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a b s t r a c t 

Plasmonic chips comprising gold nanoisland structures that are fabricated by solution-phase seeding, 

have demonstrated excellent promise as high-sensitivity substrates for molecular detection and medical 

diagnostic applications. Even so, there still remains an outstanding need to examine the potential utility 

of these plasmonic chips for label-free refractometric biosensing and to understand how nanostructure 

design principles affect measurement sensitivity. Herein, we developed a thiol-based surface functional- 

ization strategy to fabricate gold nanoislands on a functionalized glass surface with improved fractional 

surface coverages and inter-island gap distances of 80–85% and 5–10 nm, respectively, as compared to 

values of 50–65% and 15–20 nm for gold nanoislands on bare glass substrates. By tuning the gap dis- 

tance, it was possible to adjust the bulk refractive index sensitivity of the measurement signal from 

∼99 nm per refractive index unit (nm/RIU) for gold nanoislands on a non-functionalized glass surface 

to ∼180 nm/RIU for gold nanoislands on a functionalized glass surface. The nanoplasmonic biosensing 

capabilities of the latter plasmonic chip were further investigated and demonstrated larger measurement 

responses for detecting bovine serum albumin (BSA) protein adsorption compared to other types of plas- 

monic gold nanostructures. It was also possible to detect antigen-antibody interactions related to coro- 

navirus disease-2019 (COVID-19), especially binding events that occurred near the sensor surface. These 

findings demonstrate the broad application possibilities of gold nanoisland platforms for refractometric 

biosensing and emphasize the importance of finetuning nanostructure dimensions to optimize sensing 

performance. 

© 2021 Published by Elsevier Ltd. 
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. Introduction 

The interaction of light with gold nanostructures such as 

anoparticles [ 1 , 2 ], nanoislands [ 3 , 4 ], and nanodisks [ 5 , 6 ] can give

ise to unique optical properties that are distinct from those of 

ulk gold [7–9] . In particular, light-induced coherent oscillation of 

onduction-band electrons near the nanostructure surface can gen- 

rate a plasmon-enhanced electromagnetic field that surrounds the 

old nanostructure and is sensitive to changes in the local refrac- 

ive index, e.g. , when a biomolecule adsorbs onto the surface [10] . 

he corresponding optical properties depend on the nanostructure 

eometry and trackable spectral features are typically found in the 

isible–near–infrared wavelength range. As such, there is broad 

nterest in fabricating nanostructured films for various nanoplas- 
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onic sensing strategies involving the localized surface plasmon 

esonance (LSPR) [11–14] , surface-enhanced Raman spectroscopy 

SERS) [15–19] , and plasmon-enhanced fluorescence emission mea- 

urement concepts [20] . 

Among various options, plasmonic gold nanoisland films con- 

isting of percolated networks of inhomogenous nanostructures, 

ave received extensive attention for molecular detection appli- 

ations [ 21 , 22 ]. While the basic measurement principles have 

een validated in the detection context, there are ongoing ef- 

orts to improve gold nanoisland fabrication in terms of factors 

ike homogeneity, reproducibility, and sensing performance. Cur- 

ently, there are two main strategies to fabricate nanoisland films 

n solid supports as opposed to physical deposition of already 

abricated nanostructures: (1) gold sputtering or evaporation in 

acuum, followed by thermal annealing; and (2) solution-phase 

eeding directly on the solid support [ 4 , 21 , 23–25 ]. The sputter-

ng/evaporation strategy is widely used due to its high yield and 

ithography-free process, however, it typically results in significant 

https://doi.org/10.1016/j.apmt.2021.101280
http://www.ScienceDirect.com
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ariance in nanoisland size that encumbers measurement readouts 

nd weak nanoisland attachment to the solid support impacts sta- 

ility [ 3 , 13 , 26–28 ]. On the other hand, solution-phase seeding is

ore versatile and, with appropriate control of reaction conditions, 

an yield consistent film morphology across the substrate [ 4 , 21 , 29–

1 ]. It has been extensively used to fabricate gold nanoisland films 

n bare glass substrates for SERS and plasmon-enhanced fluores- 

ence enhancement applications, while there remains an outstand- 

ng need to further explore their utility for refractometric biosens- 

ng applications. Within this scope, it would be advantageous to 

nderstand how surface functionalization methods could be em- 

loyed to further improve the nanoisland fabrication process and 

otentially gain control over key parameters such as inter-island 

ap distance. 

