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Abstract: The amphipathic poly ( N-phenylmaleimide ) -b-poly ( 4-vinylpyridine ) -Cd2 + ( PNPV-Cd2 + )

complex has been synthesized by reversible addition fragmentation chain transfer ( RAFT) polymeriza-
tion． The 4VP groups acted as the coordination sites for cadmium ion aggregations and nanosized CdS
particles were successfully grown in situ at these sites with the release of S2- ions from thioacetamide． The
CdS content and size in poly( N-phenylmaleimide) -b-poly( 4-vinylpyridine) -CdS ( PNPV-CdS) nanocom-
posites were controlled by the polymerization time． The optical properties of the prepared PNPV-CdS
nanocomposites were characterized by linear absorption and photoluminescence ( PL) spectra． The PL
properties of the nanocomposites are controllable by RAFT method． Z-scan measurement was also em-
ployed to investigate the third-order nonlinear optical ( NLO) properties at a wavelength of 532 nm． The
nonlinear optical response of PNPV-CdS is much stronger than that of CdS and PNPV． This nanocompos-
ite has potential applications in all-optical switches in optical information processing．
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聚( N-苯基马来酰亚胺) -b-聚( 4-乙烯基吡啶) -CdS纳米复合物的光学性质

董延茂1，2，路建美1，胡磊1，纪顺俊1

( 1．江苏省有机化学重点实验室，苏州大学材化部，江苏苏州，215123;
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摘要: 用可逆加成锻炼链转移( RAFT) 聚合方法合成了两亲性聚( N-苯基马来酰亚胺) - b-聚( 4-乙
烯基吡啶) -Cd2 + ( PNPV-Cd2 + ) 高分子配合物。Cd2 +离子与 4VP基团配位并与硫代乙酰胺分解产
生的 S2-离子原位生成 CdS纳米粒子。聚( N-苯基马来酰亚胺) -b-聚( 4-乙烯基吡啶) -CdS( PNPV-
CdS) 中 CdS的含量可通过 RAFT聚合时间进行调控。用紫外吸收和荧光光谱( PL) 测试了 PNPV-
CdS的光学性质。PNPV-CdS的 PL性质可通过 RAFT 方法进行控制。用 Z-扫描的方法在 532 nm



波长下研究了 PNPV-CdS的三阶非线性光学( NLO) 性质。PNPV-CdS的 NLO响应分别强于 CdS 和
PNPV。这种纳米复合材料在光学信息处理中的全光开关领域具有潜在的应用价值。
关键词: RAFT; N-苯基马来酰亚胺; 纳米复合物; 光致发光; 非线性光学
中图分类号: 0437 文献标识码: A

0 Introduction
During recent decades，the copolymerization invol-

ving N-phenylmaleimide ( NPMI) has stimulated great
interest，due to the wide possibilities for the preparation
of new materials with improved properties such as flame
and heat-resistance，thermal and chemical stability［1-
7］，photosensitivity［8，9］and nonlinear optics( NLO)
［10，11］． The synthesis of NPMI copolymers by anionic
polymerization［12-15］，rare earth coordination catalyst
［16］and atom transfer radical polymerization ( ATRP)
［17-19］ have been studied． The reversible addition-
fragmentation chain transfer ( RAFT) process is a versa-
tile method for control over molecular weight，molecular
weight distribution ( MWD) ，composition and architec-
ture． However，as far as we know，there is few report
concerning this［20］．

To enhance the thermal stability and PL properties
of polymer，the inorganic nanoparticles have been intro-
duced in polymer． The polymer nanocomposites
( PNCs) have been studied widely［21-23］． The con-
trollability of PL properties of PNCs need further investi-
gation． The semiconductor quantum dots ( QDs) and the
PNCs containing QDs also exhibit excellent NLO proper-
ties［24-28］． A significant challenge for this kind of
nanoparticle is to incorporate them into a matrix while
preserving the size distribution and quantum yield． It is
well-known that amphipathic polymer exhibit excellent
dispersion and surface modification of QDs．

