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Self-assembled monolayers (SAMs) of the alkylthiols with [Os(bpy)3]2+ moiety at the terminal position were
prepared on gold electrode surface. Examination of the cyclic voltammograms for the SAM shows that it does
not organize well unlike alkylthiols, which is attributed to the much larger diameter of [Os(bpy)3]2+ moiety
compared with the cross-section of alkyl chains and the distance between the adsorption sites. Electromicro-
gravimetry study shows that the hydration numbers of the electrolyte were 16 ±2, 11 ±1, 5 ±1 and 24 ±6 for
ClO4

−, PF6
−, NO3

−, and SO4
2−, respectively. The binary SAMs of alkylthiols with [Os(bpy)3]2+ terminal-group

were prepared by co-adsorption of alkylthiols as spacer molecules, which results in better packing in SAM and
accordingly the stability was enhanced. 
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Introduction

The SAMs on electrode surfaces are of important interest
as a model system for studies of interfacial electron trans-
fer.1-4 The terminal functional groups on SAMs are attractive
for applications of sensor5 and oriented films as well as for
the modification of surface properties such as nanotribo-
logy,6 wetting,6-8 and adhesion.5,9-21 Utilization of self-assem-
bled monolayers having terminal functional groups is usual-
ly based on the information about packing, stability, electron
transfer and so forth, which the SAMs of simple n-alkyl-
thiols exhibit. Generally, the functional groups at the end
position are larger than methyl group of simple alkylthiols.
The SAMs having large tail groups would not pack with
good ordering as alkylthiols because of much-reduced repul-
sion between backbones of the nearest adsorbents22 which is
attributed to larger separation compared with that of alkyl-
thiol SAMs. Thus, the enhancement of the packing or order-
ing of the SAM having large tail group is required. Co-
adsorption of small adsorbents such as n-alkylthiols with
proper chain length is expected to be advantageous for dense
packing.

In fact, there are some previous reports from which
enhancement of self-assembly in packing is seemed to be
achieved by co-adsorption.23,24 As a continuing endeavor for
the study of SAMs with large terminal groups, we presented
recently about the packing of the binary SAMs of fullerene-
terminated alkylthiols and n-alkylthiols studied by scanning
tunneling microscopy.25,26 It would be interesting to under-
stand the effect of the tail group charge on the packing and
orderings of the SAMs. For a comparison with the neutral
tail group cases, we prepared a monolayer composed of
[Os(bpy)2L]2+, where L denotes the 4-methyl-4'-alkanethiol-
bipyridyl ligand, shortly bpy-CnSH, and the subscript n

denotes the number of carbon atoms in the alkyl chain.
Alkylthiols were also used as spacers in making the binary
SAMs having bulky [Os(bpy)3]2+ moieties and the effect of
the spacer was studied.

As a trial for understanding of the electrochemical proper-
ties of the monolayer, we performed electrochemical micro-
gravimetry to investigate the current response accompany-
ing the redox process of a [Os(bpy)2(bpy-CnSH)]2+ on gold
and the corresponding mass transport due to the movement
of counter-anions toward and away from the SAM. The
measured electrochemical response comes from the redox
reaction of the adsorbed species, assuming that variation in
the double layer charging current is small. In this regard,
several groups have interests on the electrostatic interaction
between the terminal functional group on the electrode sur-
face and the anions in solution.6,14,27-32

In this article the electrogravimetric behaviors of the SAM
electrodes are reported. In addition, the effect of spacer mole-
cules on the voltammetric response of the mixed SAMs is
described and the hydration numbers of the electrolyte anions
at the [Os(bpy)2(bpy-CnSH)]2+ modified gold electrode in
several supporting electrolyte solutions are accounted for.

Experimental Section

Materials. All the commercial chemicals and solvents
were used as received. De-ionized water (resistivity > 18 MΩ
cm) was used throughout the experiment. HClO4, NaClO4,
H2SO4, KPF6, and KNO3 were used as the supporting elec-
trolytes.