Towards this goal, herein, we report the development of a thiol- 

ased surface functionalization strategy that improves gold nanois- 

and fabrication by virtue of improving surface adhesion, increas- 

ng surface coverage, and decreasing gap distance compared to 

old nanoislands fabricated on a bare glass surface. Complement- 

ng the surface functionalization strategy, we controlled the extent 

f nanoisland growth by adjusting the number of growth cycles. 

he combination of thiol anchoring and growth control enabled 

s to optimize the inter-island gap distance, which maximized 

verlap of plasmon-enhanced electromagnetic waves and improved 

anoplasmonic biosensing in various application contexts. While 

old nanoisland platforms have been fabricated on bare glass sur- 

aces in previous studies, to our knowledge, this is the first attempt 

tilizing functionalized glass surfaces that enable more robust at- 

achment of gold seeds via gold-thiol bonding and greater control 

ver surface morphology, including gap size tuning. Accordingly, 

ur work demonstrates an improved fabrication strategy to pro- 

uce high-performance gold nanoisland platforms for refractomet- 

ic biosensing while comprehensively elucidating how fine control 

f nanoisland surface morphology can modulate surface sensitivity 

hat is applicable to a wide range of material science applications. 

. Materials and methods 

.1. Nanoisland fabrication 

Glass slides (FisherbrandTM SuperfrostTM Plus, Thermo Fisher 

cientific, Waltham, MA) were used as the substrates and 

ere cleaned sequentially with deionized water (MilliporeSigma, 

urlington, MA) followed by acetone incubation with 5 min bath 

onication. After drying the samples on a heater plate at 120 °C 

or 1 min, oxygen plasma treatment (O2 , 99.995%, 10 sccm, 

0 W, Daesung Industrial gases Co., Ltd, Seoul, Republic of Ko- 

ea) was performed for 1 min by using the CUTE-1MPR ma- 

hine (Femto Science Inc., Hwaseong, Republic of Korea). The 

amples were then placed in a vacuum chamber with 100 μL 

f (3-mercaptopropyl)trimethoxysilane (MPTMS) (95%, CAS No.: 

420–74-0, MilliporeSigma) under vacuum condition for 3 h to 

roduce MPTMS-functionalized glass surfaces, resulting in thiol 

roups on the glass surface. Bare and MPTMS-functionalized glass 

urfaces were incubated in 200 mL of 5 mM chloroauric acid 

HAuCl4 , CAS No.: 27,988–77–8, 99.999%, MilliporeSigma) solu- 

ion and 4 mL of ammonium hydroxide (NH4 OH, 28%, CAS No.: 

336–21–6 , MilliporeSigma) was added dropwise under stirring 

or 1 min, followed by deionized water washing. After incubat- 

ng the samples in 1 mM sodium tetrahydridoborate (NaBH4 , CAS 

o.: 16,940–66–2, MilliporeSigma) solution for 1 min followed by 

eionized water washing, 2 or 3 growth cycles were performed de- 

ending on the sample and consisted of incubating the substrate in 

500 μM HAuCl4 and 1500 μM hydroxylamine (NH2 OH, 99%, CAS 

o.: 5470–11–1, MilliporeSigma) solution for 5 min under shaking 
2 
t 130 rpm by using an orbital shaker, followed by 25 min static 

ncubation without shaking. 

