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The ability to control interparticle spatial properties of nanopar- Scheme 1. X-Shaped Arylethynes with (X (A)) and without (X'
ticle assemblies is one of the major challenges for the design and(B)) a Triple Bond Next to Each of the Methylthio Groups
understanding of functional nanostructures. Molecular linkers or I B an, ne
mediators, including DNAsamino acid$,polymers or surfactants? ' s
dyes® and multidentate thioethérfiave been exploited for such
control. The control has also involved various assembly processes
such as place-exchange reacfidayer-by-layer stepwise assem8ly, <
exchange-crosslinkingand mediator-template assembiotential (A) &
applications of the nanoparticle assemblies include chemical sensors . , .
o?pbiosensors, biomediF::aI diagnostics, information storage, and of AL.‘@TOA medla_lt_ed by X- (a)_ and MTA (b) ".1 a tolue.ne .
catalysisi-11 Despite these advances, our fundamental understand_solutlon. Upon addition of MTAs into the nanoparticle solution in

ing on controlling interparticle spatial properties remains very anogg?::ige;sg?ﬂ::t;gg ree:rtlv?/}i\?e?eencrfhaf;nlg 2;: :\iger:]rtn 'll?r?grde
limited. On the basis of the demonstration of mediator-template 9 9 ;

assembly using methylthio silanes as mediatcose intriguing is a distinct difference in the characteristics of spectral evolution

question is how the interparticle spatial properties of nanoparticle b_etwie)? li/l(:l'ind XMTBA" assembly grotcesses. I'T Te spectral ?volut;]
assemblies can be tuned by size, shape, and binding properties Oyon or A assembly (a) expands to a much longer waveleng

the mediators. The answer would have a profound impact on the region than that for XMTA (b) (Figure 1'.0‘ inserts), suggesting
fine-tunability of the assembled nanostructures, which requires novelth,at the exter_lt of the assembly growth is larger for X- ‘Fhan for
designs of the mediator structures in terms of size, shape, and Iigano% 'MTA' The Increase (.Df assembly size as a function .Of t|m(_a was
properties. Recent advances in the synthesis of methylthio func- confirmed by dynamic light scattering measurement with a similar
tionalized structures with different sizes and shapeseate an syst;]am (see Sll)' for’ it h
opportunity for such design. We demonstrate herein the assemblyth T tehaf?em)?-li//l':'?;e or mTA (b) is found :O tt_)e m_:_’ﬁ aster ;
of molecularly capped gold nanoparticles by X-shaped methylthio an that tor . (a) at the same concentration. The apaaren
arylethynes (MTA) which are tailorable in size and binding rate constantd<§ f|Eslt-order) for X-and X-MTA were 7.72x 10-
properties (Scheme 1). TheMTAs consist of a central benzene a_nd 3.75x _10_ s ', respectively. Remgrkably, the assemply rate
ring with four symmetrically attached methylthio legs featuring difference is also reflected by the disassembly rate difference

structural rigidity, z-conjugation, and shape/size tunability. The obsterved ”bF_’OS_ ad(lj_mg g?cTet:g‘S(?T) Into tk_]rehszlgtleﬁlﬂ 'Sbl
subtle difference in the structure next to the methylthio group, e.g., astronger binding figand to Au group). The disassembly

with (X) or without (X') a triple bond, provides fine-tuning of its dlspllayzd admtﬁch faster ratfet:s:ggwn k;)y tk(\jefgﬁ;fase oflt3r|1e 700-
coordinating properties to gold. nm band and the increase of the -nm ban assembly

! ) Figure 1B). The apparent rate constants (first-order) for the
A model calculation of the partial chargé;() on S groups reveals ( . .
+0.61e and+0.46e for X- and XMTAs, respectively (see disassembly of X and X-MTA assemblies were found to be 1.05

2 1g1 - 3
Supporting Information (SI)). In addition to the control of inter- x 107 and 2.72x 10 s7* (530-nm band), and 6.09 107 and

