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Abstract: Citrate-stabilized silver nanoprisms (AgNPrs) can be 

easily functionalized using well-developed thiol based surface 

chemistry that is an important requirement for biosensor 

applications utilizing localized surface plasmon resonance (LSPR) 

and surface-enhanced Raman Scattering (SERS). Unfortunately, 

currently available protocols for synthesis of citrate-coated 

AgNPrs do not produce stable nanoparticles thus limiting their 

usefulness in biosensing applications. Here we address this 

problem by carrying out a systematic study of citrate-stabilized, 

peroxide-based synthesis of AgNPrs to optimize reaction 

conditions for production of stable and reproducible nanoprisms.  

Our analysis showed that concentration of secondary reducing 

agent, L-ascorbic acid, is critical to AgNPr stability. Furthermore, 

we demonstrated that optimization of other synthesis conditions 

such as stabilizer concentration, rate of silver nitrate addition and 

seed dilution result in highly stable nanoprisms with narrow 

absorbance peaks ranging from 450nm into near-IR. In addition, 

the optimized reaction conditions can be used to produce AgNPrs 

in a one-pot synthesis instead of a previously described two-step 

reaction. The resulting nanoprisms can readily interact with thiols 

for easy surface functionalization. These studies provide an 

optimized set of parameters for precise control of citrate 

stabilized AgNPr synthesis for biomedical applications. 

Introduction 

Noble metal nanoparticles with strong plasmon resonance 
absorbance peaks in the UV-VIS-NIR region of the 
electromagnetic spectrum are highly advantageous in label-
free sensor applications, such as those based on localized 
surface plasmon resonance (LSPR)1,2 or surface-enhanced 
Raman scattering (SERS).3,4 Anisotropy in silver nanoprisms, 
due to high surface area-to-thickness ratio and sharp edges, 
results in a resonance peak that shifts strongly with prism size 
and local dielectric constant,5,6 which is ideal for such 
applications. Furthermore, silver nanoprisms synthesis with 
tunable resonance peaks is important for development of 
biosensors for multiplex analysis.7   

Many techniques have been reported for synthesizing 
silver nanoprisms. In LSPR applications, lithographic 
techniques are common due to high consistency and ability to 
functionalize resulting nanostructures,8,9 but these methods 
cannot be used in solution-based applications and are not as 
widely accessible. Solution-based techniques for prism 
synthesis include photo-induced,10-12 solvo-thermal and 
seeded growth reduction approaches.13,14 Many chemical 
methods rely on reducing agents, such as sodium borohydride, 

in conjunction with some form of capping agent such as bis(p-
sulfonatophenyl)phenylphosphine (BSPP), 
polyvinylpirrolidine (PVP)15-17 or dextran.18 Although these 
approaches result in stable nanoprisms, the strength of 
capping agent binding leads to difficulty in functionalization of 
resulting nanoparticles for sensor applications.19,20 To address 
this problem other methods were developed that use etchants 
such as hydrogen peroxide in combination with a weakly 
bound capping agent21,22 to allow easy surface 
functionalization using ligand exchange. However, without a 
strong capping agent these protocols produce nanoprisms 
with inadequate reproducibility and lack of stability severely 
limiting their utility in bioapplications. Therefore, despite a 
significant body of work in synthesis of plasmonic nanoprisms 
there is still need to develop a robust protocol to produce 
stable and reproducible nanoprisms that are amenable for an 
easy surface functionalization.  

Here we report a systemic investigation of citrate-
stabilized, hydrogen peroxide based synthesis of silver 
nanoprisms to determine the effects of all reagents on stability 
and reproducibility of resulting nanoparticles. Our results 
showed that concentration of secondary reducing agent, L-
ascorbic acid, is the most important parameter in controlling 
stability of silver nanoprisms (AgNPrs). Furthermore, we 
demonstrated that synthesis of stable citrate-capped AgNPrs is 
possible and determined optimum reaction conditions for 
making tunable and stable nanoprisms with plasmon 
resonance ranging from 450nm to 900nm. 

