 3K

FEX R KA 5 zeta HIAL IR RE M

y INZR

Fig 2-8 (a) Effect of concentrations of reactants on the size of micelles; (b) Effect of the

copolymer concentrations on micelle particle size and zeta potential at 3 mg/mL HA

2.4.5 KRR VTREM

UESEGUK IR AR KRR e, BEJE A DLS AT 7 IR AR BE N [R] 22 4K,
IBESE . WKl 2-9 Frs, BRERGUKICHRASEIN AT~ (0. 2. 4. 8. 24, 48, 60 h)
HIRARAR AL, T DA B AR A 139.4 nm 19K 160 nm, S IS K 5
TR s, g, R 2t N AL G R RORIE R, JRATTT LR F)

HRZKIH 2P R et
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Diameter (nm)

S ’;Lnélh)w T

& 2-9 AUk AR B 1] A2 1L
Fig 2-9 Change of micelle size with time
2.4.6 GKEERE pH SR

PR, FERES AR E 2 pH E WK, SRIERES 7F 59 R
IR AR, AR E T M S B R, CRRIEE R TR pH e S 1 3K
FPEE DWIEREIE AT T 1 pH X oK R AT o A 52 0

T B 142 nm BHRVER, RIS GEUT IRERGK BORAE A [F pH E
THIK GRS SR BAL, & 2-10 Fros. HEATH, 2 pH <6, RO
SR NI, T EOL IR A AR ke, VAR P B ROR A R AR
MR AR M GURIRAE L, B R dasE, pH B 7.4 300
%o}, RAHCKIfRH 153.2 nm B K3 195.7 nm. pHE#BIL 8 /5, ZHIIESHS K45
B OHTE RO ES 7, VA A A5 218 2 29 K s TR FRD P A% 28 5515 7K T 5 P A 3
AR, BEARIAR LT — iR K. GUKIRRIEREAFRE R pH JEFE Y,
zeta FAAL— BELORFFCR M GME, i — DR BRI A R fee Fe ik
RS RAUEW], PAPBA-b-PVP/HA YK FT & R IRERH) pH M, 7Ed
Ve BRI NI AR, B I I A A R A S T R
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(3
=
-
=}

—a—)

190 - —a— Zeta

®
>
T

'
th -
=3 h

T
IZetj /m{7

Diameter (nm)
g 3

TS

—
n
=
'
[
th

140

G
=

S s 9
2-10 pH EX K AR AL o Zeta HLAL A
Fig 2-10 The diameters and zeta potentials of nano micelles at different pH values

2.4.7 GBS AR N B2 FnEh e 7 {4

DR R I - 1 J OB UK, BEJR PR 1 PAPBA-b-PVP/HA 4K
I AR (DR W 2P o R SR RE IR L TR AN 1 3 10 mg/mL (1881 %) B R P E
B, —BUNE]JE F DLS BREZSHEF R ORI kife. ik 2-11(a)A(c), BHkE
A2 Bt 2 ] ) A L (RS I S TG K, LR AR 1 PAPBA 5 HA 146
T R R i LA sh ARV, R R VP HE S AL S R A S g
IR 45 A S A5 R EC, e B R R A B 2 B IR I A T 3 2 T
KSR EZ K . BRIk, AT DA 2 2 25 B 12 T8 B2t B0 38 4 1 50 46 e N 175 3 iR
fige ik A T 9 K M SR D R M

A AN EK S R R R 2 R R K R A B, O o B
IR ERIR ORI 2. 2 ] 0.05. 0.1, 0.2, 0.3, 0.4, 0.5 & 0.6
mg/mL 1) NaCl ¥, R i 9K R 5 2 ) 70 T IX ey b, Jlid DLS il
B IR FE SRR B AR AR . AN 2-10(b) RN (d) T LLR B, I 3R i 42 Bt 5 4k vk
JE SN 3G K o 2 IR AT B LA Dy R e S5 e 0 3 0 FL A EL AR Y LR
BH S 7 2R ik B R Bk P A SRR PR S5 4K, LRI 9K IBOR e i it — 2D R 1Y
RN B R BR B 2R 7K- 5 K P i 2 B H O 1) B KRR AIE - 45 2R 51 L
S S WK (14 32 WY T TR S AR TR AR 1 K
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240
(a) (b)3s0
220
E 300 F
2200 E
~ 250
T S
] [}
2
w 180 -—}\ 15}
= ,,.+——- g 200f
3 =
o 160 F a
150 |
_/‘\.\ /
140
1 1 1 1 1 1 1 1 1 1 1 10“ 3 1 3 3 1 A 1
-1 1 2 3 4 5 6 7 8 9 1011 0.0 0.1 0.2 0.3 0.4 0.5 0.6

Coneentration of glucose (mg/mL) Concentration of NaCl (mg/mL)

(C) PAPBA

Ll ]

Yoo
b
q
g vl
e G
)
+ .
L) g
* '
3

:
— i 1 PAPBA-b-PVP HA

| /_/Jr’ ob it i
H HN, ' '

| = OH !

: W l‘(nl : ' Q

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

""""""" NaC It e K B By w122
Bl 2-11 (a) ] 47 HE IR 2 ECACRIAR O 2L (0)NaCl R BEXH e AORLAR AU SN s () 3] 2 B
SIVEFIHLEE:  (d)NaCl R o 1 F AL
Fig 2-11 (a) Effect of glucose concentrations on the size of micelles; (b) Effect of salt

concentrations on the size of micelles; (c) Mechanism of action of glucose on micelles; (d)

Mechanism of action of NaCl on micelles

31



iy AN YN T R VAT

2.5 &g

FIH RAFT E&H4 7 PAPBA-b-PVP iR BILEY), R TahAMERNGH# S
HA ZH 26801 4 7 R e FOERTE AT 9K IR A . 3@ I 5 3L R i B L LR AN
125 B o 2 R 15O 52 BE A S TR A0 oK JBE R RS A, o Y o R 3t SR A )
WRERIRIIN, AR AR SRR BN AR AR, TR 6 K Hilk
B raEN 2 1F, 78 3 mg/mL HA W, il 2k T RRi42 v BAFE 73.3-163.9
nm PAEE, TR FAR KA KAIBIE X )l e AR 28 B0 R i 1) R AE
HE T FTAFGK A RAEA R B R b (AR T, ESE T A pH. B ApE
(PRSI, I FLR AROORL IS Bt 5 kAR 1 18 KT 3 m

Zi ERTA, GUKECR RIOR R RS MRS RAF 0 pH. B &M vivE, HER
THT 325 B R IR S L T AR AR 25 Ja 0 ST m) Th e, A1 9K IR A ik A
TAMbRCAE A EOR IR RE -
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FIE WEKRAST FHRINSHRRRIE

31518

BEE X AIE RIEMEHOAWERAB L, AIE 70T R/15 2] TR T
J&. SR, AIE AOGH BRI SOG TI0K, WO BE H AR T WOG X JE
N, XFEHAEYRBGNE S 2B REBKFCTH. A GEE
%, R AR H AR, SRAIXOE TN EEUR R0
TRIMRL, fE—ERE b, WA R G ROCE 5, b B HUR FIZH 21
Bafsi, AAHATIRIZASIMER, FEK R ). (H SR I ROE T 98 e b k] R
BT BA PR ST B, RSB E AR W WOGIX, BRI ARAE 50
FERAG et thizE . B B R S s Ees], i b 2 RS e PR AT HE
— R IR LR R R . R, BRI B L R R SO EREE, X
TS R AR IIRIG T R R S L E K

7E 1986 4 Matsumura F1 Maeda #& 1 T & 72 i& K i B RS (Enhanced
Permeability and Retention, EPR), F T fi & i 8 41 2% T 40 K ki + A1 K 7+
LR BRSO AR R o R A i 0 PR B B 7R K R E TR BRI 4R
o RIS P A L o X6 I S5 AL R D RE R, 5 L A R e 0 P 3
I, AEGEKRL TR > T4 5B E i AR H L. A, s 2
E R E RFDIREA TE 5, 255 S MR A Ui i, i n g7 &%
e PR AR X e e 2H 43 f 15 PR T80T PR A0S AR HE Ay eI HE [] ¥ 7 0 24 40 i 1% 4
At T RIS, 2 ORI ER R R 25 C AR EPR AARK
SIS e 2R R AE SR BT, SR, ISR U HE t EPR BRUSITE I PR
FAFP /e — 2o PR, i S e . EPR SN AR eSS, Mk, 76— 2%
R CIRE B 9E 5 T R A 0 B2 8 38 Ok A ROBE R DA B RasE 1, AR
HIH EPR RS SR £ v b v o7 B ROCR

BT BT, AU 1, 2-TOR3E-1, 2- S (4-F AR 40 (TPE-
2AM) 7> T 90, FIH ROP Hl RAFT R4 5 RAE TPE-2AM [ &
B EENBK RO AR R (3-8 i 2= 28 00 R ) A0 56 DO 0 IR e B, 7
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1528 1 L R Y E A s A 1 L 28 PO S (Ir-OH) - B 3 1 % 185
B 5537 WY 5T R 2H 2 TR OB K O R TR IR . — T i, I 204k
SRR IR R o G IRE RDRR E M. REUZ LA L FENE, 5—Jim, &
WY 5T R DR A R AR L AR S B R Ak e A O 1R PR SRR S, (AR
A 12 i B L2 TR ) O A K OR e R T 2 3 5t . R 2 A Yk
Buhric, BEIMHRTHHIR 27 ROR .

