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Tunable Charge Transfer Plasmon at Gold/Copper Heterointerface
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Abstract Metal nanostructures with localized surface plasmon resonance (LSPR) have attracted great attention in catalysis,
sensing, nanooptics, and nanomedicine. Charge transfer plasmon (CTP) is a LSPR mode that strongly depends on a conduc-
tive junction between metallic nanounits. Benefitting from the charge transfer junction, CTP provides a facile way to generate
widely tunable LSPR with highly localized/enhanced light magnetic field and photothermal effect. The limited availability of
highly tunable CTP structures and their fabrication techniques hinders a further pursuit of their functions and applications. In
response to this situation, the present work aims at developing a simple while highly efficient synthetic route to
width-adjustable Au/Cu heterojunctions capable of evoking tunable CTP behaviors. The strategy relies on a non-specific sur-
face adsorption of low-cost, naturally occurred fish sperm DNA on a gold nanoseed to control heterogeneous copper nuclea-
tion. Such a process offers a chance to tailor the contact area between the gold and copper nano-domains in the bimetallic
structure. Highly tunable CTP resonance from visible to near-infrared region is then realizable on the basis of this method.
Experimental and calculated extinction spectra consistently reveal three key variables for the CTP structure, including the
width of conductive junction and the sizes of gold and copper particles. These parameters are associated with DNA coverage,
copper precursor concentration, and the synthetic conditions for gold nanoparticles, which allow for a CTP tuning from visi-
ble to near infrared wavelengths. By fully exploiting these highly controllable parameters, the maximally achievable CTP
wavelength readily enters a near infrared II domain. The resulting CTP signals have a red-shift of up to 750 nm relative to the
530~570 nm LSPR peaks of individual gold and copper nanoparticles, corresponding to a very narrow Au/Cu conductive
contact of 11~13 nm in width. The role of nonspecific DNA adsorption in the above process proves unique (currently irre-
placeable) compared to other molecular adsorbates. The easily tunable Au/Cu heterointerface paves a way to integrated CTP
and catalytic/sensing functions in future research.

Keywords charge transfer; interface; metal; dimerization; DNA

1 al= IR, S RAKIRIRT R A 53 T4
P . PR FHR 5T 9. 20 A K 25 B BT Ak
JRE S B ROC R (LSPRYARIERE AN - —sepiris g LSPROWE B L5 BT, B) BDP)

*

E-mail: zhxdeng@ustc.edu.cn

Received May 19, 2020; published June 29, 2020.

Supporting information for this article is available free of charge via the Internet at http://sioc-journal.cn.

Project supported by the National Key Research and Development Program of China (Nos. 2016YFA0201300, 2018YFA0702001) and the National Natural
Science Foundation of China (Nos. 21425521, 21972130, 21521001).

T H 32 BB AT R TR (Nos. 2016YFA0201300, 2018YFA0702001)H1[H 5 [ SRR} 4 (Nos. 21425521, 21972130, 21521001) % B,

Acta Chim. Sinica 2020, 78, 675—679 © 2020 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences http://sioc-journal.cn 675



¥ F R

B RL - 1) B AR /N TR 20 A5 12°). BDP A% 3 AT 78 40K bt
TR AL = A AR R R FL3g), WS S e Ak S A 7
T B R, ABHAE R RIR T B Mg KR
T IR BRI /IS 2 TR 2 A T (<0.5 nm)#4 H IET )
LSPR X, BRI EHTRTF5 R 25 BIOT(CTP) Y. ki1 ) gk
— BT R i i, CTP AT b 5 FL 45 0 P 3 nige i
WA CTP JLgR NI 4T A (NIR) A IT [X [ LSPR #%
AL T HLS, FRRME T B 45 7R 6 0% T 1 HE s
FRARME T A AElL BRI, S B R SR A AL
I PR B T 7 A v R e A 1 3 4 iR R0 AR (T
Xof REAR ARG W T A F B M R AT A
M. BT RS, AS R R S T A
APSEELZRALI CTP HL9R, JF R4 S 4k it e f
PR TRV AL 5 222 SR, 3RA5 AR B VA 2 10 S B R
Fi e G, JUHE A T, 7ESEEE b R

