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Preparation and Thermo-responsive Properties
of P(NIPAM-NVP)/GNRs Composites
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Abstract : Density controllable gold nanorods( GNRs) were synthesized within the P ( NIPAM-NVP ) hydrogel network by
adjusting the growth mode of GNRs. The thermo-responsive property and the influence of GNRs density on thermo-
responsive and optical properties were investigated. It is found that the position and intensity of the LSPR for the composite
change obviously with temperature and this change is found to be fully reversible. Furthermore,the nanocomposites show
excellent SERS enhancement effect and the SERS intensity of the Nile Blue A (NBA) dramatically increases when the
temperature is increased.
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Fig.1 Absorption spectra of P(NIPAM-NVP)/GNRs
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Fig. 4 Absorption spectra for P(NIPAM-NVP)/GNRs of high density at different temperatures from 20 °C to 45 °C(a) ;

the corresponding relationship between the wavelength changes and temperature of low density and high density(b)

ISk, T P (NIPAM-NVP ) 5 e i i S 5t 2 A nT —a— Low Density
SV V2055 T g A A A MR , T 214 PR AR AR, 25 814 —*= High Density
SCAT IR 2 WA wiRPIR A A I 4 P (NTPAM-NVP) /
GNRs M2 VR L % T3 5 4L, B S B, il £ /\ /\ /\
R RERY 36 /2 R BB P(NIPAM-NVP) /GNRs AW, BE 5 7704 Y V< .
FHRIETE 20 CCAI 45 C 2 IR ALARFFM7E 1L, 3L LSPR WERy / \/\/\
A7 AL & A AT AR Ak Xt i — 20 R W, P (NIPAM- 748 ‘ ‘ ‘
1 2 3 4

NVP)/GNRs F#E S IR AUE BT AT GNRs BG4 AR 4 i
EETE—, IF M R Ra s M i, HOIR 4 - B ik i A X

X 0,1,2,3 XF 20 °C ;0.5,1.5,2.5 ¥} 45 °C
GNRs A3 HE 5. \

= ' 5 P(NIPAM-NVP)/GNRs #J LSPR I & 5
2.3 P(NIPAM-NVP)/GNRs B2 8 -SERS % /& T —
FIFH BE R 107 mol/L 1Y NBA 1 MIEE 07, 98 T Fig. 5 LSPR positions of P(NIPAM-NVP)/GNRs

P(NIPAM-NVP)/GNRs BA5 YK SERS iR N, K 6 & changed with temperature cycle number

IRV VN



¥ =, % . P(NIPAM-NVP) /GNRs & & Wi 45 K Holk etk B kg

/5, P(NIPAM-NVP)/GNRs /4 SERS JEJFEXT NBA A9 H7 2 61 HLA B 0 A0 345 £ T, FL0H 8 ) R AiF 06 05
JEREHUT 45 9B (1 490 em™ ,1 433 em™,1 373 em™,1 321 em™ ) ,C—H Z RSN (1 258 em ™',
1180 em™) , 31 CCC A1 NCC(664 cm™ ) .CCC HI CNC(592 em™) LA FZ CCC(496 em™ ) A LIRSS, 18
W (EF) A3 i DU A5
EF:(ISERS/NSur{)X(IRaman/Nhulk)’ (1)

Tgns T I 539020 SERS FRE SO0 TE B SR EE | N, A A RS 58 RS 0 B 2R 4550+ 1 504K, N,
FFEJE I GNRs MW M AHRET 20 T T80 T NBA A BRSPS o] el & AT 2%
), Hyk BEn] A J2: 100% , FH T SERS 1% NBA ¥4 107 mol/L. B FE S H A 1 NBA & W B 7E GNRs
FI, L 592 em™ ARG A R B AR AR AR bR, AT P (NIPAM-NVP ) /GNRs & & 45 14 38 5 A -+
H10°.

UEAR, %) GNRs %5 5 R K SERS 58 B Z [ AR AR RS L iEAT T 0F5E. B 6 (a) AT AT, T 2R B 2%
1 30 2 o 8 BE AR L SERS 582 8 it 1 58 P 3 I I KA LB A0 A s XoF {1 i 8 EE AN TR A i 22 R 4TS DA
592 em AP BAESAEAS T N N T RS E BT, H 45 CH EF {5 25 CHRE) EF [HE A
15.38, % TR BB T ,45 CHHY EF /& 25 CHYEF B9 7.13 £5. I a] Al BEBEH GNRs [85 E#R
TRLE X HE SERS RN 5 M Y . 32 F T 1 T v A S M RS AT &4 i ol > %9 79 7 TED P51 - (1) GNRs
JE BRI B AT SR S g 3G . AR ARG RIFFE A5 AL, P S 3 0 3G N 25 2 B0 SERS SR EE YIS0 5 (2) FRALGEE TR
N GNRs % H 38 n , AT EAS- Bl A I 1) 43745 H 093500, 530 SERS 5 BE 3G I, 768 % B AT BER
W8 I 3 PR RS 5 e B ) S, T B RS B A 5 B R g B i 1L oA, An SR GNRs A %% B 1 —
AR K L 2 (R AV AR DTIT 7= A < PR 00, A5 31 3 R Y38 38 (K 7. P (NIPAM-NVP)/
GNRs B AW P 5214 SERS 34553 4 7 i 45 A SERS A8 00 7 1 H A By (4 I, FH g 5%, [R1 B, i Fp A2
BYIEKE GG R A FE AL T = A G HE sl 138 1T LS B RE I 47 1954, OF FL SERS 15 5 RETT 1Y
i ()5 2 G I 32k 3 P

r 50 000

o
—=— Low Density —
40 000 —e— High Density
30 000
i i
= 45 C =
= 40 °C ™ 20000
30 C _—
- JE—
T T T 25 C /: F/\- j
400 800 1200 1 600 25 30 35 40 45
gt /om” R/