3.2 SEEES

321 EEFRH
£ 3-1 L5

Table 3-1 Experimental materials
AR 2 G
A-F3 HE 2R i R et IR IR A
F IR R [ 24 2 A4 21t 0 A R A 7]
TOKEBEIR SN R [ 24 2 A4 21t R A R A 7]
T KGR E AN Ir AT e [ 24 45 B Ak R TR A 7]
T O gy Hrak IR A A TR 2 7
Bk (Sn) gy Hrak BB A A IR 2 7
PR gy Hrak A 3 3 i iR A TR 2 7
e- A PR gy al g o s A R A FR 2
L7 LK gy al g o s 3 A R A R 2
VY (=282 )40 gy al g o s A AR A FR 2
6-FAENE grHrat A 3 3 i iR A TR 2 7
2RI [b]HEWy -2- B 2 gy 4t A 3 3 i iR A TR 2 7
=KE =R grHrat A 3 i iR A TR 2 7
4- A 2T e g o s T A AR A PR 2
AN gy al g o s T A AR A PR 2
y-1 N e g o s A AR A PR 2
4- " FR G FE L E sy Hrag R A B TR R TR A ]
WL oy Hral [ 24 4 A4 21t R A BR A 7]
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3.2.2 SEIS{N B8
R 3-2 SLHAX AR

Table 3-2 Experimental instruments
AX A% rithes EIIE
S T R HT-7700 H A Hitachi 2 7]
KIGIr 6T F-7100 HAH LA H
SAMROE T UV-2700 H A i A W]
P BES TGS FLS-980 JE[EHZ T AT

REREIERPEREAX . DA BB IE A AURRLRE AL/ AT A, 6
LT R AR R 26 2 B 2.2.2.
3.2.3 &
3.2.3.1 kB SHEE & (btph) & AR

P(=R A B5)4E (0.21 g, 0.18 mmol), K Jf-[b]EEwy-2-7li1K(1.28 g, 7.2 mol),
6-FJENE(1.28 g, 6 mmol), 10 mL H7K, 5 mL 4BE, LK 2 mol/L BxEREAIIZK
F(10 mL)BE NN B I R 25 2s 4, 76 Arff9 R 5 h s, AHE=EE, Bk
RERAYIIMA A 200 mL /KH, A FZRAE(50 mL>]), A HLAHKBE(B0 mL>3),
FRAE I TOKBR R EE T, U, B e MR RIE M. BT R = S AR R 2 AT
FRAL (BRI =& e/ A Ek=1:1), FrfSaiad =9 — MR 3 Ak R (1.31
g, W 70%).
3.2.32 HREAMEF BRI E

W& R ERCAA btph(685 mg, 2.2 mmol), =/K& =545 (390 mg, 1.1
mmol), 30 mL Z ZEEZ BT 10 mL ZKARIKIIAN R RS 484, 76 Ar R4 R [l
BT, RS HEA IR, i, BT A K, R RE
CobEsk, FIEESHA P T5, F30 7= 8 —F B G K (890 mg, %
94.9%).
3.2.3.3 BEINGEHEL K (mho-OH)M & R

£ 0 °C NREMIW Yrmh, & 60%, 10 g)inAZE] 200 mL 2. i
ANZFE0.2 mL), y- T AWEE(12.9 g, 150 mmol), EFEIA 4’-FEIEIE LT 2
BEVA (15 g, 100 mmol ¥ T 50 mL Z. /). Wnsesen, =i F4ks MR .
RMNERZ G, FRMARZFMAN 10 mL ZFERH A = Eiesy, A
NHACl %3 (10 g ¥ T 100 mL /K). 2> & A HAH, FH A S48
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(100mL>Q), To/KEREREE T, Ik, TeARRRIAT], SrERATZ TR al (I
AN LR CTE=1:1), P —MEGlE46.8 g, 1 28.8%).
3.234 N FHECEHI(Ir-OH)& AL

Ir-OH il % i #8 Mya& an i 3-2 frow, K fe sk Dh e L Hifd /& mho-OH(47
mg,0.2 mmol), KE &Y &M — % 4 (136 mg,0.08 mmol) F1 5% & 4 (85 mg,0.8
mmol)fK NN £ 1 K10 mL)Hr, £E Ar R4 R RIRE R . e RLSE o5 v 4]
B AELTER YT, M, BRI, BTG, HENT (ST RIS
BAifh, 152074y —Fh AR K (80 mg, IR 48%).

S _ —_ — _
povon ()
Pd(PPh;), IrCl3-3H,0 8 e
~ Cl
Ne _Cl N |
9@ 3
o C - A B
6- S AEmE btph Ir(btph),p-Cl,
0 0/
@A {
~No o
41— P N\ Ir(btph)p-Cl
E'ﬁ%ziz.mﬂ Nal OH 4 2)_' \....
0
Y_TWE:E: mho-OH OH

& 3-1 Ir-OH {5 iz
Figure 3-1 Synthetic route of Ir-OH
3.2.3.5 TPE-2AM BIE K
4-F 2 K H (1.6 g, 8 mmol)iFT 5 mL 1 THF #, JIA(5.5 g, 0.045
mol)85# J5, R 60 mL ¥KkEREL . 75 °C FANFAMEI 10 h J5, AEHZEER,
PE, M 1 mol/L ) NaOH ¥tik, HMHE®E KIS, HETREAERAR, P
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TR = M A RE AT E T IR AL (R F N A ik / 8 L lE=3:5), Fif3r=#h—
Fhig e E K115 9, F=FN 77%).
3.2.3.6 TPE-PCL HI& KRR

¥ TPE-2AM (0.146 g, 0.4 mmol)FfIF (15 mL), 7 140 °C &, fm#kditt:
HhE 2 mL, BEIRER, KX e-CNBEE(1.2 mL, 10.8 mmol)F1==FR V45
(9 uL). 7E Ar &3 RitdE T, IN#E 110 °C Je v 48 h e, AHIE=RR, H &
HBC AR, JETEA R AT I0E, 8, =R BRBIERIK, FrfREEH 2
BkDEs, HA TR,
3.2.3.7 TPE-PCL-RAFT &Rk

TPE-PCL (0.3 g, 0.05 mmol)7&T 15 mL FiZ%E, 7F 140 °C K, n#idky = 2
mL, AHE=E. % DMAP (24.4mg, 0.2 mmol)fl £ 3% J5 2 (0.097g, 0.5
mmol)¥AT+ 5 mL TR & ke, HEARMNES, Arffy ™, HHEANS mL
SH eI DCC (0.1135 g, 0.55 mmol)iE N N 2585 . EimHH: 48 /N, 1L JE,
JERARAE SR 3 mL, fEAHEEFUIE, WOIE, FH ST A MG e e R
UOUE, BE FRBRAERX, i Es T
3.2.3.8 TPE-PCL-PAPBA HI&