4-Methyl-4'-alkanethiol-bipyridyls (bpy-C13SH and bpy-
C5SH) were synthesized according to the Scheme 1, which
is described in detail by Moon.33 To prepare 4-methyl-4'-
tridecanethiol-bipyridyl (Aldrich), LDA was reacted with
4,4-dimethyl-2,2'-bipyridyl and the reaction with 1,4-dibromo-
butane (Aldrich) was followed to yield 4-methyl-4'-bromo-
pentyl-2,2'-bipyridyl. Then bromide was converted to thio-
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acetate, then thiol by hydrolysis. The product was character-
ized with mass spectrometry and nuclear magnetic resonance
spectroscopy. Yield: 22%. 

To yield [Os(bpy)2(bpy-C13SH)](PF6)2, [Os(bpy)2Cl2] was
treated with 4-methyl-4'-tridecanethiol-bipyridyl in ethylene
glycol at 240 oC under nitrogen atmosphere for 6 h. After
heating at reflux, the solution is allowed to cool to room
temperature for 1 h. An equal volume of saturated aqueous
NH4PF6 was added to induce precipitation. The solid was
collected by suction and washed with water and dried in
vacuo at 60-70 oC. Yield: 86%. [Os(bpy)2(bpy-C13SH)]2+ was
characterized successfully by mass spectrometry and nuclear
magnetic resonance spectroscopy.34,35

The monolayers were formed on the electrode by soaking
the electrode in a methanol solution containing 2 mM [Os
(bpy)2(bpy-C13SH)]2+ for 24 h, followed by rinsing thor-
oughly with methanol and drying with a stream of nitrogen
gas, and then used in electrochemical measurements.

Apparatus. Cyclic voltammograms were obtained using a
commercial potentiostat (BAS 100B/W). Electrochemical
microgravimetry was performed by using a lab-made elec-
trochemical quartz crystal microbalance (EQCM) with a
Kel-F based cell.36 Quartz Crystal Microbalance (QCM) was
used to monitor the adsorption kinetics at ambient condition
with no potential applied to the quartz crystal of EQCM.

A Ag(s)|AgCl(s)|KCl(sat.) reference electrode and a Pt
wire was used as a counter electrode. AT-cut quartz crystals
(10.0 MHz) were purchased from International Crystal Manu-
facturer Inc., Oklahoma, OK. The total area exposed to the
solution of gold electrode was ca. 0.2 cm2.

Results and Discussion

Adsorption kinetics. With the aid of a quartz crystal
microbalance (QCM), adsorption of the complexes was ob-
served by monitoring the frequency decrease, which is
equivalent to the increase in mass on the electrode surface.
Figure 1 shows that the gold surface of a quartz crystal oscil-
lator immersed in a 10−4 M [Os(bpy)2(bpy-C13SH)]2+ solu-
tion was covered to almost a full coverage in 10 min. The
adsorption kinetics of [Os(bpy)2(bpy-C13SH)]2+ in methanol
can be fit with the adsorption model,2,37 which leads to

θ = C{1 − exp[(−ka/No)(C + K)t)]}/( C + K),

where θ is the fractional surface coverage and C is the bulk
concentration of [Os(bpy)2(bpy-C13SH)]2+ in molarity. The
adsorption equilibrium constant K = kd/ka, where kd and ka

are the desorption and adsorption rate constants, respec-
tively. No is the surface adsorbent concentration at full cover-
age, and t is the adsorption time. The solid line shows a

fitting curve according to the equation yielding ka, kd, and K
value of 65 M−1 sec−1, 1.3× 10−4 sec−1, and 2× 10−6 M, re-
spectively. From these values, the energy of adsorption is
determined for [Os(bpy)2(bpy-C13SH)]2+ monolayers on
gold as -7.8 kcal mol−1.

The electrochemical response of [Os(bpy)2(bpy-C13SH)]2+

SAM. At first, the electrochemical response was examined
by measuring cyclic voltammograms of the [Os(bpy)2(bpy-
C13SH)]2+ SAM. Figure 2 shows the cyclic voltammograms
of the SAM in several electrolytes and the summarized elec-
trochemical data are shown in Table 1. The peak current
increased quite linearly with the scan rate, which is the char-
acteristic of the immobilized species. 

