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In the past several decades, a great attention has been focused on the control of light emission of 

luminescent materials. Compared to our previous work of an aggregation-induced emission (AIE) 

initiator, an aggregation-caused quenching (ACQ) initiator (TPP-A) has been successfully synthesized 

and acted as an initiator of atom transfer radical polymerization (ATRP). Four end-functionalized 10 

polymers, PS-A, PS-NI, PNIPAM-A and PNIPAM-NI, were obtained using TPP-A or TPP-NI as an 

initiator via ATRP, respectively. TPP-A exhibits a weak charge transfer (CT) and ACQ, but TPP-NI 

possesses a strong CT and AIE. After two initiators were introduced to polystyrene (PS) chains, the CT of 

PS-A and PS-NI are well-preserved, but their photoluminescence (PL) intensity is increased because the 

PS chains could separate initiators from intermolecular interactions and restrict their intramolecular 15 

rotations. However, the emission behaviours of PNIPAM-A is different from that of PS-A due to the high 

polarity of PNIPAM chain. When the temperature of solution for PNIPAM-A is above the lower critical 

solution temperature (LCST), the PNIPAM-A solution possessed higher emission intensities than those 

measured at room temperature due to decrease the polarity of PNIPAM chain and the emission 

behaviours of PNIPAM-NI are similar to that of PS-NI. 20 

 

1 Introduction 

Many efforts have been devoted to the development of 

luminescent materials with tunable optical properties due to their 

practical applications.1-23 In the past several decades, a great of 25 

attention has been focused on the control of light emission of 

organic dyes in their dilute solutions. More recently, much work 

has been done to the manipulation of their optical properties in 

aggregate or solid state.24-31 It is our interest to investigate 

whether it is possible to obtain an organic dye whose emission 30 

can be controlled in both solution and aggregate state. Among 

various kinds of potential organic dyes, 1,3,5-triarylpyrazoline 

has attracted growing attention due to their excellent optical 

properties.32-40 As shown in Chart 1, two of the aryl rings in the 

1- and 3- position communicate electronically through the 35 

pyrazoline-π-system. Therefore, the optical properties of 

pyrazoline can be adjusted with a suitable choice of the 

substituents in 1- or 3- position. Moreover, the optical properties 

of luminescent materials can be tailored not only by chemical 

modification of their structure but also by doping treatment. The 40 

organic dyes containing polymer film can be considered as a solid 

solution, in which an organic core is surrounded by polymer 

chains. The polarity of polystyrene (PS) chain is lower than that 

of poly(N-isopropylacrylamide) (PNIPAM) chain. As a result, PS 

chain can be considered as a lowly polar solid ‘solvent’, while 45 

PNIPAM chain can be considered as a highly polar solid 

‘solvent’. Tian and co-workers23 reported two new series of 

amphiphilic copolymers which contained the segments of a 

monomeric aggregation-induced emission (AIE) fluorophore, N-

(2-hydroxypropyl)methacrylamide, [2-50 

(methacryloyloxy)ethyl]trimethylammoniumchloride, and/or 

2,2,2-trifluoroethyl methacrylate (TFEMA). The higher quantum 

yields of copolymers can be obtained through increasing the 

molar fractions of the hydrophobic AIE fluorophores and/or the 

trifluoroethyl moieties. Using 1-mol% of AIE fluorophores with 55 

the tuning of molar fractions of TFEMA, 40% quantum yield was 

achieved, whereas only less than 10% quantum yield was 

obtained for the polymers without the TFEMA segments. 

Moreover, PNIPAM is a representative temperature-responsive 

polymer that exhibits a rapid and reversible hydration-60 

dehydration change in response to small temperature cycles 

around its lower critical solution temperature (LCST = 32 ºC) in 

aqueous media, indicating that the polarity of PNIPAM is 

decreased in water when the temperature above LCST.41-52 The 

detailed relationship between the hydration-dehydration changing 65 

PNIPAM chain and optical properties of end-functionalized 

PNIPAM may be of interest. 

