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MPC Synthesis
Alkanethiolate-protected MPCs were synthesized via minor modifications to the well-known Brust

reaction regularly performed in our laboratory and others.39-40 Briefly, an aqueous solution of
HAuCl4·3H2O (0.31 g in ~25 mL) was added to a toluene solution of tetraoctylammonium bromide (~1.1 g
in ~30 mL toluene) to facilitate phase transfer of the gold to the nonaqueous layer. Hexanethiol or
dodecanethiol was added in a 2:1 ratio to the separated non-aqueous gold-containing phase and allowed to
stir for 30 minutes until the solution is a pale yellow color. This pale-yellow solution is subsequently placed
on ice for 30 minutes to chill to ~0 C. Chilled (~0 C), aqueous NaBH4 solution (0.38 g in 20 mL) is then
steadily poured into the mixture over a course of ~ 2 minutes to reduce the gold in the presence of the thiol
ligands. This reaction is allowed to stir overnight and is rotary evaporated to near complete dryness.
Precipitation and isolation of the MPCs is induced by the addition of 200 mL of acetonitrile and subsequent
filtration through a medium glass-fritted funnel (ChemGlass). As in previous work,29-33 MPC diameter was
assessed with TEM imaging and ligand structure and coverage was verified through NMR spectroscopy of
d-methylene chloride solutions of MPCs. The average structure of the MPCs used in this study is
Au225(C6)75 and is consistent with prior work in this lab and others.29-33 For certain experiments, MPCs were
subsequently modified with 11-mercaptoundecanoic acid (MUA) using well-established place-exchanged
reactions described in detail elsewhere.30-31

For general TEM characterization of MPCs after synthesis, toluene solutions of MPCs were drop-
coated onto Formvar carbon grids (Electron Microscopy Sciences) prior to imaging (JEOL 1010 TEM).
The average diameter of the MPCs was approximately 2.0 ( 0.8) nm and consistent with all of our prior
work with these materials.31-33

Microscopy Characterization of Materials
For general TEM characterization of MPCs after synthesis, toluene solutions of MPCs were drop-

coated onto Formvar carbon grids (Electron Microscopy Sciences) prior to imaging (JEOL 1010 TEM).
The average diameter of the MPCs was approximately 2.0 ( 0.8) nm and consistent with all of our prior
work with these materials.31-33 Similarly, 1 µL of formulated sol-gel solutions with and without MPCs were
deposited onto grids and allowed to dry overnight prior to imaging. Unless otherwise stated, TEM images
were collected at 80 kV; 4,000X magnification.

Cross-sectional TEM to assess the thickness of the MPC-doped sol-gel films was performed as
previously demonstrated on MPC film assemblies with some modification.33,40 Briefly, a BEEM capsule
was filled with EPON resin, inverted on a glass slide and allowed to dry for 48 hours to form a flat epoxy
surface. 3 µL of sol-gel solution formulated with MPCs (described above) was then deposited onto the flat
surface of the pre-formed resin-filled BEEM capsule and allowed to dry for 48 hours prior at 50% RH. The
resin with the MPC-doped sol-gel film was then sliced off and re-embedded in a silicon mold that is then
subsequently filled with resin and allowed to dry for 48 hours before being sectioned with a diamond knife
(Electron Microscopy Sciences). Thin slices containing a cross-section of the sol-gel film were placed on
Formvar-carbon grids (Electron Microscopy Sciences) and imaged using TEM to assess the thickness of the
MPC-doped sol-gel film. Unless otherwise stated TEM cross-sectional images were collected at 90 kV;
100,000X magnification.

SEM imaging was performed by drop-casting sol-gel mixtures (3 µL) onto aluminum specimen
mounts (Electron Microscopy Sciences) which were allowed to dry for 48 hours in a humidity-controlled
environment set to 50% relative humidity (RH). The dried sol-gels films were then sputter-coated with
palladium (Denton Desk IV) and subsequently imaged (JEOL 6360 LV SEM).