The formal potential in 0.05 M H2SO4 is 0.79 V while
those measured in KPF6 and HClO4 are 0.69 V. The formal
potential of the model compound [Os(bpy)3]2+ is 0.67 V.
During the oxidation process, the Gibbs energy difference in
H2SO4 with respect to the model compound is calculated to
be about -3.0 kcal mol−1 while that in HClO4 is smaller than
0.5 kcal mol−1. Hence, the SAM in 0.05 M H2SO4 is believed
to be more strongly adsorbed than that in other electrolytes.

Regarding the peak separation, it is about 40 mV in 0.1 M
HClO4 while it is about 55 mV in 0.05 M H2SO4. Thus the
electrode covered with the SAM in H2SO4 is thought to be
more resistive than those in other electrolyte solutions. When
the scan rate is lower than 2 V s−1, the peak separation is
almost constant and it increases along with the scan rate
when they are higher than this value. Generally it is known
that there are no kinetic limitations for redox processes of a
surface-immobilized species if the peak separation is smaller
than 30 mV and constant with the scan rate.1 Thus, the elec-

Scheme 1. Synthesis of 4-methyl-4'-tridecanethiol-bipyridyl (bpy-C13SH).

Figure 1. Adsorption data for 0.1 mM [Os(bpy)2(bpy-C13SH)]
(PF6)2 in methanol and the fitting curve using a set of appropriate
kinetic parameters, that is, ka = 65 M−1 s−1, kd = 1.3× 10−4 s−1,
K = 2 × 10−6, and ∆Go = -7.8 kcal mol−1.
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tron transfer is seemed to be somewhat limited in the SAM
electrode, however, the electron transfer rate does not
decrease if the scan rate is higher than 2 V s−1. 

In 0.1 M HClO4 the ∆Efwhm values are about 155 and 125
mV, respectively for the oxidation and the reduction pro-
cesses. These values are larger than the theoretical value of
90.6/n mV implying repulsion interaction between neigh-
bors, where n is the mole number of electrons transferred.
When ∆Efwhm values are larger than 90.6/n mV, it is indica-
tive of the repulsion between electroactive centers or higher
degree of organization in the monolayer, whereas smaller
values indicate attractive or stabilizing interactions.5,38-41 Thus,
it is understood that there are repulsive interactions in the
SAM. The fact that the anodic wave is broader than the

cathodic one can be understood intuitively as a higher degree
of repulsion between the trivalent oxidized species than that
between the divalent reduced species.5 In 0.05 M H2SO4

case, ∆Efwhm is estimated to be much broader, however, it is
not possible to measure exactly in sulfuric acid medium
because the peaks are too broad. Anyhow, it can be explained
as sulfate ions among the examined electrolytes induce the
largest changes in structure, solvation, and environment of
the monolayer when they are associated with the SAM.

Stability of the SAM upon potential cycling. The anodic
or cathodic peak currents measured in different electrolyte
solutions were integrated to calculate the coverage. Integra-
tion of the oxidation current yields the coverage to be 1.3
(±0.2)× 10−10 mol cm−2. If the roughness factor of the gold
surface were 1.2,42 the coverage is 1.0× 10−10 mol cm−2. This
value corresponds to 100% of a full monolayer (1.0× 10−10

mol cm−2) by assuming the hexagonal close packing and a
diameter of [Os(bpy)3]2+ to be 12 Å.43,44 The estimated co-
verage from the cathodic wave is larger than that from the
anodic wave. The more positive the anodic peak potential is,
the more the coverage values deviate. In the 0.05 M H2SO4

solution case, the coverage estimated from the anodic wave
is just 20% of that from the cathodic wave. It is due to the
difficulty in assessing the baseline because of the high and
curved background current in the positive potential region.