Our previous work introduced a single AIE unit (4-(1-(2-butyl-

1,3-dioxo-2,3-dihydro-1H-benzo[de]isoquinolin-6-yl)-5-(4-

(dimethylamino)phenyl)-4,5-dihydro-1H-pyrazol-3-yl)phenyl 2-70 

bromo-2-methylpropanoate, abbreviated as TPP-NI) into a 
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polymer chain via atom transfer radical polymerization 

(ATRP).53-55 The AIE property of end-functionalized polymers 

can be adjusted through polymer polarity. The polymer chain 

length and sterical hindrance may also affect the AIE property of 

end-functionalized polymers. Herein, TPP-NI end-functionalized 5 

PNIPAM, PNIPAM-NI, was obtained. The AIE property of 

PNIPAM-NI can be adjusted through varying temperature that 

leads to changing the polymer polarity, which avoided effect of 

the polymer chain length and sterical hindrance. We are also 

interested in how polymer chains affect the aggregation-caused 10 

quenching (ACQ) molecule emission. Whether is it possible to 

find a method to prevent ACQ-molecule from quenching in the 

aggregate state is important because polymer chains might 

weaken π−π stacking and intermolecular interaction, which could 

enhance the luminescence. Therefore, we designed and 15 

successfully synthesized an ACQ initiators, 4-(5-(4-

(dimethylamino)phenyl)-1-phenyl-4,5-dihydro-1H-pyrazol-3-

yl)phenyl 2-bromo-2-methylpropanoate (abbreviated as TPP-A) 

and introduced the initiator into polymer chains (PS or PNIPAM) 

via ATRP. In this work, we have systematically studied the effect 20 

of PS and PNIPAM chains on the two initiators. 

 
Chart 1 Structures of polymers. 

2 Experimental section 

2.1 Materials 25 

N-Isopropylacrylamide (NIPAM, Sigma-Aldrich) was 

recrystallized twice from benzene/hexane (10: 1, v/v) prior to use; 

Copper bromide (CuBr, Sinopharm Chemical Reagent Co., Ltd) 

was purified in acetic acid, washed with methanol and dried 

under vacuum to afford a white powder. Tris(2-30 

(dimethylamino)ethyl)amine (Me6TREN, Alfa Aesar, A Johnson 

Matthey Company), 4'-hydroxyacetophenone (Tokyo Chemical 

Industry Co., Ltd.) and 4-dimethylaminobenzaldehyde (Tokyo 

Chemical Industry Co., Ltd.) were used as received without 

further purification. TPP-NI and PS-NI was synthesized 35 

according to our previous report.53 All other reagents and solvents 

were analytic pure and were used as received without further 

purification.  

2.2 Characterization 

Using CDCl3 or DMSO-d6 as solvent and tetramethylsilane 40 

(TMS) as the internal standard, 1H NMR and 13C NMR spectra 

were measured on INOVA 300 or 400 MHz NMR spectrometer 

at ambient temperature. UV-vis absorption spectra were 

determined on a Shimadzu RF540 spectrophotometer. The 

emission and excitation spectra were carried out at room 45 

temperature through Edinburgh-920 fluorescence spectra 

photometer. The ground-state geometry of two initiators were 

optimized via the density functional theory (B3LYP) with the 6-

31G* basis set using the Gaussian 03 program package. The 

fluorescent quantum yields (QYs) were determined using a 50 

calibrated integrating sphere. Molecular weights and the 

polydispersity (PDI) relative to PS were measured using 

Waters1515 GPC with N,N-dimethylformamide (DMF) as a 

mobile phase at a flow rate of 1 mL min-1 and with column 

temperature of 30 ºC. 55 

2.3 Preparation of Nanoaggregates 

Stock solutions of PNIPAM-A or PNIPAM-NI in tetrahydrofuran 

(THF) with a concentration of 50 µmol mL-1 were prepared. 