In our present work，the poly ( N-phenylmaleim-
ide) ( PNPMI) macro-chain transfer agent ( MCTA) was
synthesized by RAFT polymerization， then the am-
phipathic poly ( N--phenylmaleimide ) -b-poly ( 4-vi-
nylpyridine) -Cd2 + ( PNPV-Cd2 + ) complex was synthe-
sized by RAFT polymerization using 4-vinylpyridine-
Cd2 + ( 4VP-Cd2 + ) as the second monomer． The PNPV-
CdS nanocomposites were prepared in situ． The CdS
content in composites was controlled by the polymeriza-

tion time． The effects of the CdS content on the struc-
ture，photoluminescence ( PL) and NLO properties of
PNPV-CdS have been discussed for the first time．

1 Experiment
1． 1 Materials

The industrial pure NPMI was recrystallized in
ethanol． The 4VP was obtained from Aldrich and puri-
fied purified under reduced pressure to remove the in-
hibitor． 4-Vinylpyridine( 4VP) ( Aldrich) was vacuum
distilled prior to polymerization． Thioacetamide( TAA)
from Merck was recrystallized in spectroscopic grade
benzene and dried at room temperature in a vacuum ov-
en． 4VP-Cd2 + was prepared: Cd( CH3COO) 2 was dis-
solved in 4VP /DMF solution( Cd( CH3COO) 2 : 4VP =
1: 5 ～ 1: 40，mol: mol; 4VP: DMF = 1: 2，v: v ) and
stirred at room temperature for 3 days． The chain
transfer agents benzyl 9H-carbazole-9-carbodithioate
( BCCDT) was synthesized according to the literature
［29］． All other reagents and solvents ( Aldrich or Flu-
ka) were used as received．

1． 2 Preparation of PNPV-CdS nanocomposite

Synthesis of MCTA． MCTA was synthesized by
RAFT empolying 2，2＇-azobis( isobutyronitrile) ( AIBN)
as an initiator and BCCDT as a CTA． The polymeriza-
tion was conducted at 95℃ under a nitrogen atmos-
phere in septa-sealed vials with the molar ratio NPMI /
CTA /AIBN = 300 /6 /1． The molecular weights ( Mn )

of polymers were determined by GPC．
Synthesis of PNPV-Cd2 + ． PNPV-Cd2 + was pre-

pared at 80℃ with the molar ratio 4VP-Cd2 + /MCTA
( Mn = 2413g /mol) /AIBN = 1500 /5 /1． A DMF solu-
tion ( 100 mL) containing quantitative 4VP-Cd2 +，14
mmol 4VP-Cd2 + and 142 mg of AIBN was stirred gen-
tly at 80℃ and under N2 over a period of 48 h． The
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PNPV-Cd2 + obtained was washed by aether /petroleum
ether( 1: 1，v: v) solution． Then the sample was dried
in vacuo overnight．

Preparation of PNPV-CdS． PNPV-Cd2 + containing
quantitative Cd2 + ions reacted with TAA ( Cd2 + : TAA
=1: 1，mol: mol) in 50mL DMF solution at 65℃ for
1h． The solution was dispersed by ultrasound． The
PNPV-CdS nanocomposites obtained were washed by
distilled water，dried at room temperature and collected
for further characterization．

1． 3 Characterization
1H NMR spectra was recorded in DMSO on a Ino-

va-400 instrument using tetra-order methylsilane as a
reference． The CdS content in these composites was in-
vestigated by means of Inductively Coupled Plasma
( ICP) ( PLA-SPECI，Leeman company) and Hitachi
S-570 scanning electron microscope ( SEM) equipped
with Energy Dispersive Analysis by X-rays ( EDAX )
facility． Samples for ICP were prepared by dispersing
the product in 98% HNO3 and then boiling it for
30min． The solution containing Cd was diluted with
distilled water． The morphology of the nanoparticles
and composites were determined by SEM and Hitachi