.2. Nanoisland characterization 

Scanning electron microscopy (SEM) images were obtained by 

 JSM-7600F Schottky field-emission scanning electron microscope 

JEOL, Tokyo, Japan) at an accelerating voltage of 15.00 kV. The 

urface coverage and inter-island gap distance of gold nanois- 

ands were determined from the SEM images by ImageJ software 

National Institutes of Health, Bethesda, MD). Bulk refractive in- 

ex sensitivity measurements were conducted by incubating the 

anoisland platforms in water-glycerol mixtures with increasing 

lycerol fractions (0 to 40% v/v). Diced nanoisland platforms of 

 × 1 cm dimensions were placed into the wells of a 24-well 

late by using double-sided tape. The optical extinction spectrum 

n each solution environment was recorded by using a microplate 

eader (SpectraMax iD5, Molecular Devices, San Jose, CA). For bulk 

efractive sensitivity analysis, the sensor response ( R ) was plotted 

s a function of the change in refractive index of the bulk solu- 

ion and the slope of each plot was calculated by linear regression 

nalysis. The corresponding general equation is �R / �n , where n is 

he refractive index of the medium. In our experiments, R was de- 

ned as the maximum-intensity wavelength in the optical extinc- 

ion spectrum, λmax , so the specific equation used in the analysis 

as �λmax / �n [32] . 

.3. Protein detection measurements 

A series of protein adsorption measurements was conducted 

o detect protein attachment to nanoisland platforms in terms of 

rotein-substrate and protein-protein interactions. The measure- 

ents were conducted using a SpectraMax iD5 microplate reader 

nd the optical extinction spectrum was recorded at each measure- 

ent step. In the first series, bovine serum albumin (BSA) protein 

99%, CAS No.: 9048–46–8, MilliporeSigma) in Tris buffer (98%, CAS 

o.: 6976–37–0MilliporeSigma) (10 mM, 150 mM NaCl, pH 7.5) was 

dded to the nanoisland platform with increasing BSA concentra- 

ion from 0.001 to 100 μM in 10-fold increments. In the second se- 

ies, a 100 μL volume of 5 μg/mL of recombinant COVID-19 nucleo- 

apsid (N) protein antigen (catalog no. LIC-NP-04, LUCA AICell Inc., 

nyang, Republic of Korea) in 50 mM carbonate coating buffer (pH 

.6) was added to the nanoisland platform and incubated at 37 °C 

or 1 h, as previously described [33] . Then, after washing three 

imes with phosphate-buffered saline with 0.05% Tween 20 (CAS 

o.: 9005–64–5, MilliporeSigma) (PBS-T), a 100 μL volume of an 

nti-N, monoclonal primary antibody (clone 12D12, LUCA AI Cell 

nc.) in PBS-T was added to the wells and incubated at 37 °C for 

 h. This step was followed by washing three times with PBS-T and 

hen adding goat antihuman IgG secondary antibody (1:20,0 0 0 di- 

ution; catalog no. A18811, Thermo Fisher Scientific, Waltham, MA) 

n PBS-T, which was incubated at 37 °C for 1 h, and another three 

ounds of washing with PBS-T. The optical extinction spectrum af- 

er each protein addition step was recorded by using a microplate 

eader (SpectraMax iD5). 

. Results and discussion 

Fig. 1 presents the fabrication strategy to produce gold nanois- 

ands on a glass substrate by using a thiol-based surface function- 

lization method. Compared to conventional nanoisland fabrication 

trategies based on solution-phase seeding, our strategy is based 

n the novel interplay of two ingredients: (1) the use of a thiol- 

unctionalized glass surface to promote strong Au seed attachment 

o the substrate; and (2) the use of multiple growth cycles as com- 

https://www.sigmaaldrich.com/KR/en/search/1336-21-6?focus=productscepage=1ceperPage=30cesort=relevanceceterm=1336-21-6cetype=cas_number
https://www.sigmaaldrich.com/KR/en/search/1336-21-6?focus=productscepage=1ceperPage=30cesort=relevanceceterm=1336-21-6cetype=cas_number
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Fig. 1. Schematic illustration of the gold nanoisland fabrication process. The new method involves thiol-based surface functionalization of a glass surface, followed by 

solution-phase Au seeding and multiple nanoisland growth cycles thereafter. Controlling the number of growth cycles helps to finetune nanoisland features. By contrast, the 

conventional method involves a bare glass surface, solution-phase Au seeding, and a single growth cycle. 
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ared to only one cycle conventionally, in order to finetune nanois- 

and morphology. 