Experimental Section 

Chemicals: From Sigma Aldrich: Silver Nitrate (99.9999% 

Trace Metals Basis), Sodium Citrate Dihydrate, L-Ascorbic 

Acid, Hydrogen Peroxide (30%), Sodium Borohydride, 2-

Propanol, (3-mercaptopropyl)trimethoxysilane, Poly-L-Lysine 

(0.1% Aqueous Solution) 

Optimized Synthesis of stable silver nanoplates (Aged 

Seeds): Prior to synthesis, all reagent solutions were prepared 

fresh. In a typical experiment, a solution consisting of 39.3mL 

diH2O, 2mL Trisodium Citrate (TSC) (75mM), 256µL Hydrogen 

Peroxide (H2O2) (0.6%), 186µL Silver Nitrate (AgNO3) (10mM) 

was prepared. Under vigorous stirring, 192µL of Sodium 

Borohydride (NaBH4) (100mM) was rapidly added to initiate 

reduction, and the solution immediately changed to a pale 

yellow color. After five minutes, the color shifted to a golden 

yellow. Then, the solution was stored overnight at room 

temperature. Following this aging period, 2.1mL of the seed 

stock were added to a clean 8mL vial and stirred vigorously. 

200µL of L-Ascorbic Acid (5mM) were added to this mixture, 

followed by addition of AgNO3 (10mM) dropwise until the 

desired solution color was reached (typically 100µL).  

Flow Rate Experiments: The same protocol as above was 

followed to prepare the nanoparticle seeds. For nanoprism 

formation, 2.1mL of the seed stock were added to a clean 8mL 
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vial and stirred vigorously. 200µL of L-Ascorbic Acid (5mM) 

were added to this mixture. A KD Scientific syringe pump was 

then used to inject 100µL of AgNO3 at a controlled rate ranging 

from 15µL/min to 400µL/min. 

Synthesis of Larger Nanoplates: Larger nanoplates were 

synthesized by diluting seed solution prior to addition of L-

ascorbic acid and silver nitrate. Seed solutions were prepared 

proportionally in smaller quantities and then diluted by 

addition of diH2O to reach 2.1mL. The reaction then proceeded 

as above. Typically, dilutions were used as follows: 1x for 

nanoplates with absorbance peaks up to ~550nm, 1/2x for 

~550-590nm (1.05mL seed stock, 1.05mL diH2O), 1/4x for 

~590-630nm, 1/8x for ~630-700nm and 1/12x for NIR 

nanoplates. 

Characterization: Characterization of the size and 

morphology of silver prisms was performed using TEM. 

Samples were placed as drops onto 100 mesh formvar/carbon 

coated copper for approximately 1 hour. Samples were blotted 

dry from the grids with filter paper and were allowed to dry. 

Samples were then examined in a JEM 1010 transmission 

electron microscope (JEOL, USA, Inc., Peabody, MA) at an 

accelerating voltage of 80 Kv. Digital images were obtained 

using the AMT Imaging System (Advanced Microscopy 

Techniques Corp., Danvers, MA). Optical spectra were 

acquired using a BioTek SynergyHT UV-Vis spectrometer. 

Absorbance spectra were normalized to have an Area-Under-

the-Curve (AUC) of 1. 

Nanoprism Stability: Changes in absorbance spectra of 

nanoparticle samples were used as an indicator of stability in 

solution. The changes were quantified by first normalizing 

both initial absorbance spectrum of a nanoplate solution and 

the one obtained after 24 hours by their area-under-curve 

(AUC) to obtain area-weighted spectra. Relative spectral 

changes were then calculated as the disagreement between 

the two spectra expressed as a percentage of the agreement 

according to the formula Instability = �����⨁����/����� ∩ ���� , i.e. 

the difference between the two spectra expressed as a ratio of 

their area of overlap. This formula is a variant of the Jaccard 

Index23 intended to highlight dissimilarity between two 

spectral curves (see Supporting Information for derivation). 