H-600-II transmission electron microscope ( TEM ) ．
The Z-average size and the polydispersity index ( PDI)
of the nanocomposites were measured by Malvern HPP
5001 high performance particle sizer ( HPPS) at 25℃ ．
The X-ray diffraction ( XRD ) patterns were recorded
on a Rigaku D /MAX-IIIC X-ray diffractometer using
Cu Ka radiation ( λ = 0． 1542 nm) operated at 50 kV
and 100 mA，with the diffraction angle in the range of
the 2θ = 5 ～ 70°． Ultraviolet /visible ( UV-vis) Absorp-
tion Spectroscopy of the samples was recorded on a Shi-
madzu UV-vis spectrophotometer ( UV-2401PC ) with
the scanning range was from 190 to 700 nm． Absorp-
tion from the solvent was subtracted from each spec-
trum． The photoluminescence ( PL ) spectra of prod-
ucts were obtained on an Shimadzu Edinburgh-920
spectrophotometer equipped with a 450-W Xe arc lamp
and a PMT detector at room temperature． The Z-scan
absorption spectroscopy were recorded on a frequency-
doubled Nd: YAG laser which produces 7 ns pulses at
532 nm with a repetition rate of 10 Hz．

2 Results and Discussion
2． 1 Synthesis and Structural Characterization

Scheme 1． Schematic chart to form PNPV-CdS nanocomposites
示意图 1 PNPV － CdS 纳米复合物的合成流程示意图

Fig． 1 Effect of conversion on the molecular weight and MWD
of PNPMI．
图 1 转化率对 PNPMI 分子量及其分布的影响

The molecular weight and MWD of MCTA in-
crease with the increasing NPMI conversion ( Figure
1) ． The MWD of MCTA is about 1． 2 under 40% con-
version． With the conversion increases，the MWD of
MCTA increases( ～ 1． 4) ． This indicates that the mo-
lecular weight and MWD of MCTA can be controlled by
RAFT polymerization．
The time － conversion plots for the polymerization of
NPMI was shown in Figure 2． Under lower conversion
( ＜ 40% ) ，the conversion of NPMI increases with the
increasing polymerization time，indicates its living na-
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ture．

Fig 2 Time-conversion and first-order kinetic plots for the poly-
merization of NPMI．
图 2 NPMI 聚合的时间 －转化率和一阶动力学曲线图

The PNPV － Cd2 + was synthesized by RAFT using
AIBN as initator，4VP － Cd2 + as monomer and PNPMI
( Mn = 2413g /mol) as MCTA． The polymerization was
performed at 95℃ with a material ratio of ［4VP －
Cd2 +］/［MCTA］/［AIBN］= 1600 /40 /1．

The 1H NMR spectra ( CDCl3 /TMS) of BCCDT，
MCTA and PNPV － Cd2 + are shown in Figure 3． The
marked peaks of PNPV － Cd2 + locate δ8． 00 － 8． 42，
δ7． 30 － 7． 40，δ6． 38 － 6． 39，δ2． 87 － 2． 94，δ3． 75
and δ1． 73ppm，respectively．

Fig． 3 1H NMR spectra of BCCDT，MCTA and PNPV － Cd2 +

图 3 BCCDT，MCTA 和 PNPV － Cd2 +的1H NMR 谱图

As shown in Figure 4，the conversion of 4VP-
Cd2 + increases with the increasing polymerization time，

indicating its living nature． The Mn of PNPV-Cd
2 + can

be caculated by 1H NMR: Mn = 2413 + 2 × 219． 6 ×
I8． 4 / I8． 0，where 2413 is the Mn of MCTA，219． 6is the
Mn of 4VP － Cd2 +，I8． 4 and I8． 0 are the integral value of
δ8． 4( 4VP － Cd2 + ) and δ8． 0( carbazole) ．

Fig． 4 Time-conversion and first-order kinetic plots for the pol-
ymerization of PNPV-Cd2 +

图 4 PNPV-Cd2 +的时间-转化率和一阶动力学曲线

The effect of polymerization time on the CdS con-
tent in the PNPV-CdS is shown in Table 1． The CdS
content increases from PNPV-CdS-0． 8 to PNPV-CdS-
3． 4 with prolonging the block polymerization time from
3h to 28h． This indicates that the CdS content in the
PNPV-CdS can be controlled by RAFT polymerization．