(a) (b)
6 (a)P(NIPAM-NVP)/GNRs £JE_F 107 mol/L NBA 72 & 25 °CE 45 °CR} SERS {2 S HI%51L;
(b) R[E GNRs ZE 1R T ,NBA 7£ 592 cm ™' & SERS 522 E 5B E 2 BMX R
Fig. 6 (a)SERS spectra of 107 mol/L NBA on P(NIPAMNVP)/GNRs substrates at different temperatures from
25 °C to 45 °C; (b) the corresponding relationship between SERS intensity at 592 cm™'and temperature

3 i

ARSI A KBS FE KA KT 7752 BT P (NIPAM-NVP ) /GNRs 24K 5 4 e
AT 4. BE9E T 208 O bh e e I LA e GNRs £ 75 FEE ok — 32 P TR 1 5000, % 0L 25 1L 1 7
B A MR R B A AN . SO R GNRs 1 LSPR I (3 K b 2 % 2 W1 LT RS F

HU B S AR AT S . tkAh , % P(NIPAM-NVP ) /GNRs & &M B SERS 1 AOBTSE & B0, a5 153 Y
T, AR R 2 5 e A B A .

[ &% 30K ]

[1] WU T,ZHANG Q Q,HU J M, et al. Composite silica nanospheres covalently anchored with gold nanoparticles at the outer



PSR 4R (AR R 55 43 5 1 (2020 4F)

[13]

[14]

[15]

periphery of thermoresponsive polymer brushes[ J]. Journal of materials chemistry,2012,22(11),5155-5163.

MOHANTA J,SATAPATHY S,SI S. Porous silica-coated gold nanorods:a highly active catalyst for the reduction of 4-nitro-
phenol[ J]. Chemphy schem,2016,17(3) :364—-368.

SUNY G,XIA Y N. Increased sensitivity of surface plasmon resonance of gold nanoshells compared to that of gold solid
colloids in response to environmental changes[ J]. Analytical chemistry,2002,74(20) ;5297-5305.

SANDERS A W,JEERAGE K M,SCHWARTZ C L,et al. Gold nanoparticle quantitation by whole cell tomography[ J]. ACS
Nano,2015,9(12) :11792-11799.

JIANG C Y,MA X Y,XUE M Y, et al. Application of thermoresponsive hydrogel/gold nanorods composites in the detection of
diquat[ J]. Talanta,2017,174:192-197.

ALVAREZ P R A,CONTRERAS C R,PASTORIZA S I, et al. Au@ pNIPAM colloids as molecular traps for surface-enhanced,
spectroscopic , ultra-sensitive analysis[J]. Angewandte chemie international edition,2009,48(1) ;138—143.

RODRIGUEZ G B,SANCHEZ 1 A ,GIERSIG M, et al. Au-Ag bimetallic nanoparticles ; formation, silica-coating and selective
etching[ J]. Faraday discussions,2004,125.133-144.

BOEV V [,PEREZ ] J,PASTORIZA S 1,et al. Flexible ureasil hybrids with tailored optical properties through doping with
metal nanoparticles[ J]. Langmuir,2004,20:10268—-10272.

PEREZ J J,LIZ M L. M,CARNIE S, et al. Electric-field-directed growth of gold nanorods in aqueous surfactant solutions[ J].
Advanced functional materials,2004,14.571-579.

PEREZ J J, RODRIGUEZ G B, MULVANEY P, et al. Optical control and patterning of gold-nanorod-poly ( vinyl alcohol )
nanocomposite films[ J]. Advanced functional materials,2005,15:1065-1071.

NIKOOBAKHT B,EL S M A. Preparation and growth mechanism of gold nanorods( NRs) using seed-mediated growth method[ J].
Chemistry of materials,2003,15(10) :1957-1962.

JIANG C Y,QIAN Y,GAO Q,et al. In Situ controllable preparation of gold nanorods in thermo-responsive hydrogels and their
application in surface enhanced Raman scattering[ J]. Journal of materials chemistry,2010,20:8711-8716.

GORELIKOV I, FIELD L M, KUMACHEVA E. Hybrid microgels photoresponsive in the near-infrared spectral range[J].
Journal of the American chemical society,2004,126(49) :15938-15939.

KARG M,PASTORIZA S I,PéREZ J J,et al. Nanorod-coated PNIPAM microgels ; thermoresponsive optical properties[ J].
Small ,2007,3(7) :1222-1229.

LEORDEAN C,POTARA M,BOCA F S, et al. Multiscale electromagnetic SERS enhancement on self-assembled micropat-
terned gold nanoparticle films[ J]. Journal of Raman spectroscopy,2014,45(8) :627-635.

CHEW H,COOKE D D,KERKER M. Raman and fluorescent scattering by molecules embedded in dielectric cylinders[ J].
Applied optics,1980,19(1) :44-52.

YOCKELL L H, LUSSIER F,MASSON ] F. Influence of the particle shape and density of self-assembled gold nanoparticle
sensors on LSPR and SERS[J]. Journal of physical chemistry,2015,119(51) ;28577-28585.

[ REHE : BEEX