Aliquots (1 mL) of the stock solutions were transferred to 10 mL 

volumetric flasks. After adding appropriate amounts of THF, 60 

hexane or water was added dropwise under vigorous stirring to 

furnish 5 µmol mL-1 solutions with defined fractions of hexane or 

water (fh or fw = 0 – 90 vol %). The procedures of preparing of 

two initiators and two end-functionalized PS are the same as 

described above for the end-functionalized PNIPAM. Spectral 65 

measurements of the resultant solutions or aggregate suspensions 

were performed immediately. 

2.4 Cloud points measurement 

Cloud points (CP) of aqueous solutions of PNIPAM-A or 

PNIPAM-NI were measured by UV-vis spectroscopy. 70 

Transmittance of the solution was recorded with a photodidode 

connected to a computer. The sample, whose concentration in 

distilled water was 2 mg mL-1, was poured into a 1 cm cell. The 

cell holder in the spectrophotometer was thermally controlled. 

The change in transmittance at 650 nm was monitored by heating 75 

the solution at a rate of 0.1 ˚C min-1. 

2.5 Synthesis 

2.5.1 Synthesis of TPP-A 

The synthesis of TPP-A (Scheme 1) was similar to the reported 

method to prepare TPP-NI.53 The detailed characterizations were 80 

provided in supporting information. 

Page 2 of 8RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol], 00–00  |  3 

 

 
Scheme 1 Synthesis of TPP-A and polymers. 

1H NMR (400 MHz, DMSO-d6) δ 7.86 – 7.80 (m, 2H), 7.27 – 

7.21 (m, 2H), 7.14 (dd, J = 15.1, 7.9 Hz, 4H), 7.03 (dd, J = 6.3, 5 

2.4 Hz, 2H), 6.71 (t, J = 7.2 Hz, 3H), 5.38 (dd, J = 12.1, 6.4 Hz, 

1H), 3.87 (dd, J = 17.4, 12.1 Hz, 1H), 3.08 (dd, J = 17.4, 6.3 Hz, 

1H), 2.86 (s, 6H), 2.07 (s, 6H). 
13C NMR (400 MHz, DMSO-d6) δ 170.09, 150.88, 146.74, 

144.71, 131.16, 129.25, 127.35, 127.13, 121.98, 118.97, 113.53, 10 

63.44, 57.49, 43.48, 30.50. 

HR-MS (m/z): [M+H]+ Ion Formula: C27H29BrN3O2, Calcd for, 

506.1364; Found, 506.1437. 

2.5.2 Synthesis of PNIPAM-NI 

The ATRP of NIPAM was performed at 50 ˚C in DMF. A typical 15 

polymerization was described as follows. NIPAM (1.13 g, 10 

mmol), TPP-NI (6.80 mg, 0.01 mmol), CuBr (1.44 mg, 0.01 

mmol), and Me6TREN (2.3 mg, 0.01 mmol) were dissolved in 

DMF and the mixture was placed into a round-bottomed flask. 

The flask was sealed and cycled between vacuum and Argon 20 

three times. The polymerization was conducted at 50 ˚C for a 

certain time. The polymerization was stopped by quenching the 

flask in ice water. After being diluted with DMF, the diluted 

solution was passed through an alumina column to remove the 

copper catalyst, and the filtrate was precipitated by addition of 25 

ethyl ether. The precipitation was filtrated and dried under 

vacuum. The monomer conversion determined by gravimetry is 

23%. The number-average molecular weight (Mn) was 

measured to be 26100 g mol-1 with Mw/Mn = 1.19 by GPC. 

2.5.3 Synthesis of PS-A and PNIPAM-A 30 

The synthesis of PS-A was similar to the reported method to 

prepare PS-NI, while PNIPAM-A was similar to the PNIPAM-

NI. 