The copolymerizayion of NPMI and 4VP-Cd2 + and
the formation of CdS also can be characterized by FT-
IR。As shown in Figure 5，the characteristic vibration
of CdS locate 563 cm-1 in curve ( a) ，curve ( b) and
curve ( c) ，indicating the formation of CdS． The char-
acteristic vibration of imide in the PNPV-Cd2 + and
PNPV-CdS locate 1072 and 995 cm-1 ． The vibration of
pyridine in the PNPV-CdS ( ～ 1450 cm-1 ) shows a 8
cm-1 blue shift compared with that of PNPV-Cd2 +

( 1458) ，indicating the strong interaction between nano
CdS and 4VP group［30］． Similarly，the strong inter-
action between nano CdS and 4VP group in PNPV-CdS
also is observed．

表 1 聚合时间对 CdS 含量的影响
Table． 1 Dependence of CdS content on the polymerization time

Label PNPV-CdS-0． 8 PNPV-CdS-1． 2 PNPV-CdS-1． 8 PNPV-CdS-2． 3 PNPV-CdS-2． 6 PNPV-CdS-3． 4

Polymerization Time( h) 3 6 10 20 24 28

CdS content( wt% ) 0． 8 1． 2 1． 8 2． 3 2． 6 3． 4
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Fig． 5 FTIR spectra of samples: ( a) CdS; ( b) PNPMI; ( c)
PNPVP-Cd2 + and ( d) PNPVP-CdS-3． 4
图 5 ( a) CdS; ( b) PNPMI; ( c) PNPVP-Cd2 +和 ( d) PNPVP-
CdS-3． 4 的 FTIR 谱图

2． 2 Dependence of Morphology of PNPV-Cd2 + on
the Polymerization Time

The P4VP-Cd2 + block length in PNPV-Cd2 + in-
creases as the polymerization time prolonging． Thus，
the interaction between polymer chains increases． As
shown in Figure 6，the PNPV-Cd2 + tend to congregate
as the polymer chains increases，combining with shrink
of particle size from ～ 200nm to ～ 100 ～ 120nm． The
tunable morphology of hydrogen-bonding interpolymer
complexes is assigned to the increasing interaction be-
tween polymer chains［31-34］．

Fig． 6 Tunable TEM morphology of PNPV-Cd2 + with different polymerization time: ( a) 3h; ( b) 10h and ( c) 28h．
图 6 聚合时间对 PNPV-Cd2 + TEM 形貌的影响: ( a) 3h; ( b) 10h 和 ( c) 28h．

2． 3 Dependence of Morphology of PNPMI-b-
P4VP-CdS and CdS Structure on the CdS Content

XRD patterns of PNPV-Cd2 +，PNPV-CdS-0． 8，
PNC-1． 2 and CdS are shown in Figure 7． The diffrac-
tion peaks at 2θ =19． 06° ( Figure 7a ～7c) corresponds
to amorphous PNPMI-b-P4VP． The XRD patterns of
PNPV-CdS-0． 8，PNPV-CdS-1． 2 and CdS indicate both
the cubic and hexagonal CdS crystal structure for the
nanoparticles． The hexagonal phase of CdS is gradually
instead of the mixed phase of cubic and hexagonal with
the CdS content increasing． The crystallinity transforma-
tion may be driven by the Cd-to-S ratio．

The average diameter of CdS particles was esti-
mated according to the Debby-Scherer’s equation: Lhkl

= kλ / ( Bcosθ) ，where k is taken as 1，λ = 0． 15418
nm and B ( radian) is the half width of the diffraction
peak［35，36］． The size of CdS increases from ～ 1．
3nm( Figure 7a) to 7 nm ( Figure 7c) ． This indicates
that the CdS nanoparticles congregate together as the
CdS content increases．