particle spatial properties, these structural attributes may lead tol'70 x 1070 s (700-nm br_:md), respectively, which reflects both
unique optical and spectroscopic properties. For example, theStrUCtur"fII ar]d electronic differences between X- athXA.
interparticle interaction plays an important role (“hot spots”) in Examlnatlon of the_morphology revealed further details of the
surface-enhanced Raman scattering (SERS)pw the electronic nanoparticle assemblies (Figure 2). X-MTA is found to favor the
or structural effects are operative in the interparticle spatial 059 A 0
properties constitutes an intriguing question for exploring the o - o
fundamental basis of the SERS effect. ( X
The synthesis of gold nanoparticles capped with a tetraoctylam- 39 R
monium (TOA") bromide shell (Au@TOA with a Au core diameter ol
of 5~6 nmyf and the synthesis of X-MTA and 'YMTA are
described in the Sl. The reactivities for X- ané-MTA mediated - o
assembly of Au@TOA were examined by monitoring the spectral e o S0 (m:,,;m AR
evolution of the surface plasmon (SP) resonance band. Figure 1A Time (sec) Time (sec)
shows a representative set of spectral evolution for the assemblyrjgure 1. (A) Spectral evolution of SP band at 700 nm for the assembly
of Au@TOA in toluene ([X]/[Au]= 17) by X- (a,l) and X- (b, ®) MTAs.
t State University of New York at Binghamton. The inserts show the SP band spectra. (B) Spectral evolution for DT-induced
*Hunan University. disassembly. ([DTE 133uM). The lines are based on first-order kinetics.
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toluene using X- (A) and XMTA (B) (Top inserts: magnified views)
(IX)/[Au] =17). The bottom inserts show samples taken of the DT-induced
disassembly of X- (A) and XMTA assembly (B). ([DTJ/[X] = 83).
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Figure 3. (A) SERS spectra for X- and’XMTA mediated assemblies of
Au@TOA. (B) Interparticle spacing for the two assemblies (scaled, see
Sl). The dotted lines illustrate relative penetration of the TOA shells.

1000

growth of larger-sized assemblies than those felMXA. Spherical
assemblies with an average size of 3300 nm are observed for
X-MTA (A), in contrast to the average size of 460 nm for
X'-MTA (B). The TEM images are representative of the charac-
teristic sizes and shapes on the entire TEM grid for multiple
samples, including those with lower magnifications. For samples
taken after the DT-induced disassembly, ordered domains with a
well-defined interparticle spacing are evident, in sharp contrast to
the highly clustered features for the assembly (Figure 2 bottom

inserts). The fact that these assemblies can be disassembled by Supporting Information Available:

addition of a thiol supports the reversibility of the assembly.
A close examination of the morphology of the assemblies in the

TEM images suggests the presence of domains of packing order.

Model calculations (see Sl) indicate that the 4-leg symmetric
interparticle linkage between two patrticles by X (3)-KITA seems

to be the likely binding structure. A two-leg diagnostic interparticle
linking is unlikely to be energetically favorable. The measured
average edge-to-edge interparticle distance in Figure 2 sheviéd

nm for X-MTA (see Sl) and~1.3 nm for X-MTA assembly. This
subtle difference is consistent with the size difference between X
and X. For the disassembly, the comparable interparticle distances
agree with DT-shell encapsulation in both cases.

The detection of SERS signatures characteristic of MTAs (Figure
3A) provides clear evidence for the adsorption of MTAs on gold
nanoparticles. The peaks at 2206 and 1594 'carise from the
triple bond ¢ c=c) and the benzene breathingf) modes,
respectively. The SERS effect was substantiated by control experi-
ments, which showed no observable peaks for Au nanoparticles
alone and MTA molecules alone under similar conditions. The
relative intensity of these bands and the fine structures in
1000~1600 cnt? region reveal subtle differences between X and
X" assemblies, which likely reflects the interparticle structural and
spacing differences (Figure 3B) in the “hot spots” responsible for
the SERS effect®

The interparticle binding strength and distance are defined by
the structural and electronic properties of the MTPFOA combina-

tion, which are responsible for the differences in the spectroscopic
characteristics and the assembly size. On one hand> S:) for
X'-MTA is smaller than that for X-MTA (by 25%). On the other
hand, the overall size of YMTA is smaller than X-MTA (by 20%).
These differences explain the relative difference in the assembly
rate. For X-MTA, the smaller interparticle distance and the smaller
d+ lead not only to a greaterS: — Au coordination bond strength
but also a greater interpenetration of the TOA shells. TOA acts as
both a capping and templating agent. The degree for the interparticle
overlap of the TOA shells depends on the size of X (as shown by
the gray regions outlined by dotted lines in Figure 3B). It is the
compromised balance of these interactions that determines the
assembly rate and size. Since it is an enthalpy-driven préeess,
the extent for the interparticle shell penetration must have played
a significant role in balancing the interactions. It is an experimental
fact that the smaller extent of the intershell penetration favors the
growth of larger-sized assemblies at a slower assembly rate. An
increase in TOA concentration (see Sl) showed a reduced rate
for X-MTA assembly and exhibited almost no effect o MTA
assembly, substantiating the important role of the intershell interac-
tion in the assembly.

In conclusion, the assembly of gold nanoparticles mediated by
X-shaped arylethynes has been demonstrated to form densely
packed clusters in spherical shapes. The findings of the optical and
spectroscopic properties of the assembly and disassembly tunable
by two different sizes and partial charges of MTAs serve as the
first demonstration of an interparticle structural tunability in terms
of size, shape, and binding properties. Our ongoing work aims at
the quantitative structural correlation and exploitation of the optical
and SERS properties.
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