3 Results and discussion 

3.1 Calculation 35 

The ground-state geometry of two initiators were optimized via 

the density functional theory (B3LYP) with 6-31G* basis set 

using the Gaussian 03 program package.56-58 As shown in Figure 

1a/b, the phenyl rings in the 3-position and 5-position of two 

initiators exhibit the similar dihedral angles. However, the phenyl 40 

ring in the 1-position of TPP-A exhibits the dihedral angle of 4°, 

indicating that the phenyl ring in the 1-position of TPP-A is 

almost coplanar with pyrazoline-π-system. When the sterical 

hindering group, NI, was introduced into the pyrazoline in 1-

position, the dihedral angle of TPP-NI in the 1-position is 45 

increased from 4o to 58o.53 The whole molecule of TPP-NI takes a 

non-planar configuration, which helps to impede the π-π stacking 

interaction to some extent in aggregate state, or at the film state. 

In addition, the spatial distributions of the highest occupied 

molecular orbital (HOMO) and the lowest unoccupied molecular 50 

orbital (LUMO) levels of two initiators were calculated and have 

been shown in Figure 1c/d/e/f. The electron density of TPP-A is 

changed a little between HOMO and LUMO orbits. However, the 

electron density distributions of the HOMO for TPP-NI mainly 

locate on pyrazoline ring and N,N-dimethylaniline group while 55 

the LUMO orbital is mainly distributed on NI group. Thus, a 

charge-transfer (CT) interaction can occur between the electron 

donor moieties and the electron acceptor moieties. 
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Figure 1 Optimized ground-state geometry of TPP-A (a) and TPP-NI (b) 

with B3LYP/6-31G* in the gas phase; calculated spatial distributions of 

the HOMO and LUMO levels of the TPP-A (c, d) and TPP-NI (e, f). 

3.2 Solvent effect 5 

The absorption and emission spectra of two initiators were 

measured in different polar solvents to elucidate the 

solvatochromism effect. As shown in Table 1 and Figure 2a, the 

absorption spectra of TPP-A in different solvents are similar with 

absorption band at 363 nm, which can be assigned to the π-π* 10 

transition involving an intramolecular charge transfer from the 1-

Ph-N(1) donor to the Ar-C(3)=N(2) acceptor. TPP-A emits strong 

blue emission with maximum peak at 433 nm (λex = 363 nm) in 

hexane, while the emission wavelength is only red-shifted 0.14 

eV (23 nm) with the increase of solvent polarity from hexane to 15 

DMF. These results indicate that TPP-A exhibits weak CT effect. 

TPP-NI shows multiple absorption bands at 330 nm, 437 nm and 

461 nm, which may be deduced to the π–π* transition and CT 

from N,N-dimethylaniline to NI, respectively. The absorption 

wavelength of TPP-NI is red-shifted 0.23 eV (38 nm), while the 20 

solvent changes from non-polar hexane to polar DMF. Moreover, 

the emission wavelength was also red-shifted 0.32 eV (69 nm), 

while the solvent polarity was increased from hexane to DMF. 

These phenomena indicate that TPP-NI exhibits strong CT effect. 

When the polarity of the solvent increased, charge transfer states 25 

of TPP-NI can be more stabilized in polar media such as DMF 

due to the highly polarized nature of the charge transfer state, and 

the PL intensity is decreased. As can be seen from Table S4, the 

percent of the shortest lifetime is increased with increasing the 

solvent polarity. 30 

 

 
Figure 2 Normalized absorption and emission spectra of TPP-A (a, b) and 

TPP-NI (c, d) in different solvents (λex = λabs, respectively, Concentration: 

25 μmol L
-1

) 35 

Table 1 Photophysical data for TPP-A and TPP-NI 

  TPP-A   TPP-NI  

State λabs
a λem

b QYc λabs λem QY 

Hexane 363 433 46.7 437, 461 480, 510 29.4 

Toluene 365 442 34.6 451 507, 535 20.9 
THF 363 444 38.8 460 525 2.30 

DMF 363 456 43.3 475 549 n. d.f 

DMF/waterd 363 478 1.77 469 562 1.0 

a The absorption wavelength (nm). b The emission wavelength (nm). c 
Fluorescence quantum yield (%). d DMF/water = 1: 9, by volume. f not 

determined 

As shown in Table2/3 and Figure S19/20/22/23, the absorption 40 

and emission spectra of two initiators’ end-functionalized 

polymers in different polar solvents were measured to confirm 

the preservation of CT in polymers. The absorption and emission 

patterns of four end-functionalized polymers were similar to 

those of their initiators, indicating that CT effect was well-45 

preserved. 