Disagreement between two spectra can be expressed as the 

absolute value of their differences, or �����⨁���� �
	∑ |������ � ����� |, where ������  and �����  are optical densities at nth 

wavelength of the initial spectrum and the spectrum taken at 

24 hours, respectively, and the sum is over the whole 

wavelength region. The agreement can be expressed as the 

sum of the two spectra minus their disagreement, or 

����� ∩ ���� � ∑������ � ∑ ����� � ∑ |������ � ����� |	. For spectra 

normalized to an area-under-the-curve of one, this becomes 

����� ∩ ���� � 	2 � ∑ |������ � ����� |. Therefore, nanoprism 

instability was calculated using the equation ����������� �
�∑ |������ � ����� |�

�2 � ∑ |������ � ����� |�� 	. Ideal stability (i.e. no 

change in the absorbance spectrum) would result in Instability 

= 0 according to this calculation. Anything below 0.08 was 

considered to be stable due to only minor observable changes 

in the spectra. 

Nanoprism Adhesion to Glass Substrates: A solution of 2% 

w/w (3-mercaptopropyl)trimethoxysilane (MPTMS), 5% 

diH2O in 2-propanol was prepared. Standard glass microscope 

slides were treated with 0.05M Sodium Hydroxide for 30m at 

80⁰C and then washed with diH2O. The MPTMS solution was 

evenly distributed on the surface of the slides and placed in a 

sealed petri dish in an oven heated to 90⁰C for two hours, 

which vaporized the MPTMS solution and allowed for an even 

surface coating. The slides were then removed from the oven 

and washed in diH2O before being left in the nanoprism 

solution overnight. After the overnight incubation, the slides 

with nanoprism monolayers were removed and washed in 

diH2O. The slides with AgNPr monolayers can be stored in 

diH2O solution to prevent drying. 

 

Optimized One-Pot Synthesis: A solution was prepared 

consisting of 1.965mL diH2O, 100uL TSC (75mM), 9.3µL 

AgNO3 (10mM) and 12.8µL H2O2 (0.6%). Under vigorous 

stirring, 9.6µL of NaBH4 (100mM) was added rapidly. After 

about five minutes, the color shifted to a golden yellow. Then, 

200µL of L-ascorbic acid (5mM) was added, followed by 

dropwise addition of AgNO3 (10mM) until desired nanoplate 

size had been reached (typically 50-150µL). 

 

Results and Discussion 

In a typical two-step peroxide-etchant synthesis seed stock 
is, first, prepared using silver nitrate (AgNO3), hydrogen 
peroxide (H2O2), trisodium citrate (TSC) and sodium 
borohydride (NaBH4), a reducing agent. The seeds are aged 
overnight, diluted in diH2O and L-ascorbic acid is added prior 
to prism growth with dropwise addition of AgNO3. The 
problem is that this reaction results in silver nanoprisms that 
degrade within 24 hours; this is associated with   large 
changes in their absorbance spectra including an increase in 
400nm peak indicative of small silver nanospheres as shown 
in Fig. 1. Note that there is no significant change in the 
absolute peak intensity over time indicating that instability is 
associated mostly with morphological changes of the 
nanoparticles (Supplemental Info Fig. S1). 
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Figure 1. Representative examples of absorbance spectra of citrate-
capped silver nanoprisms synthetized using common peroxide-
etchant method: as prepared (solid line) and after 24 hours (dashed 
line). Significant changes in absorbance spectra over time indicate a 
lack of stability. Panels (a) and (b) illustrate two different ways in 
which nanoprisms can degrade – (a) degradation to silver 
nanospheres and (b) degradation to nanosphers with aggregation that 
is evident by an increase absorbance in the red-NIR spectral region. 

To determine whether H2O2-mediated seeded-growth 
method can be optimized to achieve synthesis of stable citrate-
capped nanoprisms in a broad range of sizes and 
corresponding plasmon resonance peaks, we assayed all 
reagents and reaction conditions in the synthesis that is 
schematically shown in Fig. 2. 

 Figure 2. Reaction schematic of optimized citrate-stabilized 
nanoprism synthesis using peroxide etching. All listed reaction 
components were evaluated here, those found to have significant 
effect on stability and reproducibility of silver nanoprisms are 
highlighted in bold. 