HY 0.3 g TPE-PCL-RAFT. APBA (0.286 g, 1.5 mmol)#! AIBN(4.11 mg,
0.025 mmol)l A\ 2.5 mL FHEH DMF %FIH, Ard S =k, g+ 70 °C )k
. 24h, SRR SR BRI . A B A F R ORE R . BEEIRE, 15
mL HEET RARR, ¥ 80 mL A ZBEE TUOKIRAW T, BHM A MIEH,
UUiE. fhdE; UL 2 mL DMF/1 mL HER &AL 5 i, A 60 mL % &
Mk R YUE, YOEME LR, DUERTRE AR 10 mL WERGEE—IR, B2 T,
3.2.3.9 TPE-PCL-PAPBA-AA HI&

HY 0.45 g T TPE-PCL-PAPBA-RAFT. &R HL4K(14 uL, 0.2 mmol)Fi
AIBN(4.11 mg, 0.025 mmol)i A\ 3 mL T/ DMF #7H, Ar #S =0k,
W4T 70 °C [ B 24h, AR FEE R P PER EIEH DA BE
WG, 1 mL BEETRNARR, K 60 mL A ZBE TUOKIRAR T, Hitkk
NPESREE, UES HhUEs LA 3 mL HWERRIA ML RS, WA 50 mL A Z
Mk YE, VOEM B LUTIE. DUERTSEAH 10 mL ZBE S —IR, B2 T,
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3.2.3.10 TPE-PCL-PAPBA-AA-cclr BI& R

T 42 TPE-PCL-PAPBA-AA 77{(0.5 g , 0.05 mmol)54kEC&4 (0.147
g, 0.14 mmol)Fl 15 mL 2R 2 [ Bi%54s, 7£ 140 °CF, m#dLyhz 2 mL £ 14,
AHEZER. M 3 mL DMF/H R AR SY) . % DMAP (3.66 mg, 0.03
mmol)i&T 2 mL M =& F Lk, FEAKR, ArS=&XJ5, ¥ DCC (0.068g,
0.33 mmol)iEAN 3 mL & F i, FEAMRR, FHEIRMN 48 /M. HEHETR, F
PRI 60 mL A 2T, UTiE. HhiE: FLL 3 mL FEE/DMF S IRE LR
FEd, AN 50 mL ¥ SEEFUTIE, BOWERTTE . TR EAA 10 mL LRk
Bk, BT
3.2.3.11 TPE-PCL-PAPBA-AA-ccIr/HA BERESE R

TPE-PCL-PAPBA-AA-ccIr/HA il & 72 Kbl 3-2 o, LRMS#E
AR JoR 1% T TR T 2 2B SR S KR o R SRR AR B (s 1. 3.
5. 7.5, 10, 12.5. 15 mg/mL)&4E TR A BE(Wl: 4. 5. 6. 7. 8. 9. 10
mg/mL) K il £ R AL 1 5 A 5] 1) R PR SRV, T TE 4P oK T o i) % (0 ] R 4%
A 1 mg/mL TPE-PCL-PAPBA-AA-cclr 5 5 mg/mL HA Jy il 15t BH 5 5 1 il 4 3 72«
HY 1 mg TPE-PCL-PAPBA-AA-cclr T 1 mL FEE/DMF, 4 5 mg/mL [17i%& B i
BRI WU PR IRAS T ZAZ W I 2 3L R Y BE/IDMF 3R, PR B e
HIAN KIS RV . HE— Bl BT AR B, KRR R R DMF 37 BR 25,
KBTS AR R A, T a2 S8,
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OO ot e
SA® |

NHs “fo\/\’\j]kng SRS

TPE TPE-PCL

a M g
—‘\Oj\s/l\g{p\/\/\)q:H 0 @ ° w -

TPE-PCL-RAFT

?H
Hy H o] H OH
O s-[—-c - N o ®
YT omily o
s o 8 4 I o
HN _—
j@ SACY: b= 3
o =
I
HO-g M,{)J\/\/\/ JT(ch-c SJLO/*--
o H o | H Hl,
TPE-PCL-PAPBA Q H
H_c 5\n/°\/
N I
o n m S
AL o °
on o N HO
° L O
H o
H, HH \/\/\)L]‘n
¢’ —cC H
A 20 ) ot
m  o=C OH

HN TPE-PCL-PAPBA-AA

o m
Y0 A \ OH
Ve LS
~ ©/ OH
S e TPE-PCL-PAPBA-AA-ccir

& 3-2 TPE-PCL-PAPBA-AA-cclr/HA I R (14 i Fe

Figure 3-2 Synthesis route of TPE-PCL-PAPBA-AA-ccIr/HA micelles
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3.3 Mg S HISRIE

WRHEFEIRETEAL . LLAMCTEA . BEIRIBE A KR F A7 23 A
T RN VAR S 2 2.3 Tk

S BB (TEM)IINR: AR VA O AT & MR fa, I 1 ~ 2 (e
AR BT S, F I S T R s AT

SAMRWBOEEETE: B 3 mL RAGEREIE A L A, I K
J FEl 200 ~ 800nm.

PR B 3 mL RAGER B W I iE A st B, Bes% v fE
10 nm, HLJE 350 V, Y%K Fl 360 ~ 900 nm.

SABES T AT BESIIE: ns ERMBOLEMHEMH 375 nm
BB MHOG, ps BRI AT dr ff AP INARRAT, BOR I 530nm. St
TEACERIYEH: 200 ~ 1800 nm.,

34 R
341 KECEMEF _BIFNER

A TE L D AT B AR S ) & Rk, ok 6-SFENE S5 2R I [b] e
Wy -2- BB LE DY (= 2R BE 3% S FH T odd A AR BR AR & S B & R4 btph, J5 5
=IKE ZEAAERE T B - PUE RGN SRS S ) S Ak btph HIAZRE
ik XMW E 3-3@), 'H NMR (500 MHz, CDCl3): H™ =8.72, 1-H JEUE;
0H'=8.66, 7-H FENE; SHI=8.60, 4-H FENE; SH®=8.26,7-H I [b]WEW;; JH™*=7.97-
7.89, 3,10-H FEME, 4-H ZEIF[0]MEWy; oHI=7.87, 3-H A If:[b]HEN;; oH"MI =7.80-
7.67, 2, 8,9-H FENE; oH*°=7.46-7.41, 5, 6-H < - [b]WEWS .

G & ) Sy — R AR AL g vl 25 W) RAE W 3-3(b), 'H NMR(500MHz,
CDCls): 5H'=8.96, 1-H 3ElE; oH'=8.44, 4-H FEnE; oH=7.97, 7-H FEng; sH=7.92,
3-H FEmE; oH*=7.80, 2-H FEnE; oH=7.43, 7-H FIFF[b]MEWy; sH™=6.71, 9-H FENE,;
0H9=6.58, 8-H FENE; oH"=5.97, 6-H ZKIf[b]MEN;; dH3=5.81, 5-H K Jf [b]ME Wy ;
oH=5.39, 10-H JEBE.
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(b)

T T T T T T T T T T
9.5 9.0 8.5 3.0 7.5 7.0 6.5 10 9 ] 7 [} 3 4

Chemical shift (ppm) Chemical shift/ppm
’&] 3-3 (a) btph HIZ L IR EE &5 (b) HRAC & V) S — SRR B REEAR A S 1A
Figure 3-3 (a) *H NMR spectrum of btph; (b) *H NMR spectrum of iridium complex chloro-
bridged dimer
3.4.2 N FHECEM(Ir-OH)RI &L
FEE N7 THEC SV (Ir-OH) T, FAT1Ye 58 ik 1 #25E Th REAL T BC 44 ( mho-

OH)E M. B, v- 1 WEES 4°-F SR R 1 2RA% 0 R il 26 miho-
OH, J5 5 ikl & S —RAK RN A 3RS Ir-OH. i mho-OH FIRZ 1
FAEWIFE 3-4, 'H NMR(500 MHz, CDCls): 6H®=7.90, 2,6-H PhCO-; 6H"=6.92, 3,5-
H PhCO-; 6H=6.53, -COCH-; dH%=4.29, -CHOH; 6H*=3.86, -OCH3; 5H®=3.28,
HOCCH-; 6H™=2.15, -CHCHOH.