Fig． 7 XRD patterns of ( a) PNPV-Cd2 + ; ( b) PNPV-CdS-0．
8; ( c) PNPV-CdS-1． 2; ( d) PNPV-CdS-3． 4 and the standard
cubic( JCPDS 10-0454 ) and hexagonal ( JCPDS 41-1049 ) CdS
XRD patterns．
图 7 XRD 谱图: ( a) PNPV-Cd2 + ; ( b) PNPV-CdS-0． 8; ( c)
PNPV-CdS-1． 2; ( d ) PNPV-CdS-3． 4 和立方 ( JCPDS 10-0
454) 、六方( JCPDS41-1049) CdS 的标准谱图

The structure of nanocomposites was also studied
by TEM measurement ( Figure 8) ． The average size of
the CdS nanocrystals is about 3 ～ 4 nm in PNPV-CdS-
0． 8，which is larger than that calculated from XRD
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( ～ 1． 3 nm) ． The difference may be due to aggrega-
tion of the CdS nano-crystals． The data calculated from
XRD results reflected the size of a single crystal，while
the TEM photograph shows the aggregates of the CdS
particles． As the CdS content increases，as shown in
Figure 8( b) ～ 8( d) ，the CdS particles are about ～ 5
～ 10 nm． This indicates that the morphology of the
PNPV-CdS and the size of CdS nanoparticle can be
controlled by adjusting the content of CdS through
RAFT polymerization．

Fig． 8 TEM morphology of ( a) PNPV-CdS-0． 8; ( b) PNPV-
CdS-1． 8; ( c) PNPV-CdS-2． 3 and ( d) PNPV-CdS-3． 4．
图 8 TEM 图像: ( a) PNPV-CdS-0． 8; ( b) PNPV-CdS-1． 8;
( c) PNPV-CdS-2． 3 和 ( d) PNPV-CdS-3． 4．

The dispersion of PNPV-CdS also determined by
HPPS． As shown in Figure 9，the size of PNPV-CdS
increases from ～ 120nm to ～ 200nm with CdS content
increasing from 0． 8 wt% to 3． 4 wt%，due to the con-
glomeration of PNPV-CdS． This is consistent with TEM
results．

2． 4 Dependence of Absorption and PL properties
of PNPMI-b-P4VP-CdS on the CdS Content

The absorption spectra of PNPV-Cd2 + prepared
with different polymerization time and the PNPV-CdS
containing different CdS content are shown in Figure
10． As the polymerization time increases from 3h to
28h，the absorption intensity of PNPV-Cd2 + increases，

due to the increasing block length of P4VP-Cd2 + ． A
slight red shift from curve a to curve d also is ob-
served． The intensity of absorption spectra of PNPV-
CdS also increases from PNPV-CdS-0． 8 to PNPV-CdS-
3． 4 with the increasing CdS content． By comparison，
the marked absorption peaks of PNPV-CdS show a lar-
ger red shift ( from 269 nm to 308 nm) than that of
PNPV-Cd2 + ( from 268 nm to 270 nm) ，indicating that
the CdS nanoparticles congregate together as the CdS
content increase ． This is assigned to the surface effect
of nano CdS，combining with the hydrogen bond inter-
action between P4VP block．

Fig． 9 The dispersion of PNPMI-b-P4VP-CdS by HPPS: ( a)
PNPV-CdS-0． 8; ( b) PNPV-CdS-1． 8; ( c) PNPV-CdS-2． 3 and
( d) PNPV-CdS-3． 4．
图 9 PNPMI-b-P4VP-CdS 的分散性( HPPS 检测) ( a) PNPV-
CdS-0． 8; ( b) PNPV-CdS-1． 8; ( c) PNPV-CdS-2． 3 和 ( d)
PNPV-CdS-3． 4．

The PL spectra of samples are shown in Figure
11． The characteristic peaks of PNPV-Cd2 + locate 344
～361 nm． The PL intensity of PNPV-Cd2 + increases
with the increasing polymerization time from 3h to 28h，
resulting from the increase of P4VP-Cd2 + block length．
By comparison，the marked peaks of PNPV-CdS locate
344 ～ 361 nm and 438 nm，corresponding to PNPMI-b-
P4VP and CdS， respectively． The PL intensity of
PNPMI-b-P4VP decreases with the incrasing CdS con-