 

First, L-ascorbic acid was evaluated - the prism growth 
stage reducing agent. It has been reported that hydrogen 
peroxide prevents NaBH4 from interfering with prism growth, 
eliminating the need for overnight aging.19 Therefore, we 
evaluated synthesis with fresh (Fig. 3, a and c) and aged-
overnight seed (Fig. 3, b and d) solutions. As shown in Fig. 3,a-
b, ascorbic acid concentration above ~0.1mM was required for 
prism growth, and little spectral change was observed above 
this concentration. However, after 24 hours, samples with high 
ascorbic acid concentration (>6mM) showed significant 
change in spectrum shape that was more pronounced for fresh 
seeds (Fig. 3c), indicating lack of stability. This spectral change 
was quantified as Instability = �����⨁����/����� ∩ ���� where 
disagreement (⨁) between initial (Iinit) and 24h (I24h) spectra 
was divided by agreement (∩); i.e. the difference between the 
two spectra expressed as a ratio of their area of overlap (see 
more details in the Supplemental Info). This characteristic 
serves as a measure of similarity between two curves that 
accounts for both shifts in relative peak intensity and peak 
location, and was used as an indicator of stability throughout 
this study. Scores below 0.08 were considered stable, as they 
correlated with very small spectral changes (examples in Fig 3, 
c-d, blue spectra).  Ascorbic acid concentrations from 0.435 to 
1.74 mM resulted in the most stable nanoprisms, with the 
optimum concentration at 0.435 mM. Stability at high ascorbic 
acid concentrations was significantly better in samples 

prepared using aged seeds, though this effect was negligible 
with reduced ascorbic acid concentration (Fig. 3, e). These 
results show that excess of ascorbic acid greatly decreases 
stability of nanoprisms. This effect is likely due to the role of 
ascorbic acid as a reducing agent – higher concentrations have 
been hypothesized to favor formation of alternative 
nanoparticle shapes.24 Further experiments were performed 
using aged seeds due to better stability across the range of 
ascorbic acid concentrations.  

Figure 3. Spectra (normalized to AUC of 1) demonstrating effects of 
varying ascorbic acid in nanoprism synthesis with fresh (a) and aged 
(b) seed solutions.  Representative examples of stable (1.74mM 
ascorbic acid, blue) and unstable (8.7mM ascorbic acid, black) 
nanoprisms prepared using fresh (c) and aged (d) seeds; note, spectral 
changes 24h after synthesis in samples with 8.7 mM ascorbic acid.   
Twenty four hours stability test for nanoprisms prepared using 
various concentrations of ascorbic acid with either aged or fresh seeds 
(e); note high nanoprism stability for ascorbic acid concentrations 
ranging from 0.435 to 1.74 mM.  

Next, we studied the effects of hydrogen peroxide, an 
etchant, and sodium borohydride, the reducing agent for initial 
seed production, on prism synthesis and stability. Nanoprisms 
with the smallest secondary peak at 400nm resulted from seed 
preparations made using the range of H2O2 concentrations 
from 88 to 121 µM (Fig. S2). NaBH4 concentrations above 
~250 µM were required for ideal nanoprism growth (Fig. S3). 
Varying of neither H2O2 nor NaBH4 concentrations impacted 
nanoprism stability (Figs. S2 and S3). While sodium 
borohydride is a reducing agent, it decomposes rather quickly 
in an aqueous solution and, therefore, does not influences long 
term stability of nanoprisms.19 Hydrogen peroxide is an 
etchant that promotes growth of planar twinned seeds which 
favor the anisotropic growth necessary for nanoprism 
formation.18 It is believed to mostly impact the ability of the 
synthesis to form prism structures rather than long-term 
stability.  
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It was observed that during prism growth, addition of 
silver nitrate beyond 1/10 of initial reaction volume resulted 
in no further growth, preventing synthesis of larger prisms. To 
address this, the effect of seed concentration was evaluated in 
the context of increasing nanoprism size. As shown in Fig. 4 
(a), diluting seed stock resulted in larger nanoprisms with 
absorbance peaks up to 900 nm. Continuous growth of larger 
nanoparticles indicate that the reaction is maintained under 
the diffusion-controlled condition, with silver ion 
concentration below the supersaturation point.25 The data also 
show that decreasing the seed concentration allows for a 
larger quantity of silver ions to be incorporated into each 
particle under these reaction conditions (Fig. 4, c). Further 
increase in silver ion concentration could lead to 
supersaturation, which is associated with secondary 
nucleation rather than the diffusion-controlled growth of 
nanoprisms.25 Optimal stability of large nanoprisms was 
observed at 0.435mM ascorbic acid concentration (Fig. 4, b), 
indicating that ideal concentration of ascorbic acid was 
invariant with seed concentration.  

