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Fig. 1. (color online) Dynamic extinction spectra ac-
quired during the linear assembly of GNRs mediated
by cysteine molecules (the time interval between adja-
cent spectral lines is 10 min). The Left arrow denotes
the dynamic changes of longitudinal SPR peak inten-
sity of individual GNRs; the right arrow denotes the
changes of position and intensity of the coupled SPR
modes during the linear assembly of GNRs.
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Table 1. Comparison of the kinetic parameters that are derived separately by using a second-order kinetic

model and the Logistic function based kinetic model.

18 4 % #

P %e ##

o4 o4l H=E4

ERINEEL H4l HFoH m=4 B4

TEh AL To/s 24271 846.9 605.1

Logistic B4 To/s

st P 0.6 1.0 1.0

12785.2  2786.6  1350.8

353.8 — — — —
639.5 227.7 75.4 12.9 11.9
1.2 1.9 2.2 2.0 2.0

v # X RVAM T CTAB 40 T 54 90K B BE R LB AE 4.3 x 104—7.1 x 104 Ja [, ## %R+ CTAB 4 F 5

SRR I BE R LU AE 3.7 x 103—2.3 x 10% JifH.
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Fig. 2. (color online) Two typical kinetic data acquired
during the linear assembly of GNRs via monitoring
the change of L-SPR peak intensity as a function of
time. Scatter marks: experimental data; solid lines:
the fitting curves in terms of the second-order model
(red line) and the Logistic model (green line): (a) For
a slow assembly process; (b) at the initial assembly
stage (within 100 s) of (a); (c) for the fast assembly

process. The normalized extinction data is used here.
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Fig. 3. Representative SEM images of the GNRs as-
semblies obtained via a slow (a) or fast (b) kinetic

process.

5 & W

AR SCA PR IR B 1 R BRI TT T R
DTSRG NN A RS 12247 Ny, FFE
B & 7y 2 B AR R A E 3R HH—FoB 1 3E T Logis-
tic A BN Jy 2 BB ALY I s 56 45 2R 19U
EHTR I, HT Logistic B4 1 BB AY 7E 7 ik
SEAURER AR B) AT N, R T ARG
B 73 2 VR AR TR e UL R R 7 A bR 4 2R DA K 4 ke
VIRAZN T3 24T R R BRPE. SEON B, ML T
P4t K ah T A R B e A, SRAT TR A B A

RUAURT DASE B2 438 A [ ) 20 b e A iy HL AT
BEF T BN 1 S RS AR T IR 4 MR k2
(AL RIBC. Xt T DRad 21 2R 2y 77 = HE R ) AN U F
B B AR R ARG, B Jy R S R p (B 2
I 2; TR TR A A Bl ) A T R — YR B A
1, p FEMERRIE 1. IXFRE) 7y 5 - 45 1 R IR A )
T B AN B 9 K ORE B 2 25 A T RE R B
AR

IR R R KR 27 o R B T RO AR AR S it
AURFERE .

B2k

[1] Sharon G, Michael S 2007 Nat. Mater. 6 557
[2] MaY Q, Zou X W, Liu J X, Ouyang Z C 2006 Introduc-
tion to Soft Matter Physics (Beijing: Peking University
Press) pp305-415 (in Chinese) [H 458, 4028, X% A,
RREHERD 2006 BB S0 (AL ALRURS: AR L)
% 305—415 71]
[3] Kyle M, Christopher W, Siowling S, Bartosz G 2009
Small 5 1600
[4] Liu K, Nie Z H, Zhao N N, Li W, Rubinstein M, Eugenia
K 2010 Science 329 197
[5] Liu K, Ahmed A, Chung S, Sugikawa K, Wu G X, Nie
7Z H 2013 ACS Nano. 7 7
[6] Lim I S, Mott D, Njoki P, Pan Y, Zhou S, Zhong C J
2008 Langmuir 24 8857
[7] Wang Y L, DePrince A E, Stephen K G, Lin X M,
Matthew P 2010 J. Phys. Chem. Lett. 1 2692
[8] Abdennour A, Ramesh K, Tian L M, Srikanth S 2013
Langmuir 29 56
[9] Zhang J, Ge Z, Jiang X, Hassan P, Liu S 2007 J. Colloid
Interface Sci. 316 796
[10] Titoo J, Renee R, Nini E, Reeler A, Tom V, Knud J J,
Thomas B, Kasper N 2012 J. Colloid Interface Sci. 376
83
[11] Xiang Y J, Wu X C, Liu D F, Jiang X Y, Chu W G, Li
ZY,MayY, Zhou WY, Xie S S 2008 J. Phys. Chem. C
112 3203
2] Lim I S, Derrick M, Mark H 2009 Anal. Chem. 81 689
[13] Zhai D W, Wang P, Wang R'Y 2015 Nanoscale 7 10690
] Joseph S T S, Ipe B I, Pramod P, Thomas K G 2006 J.
Phys. Chem. B 110 150
Zajsek K, Gorsek A 2010 Food Bioprod. Process. 88 55
6] Roush W B, Branton S L 2005 Poult. Sci. 84 494
7] Huang X H, Neretina S, Mostafa A 2009 Adv. Mater. 21
4880
(18] Chen H J, Shao L, Li Q, Wang J F 2013 Chem. Soc.
Rev. 42 2679
[19] Weitz D A, Huang J S, Lin M Y, Sung J 1985 Phys.
Rev. Lett. 54 1416
[20] Mohraz A, Moler D B, Ziff R M, Solomon M J 2004
Phys. Rev. Lett. 92 155503
[21] Li F, Josephson D P, Stein A 2011 Angew Chem., Int.
Edit. 50 360