T T T T T T T T T
10 9 3 7 6 5 4 3 2 1 0

Chemical shift (ppm)

& 3-4 mho-OH % 3Lk 1 ]

Figure 3-4 *H NMR spectrum of mho-OH
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Ir-OH HRZ TGS 1S R AE K 3-5(a), *H NMR(500 MHz, DMSO): 6H®=9.22, 1-
H JEnE; oH"=8.94, 4-H FENE; dH9=8.65, 3-H FENE; oHC*=8.07, 4-H Z<FF[b]WEM, 2,
6-H PhCO; oH'™=7.89, 2-H 3EnE; 0H'=7.79, 7-H JENE; oH'=7.72, 7-H JENE; oH=7.48,
9-H FEnE; 0H"=7.40, 7-H 2K I [0]WEWS; 0H"=7.30, 3,5-H PhCO; sH'=7.09, 8-H JENE;
0H?=6.85, 9-H JENE; oH'=6.69, 10-H FENE; JH=6.60, 6-H ZKF:[b]MEN;; dH"=6.40,
5-H % Jf [b] Wy ; SHP=5.29, -COCH-; 6H™=3.65, -OCHs; dH*=1.77, -CH.OH;
dH%=1.04, -OCCH-; §H'=0.87, CHCHOH.

P 3-5(b) N Ir-OH HIZLAME R, 76 3460 cm™ RIS UG A ¥4 5 Fl) 1 45 iR

A BT 80,2932 emt AR 0 Sy FRE RD T AR OJE () (e 45 R B 06, 1651cm™ 2 H
C=0 MR, C=N Fl C=C KM 45 IR zh M 1591cm™® HF1E I,
1420~1480cm™ NFEIL I 45 4R sh I, 1260 cm™ - B R BRI 4IRS 51 ALY,
Bt — PR T 3R4F Ir-OH.

()

(b) — -0l

180

s 4 3460cm™

1t :) é; ;' flb ; -I1 :; ; 1 L] 4000 33500 3000 2500 2000 150¢ 1000 500
Chemical shift (ppm) Wavenumber (cm™)

3-5 (a) Ir-OH X HELAR AL (b) Ir-OH B4 GG
Figure 3-5 (a) *H NMR spectrum of Ir-OH; (b) FT-IR spectrum of Ir-OH

3.43 TPE-PCL K& AR

Sk 4-F A IR EEIE T Memurry A8 T SR ) 4 AIE KOG 1R TPE-2AM,
JGiEid ROP K& H e-CNERIE Il 4% TPE-PCL. TPE-2AM [ HE G RAE
I 3-6(a), *H NMR (500 MHz, DMSO): 6H%=7.37, 2,6-H Ph; §H®=7.26 —7.11,
3,5-H Ph; 6H™=6.84, 4-H Ph, 6H°=6.49, 3,5-H PhNH2; dH"=6.27, 2,6-H PhNH;
oH?=5.25, -NHa.
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TPE-PCL 1 ¥ 5 R# AL & 3-6(b), H NMR (500 MHz, DMSO) :
O0H¥=9.92, -NH-: §H?'=7.67~7.10, H-Ph, H-PhNH-; dH9=3.98, -CH,OH, 6H=2.28, -
CH,COO-; 6H"=1.53, -CH,CH>COO-; 4H'=1.30, -CH>,CH,CH,>COO-.

(a) a b c (b) HN [Jok’/\/\/o%:"
HN c dl DMSO
|
s N
NH, H,0 h n o' g“z
[ re
a a b~
o9 8§ 7 6 5§ 4 3 2 1 o s 6 4 2 0
Chemical shift (ppm) Chemical shift/ppm

& 3-6 (a) TPE-2AM % LR E1E & (b) TPE-PCL A% REFLAR A 15 14
Figure 3-6 (a) *H NMR spectrum of TPE-2AM; (b) *H NMR spectrum of TPE-PCL

3.4.4 TPE-PCL-PAPBA &A%

FAS e TPE-PCL 5 425 m JR IR B {b. & i TPE-PCL-RAFT, J55 3-IN)h
B R ER 8IS RAFT A 1|#3 TPE-PCL-PAPBA. TPE-PCL-RAFT %Mt
FAEAE 3-7, 'H NMR (500 MHz, DMSO): 0H9%=9.92, -NH-; ¢JH”"=7.80~7.15,
H-Ph, H-PhNH-; §H™=4.35 -CHS-; ¢H=3.98, -CH,0-; H°=2.28, -CH,COO-;
dH%= 1.53, -CH,CH,COO-; 6H=1.30, -CH,CH,CH,COO-; §H®=0.94, -CH3.

H o
QO
e |
s dd9z¢g
ons)r\g}omkl:” O d
A
a c
b
e
g IL| f

T
4

Chemical shift (ppm)
& 3-7 TPE-PCL-RAFT HIAZ AR A itk
Figure 3-7 'H NMR spectrum of TPE-PCL-RAFT
TPE-PCL-PAPBA H#%fi i Al 3-8(a), *H NMR (500 MHz, DMSO) :
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OH™°=9,92, -OH,-NH-; §H"=7.92~7.13, -CONH-Ph-H,H-Ph, H-PhNH-; §H*=3.98,
-CH20-; ¢H¥=2.28, -CH.COO-, CH,CONH-; JH"P=153, -CH.CH.COO-,-
CH2CH2CONH-; 6H'=1.30, -CH,CH,CH2COO0-.

¥l 3-8(b) 4 TPE-PCL-PAPBA. TPE 5 TPE-PCL M4 4kt K, #477E
1724~1726 cm™ BE3E (43R 50 H il T PAPBA 5] N S 8UG M & £ MR . 1k
b, ANAEILIRY R 1350 cm™ AbHiHY T BRI S AR AR B LU 1651em™
Wt i | (Bt i 26 b C=O (4 R 3K /i), 1560cm™ ML | iy (I i ik
Al N-H 25 i R 3R 1R ), PR3k | TPE-PCL-PAPBA.

()

e TP ] O
uo.,ﬁr)j 9 :'{j\/\wqﬁi‘:l'ﬁi'f

o
b

-PCL-PAPBA

ol 1560em™
1651em

- ™, " /erf

[TPE-PCL

el
ITZ-th-. 1631em™

TPE -CH,,-CH,

-

1631em™

1 1 1 1 1 1
12 10 8 6 4 2 0 4000 3500 3000 2500 2000 1500 1000 S00

Chemical shift (ppm) Wavenumber (cm™)
& 3-8 (a) TPE-PCL-PAPBA izt 4R &% &l; (b)TPE. TPE-PCL F1 TPE-PCL-PAPBA [
AR i<
Figure 3-8 (a) *H NMR spectrum of TPE-PCL-PAPBA,; (b) FT-IR spectra of TPE, TPE-PCL and
TPE-PCL-PAPBA
3.4.5 TPE-PCL-PAPBA-AA-ccIr B4 AR

N T B I EREY, A1 TPE-PCL-PAPBA 5 Ay M ik it
it RAFT EA&H15 TPE-PCL-PAPBA-AA, Ji 5 41 4 i /Al ik & ik TPE-PCL-
PAPBA-AA-cclr.

TPE-PCL-PAPBA-AA ik R AE 41l 3-9(a), 1H NMR (500 MHz, DMSO) :
OH™=9.92, -OH,-NH-; §HA*B=7.92~7.13, -CONH-Ph-H, H-Ph, H-PhNH-; §H®=3.98,
-CH,0-; JHP**=228, -CH,COO-, CH.CONH-; H**=153, -CH,CH.COO--
CH,CH,CONH-; 9H%=1.30, -CH,CH,CH,CO0-. £5&LANEAE(K 3-9(c)), TPE-
PCL-PAPBA-AA 5 TPE-PCL-PAPBA Xf Lt &I, BT HMERM LI AN, 7E
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2500~3300 cm-1 I 7R A O-H Miga4Ral, #t—HUEsE | TPE-PCL-PAPBA-
AA 15 e

i L AE & 3-9(b), 'H NMR (500 MHz, DMSO) : dHA*B*C=9.92~6.35:
0H®=3.98, -CH,0-; oHP*®=2.28, -CH,COO-, CH.CONH-; oH*'=153, -
CH2CH2C0O0-,-CH2CH,CONH-; 6H%=1.30, -CH,CH2CH2COO0-.