Briefly, after washing a bare glass substrate with deionized wa- 

er and acetone for 5 min, oxygen plasma treatment was per- 

ormed for 1 min. Next, the glass substrate was coated with 

3-mercaptopropyl)trimethoxysilane (MPTMS) by vacuum evapora- 

ion, which generated a thiol-terminated glass surface to promote 

trong gold-thiol interactions in the subsequent step [34] . The 

unctionalized glass substrate was then immersed in 5 mM HAuCl4 , 

hich served as the seeding solution. The subsequent addition of 

mmonium hydroxide under stirring created gold nucleation sites 

n the surface, which was followed by incubating the substrate 

n 1 mM sodium borohydride for 1 min. To promote nanoisland 

rowth, the substrate was next immersed in an equimolar mixture 

f 1.5 mM HAuCl4 and 1.5 mM NH2 OH as a growth solution for 

 min under orbital shaking and then left for 25 min without shak- 

ng at room temperature. To control the morphological properties 

f the gold nanoislands, the latter step was repeated 2 or 3 times 

n total depending on the sample. The same protocol steps were 

lso used to fabricate gold nanoislands on a non-functionalized 

lass substrate without MPTMS coating for direct comparison. 

For each fabricated substrate, we analyzed the morpho- 

ogical properties by visual inspection, scanning electron mi- 

roscopy (SEM), and atomic force microscopy (AFM). In gen- 

ral, the solution-based fabrication method yielded plasmonic gold 

hips with high uniformity. For example, after 2 growth cy- 

les, the gold nanoislands exhibited purple and blue colors on 

on-functionalized and functionalized glass substrates, respectively 

 Supplementary Fig. 1 ). Closer inspection by SEM imaging re- 

ealed key differences in the nanostructure morphology depend- 

ng on the number of growth cycles and surface functionalization 

ethod. For gold nanoislands on non-functionalized glass surfaces, 

here was a large variation in the size of individual gold nanois- 

ands ( ∼10–80 nm) after 2 growth cycles and they tended to ex- 

ibit discrete, particle-like morphologies ( Fig. 2 A ). After 3 growth 

ycles, the gold nanoisland film exhibited a more characteristic 

orphology of inhomogenous nanostructures with a percolated 

etwork pattern ( Fig. 2 B ). However, a rather variable gap distance 

etween nanoislands was observed. In marked contrast, after 2 

rowth cycles, a percolated network of inhomogenous gold nanois- 

ands was already formed on the MPTMS-functionalized glass sur- 

ace and the nanoislands exhibited tighter spacing and smaller ap- 

arent gap sizes ( Fig. 2 C ). A similar nanoisland morphology also 

ccurred on the MPTMS-functionalized glass surface after 3 growth 

ycles while the nanoislands in that case tended to be larger 
3 
nd more contiguous ( Fig. 2 D ). These findings were corroborated 

y AFM measurements, which indicated that the nanoislands on 

on-functionalized glass surfaces had greater size/height variations 

hereas the nanoislands on MPTMS-functionalized surfaces exhib- 

ted more uniform size/height properties and greater continuity 

 Supplementary Fig. 2 ). 