Additional Experimental Details/Procedures:
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Figure SM-1. SEM imaging of GOx/MPTMS xerogel films (a,b) without C6-MPC
doping showing lower porosity (deposited and dried for 2 hours at 100% RH before
dessicator storage at 0% RH for 48 hours) and (c,d) with C6-MPC doping (deposited
and dried for 2 hours at 15-20% RH before dessicator storage at 0% RH for 2 hours).
Formation and setting of sol-gel films over 2 hours at high relative humidity (100%
RH) consistently resulted in films that flaked off the electrode (Supporting
Information). Alternatively, films deposited at low humidity (15-20% RH) and then
stored continuously at low humidity (0% RH) in a dessicator prior to use showed
significant “cracking” under SEM analysis.
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Figure SM-2. Humidity-controlled chamber and apparatus including (a) humidifier;
(b) drying column (Dri-Rite) and pump; (c) set-point controller/humidity meter; (d)
wireless humidity meter (EasyLog USB); (e) glove box; (f) Vortex.
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Figure SM-3. Additional examples of TEM imaging of GOx embedded MPTMS
xerogel films (a) without and (b) with C6-MPC doping during the sol-gel process.
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Figure SM-4. TEM cross-sectional imaging of C6-MPC doped MPTMS zerogels
(a) with embedded GOx and (b) an expanded image of the designated interface.
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Figure SM-5. (A) Cyclic voltammetry of 2.5 mM ruthenium (III) hexaamine chloride at (a) bare
platinum electrode, and modified with GOx embedded 3-MPTMS xerogel films (b) without, and
(c) with C6-MPC doping (Note: Similar, completely blocked responses were observed with the
addition of PU as well, not shown). Voltammetry was recorded at 100 mV/sec in 0.1 M KNO3.
(B) Permeability index (%) for 250 M H2O2 for various stages of MPTMS sol-gel films with
and without C6-MPC doping and outer polyurethane layer (PU). Permeability index calculated
using equation (above) from I-t responses to 10 L injections of 0.25 M H2O2 at an electrode in a
stirred solution of 4.4 mM KPB (pH = 7). Xerogels were allowed to dry for 2 hrs. in 15% RH
and dessicant dried for 48 hours before analysis.
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Figure SM-6. Cyclic voltammetry at (a) bare platinum electrode, (b) modified with MPTMS
xerogel film, and (c) MPTMS xerogel film doped with C6-MPC for (A) 2.5 mM ruthenium (III)
hexaamine chloride in 0.1 M KNO3 and (B) 5 mM potassium ferricyanide in 0.5 M KCl.
Voltammetry was recorded at 100 mV/sec. Xerogels formed over 2 hrs. in 100% RH and
dessicant dried for 48 hours before analysis. Results are consistent with Figure 2 and literature.24
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Figure SM-7. Stability tests of MPC-doped glucose sensors over time, including after 45 days,
of (A) percent sensitivity (derived from the slope of collected calibration curves) and (B)
response time (tr-95%) at 0-1 mM, 5-6 mM, and 10-11 mM glucose injections. After 45 days the
sensitivity and response time showed modest degradation, decreasing ~25% and increasing
~35%, respectively.
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Figure SM-8. Representative amperometric I-t curves during successive injections of interferent
species (e.g., ascorbic acid, acetominophen, sodium nitrite, oxalic acid) and 1 mM glucose at
platinum electrodes modified with (a) GOx embedded MPTMS xerogels (un-doped) or GOx
embedded MPTMS xerogels doped with (b) C6-MPC, (c) C12 MPC, and (d) MUA-exchanged
C6-MPCs and immersed in PBS. All sensors were capped with an outer PU layer. Each injection
results in a interferent concentration of 100 M in the stirred 4.4 mM PBS (pH=7) . Xerogels
were allowed to dry over 48 hrs. in 50% controlled RH before analysis. Inset: Selectivity
coefficient (K) where ∆Ij and ∆Iglucose are the measured currents for a specific interferent species
(j) and glucose at concentrations of Cj and Cglucose, respectively. We note that the enhanced
glucose signal observed with the incorporation of the MPCs into the sol-gel can also result, in
some cases, in a corresponding enhancement of the interferent signal as well, a phenomenon
explored further when the function of the MPCs within the sensing scheme mechanism are
examined in detail.
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Table 1: Selectivity Coefficients of Interferents at PU Coated GOx/MPTMS Sensors 
 
 
 
 
 
 
 
 
 
 
 
 

Notes: All interferent injections resulted in a 100 M concentration in stirred 4.4 mM PBS (pH=7); auric acid had a bulk 
concentration of 300 M at the sensor interface.  “NR” indicates that there was no amperometric response for that  
particular interferent at the described interface.  