 

Figure 4. (a) Absorbance spectra demonstrating effects of seed 

dilution on nanoprism growth with seed concentrations 1x, 0.5x, 0.2x, 

0.1x and 0.05x of initially prepared seed stock. All experiments were 

performed with dropwise addition of 100µL silver nitrate. (b) 24h 

stability test for nanoprisms prepared from 0.1x seed solution with 

varying ascorbic acid concentration. (c) Absorbance peak of silver 

nanoprisms as a function of volume of silver nitrate added for 

different dilutions (1x, 0.5x, 0.25x and 0.125x) of seed stock. All data 

points correspond to 10.5mL initial solution. Note that increased 

levels of dilution allow for growth of larger nanoprisms while using 

the same quantity of silver nitrate. 

Next, we analyzed the effects of trisodium citrate (TSC) - a 
capping agent (Fig. 5). For small prism sizes (<35 nm edge 
length, see Fig. S4), varying TSC concentration resulted in little 
difference in spectra (Fig. 5, a). For larger prisms, peaks 
broadened significantly at lower TSC concentrations (Fig. 5, b). 
Sodium citrate acts as a surface stabilizer, binding to facets 
and preventing addition of silver ions, thus halting nanoprism 
growth.26,27 Therefore, we hypothesized that higher 

concentrations of sodium citrate were required for synthesis 
of larger nanoprisms with more consistent morphology.  

 

 

Figure 5. (a) Absorbance spectra of small nanoprisms (~30nm edge 
length) prepared from aged seeds with varied concentration of tri-
sodium citrate (TSC). Reactions proceed faster with lower TSC 
concentration, but optical properties remain unchanged. (b) Spectra of 
larger nanoprisms (~100nm edge length) prepared using varied TSC 
concentration. Note widening of plasmonic peaks at lower citrate 
concentrations. (c) Scatter plot of peak full-width at half-maximum 
(peak-FWHM) as a function of absorbance peak wavelength for varied 
TSC concentrations; note a relative increase in peak-FWHM for larger 
nanoprisms at lower TSC concentrations. Dotted lines show 
polynomial fits for each scatter plot (see Supporting Information for 
details). 

To verify this assumption, nanoprisms were synthesized 
with TSC concentrations ranging from 0.71 to 5.36 mM. For 
each concentration, nanoprisms were grown with absorbance 
peaks ranging from 450nm to 780nm by changing the quantity 
of silver nitrate added. Then peak full-width at half-maximum 
(peak-FWHM) was used as an indicator of dispersity (Fig. 5, c). 
This metric, peak-FWHM, has been previously evaluated and 
applied to characterization of dispersity of silver 
nanoparticles.25 The narrowest peak-FWHM (~80nm) 
occurred for small nanoprisms (~30nm edge length) at all TSC 
concentrations. As expected, peak-FWHM increased faster 
with prism size for lower TSC concentrations, indicating more 
variation in particle morphologies under these conditions.  