1734 期 Dong Yan-mao，et al: Optical Properties of Poly( N-Phenylmaleimide) -b-Poly( 4-Vinylpyridine) -CdS Nanocomposites



tent，from PNPV-CdS-0． 8 to PNPV-CdS-3． 4． Howev-
er，the PL intensity of CdS increases as the CdS con-

tent incrases， indicating the PNPMI-b-P4VP-to-CdS
charge transfer．

Fig． 10 Absorption spectra of samples: ( A) PNPMI-b-P4VP-Cd2 + with different polymerization time: ( a) 3h; ( b) 10h; ( c) 20h;
( d) 24h and ( d) 28h ( λex = 293nm，0． 2g /L DMF solution) ; ( B) PNPV-CdS with different CdS content: ( a) PNPV-CdS-0． 8;
( b) PNPV-CDS-1． 8; ( c) PNPV-CdS-2． 3; ( d) PNPV-CdS-2． 6 and ( e) PNPV-CdS-3． 4 ( λex = 294nm，0． 2g /L DMF solution) ．
图 10 样品的吸收光谱: ( A) 不同聚合时间的 PNPMI-b-P4VP-Cd2 + : ( a) 3h; ( b) 10h; ( c) 20h; ( d) 24h 和 ( d) 28h ( λex =
293nm，0． 2g /L DMF溶液) ; ( B) 不同 CdS 含量的 PNPV-CdS: ( a) PNPV-CdS-0． 8; ( b) PNPV-CDS-1． 8; ( c) PNPV-CdS-2． 3;
( d) PNPV-CdS-2． 6 和 ( e) PNPV-CdS-3． 4 ( λex = 294nm，0． 2g /L DMF 溶液) ．

Fig． 11 PL spectra of samples: ( A) PNPV-Cd2 + with different polymerization time: ( a) 3h; ( b) 10h; ( c) 20h; ( d) 24h and ( d)
28h ( λex = 293nm，0． 2g /L DMF solution) ; ( B) PNPV-CdS with different CdS content: ( a) PNPV-CdS-0． 8; ( b) PNPV-CdS-1． 8;
( c) PNPV-CdS-2． 3; ( d) PNPV-CdS-2． 6 and ( e) PNPV-CdS-3． 4 ( λex = 294nm，0． 2g /L DMF solution) ．
图 11 PL 光谱: ( A) 不同聚合时间的 PNPV-Cd2 + : ( a) 3h; ( b) 10h; ( c) 20h; ( d) 24h 和 ( d) 28h ( λex = 293nm，0． 2g /L
DMF 溶液) ; ( B) 不同 CdS 含量的 PNPV-CdS: ( a) PNPV-CdS-0． 8; ( b) PNPV-CdS-1． 8; ( c) PNPV-CdS-2． 3; ( d) PNPV-CdS-
2． 6 和 ( e) PNPV-CdS-3． 4( λex = 294nm，0． 2g /L DMF 溶液) ．

The PL spectra of PNPV-Cd2 + and PNPV-CdS
powders also were obtained． The marked excitation and
emission peaks of samples are shown in Figure 12． The
peaks at 363 /439 nm，372 /438 nm and 553 /620 nm
belong to PNPV-Cd2 +，PNPV-CdS-0． 8 and PNPV-
CdS-3． 4，respectively． The PNPV-CdS shows a red
shift compared with that of PNPV-Cd2 +，due to the for-
mation of CdS． The excitation and emission peaks of

PNPV-CdS-3． 4 exhibit 181nm and 182 nm red shifts
compared with that of PNPV-CdS-0． 8． This indicates
that the CdS congregated particles bring about the non-
radiative energy transfer ( NRET) between PNPMI-b-
P4VP and CdS nanoparticles． This also indicates that
the PL of PNPV-CdS can be controlled by RAFT meth-
od．
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Fig． 12 PL spectra of PNPV-Cd2 + ( λex = 363nm) ，PNPV-CdS-
0． 8( λex = 372nm) and PNPV-CdS-3． 4( λex = 553nm) powders．

图 12 粉末荧光谱图: PNPV-Cd2 + ( λex = 363nm) ，PNPV-
CdS-0． 8( λex = 372nm) 和 PNPV-CdS-3． 4( λex = 553nm)