Interferent  
Species (100 M) 

MPTMS 
sol-gel 

C6 MPC- 
doped 

C12 MPC- 
doped

C6/MUA MPC-
doped  

Ascorbic acid -0.47(0.15) 0.39(0.15) -0.06(0.12) 0.24(±0.12) 
Acetominophen 0.64(0.20) 0.89(0.14) 0.61(±0.21) 1.2(±0.047) 
Sodium nitrite NR 0.04(0.44) 0.55(±0.18) 0.53(±0.18) 
Oxalic acid NR NR  NR NR 
Uric acida NR NR NR NR 

K݁ݏ݋ܿݑ݈ܩ ,			݆
݌݉ܽ ൌ log ቆ

∆I݆ C݆⁄

∆I݁ݏ݋ܿݑ݈ܩ C݁ݏ݋ܿݑ݈ܩ⁄
ቇ  
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Figure SM-9. Calibration curves showing the linear range for glucose biosensors
with GOx embedded MPTMS xerogels with and without C6-MPC doping formed
and tested (A) with variable drying time (30 minutes to 48 hours) and humidity
control or (B) with a controlled 30 minute drying time at 50% controlled relative
humidity. Note: Solid symbols (,■) indicate a step-like response to glucose
concentration increases whereas open symbols (◊, □) indicate a non-step response
(dynamic range).
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Figure SM-10. (A) Representative amperometric I-t curves during successive injections of
glucose at MPC-doped MPTMS xerogels embedded with GOx and coated with with PU where
the gel was allowed to dry under 50% RH for (a) 2 hours or (b) 48 hours. Each 10 L injection
(1.0 M glucose) at every 100 second interval results in a 1 mM glucose increase of the stirred 4.4
mM PBS (pH=7); (B) Calibration curves of GOx/MPTMS xerogel sensors formed with (solid
symbols; ▲, ■, ●) and without (open symbols; ∆, □, ○ ) C6-MPC doping and dried for 2, 24, and
48 hours in controlled 50% relative humidity. Note: Uncertainty (error bars) not shown for
clarity.
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Figure SM-11. (A) Representative amperometric I-t curves during successive injections of
glucose at platinum electrodes modified with (a) GOx embedded MPTMS xerogel and (b) GOx
embedded MPTMS xerogel doped with C6-MPCs. Each 10 L injection (1.0 M glucose) at every
100 second interval results in a 1 mM glucose increase of the stirred 4.4 mM PBS (pH=7). (B)
Expansion of typical “low current” I-t curve for GOx/MPTMS xerogels doped with C6-MPCs
that yield smaller current step responses over a larger linear range and with greater response time
(inset) compared to films without embedded NPs. Xerogels allowed to dry for 2 hrs. in 50-60%
RH before analysis.



14

Figure SM-12. Glucose response time (tr-95%) comparison for increasing
concentrations of glucose for sensors with and without C6-MPC doping for films
performing in the low current response regime (i.e., xerogels allowed to dry for 2
hrs. in 50-60% RH before analysis). We note that the improvement in response
time becomes less significant at higher glucose concentrations compared to films
allowed to dry for 48 hours (Figure 6).
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Figure SM-13. Stability tests of the “low current” regime MPC-doped glucose
sensors, monitored over two weeks for (A) percent sensitivity (derived from the
slope of collected calibration curves) and (B) percent response time (tr-95%) at 0-1
mM, 5-6 mM, and 10-11 mM glucose injections.

A

B

0
25
50
75

100
125

0 2 4 6 8 10 12 14

S
en

si
ti

vi
ty

 (
%

)

Time (days)

0

10

20

30

40

50

60

70

2 4 6 9 12

R
es

p
o

n
se

 T
im

e
 (

s)

Time (days)

0-1 mM

5-6 mM

10-11 mM



16

Figure SM-14. Representative I-t curves for GOx embedded MPTMS xerogels doped with C6-
MPCs where the sol-gel deposition mixture was drawn either from the (a) top, (b) middle, or (c)
bottom of the mixing vial, a parameter affecting the magnitude of current response and range of
“step” response to glucose. Sampling from the bottom of the mixture initiates higher water-to-
silane ratios that result in more porous sol-gels which allow greater glucose permeability and
higher current signals. Sampling from the top of the mixture creates the opposite effect and gives
rise to the low and high current regimes observed with these sensors.
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