3.3 Aggregates fluorescence 

To investigate their aggregation behaviours, the absorption and 

emission spectra of two initiators in DMF/water mixtures with 

different water fractions were measured and shown in Figure S18 50 

and Figure 3. With the increase of the fw from 0 to 90 %, the PL 

intensity of TPP-A is decreased and the emission wavelength is 

red-shifted. The effect of fw on TPP-NI is different from that on 

TPP-A according to our previous work.53 When the fw is 60 %, 

the PL intensity of TPP-NI reaches a maximum value and the 55 

emission wavelength changes a little. The different fluorescent 

behaviours of two initiators are due to the different conformation 

of two initiators. Generally, aggregation will force the dye inside 

the nanoaggregates to pack more densely; therefore, it may be 

obvious that a more crowded environment will force the inside 60 

dyes to adopt a more coplanar geometry. According to 

calculation, the phenyl ring in the 1-position of TPP-A is almost 

coplanar with pyrazoline-π-system. By contrast, the whole 

molecule of TPP-NI takes a non-planar configuration; therefore, 

the configuration of TPP-A may be more coplanar geometry in 65 

aggregate state that leads to the emission intensity quenched and 

emission wavelength red-shifted, while it is difficult for TPP-NI 

to form coplanar geometry due to the poor coplanarity of TPP-NI. 
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Moreover, the interactions between TPP-NI molecules are 

smaller that of TPP-A molecules due to the sterical hindrance in 

TPP-NI, which reduces excitonic interactions as well as 

polarizability effects.59  

 5 

Figure 3 Emission spectra of TPP-A (a) and TPP-NI (c) with the 

composition of the DMF/water mixture; Change in the relative PL 

intensity (I/I0) of TPP-A (b) and TPP-NI (d) in the DMF/water mixture. I0 = 

PL intensity in DMF solution. Concentration: 25 μmol L
-1

; excitation 

wavelength: 363 and 467 nm, respectively. 10 

The emission behaviours of PS-A and PS-NI were studied 

using DMF/ethanol mixture. The absorption and emission spectra 

of PS-A in aggregate state were shown in Figure S21 and Figure 

4, the emission intensity is increased and the emission 

wavelength is blue-shifted with the ethanol fraction (fe) 15 

increasing. The optical behaviors of PS-NI are similar to those of 

PS-A in aggregate state.53 The polarity of PS chains is low. The 

PS chains can be used as building blocks to reduce the 

intermolecular interaction between initiators, and hence eliminate 

the aggregation quenching effect and amplify the aggregation 20 

emission. On the other hand, for microenviroment of initiator, the 

dyes were surrounding by solvents only, but for microenviroment 

of end-functionalized polymers, the dyes were surrounding by 

solvents and polymer chains. 

 25 

Figure 4 Emission spectra of PS-A (a) and PS-NI (c) with the composition 

of the DMF/ethanol mixture; Change in the relative PL intensity (I/I0) of 

TPP-A (b) and TPP-NI (d) in the DMF/ethanol mixture. I0 = PL intensity in 

DMF solution. Concentration: 5 μmol L
-1

; excitation wavelength: 365 and 

475 nm, respectively. 30 

Table 2 Photophysical data for PS-A and PS-NI 

  PS-A   PS-NI  

State λabs
a λem

b QYc λabs λem QY 

Toluene 365 440 60.4 463 508 26.8 
THF 365 442 62.2 463 526 3.68 

DMF 365 457 61.6 475 539 0.05 

DMF/ethanold 369 440 65.7 489 537 14.7 

a The absorption wavelength (nm). b The emission wavelength (nm). c 

Fluorescence quantum yield (%). d DMF/ethanol = 1: 9, by volume. 