The stability of the SAM was tested by cycling the poten-

Figure 2. Cyclic voltammograms of a [Os(bpy)2(bpy-C13SH)]2+

SAM in (A) 0.1 M HClO4, and (B) 0.05 M H2SO4 recorded at 0.1
V s−1.

Table 1. Electrochemical data for the [Os(bpy)2(bpy-C13SH)]2+ SAM and the [Os(bpy)2(bpy-C13SH)]2+ and CH3(CH2)11SH (1 : 0.5) binary
SAM in various supporting electrolytes at 0.1 V s−1

Electrolytesa
[Os(bpy)2(bpy-C13SH)]2+ SAM Binary SAMb

Ep
o'/V ∆Ep/mV ∆Efwhm/mV Ep

o'/V ∆Ep/mV ∆Efwhm/mV

KPF6 0.69 68 207 0.66 8 143
HClO4 0.69 30 142 0.68 3 129
NaClO4 0.69 38 166 0.68 1 136
KNO3 0.75 34 B 0.72 11 157
H2SO4 0.79 56 B 0.77 6 131

a Electrolytes solution were 0.1 M except for H2SO4, which was 0.05 M. bBinary SAM with [Os(bpy)2(bpy-C13SH)]2+ and CH3(CH2)11SH.

Figure 3. Variation of surface coverage of a [Os(bpy)2(bpy-
C13SH)]2+ SAM electrode measured in 0.1 M NaClO4 during
repetitive potential cycling at 0.1 V s−1. After 1.5 h the coverage
was decreased to 75% of the initial value.



284     Bull. Korean Chem. Soc. 2001, Vol. 22, No. 1 Gyeong Sook Bang and Il Cheol Jeon

tial from 0.2 to 0.9 V. Figure 3 shows the variation of surface
coverage versus cycling time measured in 0.1 M NaClO4 at
0.1 V s−1. It shows that the coverage decreases slowly to
reach 75% of the full coverage after 40 minutes and does not
decrease considerably since then. In the case of [Os(bpy)2

(bpy-C5SH)]2+ SAM (not shown here), the coverage decreas-
ed much more rapidly. Thus, the SAM electrodes are not
considered sufficiently stable or durable to utilize in the
long-term experiments.

It is needed to enhance the stability of the SAM electrodes.
Considering the stability of the [Os(bpy)2(bpy-CnSH)]2+

SAMs, they have a different point such that the end group is
much larger than that of the simple alkylthiol SAMs. This
can result in significant structural difference in [Os(bpy)2

(bpy-CnSH)]2+ SAMs. The distance between the nearest gold
atoms in Au(111) surface is about 3 Å and adsorption of the
alkylthiols usually takes place on the hollow sites which are
about 5 Å apart from the nearest hollow site since the cross
section of the alkylthiol chain is smaller than 5 Å. At this
distance, the interactions between the nearest alkyl chains
are compromised to form the compact and stable packing. It
is common to monitor the STM images of alkylthiols show-
ing ( × )R30o packing pattern in which the distance
between the nearest alkylthiols is ca. 5 Å. In this case, the
alkyl chains are believed to have the conformation of all-
trans. The situation in [Os(bpy)2(bpy-CnSH)]2+ SAMs, how-
ever, is quite different. Although in [Os(bpy)2(bpy-CnSH)]2+

molecules have alkyl backbones and thiol groups, the diame-
ter of [Os(bpy)3]2+ moiety, about 12 Å, is much larger than
the distance between the hollow sites. Therefore, ideal
adsorption of in [Os(bpy)2(bpy-CnSH)]2+ molecules can take
place on every third hollow sites because of the large diame-
ter of in [Os(bpy)2(bpy-CnSH)]2+. If it is the case, the repul-
sion between the nearest alkyl chains is diminished a lot
because the van der Waals interaction between the alkyl
chains is expressed as a function of r−6, where r is the dis-
tance. It might not be possible for [Os(bpy)2(bpy-CnSH)]2+

molecules to stand straight forming a compact packing at
this distance. The decreased lateral repulsion allows elon-
gated alkyl chains to contract to make kinks or gauche con-
formations. It is because there are empty spaces around the
molecule. The loose packing is also the reason of the unsta-
ble SAMs because the [Os(bpy)2(bpy-CnSH)]2+ molecules
experience little attraction from the surrounding [Os(bpy)2

(bpy-CnSH)]2+ molecules and the possibility of desorption
increases as a result.