Kl 3-9(c) & TPE-PCL-PAPBA-AA-cclr. TPE-PCL-PAPBA 5 TPE-PCL-
PAPBA-AA IZLAME K, #BAFEAE 1726~1732 cm™ e 4EIRSN, 1651~1660
e VB RE 1 A (BE G E FH C=0 45 3R sh k), 1560~1585 cm™ 9 Mk
B 1Ay (Bt &R N-H Z b #R3hFe1E0%), TPE-PCL-PAPBA-AA 5 TPE-
PCL-PAPBA *fLU &I, HTWEERMIGIN, £ 2500~3300 cm™ HIL 1 ¥ O-
H a4z, mfEHiEdRES Ir-OH R EIER G, R O-H MaiRz)iE
W5, BRI IhRAS T TPE-PCL-PAPBA-AA-cCIr.

& 3-10(d) v TPE-PCL-PAPBA-AA-cclr & R FE %2413 1) GPC £k, 455
&8 TPE-PCL HI%¥17> T8 Ma=5700, 7> TR/MGfe4 PDI=1.32, 4558 IEA
BRI BG4 T8 . TPE-PCL-PAPBA M4 T8 Ma=9200, 4T &4
fi 48 1 PDI=1.80, 4r T & /0 fi %X %, TPE-PCL-PAPBA-AA %35 /v T &
M=10000, % T &4 Aife%k PDI=151, 4> FESAi %, TPE-PCL-PAPBA-
AA-cclr 335> F & Ma=12400, 4> T EMite% PDI=1.30, 45 FIEA B %
HHER S T E.
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a ¥ i H_ s, 0. b B
@[ o] O
AJELGME ;‘IJT{{D:'\"J\)T oo B b
" -
i e’ 0 uew Pt e
8 d H,{ D
A+B+C L)
. A+B
e Y
IIZ 10 l; ; -Ii I 0 10 ; ; 0
Chemical shlft (ppm) Chemlcal shlft (ppm)
(c) TPE-PCL-PABPA-AA-cclr (d) _T::[L::t: _
*/—ﬁﬂ"f“”m —— TPE-PCL-PAPBA-AA

1660cny? 1585’ TPE-PCL-PAPBA-AA-cclr

1631cm™

TPE-PCL-PABPA-AA

__________

1728cm’

1
. \
__________ } 1652cm™ 1581cm”

:
TPE-PCL-PABPA 1631cm
\
1726¢m’™ 1560cm™

1651cm™ 1620em”!

T 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500 12 14 16 18 20

Wavenumber (cm™) Elution time (min)

3-9 (a) TPE-PCL-PAPBA-AA [ i IR &1 l; (b) TPE-PCL-PAPBA-AA-cclr (1% 13t
PREEK; (c) TPE-PCL-PAPBA-AA-cclr. TPE-PCL-PAPBA-AA. TPE-PCL-PAPBA [#4L4h
J6REE: (d) TPE-PCL-PAPBA-AA-cclr K HRiT B4 i) GPC £k
Figure 3-9 (a) 'H NMR spectrum of TPE-PCL-PAPBA-AA;(b) *H NMR spectrum of TPE-PCL-

PAPBA-AA-cclr;(c) FT-IR spectra of TPE-PCL-PAPBA-AA-cclr, TPE-PCL-PAPBA-AA.
TPE-PCL-PAPBA;(d) GPC curves of TPE-PCL-PAPBA-AA-cclr and its precursor
3.4.6 TPE-PCL-PAPBA-AA-cclr/HA BESR(IE4E Ir-CP/HA) A&
LY TPE-PCL-PAPBA-AA-cclr 5 HIiE/DMF BLl s e, fEfEAIRAS
T, B EWRER HA £E /KRG, [REL O LRG0 K
3-10(a)), KW LA AR ICANRIA Ir-CPIHA il 2 A R i oE
WFENT BRI DMF J5, ZWHETIRE SO, HATL T, WK
3-10(b) 7w, S53LEW k% HA ML, Ir-CP/HA Hiltc N-H Al C=0 M4 AEIE &
TS s, RIS, BIRRIEERRFIEIE M 1350 cm™t AbF2Z) % 1343 cm™,
U BA 3 R4 5 37 O Jo e ek SR R 5 AR R LR R T TR R R e, b Ak B
T AT o
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]
Figure 3-10 (a) Picture of micelle formation; (b) FT-IR spectra of copolymer, HA and TPE-PCL-
PAPBA-AA-cclr/HA micelles

3.4.7 HIFF A HKEIRIE R A B

R A K AT AL, FRA TR AR i SR ) Bk B 2 2 5 Wi JB A )
Fitesethpi. Bk, %2, W0 7 RYIIK BT GOK A A R R R R .
3-11 JEor TRFEWAEE (L. 3. 5. 7.5, 10, 12.5 Al 15 mg/mL)I3LEY) TPE-
PCL-PAPBA-AA-cclr 5 Al FE(10 mg/mL)f) HA ¥ ¥ 4 255 Ui R AR A% Bt I JBE
fAstea . BB, BEE L REYAIREE RGN, AR AR B2 s, K
fAE 210.5~277.3nm Z[HAEML, WTRERR N, EMFEFAT, BEEREVIRE
3N, — 75 TR L TR TE T R AR P A 2 R R 5 i — e AR, 53— 7T
2 TR 1) 1) 1A SR Y 3 i 4 o, AT K S Az g . fEsega b, AW 1
mg/mL L34 TPE-PCL-PAPBA-AA-cclr [F] HA ZH %5 sl R kL2 R ~HREA B8,
ISR DG IOt LU AR S5, DRI, 5 SR A 56 SR AR B 1 3L SR A gk A7 A
HISEIRIRR

47



iy AN YN T R VAT

o
e
=

(o]

e

=
1

~
-

=
1

=]

=N

=
1

/
e

[II ;." :I ; ;l II[) I'Z ll4 ]I6
Concentration of copolymer (mg/mL)

Diameter (nm)

~
=

200

3-11 A[E¥KRE TPE-PCL-PAPBA-AA-cclr X it 5 AL 4 B i
Figure 3-11 Effect of different concentrations of TPE-PCL-PAPBA-AA-cclr on the particle
size of micelles

3-12(a) fWon UANFENREEEEER (: 4. 45, 5. 6. 7. 8. 9 ) 10
mg/mL)5 1 mg/mL TPE-PCL-PAPBA-AA-cclr 7£ /K E 2H 25 it FE il Jie 3R 1 ket
12 BN 3 o i3 I T IR VAR 2 IR N, R AROREAR: B2 S 0/ Je e &, A
12AE 107~210.5 nm Z (8484 . BT R A B LA S EOR 2 TR AE 2R B KT, W]
RESER N HA AN T 5 mo/mL BRI, {22k AR A A% Wi 5 0 5V E F RO

FHEE RIS B, BE HA VRGN e R M b LA I, AEARHTIE R

) ) A SR AE B3 PR AL %S, SRS WA RN o Tk — 52 T3 W ot
BRACST, BT WL Be pa % Bk B AN, A2 HARTHE W HEAR , SRk AR F3E in I AN
REAR T HIFRPT I R, T S B K SRS BB 0

RN AR T AV B 2R T 2 DRk LA R AR YA A s F R )
PERRATTERE 1 mg/mL FEEY 5 5 mg/mL HA #l % R . KA DLS Wl &Kk
H Ir-CP/HA 9K ISR I R~ 107 nm( 3-12 (b)). #—25ilid SEM #1 TEM
XF I-CPIHA ZK AR (K 3-12(c)Ai(d)), 53N HBA 5 B RF AR 475
HUE BRI IES, RS Ir-CPIHA RGBT it IR AR~ )y 81 nm, X EEE
TR AT T e = SR, s s RF /T DLS &1 .