PNIPAM exhibits solubility in THF, DMF and water, and poor 

solubility in hexane, while two initiators exhibit solubility in 35 

hexane, THF and DMF, and poor solubility in water. To 

investigate the aggregation behaviours of PNIPAM-A and 

PNIPAM-NI, their absorption and emission spectra in aggregate 

state were studied in two different mixture systems (THF/hexane 

and THF/water). The traces of PL intensity depending on fh in the 40 

THF/hexane mixtures for PNIPAM-A are shown in Figure 5. 

With increasing fh from 0 to 50%, the PL intensity is increased a 

little and the emission wavelength is blue-shifted which could be 

ascribed to CT effect due to the low polarity of hexane. When a 

“large” amount of hexane (fh ≥ 60 %) is added into THF, the PL 45 

intensity is decreased due to forming the nanoparticles. When the 

fh is as high as 60 %, the light scattering effect of the 

nanoparticles could be observed in Figure S24. There are at least 

two factors which affect the emission of TPP-A: (1) when hexane 

is added into THF, the polarity of the mixture is decreased and 50 

this is beneficial to emission; (2) when a “large” amount of 

hexane is added, the nanoparticles are formed which are not 

beneficial to emission because the aggregation behaviour of 

PNIPAN-A is similar to those of TPP-A due to the different 

polarity of NIPAM and TPP-A. Those results are confirmed by 55 

the aggregation behaviour of PNIPAM-A in THF/water. The PL 

intensity is decreased with increasing fw due to the high polarity 

of water. On the basis of chemical intuition, PNIPAM-A should 

self-assemble into micelle in THF/hexane or THF/water solution 

due to the different solubility between PNIPAM and TPP-A. 60 

Possible self-assembling processes are proposed in Scheme 2. 

TPP-A cores are surrounded by PNIPAM chains in THF/water 

solution because TPP-A cannot dissolve in water. By contrast, 

PNIPAM chains are surrounded by TPP-A in THF/hexane 

solution because PNIPAM cannot dissolve in hexane. In the 65 

above two cases, polymer chains are difficult to reduce the 

intermolecular interactions and restrict intramolecular rotation. 

Thus, the emission behaviour of PNIPAM-A is similar to that of 

TPP-A. 
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Figure 5 Emission spectra of PNIPAM-A with the composition of the 

THF/hexane (a) and THF/water (c) mixture; Change in the relative PL 

intensity (I/I0) of PNIPAM-A in the THF/hexane (b) and THF/water (d) 

mixture. I0 = PL intensity in DMF solution. Concentration: 5 μmol L
-1

; 5 

excitation wavelength: 365 nm. 

Table 3 Photophysical data for PNIPAM-A and PNIPAM-NI 

  PNIPAM-A   PNIPAM-NI  

State λabs
a λem

b QYc λabs λem QY 

THF 365 442 38.9 466 529 2.5 
DMF 366 456 48.7 471 544 n. d.f 

THF/hexaned 366 431 21.4 463 538 12.1 

THF/watere 367 464 14.5 465 533 9.80 

a The absorption wavelength (nm). b The emission wavelength (nm).c 

Fluorescence quantum yield (%). d THF/hexane = 1: 9 for PNIPAM-A 1: 

7 for PNIPAM-NI, by volume. e THF/water = 1: 9, by volume. f not 10 

determined 

The emission behaviours of PNIPAM-NI in THF/hexane and 

THF/water mixture are different from those of PNIPAM-A, but 

they are similar to those of TPP-NI. The PL intensity of 

PNIPAM-NI is enhanced with increasing fh because of the low 15 

polarity of hexane. Even though a “large” amount of hexane is 

added into the solution of PNIPAM-NI in THF, the PL intensity 

is still increased because TPP-NI is noncoplanar molecule. When 

water was added into the solution of PNIPAM-NI in THF, firstly, 

the PL intensity is decreased due to the high polarity of water; 20 

secondly, the PL intensity is increased due to formation the 

nanoparticles. Those phenomena are similar to that of TPP-NI in 

DMF/water mixture. 