From a comparative perspective, we also quantitatively evalu- 

ted the surface coverage of gold nanoislands on the bare and 

PTMS-functionalized glass surfaces by analyzing the SEM images. 

fter 2 growth cycles, the surface coverage of gold nanoislands 

n bare and functionalized glass surfaces was around 50.4 ± 3.0 

nd 80.2 ± 3.9%, respectively ( Fig. 2 E ). After 3 growth cycles, the 

urface coverage of gold nanoislands on bare and functionalized 

lass surfaces increased to around 66.8 ± 1.2 and 83.8 ± 3.0%, 

espectively ( Fig. 2 F ). We also measured the inter-island gap dis- 

ance between nanoislands. After 2 growth cycles, the mean gap 

istance on bare and functionalized glass surfaces was around 

9.4 ± 1.2 and 8.7 ± 0.4 nm, respectively ( Fig. 2 G ). After 3 growth

ycles, the mean gap distance on bare and functionalized glass sur- 

aces decreased to around 16.8 ± 0.9 and 7.3 ± 0.3 nm, respec- 

ively ( Fig. 2 H ). Hence, gold nanoisland fabrication on the MPTMS- 

unctionalized glass surface tended to yield higher surface cover- 

ges and smaller gap distances while modulating the glass surface 

roperties and number of growth cycles enabled control over the 

urface coverage from ∼50–83% and the gap distance from ∼6–

8 nm [35] . 

In order to evaluate the plasmonic properties of the gold 

anoisland platforms, we proceeded to characterize the bulk re- 

ractive index (RI) sensitivity of the fabricated platforms by mea- 

uring changes in the optical extinction spectra in a series of 

ater-glycerol mixtures, which had different refractive index val- 

es. The bulk RI sensitivity is a widely used performance metric 

o evaluate the sensing performance of nanoplasmonic sensors and 

escribes the magnitude of the sensor response with respect to the 

hange in the bulk refractive index of the bulk solution contacting 

he active side of the sensor surface [ 32 , 36 ]. Specifically, the chang-

ng medium conditions influence the plasmon-enhanced electro- 

agnetic field surrounding the gold nanoislands and cause changes 

n the specific location of spectral features ( e.g. , peaks) in the opti- 

al extinction spectrum, which can be tracked as sensor responses 

32] . In general, the nanoisland platforms exhibited one dip and 

ne peak in the extinction spectra and the quantitative value of the 

eak position ( λmax ) was obtained by the centroid method, which 

mproves the signal-to-noise ratio and has high accuracy, and was 

racked as the sensor response in our experiments [37] . After 2 
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Fig. 2. Scanning electron microscopy (SEM) characterization of the gold nanoisland platform. Representative SEM images of gold nanoisland platforms fabricated on a bare 

glass surface after (A) 2 or (B) 3 growth cycles. Representative SEM images of gold nanoislands fabricated on an MPTMS-functionalized glass surface after (C) 2 or (D) 3 

growth cycles. Corresponding surface coverage values of gold nanoislands and void spaces on bare and MPTMS-functionalized glass surfaces after (E) 2 or (F) 3 growth cycles. 

Corresponding inter-island gap distances for gold nanoislands on bare and MPTMS-functionalized glass surfaces after (G) 2 or (H) 3 growth cycles. For panels (E)–(H), data 

are reported as mean ± standard deviation. 

4 
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Fig. 3. Plasmonic characterization of gold nanoisland platforms. Optical extinction spectra of gold nanoislands on bare glass surfaces after (A) 2 or (B) 3 growth cycles and 

on MPTMS-functionalized glass surfaces after (C) 2 or (D) 3 growth cycles. Spectral shifts correspond to gold nanoislands in water-glycerol mixtures (0–40% v/v glycerol) 

with different refractive index values. Insets are linear fits of �λmax shifts as a function of the refractive index change. (E) Summary of bulk refractive index values for the 

different nanoisland platforms. Data are reported as best-fit slope ± 95% confidence interval from the inset data in panels (A–D). 
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rowth cycles, the nanoisland platform fabricated on the bare glass 