BT Bk, Nl REAEN R K, WP 1 mg/mL 3LEY) TPE-PCL-
PAPBA-AA-cclr 55 5 mg/mL HA Jr il % (R, BEAT IR 8L REWT 7T
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3-12 (a) TPE-PCL-PAPBA-AA-cclr 5N [FIR I HA T U R (P RLA2 A2 4k (b) 107nm 44
ARIEAIRAR AT ZE;  (CPREAEA 107 nm BRI SEM [&;(b) A2 107 nm KR TEM
K
Figure 3-12 (a) Particle size change of TPE-PCL-PAPBA-AA-cclr micelles formed with different
concentrations of HA; (b) Particle size distribution curve of 107nm nanoparticles; (c) SEM image

of micelles with a diameter of 107nm; (b) TEM image of micelles with a diameter of 107nm
3.4.8 BRETHYAEF MR

& 3-13(a)F1(b) 43 71 A4 TPE-PCL-PAPBA-AA-cclr #REHE/K IR LA & 5 HA
VP BB R SR AR i 2 AR 9 e R S R 1, B AR e DL T 2, -
CP KSR (UV-vis)fE 350 ~ 450 nm A — M FE I I, O TPE HISR AR
I, TPE JE ] Uk L B 7E 360 nm,  E4h, £ 500 ~ 600 nm AbH —JF I,
X5 Ir B AV AR — 58, IR 20N B R AR WOR A B AE 530 nm. {HTFE
B, fE 360 nm FREATHUR S REEOOCIE IR ML IFS Ir BEEY)
IR Srien BRSO, VBRI LR AL, L, JREEsisnRHA] 313
nm #EATE, Ir-CP 7 470 A1 721 nm AL S K IKIBEC A S . HL Ir-CP £ 750 ~
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850 nm VuFE A E T R SHIESE, 76 800 nm AL IE(E. Kk, FrikiE gk
PREF AT LAZE 5 650 ~ 900 nm [ 58 K8 & 1,  FEAEIRLLAMAX (>800 nm) A — /M2
. AT 2 A IR S AR AE T A U E &

T I FE A (R BE 1) Ir-CP 4REH S HA TE IR 5 75 (] 3-13(a) F1 & 3-13(b))
IR EE, FRATKIARET S HA TR ARG, B AMR SN S 6 R 56 615 1) i B
By T AR & R AR AR X AR R BT HA A 5E0E, RIEEURR, 1
REWHT I-CP 50 An T h S B A TPE 437N ok 4 SR
SR, IMARRIH 5, I+ BLBEG RS o SOk i Hak A B R

(ﬂ) 2.0 (b) 2.0

C Ir-CP/HA
I-CP 500
- 4000

—_

= 154 —_ 515 -
= Loo0 = = =
— : : =
3 £ 3 2
2101 Laoo & 2 107 2000 E‘
z T E 3 Z
=] = = =
= s = 3
2 i (=} N
& L2002 g =
= 95 — = 051 / p—
< < Lo

Lo
0.0 T T T T T 0.0 T T T T T
3n0 400 SO0 600 T00 800 300 el S00 604 700 8
Wavelength (nm}) Wavelength (nm)

3-13 (a) Ir-CP #REH Y541 nl WKL RERUAST 6 s (D) Ir-CPIHA FREH ) 541 T LIk
TGRS 1
Figure 3-13 (a) UV-vis absorption and emission spectra of Ir-CP/HA probe; (c) UV-vis absorption
and emission spectra of Ir-CP probe
PATIO FIEAT AR B P 2 (I s X Ir-CPIHA A LA KA e
(m%%T\Eﬁ%m AWCIEAT UV-vis 1K, 70 5ol B DR TC 1 RO P8 VU AR
fik T 0.05 PLF o G AR 22 M T HHY ik R A ok 28 7 3315 90 ol S AR VPR W A
T 2452 s 0 FAH R ORI K 23 0 364 nm KT 548nm, I3 S FEAH BL AR
T I-CPHAL WRIRZE T WHRE IO, BIOLEKAT IR FARA

wr A= 3-1:
n\ (Ag\ (Fx
oo, () (3)(F) S
O NFNETHE, x NIMRFER, s AWUEYIR, n NEFIRHCTE 3
FRUEDE FIR IR ZE T (I N 0.1mol/L H2SO4, KIGE T 2UE N 55% )EEIAI F
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LW (AN DMF, 5808 T3 52% )99,
Z3E I M T H B R B RAR BT AE 25 AT /K R P 470nm # 722nm 5
WK MFTET P20 58 0.8%F 18.3%; IREME Ary AR 470nm
AT 721nm B AR &1 2270 30l 9 0.8% 41 19.9%.

FATO AT T PO A A g, R PR, T
WHFFaN 1.82 us (Kl 3-14(a)), T AMEHFIRFIBEEH A 5.01 us (Kl 3-14(b));
FE A AT KSR, GELLANREIIBEC Gty 5.08 ps (Bl 3-14(b)), #t—4
YEHIZARET PO A A 32 & S R )

(a)

SH TPE

(b?(]ﬂ() @ 4% O
0] 2
800 O 21 %O
z z
- = 800
= 600 4 -
=3 =
< < 600
=400 B
-1 -]
bt S 400
P00- =
200 1
0 _
: : : : 0
0 10000 20000 30000 40000

0 5000 10000 15000 20000
Time (ps) Time (ns)

s (b) IFCPIHA FRRTE A BT LTSN RIHE AT
B (0% 219% O)IN KI5 %5 i

3-14 (a) Ir-CP/HA ' TPE-2AM K57

Figure 3-14 (a) Fluorescence lifetime of TPE-2AM in Ir-CP/HA,; (b) Fluorescence lifetime of the
near-infrared group of iridium complexes in Ir--CP/HA at different oxygen contents (0% and 21%
0O2)

RPHBEG I B RFFVOUE S, & TR R EREEAE . =28 T
PR B2 RO RE RN VO E S, IR 1 9800 58 BEATHR R
B . = PO E T AR OG AR i B BRI d

T e R RS I A I
) BR IR, TR 9 o i1 7= ZR R 26 0 75 iy PR ] B B & T HUA AR 2 82 H
3.5 KE/IGE

AR A ROP Al RAFT i[RI SR A1 5 s h & e T 3L K49 TPE-(PCL-
PAPBA-AA), J&xT Hidid et AE A1 i 204N AR Ir-OH, i J5 JL B ¥ 5iE
o PR i A T T B ) [ A SRS R % A K IR, I i F IR S
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[ 0 SR B AT RS A BR T TSR (R 47 (4 23 ik o i DLS #RFUHR B R YIIK e
DA K2 375 HH 07 R A FEE R 2268 BRI MoK R R (R K & REAR i s, WF T 45 SRR I

I R S SR AN B R P F R BE RE A8 SRR ORI AR RS 4E L, BEIE
Y Jof R s SR Rk B 3 0, FROR MR AR S AR 2 38 n . 76 5 mg/mL HA ¥i&
R RIAE T AZE 107 ~ 210.5 nm %, AR F0R N KAEIR Bop s
7o R HOGE LR FUUE SEZ R B PO IR B B R BUE . Rk, R
JGHREE LA XK T A5 A, BRI T R RFDOGE T, G A T ) R R
PR, R0 2 B R R B AR S R 2 e ot B THE W R BR S it 1 LA
M S A R 10 ThRE (A3 9K R AR AR E T A brid MG A B
KITERE
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48 WRKFEHABH TARIOMEER BB

415|8

SRS IR AR A O BE I A o 5 ek 5 2 1) S R 10 8 LA A
IR VS WERVAIT B9 — KPR, A LR S I B R, A S AL
SRTIT, I PR b T P69 I 2 AR W AR T T4 3/ B 9 28 ey R~ i
FRZ1J9 1 mm, 8% I R G LA K A MR AR O, iy T Ik 2 s
HORBRZ 051 R E, JF ELAT TR A 6 R K AR bR )
WL 2, K% 500 HIRE X AETE M TR I B . 177 2 SRR A v R A
YA L RS BT SN GRS A BB O 35 5 BT T8 235 02 60,
I LG PRS2 P Fh i 2 7 P T - S e A

IS I BT PR ) T AR AE 2 — S T 1 A9 L300 LI R R A o R
PRI AE R, 1 9IX 5 IR 20 5 i B AR R B A, A1 2
TEA T 4% Pk S0 B 6 S SRR TSR, LA 2 B R AN A I 1 5% 0 1
B IL I & R LA AR A ML S8, (R K 15 SN
KB P 2 B A S P 15 5 R B T A D SRR A U e ) R AR S
o, HYVECER BRI EE R, 2 B0 A0 i AR R A B P A,
FLERAIBRIR 5 BUR T (HY)TEMBE AL GUh BUR, T R M R S 355 (pH 3t B 7E
6.5 ~ 6.9) 377 THI, RN 855 e E R BE T e A R T Bl 2 B UM IR A
IS R R SS BRI 2, DRIL, T R LA TR A 5 R S S 5% ' B
TR I AIE T 77 T B A R R 5t