Finally, rate of silver nitrate addition during prism growth 
was analyzed. Silver nitrate was added to the seed solution by 
an automated syringe pump at flow rates from 15 to 
400µL/min. Three formulations were used: (i) 3.57mM TSC 
(base reaction condition, Fig. 1), (ii) 0.71mM TSC (reduced 
citrate) and (iii) ½ seed stock concentration (as in Fig. 2, but, 
diluted seeds for larger nanoprisms). Slower rate of addition 
was better under all conditions; this was evident from a 
reduced secondary peak at 400nm and red-shifted spectra 
indicating increased silver incorporation (Fig. 6). Higher rates 
of silver nitrate addition likely exceed the rate of silver 
incorporation into nanoprisms that has a negative correlation 
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with the concentration of the capping agent (TSC), leading to 
an increase of the absorbance peak at 400 nm indicative of 
formation of silver nanospheres. Indeed, significantly slower 
rates of silver nitrate addition of ca.  50 uL/min are required at 
higher TSC concentration of 3.57 mM (Fig. 6a) to diminish the 
400 nm peak as compared to less than 200 uL/min at lower 
TSC concentration of 0.71 mM (Fig. 6c). Little improvement in 
nanoprism quality was observed below a rate of ca. 50 µL/min 
in all conditions. Flow rate had very little effect on nanoprism 
stability, as instability values were consistently around or 
below 0.08. (Fig. 6, d). 

 

Figure 6. Absorbance spectra demonstrating effects of varying rate of 
silver nitrate addition in the case of: (a) 3.57mM TSC seed solution; (b) 
3.57mM TSC with seed solution diluted two-times; and  (C) 0.71mM 
TSC seed solution. (d) Relative spectral changes after 24h 
demonstrating stability of nanoprisms for conditions tested.  

Using optimized parameters from our experiments, we 
developed a protocol for synthesis of stable silver nanoprisms 
in a wide range of sizes (Fig. 7) exhibiting plasmon resonance 
peaks covering the visible and near-infrared (NIR) spectral 
region (Fig. 8, a-b). To verify that nanoprisms prepared with 
this protocol can be used for surface functionalization using 
thiol chemistry, the nanoparticles were adhered to a glass 
slide coated with (3-mercaptopropyl) trimethoxysilane 
(MPTMS). Nanoprisms formed a uniform dense layer on the 
MPTMS-coated glass slide through interactions with thiol 
groups (Fig. 8, b). No nanoprisms adhered to control slides 
that were not coated with MPTMS. 

 

Figure 7. (a) Representative TEM image of synthetized nanoprisms. 
(b) TEM showing stacked nanoprisms; plate thickness is ca. 7 nm. (c-f) 
Representative TEM images showing nanoprisms with sizes 105nm 
(c), 40nm (d), 45nm (e), 50nm (f). 

Since nanoprisms synthesized from fresh seeds were 
stable at low ascorbic acid concentrations, we demonstrated a 
one-pot variant of the optimized protocol described here for 
stable nanoprism synthesis (Fig. S5), in which seed solution is 
used for prism growth without the aging step. The protocol 
produced stable nanoprisms and it was fully scalable in 
synthesis volumes ranging from 2.3 to 46 mL prior to silver 
nitrate addition (Fig. S6). 

 

Figure 8. (a) Absorbance spectra (normalized to peak absorbance of 
1), for a subset of nanoprisms synthetized using the optimized citrate-
stabilized nanoprism synthesis described here. (b) Thiol-modified 
glass slide uniformly coated with ~50nm edge length nanoprisms. (c) 
Nanoprism suspensions in water demonstrating a range of particle 
colors.   

Conclusions 

In summary, we systematically tested seed-mediated 
synthesis of citrate-stabilized silver nanoprisms to determine 
the feasibility of production of stable citrate-capped 
nanoparticles for easy surface functionalization. We 
demonstrated greatly increased nanoparticle stability by 
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controlling ascorbic acid concentration. Aging of the seed 
solution was also important at higher concentrations of 
ascorbic acid as can be seen in Fig. 3e most likely due to 
incomplete decomposition of sodium borohydride in freshly 
prepared seed solutions. These results indicate that an excess 
of reducing agents is a major contributor to instability in 
nanoprism suspensions.  

In addition, a tight control of nanoprism synthesis was 
achieved through optimization of seed dilution, citrate 
concentration and rate of silver nitrate addition. Using 
optimized parameters, we developed a scalable, refined 
protocol for silver nanoprisms with fully tunable plasmon 
resonances across the visual and near-infrared wavelength 
range. We demonstrated that these particles can be used for 
surface functionalization in future biosensor applications 
using thiol chemistry. Furthermore, we validated extension of 
the developed protocol to a one-pot synthesis of stable 
nanoprisms.  
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Figure 1. Representative examples of absorbance spectra of citrate-capped silver nanoprisms synthetized 
using common peroxide-etchant method: as prepared (solid line) and after 24 hours (dashed line). 