If [Os(bpy)2(bpy-CnSH)]2+ molecules packed with the
gauche conformations, the redox centers will not be located
in a constant height, which results in diverse electron trans-
fer possibility. Moreover, [Os(bpy)2(bpy-CnSH)]2+ molecules
can adsorb at the nearer sites because the adsorption between
the sulfur atom and adsorption site is much stronger than the
lateral interaction and the resultant SAM can not be uniform.

The reorganization of the SAM is usually observed during
the first cycle. It might be an evidence of the irregular pack-
ing since the cyclic voltammograms are surface morphology
specific.

Microgravimetric Determination of Hydration Numbers
of Counteranions. The electrochemical microgravimetry
measurements were carried out for studying the transport of
counter anions. Upon oxidation of the immobilized complexes,
the influx of counter anion into the monolayer is required to
neutralize the additional charge generated. As shown in Fig-
ure 4, an increase in mass is observed as expected during the
positive scan. The mass began to increase along with the
flow of oxidation current and continued to increase up to the
positive limit. After the scan direction was switched back at
0.9 V, the mass decreased and then returned to the initial
value when the reduction current ceased to flow. Recovery
of the mass to its initial value means that the electron trans-
fer and anion-association are reversible. The time delay from
the onset of current to the mass change is quite short unlike
the cases of thin polymer films.36 It is explained as the SAM
is very thin and the counter ions can be associated or dissoci-
ated through electrostatic interactions immediately respond-
ing to the applied electrode potential. The mass changes are
independent of the scan rates from 20 to 100 mV s−1.

This change is dominated by anions that are expected to
move in the hydrated form. It is because the estimated mass
from the oxidation or reduction charge is smaller than the
mass obtained by the electrochemical microgravimetry. Com-
paring the cyclic voltammogram to the calculated current
curve resulting from differentiation of the frequency curve

3 3

Figure 4. Electrochemical microgravimetric response obtained at
a [Os(bpy)2(bpy-C13SH)]2+ SAM electrode. Scan Rate: 0.1 V s−1.
Supporting electrolytes: (A) 0.1 M HClO4, and (B) 0.05 M H2SO4.
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gives the information on the hydration number of the counter
ions. It gives the hydration numbers of the electrolyte anions
as 16±2, 11±1, 5±1 and 24±6 for ClO4

−, PF6
−, NO3

−, and
SO4

2− respectively.
However, the maximum frequency change is less than 20

Hz and the frequency data contain fluctuation acting as noises
in the process of data treatment. The resultant current curve
or the differentiated frequency curve has a noisy background,
which prohibits the correct result. To overcome this prob-
lem, we attempted to fit the cyclic voltammogram with the
equation for the thin-layer cell.45 Though it is a very rough
approximation, but considered to be useful for estimation of
the hydration numbers. For this calculation, we took the
peak current value from the CV. The formal potential was
taken from the frequency data because it is exact and easy to
extract compared with the value from the CV with a skewed
baseline and large background especially in the anodic
region. We used ∆Efwhm value as a variable. Actually ∆Efwhm

=3.53RT/nF=90.6/n mV for an ideal nernstian reaction at
298 K under the Langmuir adsorption conditions with no lat-
eral interaction in the SAM. R is the gas constant, T is the
absolute temperature, F is the Faraday constant, and n is the
number of mole of transferred electrons. Since the actual
∆Efwhm value measured in the cyclic voltammogram is larger
than the ideal value, we put ∆Efwhm/3.53 instead of RT/F.
Integration of the resultant curve (Figure 5) and comparison
with the frequency data give the hydration number. The cal-
culated hydration numbers are 16, 10, 12 and 21 for ClO4

−,
PF6

−, NO3
−, and SO42−, respectively. The calculated values

are in good agreement with the values obtained from com-
paring CV with differentiated frequency data.