MR, IR YA T R R MR I AR K AR L
NTTIEEATT I H . AT, AL SRR RETA T 77 30 2onh 0 0 S s ol —
BRI, BT & S8R0, IReE, BRSAR R, F, 425
TEAEW 2 SRR, INZG WA 25, BIEFIOR. IR P B2 22 45 (RES) Budii i -
i 25 250940, e 41 24 00 e ek B IR S S SR . BB K AR 1
PR, S T- 40K b RHI 2545 1% 7 5 (DDS) Ay 5 B A2 A% (1) 48 16 56 A1 22
REPEIROE T AL, A SROCZGRT R TA T AT R . 4 gR bR 25 i
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B RGE AR AL ) B N AR RS B, O AR RS BE N A R
AT v RE BBURR ) 3 T AR AL . RAEATR Y

i bR, AREILT B SR A A R R B T AR EOR
XHARENE, K pH. A PESUERYE, St Z AN AEBHTI . B
T IRHR B VAR BN LA N e 7T, RS REAR e 40 A I Ay vl R
AR S PR CREL AR R AT 46 B 6 7 7 B AT ERTERE

4.2 SEERSY
4.2.1 SEE L BRANIA T
R 4-1 S5
Table 4-1 Experimental materials
e il AP HK
A4 L5 (FBS) Iy 4k b SO AEAC R R 2 7]
e FH PR A (R TR AL 5 b 1) R bR AR IR A
BEMEIE(MTT) R bR R AR IR A
— HIILH(DMSO) ST [E] 244 P Ak S A4 R A 7
i1 % B gy ek M RER A A IR A
® 4-2 LA
Table 4-2 Experimental intstruments
03 s AP K
AL AL 43 BT AX Zetasizer Advance 0 R g REA
KIGT I T F-7100 HAHAL AT
B Multiskan FC FEER W R B A PR A 7]
It 24 A CytoFLEX S D5e 2 PR IR

4.2.2 1r-CP/HA FK B R B4 M

i H LS 6T F-7100 SRRSO REEA TS LI 7, R A
RGBREEH BN 10 nm, WUR KKy 313 nm, K FEY 360 ~ 900 nm.
4.2.3 Ir-CP/HA FR B R BIFE E 1

NUESEGUK IR Kt e 1k, BEE R DLS AP AGAT T AR
PRGN A A AL IR T . ERERANK I RAEA RN 18] R (0. 2. 4. 8. 12. 24,
48, 60 . 72. 96. 120 I 144 h)#k47iZ&Hr(#F 7> 1 & 12000-14000)/5 fIkLAE AN
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WA o SREIRA ALK AN BB (1) 10% viv ) FBS /KR, IRERYY
KIRARAEAFIR A R (0. 2. 4. 8. 12, 24, 48, 60 . 72. 96. 120 FI 144 h)f¥
FLAR R AR, PRIT FBS XK IR AR AIEEMm
4.2.4 pH 3t Ir-CP/HA 4K B 3R B 220

WHTFTIARCE I-CPIHA ZUKIRH, W] 7 ANEFRFEIMA 5 mL 1 Ir-
CP/HA 9K e, B 575 NaOH(1 mol/mL)sk HCI(1 mol/mL) VAR I AT pH (5,
6, 7, 8, 9, 10, 11)E&ET/KFEMNr, M DLS MZIEIGREACIE pH X MWL)
BEME R IR R RN 2 A5 5 IR
4.2.5 BIEJHEXT 1r-CP/HA KB RSN

AT PR B Ir-CPIHA GK R, 1) 8 SCIE &1 5 mL 1 Ir-CP/HA 44
KA, eSS AR A I N SR, R AR A 0. 2.0 4.
6. 8. 10 . 12.5 115 mg/mL K&K, #E 1 /Mi)a, fEH DLS MEEEIEY
AR 7 0 R K e TR B RL AR A 2 A5 5 [R5
4.2.6 FTOLIRETRINZE Z EHURM

HURT 5 FE Ir-CPIHA 9K e R RN E A S8 Je DU TH B e L L p . 4GS
AR LR E AT A FE HBI(0%. 2.5%. 5%, 10%. 21%. 50%. 100% Oy)
Ja, FHREHARR S 1 h, PR ttamss, fH DLS Mot i iokir
TNBRAS TR 48070 R WL T e SR AR R R AR AN 5% G5 5 RO SE MR o K 7 AR EF L A A 1
mg/mL EHGHAT Z MR, BRI b
4.2.7 Ir-CP/HA SRR WO 4R B & 1

I MTT 350 Ir-CP/HA 4K AR REH 31, HAREIE T 78 96 FLARH
A3 FERE NIH3T3(ZN RIS AT 4E 4 AE) . ABAQ( N il 4l i) 1 H22 (/N R AT
M)A BRE, K 96 FLBRSHEES FRAE TS 77 (FE 37 °C, 5% CO2 kA ). o
HH . A, SLIed, TaHAGL RIS, o AL R nEa
NIH3T3. Ab549 H1 H22 AR HIEE IR, KA EH NIH3T3. A549
A H22 ZHH bR I EE RN I-CPIHA 9K, B AL 200 b, ik B4l
12.5. 25. 50. 100 1 200 pg/mL (Ir-CP/HA 4K S ok IR SEEG 20 5 A iC &, R
SRR . FNTEren 96 FLIREREFRAET T 37 °C, 5% CO2 5k M &
48h.
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B, FRALEIIAN 20 ub [ MTT %5 mg/mL), 4625595 3 h, BlJEM)
HALARFFR( EIETR), I\ DMSO (150 pL/fL), KisE ot & T FLR R s)
75 10 min {E45 VAR, B, FREFRXE 488 nm A AT %L I ' 2
fE(OD ff), ERAER, LHIMMEAERKAEE, s SRR A 4e i
TEIEZN 100%, 20 A7 Ze=(L 502 OD fE/ % HEZH OD 1E)*100%.

MYeEEMIREE, NIH3T3. A549 Fl H22 411 i 43 7 5 40 K %1 (200 pg-mLY) 7F
37 °C JLi% & 48 hZRJ57E 535 nm. 0.32 Wiem2 IR R IR 10 min. L HE G,
FEFLINAN 5 mg mLL ) MTT %3 20 pL. FI%E 4 h )5, R FFMMFTE FLHE
t, &AL DMSO 100 L. /5, JEEEFARACNE 488 nm AL 4L,
il 78 A AL 0 L
4.2.8 Ir-CP/HA AR R AR A SCie

B 56K NIH3T3. A549 Al H22 Ziffgfh BI85 IR, %y 1X10° 4H
Ha/fL, FEHAERFRF(E 37 T, 5% CO2 K%M ) H:9% 24 h. H PBS
(PH=7.4) S pPfi e =3, IO BrEF 5325, 0 Ir-CP/HA 4K,
ksLEEI% 8 h, PRI PBS(pH=7.4)ZZ iy =@, 40 MoAe & 78 5 & % 1
TEHZFT PBS %W, M Beckman Coulter FC500 HE4Till &, ¥
&:488 nm, FL: 770 nm, PE-Cy7 i#Hi# .

43 ER511E
4.3.1 Ir-CP/HA SR B R BIFE R 1

UESEGUK IR Kt e, BEJEFIH DLS 3T 1 IR AORLAE BB [R] 424k
PIWFFL. il 4-1 fos, EREFGUOKESHAE PBS(pH=6.5 Al 7.4) A [E]3&E Mkt ] R (O
2. 4. 8. 12, 24, 36. 48. 60. 72, 96. 120 DLJx 144 h)fkifzatk, wLLE
F|7E PBS=6.5 Itf, BZHUKIAZM 107 nm 5K F) 169.1 nm, I H IS GG K a4
7E PBS=7.4 I, MZACKIAEM 107 nm K F] 151.6 nm, I I K &
FRATTAT LA I R 200 TH I H R T A
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v 6%“imgo(h)wo e
B 4-1 Ir-CP/HA ZUR I AURIAT il I 8] 38 46
Figure 4-1 The size of Ir-CP/HA nanomicelle over time
W FEANK IR AR RE I K AR EME, & 4-2(@)A1(b) B, N T HENE
M) T G ARAL 6 AN RIS 18] T fef & O U8 (470, 721 AT 800 nm)idE47 1
—ARAREE . BEAE AT ARG, RIS iR A A PR S5 SRR BE I (R AR
PR, IR ST o B AR AR B LA 1 DT A, X B I-CP/HA KK AR
RGN, ORISR0, - AR B RS, O B SEG AR T R AR
BIRATTEE, IS BRI 98 B A