 

Figure 6 Emission spectra of PNIPAM-NI with the composition of the 25 

THF/hexane (a) and THF/water (c) mixture; Change in the relative PL 

intensity (I/I0) of PNIPAM-A in the THF/hexane (b) and THF/water (d) 

mixture. I0 = PL intensity in DMF solution. Concentration: 5 μmol L
-1

; 

excitation wavelength: 475 nm. 

3.4 LCST of PNIPAM  30 

PNIPAM-A gave a clear solution in cold water, which became 

turbid by raising the temperature. To determine the LCST for the 

liquid/solid phase transition, the transmittance (%) of an aqueous 

PNIPAM-A solution (2 mg m L-1) was measure using UV–vis 

absorption spectroscopy upon raising the temperature at the 35 

heating rate of 0.1 ˚C min-1. Figure 7a/c shows the transmittance 

versus temperature plots (cloud point curves). We used 50% 

transmittance points as the LCST. The LCST of the PNIPAM-A 

in aqueous solution was 31.6 ˚C. The result of the temperature-

dependent the hydrodynamic diameter was agreement with the 40 

temperature-dependent optical transmittance. We used the same 

method to measure the LCST of the PNIPAM-NI which is 32.8 
oC. 

The fluorescence spectra of the aqueous PNIPAM-A and 

PNIPAM-NI solutions at room temperature (25 ° C) and at 40 ° C 45 

(>LCST) are examined in Figure 7b/d. The emission intensity at 

40 °C is comparatively higher than their respective counterparts 

at room temperature because polymer chains can be used as 

building blocks to reduce the intermolecular interaction between 

initiators.  50 

 
Figure 7 Effects of temperature on transmittance and particle size for the 

aqueous PNIPAM-A (a) and PNIPAM-NI (c) solutions (2 mg mL
-1

); Emission 

spectra of the aqueous PNIPAM-A (b) and PNIPANM-NI (d) solutions at 

room temperature and at 40 °C (2 mg mL
-1

, excitation wavelength 363 55 

and 475 nm, respectively). 
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Scheme 2 Schematic illustrations of aggregate states for four polymers. 

Conclusion 

In this work, four end-functionalized polymers, PS-A, PS-NI, 

PNIPAM-A and PNIPAM-NI, were obtained using TPP-A or 5 

TPP-NI as an initiator via ATRP. TPP-A exhibits a weak CT and 

ACQ, but TPP-NI possesses a strong CT and AIE. After initiators 

were introduced to PS chains, the CT of PS-A and PS-NI are 

well-preserved, while their PL intensity is increased because the 

PS chains could separate initiators from intermolecular 10 

interactions and restrict their intramolecular rotations. However, 

the emission behaviours of their end-functionalized PNIPAM 

(PNIPAM-A and PNIPAM-NI) are different, but the emission 

behaviours of PNIPAM-A and PNIPAM-NI are similar to their 

corresponding initiators, respectively. As a result, PNIPAM-A 15 

exhibits a weak CT and ACQ and PNIPAM-NI exhibits a strong 

CT and AIE due to the different polarity of PNIPAM and 

initiators. The LCST of the aqueous PNIPAM-A and PNIPAM-

NI solutions were 31.6 and 32.8 °C, respectively. At 40 °C, 

polymer aqueous solution possessed higher emission intensities 20 

than those measured at room temperature. In summary, we have 

successfully utilized the polymer chains to tune the optical 

properties of luminophores, and studied the interaction between 

polymer chains and initiators with different CT. 
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