urface had relatively weak extinction intensity due to the low 

urface coverage and particle-like morphology, and the λmax posi- 

ion in water was located at 559 nm ( Fig. 3 A ). The corresponding

ulk RI sensitivity value was 99.4 ± 5.8 nm per refractive index 

nit (nm/RIU) and the measurement response was linear. After 3 

rowth cycles, there was a higher extinction intensity and more 

haracteristic spectral dip and peak features while the λmax posi- 

ion in water increased to 660 nm and the bulk RI sensitivity value 

as 161.0 ± 8.2 nm/RIU with a linear response profile ( Fig. 3 B ). On

he other hand, even after 2 growth cycles, the nanoisland plat- 

orm fabricated on the functionalized glass surface had clear spec- 

ral features, and the corresponding λmax position in water was 

79 nm while the bulk RI sensitivity value was 180.2 ± 8.9 nm/RIU 

nd had a linear response profile ( Fig. 3 C ). By contrast, after 3

rowth cycles, the nanoisland platform fabricated on the function- 

lized glass surface had a less clear peak due to greater extinction 

n the long wavelength side of the spectrum ( Fig. 3 D ). The cor-

esponding λmax position in water was 743 nm while the bulk RI 

ensitivity value had decreased to 162.5 ± 21.1 nm/RIU and had 

elatively less response linearity. 

Together, these findings support that the nanoisland platform 

abricated on the functionalized glass surface using 2 growth cy- 

les, had the highest measurement sensitivity, which we selected 

or further protein detection testing ( Fig. 3 E ). Importantly, these 

ndings also support that optimizing the inter-island gap dis- 

ance – rather than solely increasing or decreasing the gap dis- 

ance – is important to maximize overlap of plasmon-enhanced 

lectromagnetic waves for enhanced sensing performance, as in- 

icated by the nonlinear trend between bulk RI sensitivity and 

ap distance whereby an intermediate gap distance corresponded 

o the highest sensitivity ( Supplementary Fig. 3 ) [38] . Based on 

he SEM and AFM imaging results, we also estimated that the 

olumetric quantity of gold nanoislands per 1 μm2 glass surface 

rea was ∼0.005 μm3 and ∼0.007 μm3 on the non-functionalized 
5 
nd MPTMS-functionalized glass surfaces, respectively. The greater 

uantity of deposited gold on the MPTMS-functionalized glass sur- 

ace is likely due to strong gold-thiol binding that facilitates high- 

ensity deposition of Au seeds and helps to overcome repulsive, 

nter-seed nanoparticle interactions, as compared to weaker at- 

achment and in turn greater repulsive effects on the bare glass 

urface [35] . In turn, the higher seed density on the MTPMS- 

unctionalized glass surface supports subsequent growth into more 

ontinuous, percolating nanostructures during subsequent growth 

ycles. The greater volumetric quantity of deposited gold may also 

artially relate to the improved sensing performance of the gold 

anoisland platforms on the MPTMS-functionalized glass surface 

hile the main contributing factor appears to be the nanoisland 

rchitecture and, more specifically, the inter-island gap distance. 

To date, gold nanoisland platforms fabricated using solution- 

hase seeding strategies have been mainly utilized for SERS and 

lasmon-enhanced fluorescence detection applications, which mo- 

ivated us to further explore their utility for refractometric biosens- 

ng applications. We first tracked bovine serum albumin (BSA) 

rotein attachment onto the nanoisland platform by monitoring 

λmax shift changes in the optical extinction spectrum relative to 

aseline measurements in buffer only ( Fig. 4 A ). The protein con- 

entration was varied from 0.001 to 100 μM, which resulted in 

SA concentration-dependent �λmax shifts ranging from around 

.07 ± 0.04 nm to 8.93 ± 2.07 nm ( Fig. 4 B ). To scrutinize protein-

rotein interactions, we also investigated the sequential attach- 

ent of coronavirus disease-2019 (COVID-19) nucleocapsid (N) 