= =
: 1L0apo, . l.ﬂ-lg

=& '\OH.\. . . = 'o—o\._.\

s e | Zos .\"‘—10\____

172} ‘@ —— 800 nm —

E —&— 800 nm = —e— 721 nm *

2 0.6 —e— 721 nm & s —A— 470 nm

= —y— 470 nm =

g o4 "‘"‘““’—0—0—0—0\,_. T 04

8 g

E 0.2 Tg 02-

=

2 0o Y Y Y vy v v v| B PN e — A
0 20 4 60 80 100 120 140 & 0 20 40 60 80 100 120 140

Time (h) Time (h)

& 4-2 (a) Ir-CP/HA KR A AE PBS(pH=7.4) 7 H 55 £ & 04 (470. 721 F1 800 nm) i i ]
A5A4L; (b) Ir-CP/HA 9K IR A AE PBS(pH=6.5) 71 e fE R 516 (470 721 A1 800 nm) Bt it (7]
34
Figure 4-2 (a) Change of the optimal emission peak (470, 721 and 800 nm) of Ir-CP/HA
nanomicelle in PBS (pH=7.4) solution over time; (b) Change of the optimal emission peak (470,

721 and 800 nm) of Ir-CP/HA nanomicelle in PBS (pH=6.5) solution over time.
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4.3.2 I-CP/HA KB R B pH Bui4

RFTRA, FIERE AR 2 pH (H R EK, SO ER S 7E R P 3E
e KRR, AR SE Tt R AE A b, BCRREA A TR pH R S B
MRL, HBEBEEBEL T pH SR IR AR RN . BT A BUEREL I-PVPIHA
SZIRPEFR B R 5K F R S RS TEAR 24K ¥ pH B YE (5.0 ~ 11.0) A AR FFFRE
PRI T "2 5 55 R T DA B B P R 58 R AT ARG Y o I — AR TR B ol = A 1%
R IUNE B, DR OK 2 B AR IR P R RO B R BRI

SF IR 107 nm B RAE IR, R B A ot B R ER 40K IR SR AE R [F]
pH fE T HI/K GRS R EAL, WK 4-3@) P, 24 pH<5 I, ZRINRES
SR (R T N BT 2R, 3 Bk SR MM R P R I HE ke, AR R IR R A i s
B, MR AT E N PUORIRRAE 55 Y 28t i+ g, pH
HM 7.4 8% 11 8, EARAH 100.1 nm K% 173.9 nm. pH>8,
RN 45 & OH T &1, WMV RN, 290KRR KN %
KA YA ET K, R AR 4 B T — R R K. R A
BARER pH JGHIN, zeta LA — HIRFFECK K 71{H (-24.52 ~ -38.73
mV), zeta HLALABE S WG KRL T (R THI FLAR, S8 BRSO B R I R
zeta HLNZ LRIk, YR IRI A RARE . BIRGE RIUEB, 1r-CP/HA 4)
KRG ERMBE R pH W, EBRPREggRfe ks, BAK
e AR SRR I R R
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(a)200 0 (b) 21
Los
Il 1.8
3 g
—_ L d
E e a5 = &1
E120 . e - I /
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2 ol 5 = 12
z 225
E 801 = .—’+~——{/
= 30z 0.9
= ] &
40 T 35N
+ a0 0.6
0 43 031

ol s 6 7 ;H s 10 1
Bl 4 -3 (a) I-CP/HA UK JEHRAEANA pH 264F T HUKLAR 5 zeta AAZIIAEAL; (D)FEANTH pH 2%
P 9K AR ARG HICH 952 5 224k
Figure 4-3 (a) Changes in the particle size and zeta potential of Ir-CP/HA nanomicelle under
different pH conditions; (b) Changes in light scattering intensity of nanomicelle under different pH
conditions

HRLE 4-3(b)Frar, KIL Ir-CPIHA KRG HUH 58 FERE pH f3 40T
24, pH M 5 BEINE] 11, SGEUH SR IZRHTTT R . X AT AT AE S AR BRI
HRES A, FEARE pH )5t X 2 S5 KA BT AN 3] (IR 28 75 A ot 3 XY
HUZ RN, s TN RN R RS N) . BEE pH 8ISk
5, KERARRIA, AU 98 E 0G5 . BRI 8 pH HHt
PEAEAL, B 4-4 Fs, BEE pH IERAS, RILTPOL RS iR AL S R AR b 2
MRS, BIJetbsn 5 A, W pH=7 ~ 9 I, JRR %G HERE GRFFA R K
F JUPBA R, TAERRYEANIRAE 2645 T, Ir-CPIHA GURB AR AL g
i, Riiesgin, BCARBIRIGINE, ERh-r B R, JF Haeitid s
R B D B AT, AT 3 B A 9 P A1

g EPrIR,  I-CP K ERET R WIR R pH, R BLSEELBEGME 5 115 50K,
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Figure 4-4 Fluorescence spectra of nanomicelle in different pH media

4.3.3 Ir-CP/HA 4K B R B BERUR M

DR R I T 1 OB SRR, BEJR R R 1 Ir-CPIHA 49K BRI B
i N2 o T 38 E RS AR NN AR, (RN 0 H = 15 mg/mL,
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Figure 4-5 (a) Effect of glucose concentration on the particle size of Ir-CP/HA nanomicelle; (b)
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Figure 4-6 Effect of glucose concentration on the fluorescence emission spectra of nanomicelle
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Figure 4-7 (a) Emission spectra of the probe at different oxygen concentrations (0, 2.5, 5, 10, 21,
50 and 100%), excited at 313nm; (b) Decay curve of the intensity of the probe emission peak with

the increase of oxygen concentration.
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Figure 4-8 The linear relationship between ro/r of Ir-CP/HA probe and oxygen partial pressure
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Figure 4-9 (a) Emission spectra of commercial intracellular probes at different oxygen
concentrations (0, 2.5, 5, 10, 21, 50 and 100%); (b) Comparison of oxygen sensitivity between Ir-

CP/HA nanoprobe and commercial probes
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Figure 4-10 The change of particle size of Ir-CP/HA probe with time in 10% FBS solution under
normal oxygen content (a) and anaerobic conditions (b); The change of the optimal emission peak
(470, 721 and 800 nm) of Ir-CP/HA probe with time in normal oxygen content (c) and anaerobic
conditions (d).
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Figure 4-11 (a) Fluorescence spectra of I--CP/HA in PBS, PBS + 10%FBS, PBS + 10%FBS and
anaerobic conditions; (b) Zeta potential of Ir-CP/HA before and after addition of FBS
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Figure 4-12 Cells (NIH3T3, A549 and H22) were incubated with different concentrations of Ir-
CP/HA for 48 h and irradiated for 10 min in the presence/absence of light, and cytotoxicity was
detected by MTT assay
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4-13(b) i 7, H22 F1 A549 21 Ji 1) 2 D' 9 5 73 0l B NITH3T3 4t Jifd = 2
2.07 15 1.64 ff%. XEWRFE Ir-CPIHA 9K T A 40 i 9 4k 5 40 i o 3o 263
) RHAMM 5 CD44 52{&45 % .

gi bk, g A M ACE AT Ir-CP/HA R 1 4H Mo 5 B, 35 B
IEOCIREHE IR I I 51297 5 TR BELR R RE .

67


https://www.sciencedirect.com/topics/immunology-and-microbiology/cd44
https://www.sciencedirect.com/topics/engineering/targeted-drug-delivery
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/cd44

iy AN YN T R VAT

(a)

—

=

~—
o

=
1

W
1

—_
1

=

Relative Fluorescence Intensity
[

/\Kxurmmun
m“ 1[‘

8] 4-13 (a) 5 3= 4 A R 40 i (NTHBT3. A549 Fil H22) 48 JU 11 37 38 40 i A 43475 (b) ¥t SR 4
Ji AR 43 A1 48 B (NIH3T3. AB49 Al H22) H Ir-CP/HA FIFR 21510

H22 A549 NIH3T3

ppppp

Figure 4-13 (a) Flow cytometry analysis of the uptake of cells (NIH3T3, A549 and H22) in
culture medium; (b) Flow cytometry analysis of the accumulation of Ir-CP/HA in cells (NIH3T3,
A549 and H22)
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