F6 2 (B SR 20 k) R T A (R O T
g, HHZ RS MESHocre, B =
Yol SR L. BRAh, JeZlid R HER A R, TR
ZVP BRI, 3 S T BT (TEM) ) HL 7 SR B Ak
I IR AT P g Kok T 1) R A TR s Y, (HRE &
& EHM. BiR “T&” SMBAE S AEIER
WRMBIH. BHE R &HK REM B H T
31220 (E 2 ) Mk DL R A L ) R e e R PO
B, Deng ZEP339055 & 5 40 25 5 PR A (o e 4,
)48 HHAS ] S5 LGS 6 FE I IR M. T AN E A
TERAEL, iR N R SO 2 iR S A A
FL2 R, MR RE S N RGPS, A AR A R
TR G, FE S AR AR AL ] &, FhF A3
W PIRUE LI CTP 541K 53 — 2R AT 1757377, Sun
LW T AR E M &/ R R RIE. L
SEBIR AR DNA BRIE IR GE 22 57, ST a0kiE
AR CTP WAL EE M. R1, A2 T i 4 5 LA
KSET MR CTP Sl sk = 45 20/ /73, Nam
D)5 DNA “B 7 490K kLT (AuNP) A FI T,
I A4k NaCl W% Auw/Ag “OKF N7 KIS HLE
AL AHSE, S DNA s AR PR 7 &, HoARRE
BEELZMEMAR.

HA 4K KL T (CuNP)ZBR T Aufl Aghh, 7ERT ILOEIX
R 3% LSPR FMERIEE = FibbRl, 7ERA R
it B A N U020 AR b 4L HRTEIR, RS
SR SR, RS R SR 14k 2 A g i AR
M, SEOLE S HoTIEE N R . R TAERT DNA
T AR VR, R —FP R R Ak CTP b
VT, i A AuNP R TR TH DNA W AT &
I Aw/Cu 9K 55 FHTH 45 r 55 B2 (K 1). DNA I)
Bt Z 40 T H7E AuNP ZRIH K A0 %, 530 Au/Cu 2
b T 93 /N B 4 T R S L4 R, SRR L NIR I 1T
X f¥) CTP AR 1A=

. W __ high

low
Y 2+_| ™
. ~ Cu?-PEI complex 5 :’ ,(\;C\:’ }va\/_«.
7 CTAB LAA Sl L5 60

S
A~ DNA AuNP @ CuNP

B JETARERE I DNA WP S Aw/Cu G9K 7 57 57 T 1) oo i i 42
PEL, CTAB fll L-AA 7} ARRIR LB NG 75 likk = F AR (LB AN
L-HUSR LR,

Figure 1 Highly tunable Au/Cu heterointerface controlled by nonspe-
cific DNA adsorption. PEI, CTAB, and L-AA stand for polyethylenimine,
cetyltrimethylammonium bromide, and L-ascorbic acid, respectively.
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Increased DNA adsorption on AuNP seeds
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B 2 FSDNA ¥ Au/Cu 55 S HLSE w5 58 L A3 WD KB A v
BEEE. 1 A2 4350 25 A1 40 nm AuNP Ff . al ~d1: FSDNA K ¥
KX HA 04 0.02. 0.04 F10.10 geL™'; a2~d2: FSDNA KA 0.
0.01. 0.03 F10.10 g-L ™" Py I A 45 45 140 1 v £ vl B AR

Figure 2 TEM images of Au/Cu heterodimers with tunable interparticle
junctions controlled by FSDNA. Rows 1~2 correspond to increased
diameters (25 and 40 nm, respectively) of Au nanoseeds. Columns a-d
represent increased FSDNA concentrations: 0, 0.02, 0.04, and 0.10 g-L71
for panels al~dl1; and 0, 0.01, 0.03, and 0.10 geL ' for panels a2~d2.
Insets are enlarged views of representative structures.
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Figure 3 TEM images of Au/Cu heterodimers with tunable Cu domain
sizes dependent on Cu”"concentration. Rows 1~2 correspond to 25 and
40 nm Au nanoseeds, respectively. Columns a~c represent increased
Cu”" concentrations. FSDNA concentration is 0.10 geL ' in all cases.
Insets are enlarged views of representative structures.
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Figure 4 Extinction spectra of Au/Cu heterodimers synthesized in the
presence of different concentrations of FSDNA (a, ¢) and Cu®*™ (b, d).
AuNP seeds with diameters of 25 nm (a, b) and 40 nm (c, d) are em-
ployed. (e, f) Calculated extinction cross sections for structures in (a, b)
by a boundary element method. Concentrations of FSDNA and Cu®*" as
well as geometrical parameters (dcynp and Lcy represent the diameter of
CuNPs and the arc length of Au/Cu conductive contacts) of the heterodi-
mers are indicated on corresponding panels. Junction widths are 10 nm
for structures in (f).
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