rotein antigen, primary antibody, and secondary antibody across 

hree binding steps ( Fig. 4 C ). The initial antigen attachment step 

ielded a �λmax shift of around 3.0 ± 0.5 nm, while the final 

λmax shifts after primary and secondary antibody attachment 

ere only marginally larger at 3.6 ± 0.4 and 3.8 ± 0.3 nm, re- 

pectively ( Fig. 4 D ). These findings support that the gold nanois- 

and platform has a short decay length on the order of ∼5–20 nm, 

hich is consistent with the typical performance characteristics of 
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Fig. 4. Evaluation of gold nanoisland platform for protein detection. (A) Representative optical extinction spectra corresponding to 0.0 01–10 0 μM BSA protein addition to the 

gold nanoisland platform. Inset is a magnified view of the �λmax shift region. (B) Final �λmax shift values as a function of bulk BSA protein concentration corresponding to 

data in panel (A). (C) Representative optical extinction spectra corresponding to sequential addition of COVID-19 N protein antigen, anti-N primary antibody, and secondary 

antibody. Inset is a magnified view of the �λmax shift region. (D) Final �λmax shift values for different protein addition steps corresponding to data in panel (C). In panels 

(B) and (D), data are reported as mean ± standard deviation from n = 3 measurements. 

Table 1 

Biosensing performance comparison of the gold nanoisland platform developed in this study and other plasmonic nanos- 

tructures reported in the literature. 

Type of substrate BSA concentration (μM) Bulk sensitivity (nm/RIU) Peak shift (nm) Refs. 

Au nanoisland 100 180 8.9 Our work 

Au nanohole 152 110 7 [ 41 ] 

Au nanohole 15 247 1.6 [ 42 ] 

Au nanodisk 100 100 0.7 [ 43 ] 

Au nanoribbon 100 60 1 [ 44 ] 

Au-coated nanograting 500 800 3.5 [ 45 ] 

Au nanoparticle 50 642 7.4 [ 46 ] 
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urface-sensitive nanoplasmonic biosensors and demonstrates that 

he measurement response is highly sensitive to changes in the lo- 

al refractive index near the sensor surface but less sensitive to 

hanges occurring farther away from the sensor surface [ 39 , 40 ]. In

erms of refractometric biosensing performance, it should also be 

oted that the �λmax shift value of 8.9 nm is among the largest 

eported values for BSA protein attachment to a nanoplasmonic 

ensing platform that was directly fabricated on a substrate, fur- 

her highlighting the highly surface-sensitive measurement capa- 

ilities of the gold nanoisland platform ( Table 1 ). 

. Conclusions and outlook 

In this study, we have developed a thiol-based surface func- 

ionalization strategy that improves gold nanoisland platform fab- 
6 
ication by increasing surface coverage of gold nanoislands and 

ecreasing inter-island gap distance compared to nanoisland plat- 

orms fabricated on bare glass surfaces. The latter finding was par- 

icularly critical because we identified an optimal gap distance –

ithin the range enabled by using thiol-functionalized glass sur- 

aces but not achievable with conventional, bare glass surfaces us- 

ng the same protocol steps – that facilitated superior nanoplas- 

onic sensing performance, as indicated by bulk RI sensitivity and 

esponse linearity. Importantly, this high measurement sensitivity 

ranslated into superior analytical capabilities for detecting pro- 

ein attachment while additional experiments revealed that the 

old nanoisland platform is particularly sensitive to detect adsorb- 

ng biomacromolecules that attach directly to the sensor surface 

s opposed to proteins involved in subsequent protein-protein in- 

eractions. Together, these findings demonstrate that the high sur- 
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ace sensitivity of the gold nanoisland platform developed in this 

tudy can be useful for refractometric biosensing applications, es- 

ecially in cases involving biomacromolecular interactions at the 

olid-liquid interfaces. While the main focus of the present study 

as on optimizing the gold nanoisland platform morphology to 

mprove surface sensitivity, which was tested using purified natural 

roteins and recombinant antigens and antibodies, such platforms 

re regularly used for advanced biosensing applications involving 

omplex media and can be readily functionalized using versatile 

urface chemistry options to facilitate measurement selectivity and 

ensitivity. 
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