ey
W~

=
iy

126101-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1038/nmat1949
http://dx.doi.org/10.1126/science.1189457
http://dx.doi.org/10.1021/nn402363p
http://dx.doi.org/10.1021/la800970p
http://dx.doi.org/10.1021/jz1010048
http://dx.doi.org/10.1021/la303368q
http://dx.doi.org/10.1021/la303368q
http://dx.doi.org/10.1016/j.jcis.2007.08.067
http://dx.doi.org/10.1016/j.jcis.2007.08.067
http://dx.doi.org/10.1016/j.jcis.2012.03.022
http://dx.doi.org/10.1016/j.jcis.2012.03.022
http://dx.doi.org/10.1021/jp710505t
http://dx.doi.org/10.1021/jp710505t
http://dx.doi.org/10.1021/ac802119p
http://dx.doi.org/10.1021/jp0544179
http://dx.doi.org/10.1021/jp0544179
http://dx.doi.org/10.1016/j.fbp.2009.09.002
http://dx.doi.org/10.1093/ps/84.3.494
http://dx.doi.org/10.1002/adma.v21:48
http://dx.doi.org/10.1002/adma.v21:48
http://dx.doi.org/10.1039/C2CS35367A
http://dx.doi.org/10.1039/C2CS35367A
http://dx.doi.org/10.1103/PhysRevLett.54.1416
http://dx.doi.org/10.1103/PhysRevLett.54.1416
http://dx.doi.org/10.1103/PhysRevLett.92.155503
http://dx.doi.org/10.1103/PhysRevLett.92.155503
http://dx.doi.org/10.1002/anie.201001451
http://dx.doi.org/10.1002/anie.201001451

) I8 % 48 Acta Phys. Sin. Vol. 65, No. 12 (2016) 126101

Kinetic study of nanorods self-assembly process based
on logistic function model*

Yan Zhao” Zhao Wen-Jing” Wang Rong-Yao'

(School of Physics, Beijing Institute of Technology, Beiing 100081, China)

( Received 13 February 2016; revised manuscript received 5 April 2016 )

Abstract

Understanding the complicated kinetic process involved in nanoparticle self-assembly is of considerable importance
for designing and fabricating functional nanostructures with desired properties. In this work, using the stopped-flow
absorption technique, we investigate kinetic behaviors involved in gold nanorod assembly mediated by cysteine molecules.
Further combining with SEM microstructural analyses of the assembly structure of gold nanorods, we establish the
correlations between the kinetic parameter and the assembled structure. The dynamical surface plasmonic absorptions
of gold nanorods are monitored during the formation of GNRs chains with different assembly rates. And the acquired
kinetic data are analyzed in the frame of the second-order theoretical model, which has been widely used in the literature
for linear assembly of gold nanorods. We find that the second-order theoretical model for describing the kinetic behaviors
is merely limited to the case of slow assembly process of gold nanorods, but shows large deviation when the assembly
process is relatively fast. We, therefore, propose in this work a new kinetic model on the basis of the logistic function,
to make kinetic analyses for the different assembly rates of gold nanorods. Compared with the second-order theoretical
model, this new logistic function model possesses an extended validity in describing the kinetic behaviors of both the
slow and relatively fast nanorods assembly. Particularly, due to introduction of a new parameter, i.e., the exponential
parameter p, the logistic function model enables a more accurate description of the kinetic behavior at a very earlier
assembly stage (e.g., on a millisecond scale), in addition to quantifying the assembly rate Tp. More importantly, the
value of p derived from the new logistic function model allows us to establish the kinetics-structure relationship. The
slow assembly process that produces mainly the one-dimensional linear chains of nanorods, is featured by the value of
kinetic parameter p close to 1. By contrast, for the relatively fast assembly process that results in the formations of
irregular zigzag chains even two-dimensional assembled structures of nanorods, the value of kinetic parameter approaches
to 2. Furthermore, in the present study, the kinetic parameter p based on the logistic model might be related to the
fractal dimension (Df) of the aggregated structures of the gold nanorods self-assembly processes. These results suggest
that the logistic function model could provide the kinetic features for directly quantifying the fractal structures of the
nanorods assembly. We believe that the new kinetic analysis method presented in this work could be helpful for an

in-depth understanding of the kinetics-structure-property relationship in self-assembled plasmonic nanostructures.
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