2． 5 Effect of CdS on the NLO properties of
PNPV-CdS

To determine the effect of CdS on the NLO proper-
ties of PNPV-CdS，the samples were scanned with the
open aperture ( S =1) and closed aperture ( S =0. 31) ．
Figure 13 shows the Z-scan measurement data with the
open aperture( Figure 13A) and closed aperture ( Figure
13B) ，which contain both contributions from the nonlin-
ear absorption and nonlinear refractive index．

As shown in Figure 13A，the nonlinear absorption
intensity of samples go as PNPV-Cd2 + ＜ CdS ＜ PNPV-
CdS-0． 8 ＜ PNPV-CdS-1． 8，which is consistent with
order of the nonlinear refractive intensity of samples．
According to Z-scan theory［37］，the nonlinear refrac

tive index n2 is related to △Tp-v as: n2 = λα /
［0. 812πI0 ( 1-exp ( -αL) ］× △Tp-v，Where △Tp-v is
the difference between the normalized peak and valley
transmittances of the apertured Z-scan，I0 is the pulse
irradiance，λ is the laser wavelength ( 532nm ) ，α is
the linear absorption coefficient，L is the sample thick-
ness( 2 mm) ． While the third-order susceptibility χ( 3)

( in m2 /V2 ) is linked to n2 through χ
( 3) = 4 /3ε0cn0

2 ×
n2，Where c is the light speed in vacuum，ω is the op-
tical pulsation，and n0 is the linear refractive index of
the medium，which we approximate here to the n0 ( =
1． 424 for DMF) value of the solvent．

According to these equations，we obtained the
third-order NLO polarizability ( χ( 3) ) of 4． 34 × 10-12

esu，6． 14 × 10-12 esu and 4． 5 × 10-11 esu for CdS，
PNPV-CdS-0． 8 and PNPV-CdS-1． 8， respectively．
However，the third-order NLO response of P PNPV-
Cd2 + is not observed． By comparison between PNPV-
CdS-0． 8 and PNPV-CdS-1． 8 we can see that the non-
linear optical response is enhanced by CdS combining
with the increase of CdS content． The surface-induced
large separation of charge between the delocalized elec-
tron and localized hole is the origin of the large nonlin-
ear optical response of PNPV-CdS． The surface-in-
duced charge separation i． e． the coherent oscillation of
the conduction band electrons is expected to enhance
the anisotropic polarization and hence the nonlinear op-
tical response［38，39］．

Fig． 13 Z-scan with the input irradiance of 28． 8μJ． The normalized energy transmissions of Z-scan experiments with open aperture ( S
= 1，A) and closed aperture( S = 0． 31，B) for ( a) PNPV-Cd2 + ; ( b) CdS; ( c) PNPV-CdS-0． 8 and ( d) PNPV-CdS-1． 8，respec-
tively． The NLO properties of the samples were investigated with 532 nm laser pulses of 4． 6 ns duration using Nd: YAG laser．
图 13 532 nm，4． 6 ns 脉冲宽度的 Nd: YAG 激光脉冲 ( 28． 8μJ) 激发的 PNPV-Cd2 +归一化开孔( S = 1，A) 、闭孔( S = 0． 31，B)
Z-扫描谱图: ( a) PNPV-Cd2 + ; ( b) CdS; ( c) PNPV-CdS-0． 8 and ( d) PNPV-CdS-1． 8．
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3 Conclusion
This work demonstrates RAFT synthesis of am-

phipathic PNPV-Cd2 + and in-situ preparation of PNPV-
CdS． The content and size of CdS in nanocomposites
were controlled by the polymerization time． As a re-
sult，the PL properties of the PNPV-CdS nanocompos-
ites also were tunable． The third-order nonlinear opti-
cal properties of PNPV-CdS is stronger than that of CdS
and PNPMI-b-P4VP，this is assigned to the strong in-
teraction between CdS and PNPMI-b-P4VP． This nano-
composite improves the film-forming ability due to the
introduction of flexible polymer and has potential appli-
cations in optical limiting device．
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