Significant changes in absorbance spectra over time indicate a lack of stability. Panels (a) and (b) illustrate 

two different ways in which nanoprisms can degrade – (a) degradation to silver nanospheres and (b) 
degradation to nanosphers with aggregation that is evident by an increase absorbance in the red-NIR 

spectral region.  
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Figure 2. Reaction schematic of optimized citrate-stabilized nanoprism synthesis using peroxide etching. All 
listed reaction components were evaluated here, those found to have significant effect on stability and 

reproducibility of silver nanoprisms are highlighted in bold.  
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Figure 3. Spectra (normalized to AUC of 1) demonstrating effects of varying ascorbic acid in nanoprism 
synthesis with fresh (a) and aged (b) seed solutions.  Representative examples of stable (1.74mM ascorbic 
acid, blue) and unstable (8.7mM ascorbic acid, black) nanoprisms prepared using fresh (c) and aged (d) 

seeds; note, spectral changes 24h after synthesis in samples with 8.7 mM ascorbic acid.   Twenty four hours 
stability test for nanoprisms prepared using various concentrations of ascorbic acid with either aged or fresh 
seeds (e); note high nanoprism stability for ascorbic acid concentrations ranging from 0.435 to 1.74 mM.  
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Figure 4. (a) Absorbance spectra demonstrating effects of seed dilution on nanoprism growth with seed 
concentrations 1x, 0.5x, 0.2x, 0.1x and 0.05x of initially prepared seed stock. All experiments were 

performed with dropwise addition of 100µL silver nitrate. (b) 24h stability test for nanoprisms prepared from 

0.1x seed solution with varying ascorbic acid concentration. (c) Absorbance peak of silver nanoprisms as a 
function of volume of silver nitrate added for different dilutions (1x, 0.5x, 0.25x and 0.125x) of seed stock. 

All data points correspond to 10.5mL initial solution. Note that increased levels of dilution allow for growth of 
larger nanoprisms while using the same quantity of silver nitrate.  
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Figure 5. (a) Absorbance spectra of small nanoprisms (~30nm edge length) prepared from aged seeds with 
varied concentration of tri-sodium citrate (TSC). Reactions proceed faster with lower TSC concentration, but 
optical properties remain unchanged. (b) Spectra of larger nanoprisms (~100nm edge length) prepared 

using varied TSC concentration. Note widening of plasmonic peaks at lower citrate concentrations. (c) 
Scatter plot of peak full-width at half-maximum (peak-FWHM) as a function of absorbance peak wavelength 
for varied TSC concentrations; note a relative increase in peak-FWHM for larger nanoprisms at lower TSC 
concentrations. Dotted lines show polynomial fits for each scatter plot (see Supporting Information for 

details).  
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Figure 6. Absorbance spectra demonstrating effects of varying rate of silver nitrate addition in the case of: 
(a) 3.57mM TSC seed solution; (b) 3.57mM TSC with seed solution diluted two-times; and  (C) 0.71mM TSC 
seed solution. (d) Relative spectral changes after 24h demonstrating stability of nanoprisms for conditions 

tested.  
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Figure 7. (a) Representative TEM image of synthetized nanoprisms. (b) TEM showing stacked nanoprisms; 
plate thickness is ca. 7 nm. (c-f) Representative TEM images showing nanoprisms with sizes 105nm (c), 

40nm (d), 45nm (e), 50nm (f).  
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Figure 8. (a) Absorbance spectra (normalized to peak absorbance of 1), for a subset of nanoprisms 
synthetized using the optimized citrate-stabilized nanoprism synthesis described here. (b) Thiol-modified 
glass slide uniformly coated with ~50nm edge length nanoprisms. (c) Nanoprism suspensions in water 

demonstrating a range of particle colors.    
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