Binary SAMs of [Os(bpy)2(bpy-C13SH)]2+ and dodecane-
thiol . For the enhancement of the stability and the regularity
of SAMs, insertion of alkylthiols around the adsorbed [Os
(bpy)2(bpy-CnSH)]2+ molecules was attempted using a mixed
solution of alkylthiol and [Os(bpy)2(bpy-CnSH)]2+ in prepa-
ration of SAMs. The binary SAMs composed of [Os(bpy)2

(bpy-C13SH)]2+ and the electroinactive species, CH3(CH2)11SH,
were prepared in a solution of [Os(bpy)2(bpy-C13SH)]2+ and
CH3(CH2)11SH (1 : 0.1 or 1 : 0.5). Hereafter the binary SAMs
are called 1 : 0.1 SAM or 1 : 0.5 SAM after the composition
of the solutions used to prepare the SAM. The electrochemi-
cal behavior of the binary SAMs was examined.

Figure 6 shows the CV for the binary SAM electrode,
which represents the reduced background current compared
with the result of an [Os(bpy)2(bpy-C13SH)]2+ SAM exhi-
bited in Figure 2. First of all, it is worthy to note that the
anodic peak position shifted to the negative direction as
much as the cathodic peak and the redox peak shape of a
binary SAM becomes more symmetrical, which means that
the molecular packing in the monolayer is made better. The
∆Ep

o and ∆Efwhm values of the binary SAMs are much smaller
than those of [Os(bpy)2(bpy-C13SH)]2+ SAM. This effect is
outstanding especially in 0.05 M H2SO4.

In a binary SAM prepared in the 1 : 0.5 solution, the ∆Ep

values decreased to few mV which is almost an order smaller
value than those of [Os(bpy)2(bpy-C13SH)]2+ SAM, meaning
the electron transfer rate is very fast. The fact that ∆Efwhm

decreased significantly means the much-relieved repulsion
in the monolayer. Besides, the repulsion in sulfuric acid and
perchloric acid medium is almost the same. These changes
are attributed to the enhanced packing or variations in struc-

Figure 5. Simulated current curve matching the cyclic voltammo-
gram well. The peak current was taken from the CV and the formal
potential, Ep

o, was taken from the frequency. For detailed
explanation, see the text.

Figure 6. Cyclic voltammograms of a binary SAM composed of
[Os(bpy)2(bpy-C13SH)]2+ and CH3(CH2)11SH prepared in (a mole
ratio of 1 : 0.5 in the adsorbing solution) in (A) 0.1 M HClO4, and
(B) 0.05 M H2SO4 recorded at 0.1 V s−1.
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ture that give rise to a range of closely spaced formal poten-
tial values rather than a single value.

The surface coverage decreased without a doubt because
the concentration of [Os(bpy)2(bpy-C13SH)]2+ is diluted. For
the 1 : 0.5 binary SAM, the coverage is found in 0.1 M
HClO4 to be about 4.0× 10−11 mol cm-2 while it is 1.3× 10−10

mol cm−2 for the [Os(bpy)2(bpy-C13SH)]2+ SAM. It means
the surface coverage of 30% was achieved with the solution
diluted by 67% with the spacer molecules. We found this
ratio is practically the optimum value for this case.

For the SAM prepared in a more concentrated solution,
that is, the [Os(bpy)2(bpy-C13SH)]2+/CH3(CH2)11SH (1 : 0.1)
solution, the values of Ep

o, ∆Ep, and ∆Efwhm for the redox
waves changed also, but the change is rather small. In 0.1 M
HClO4, ∆Ep is just 18 mV while it decreased to 28 mV for
0.05 M H2SO4. These are still larger than those from the con-
centrated solutions.

The stability of the SAM was tested by cycling the poten-
tial from 0.2 to 0.9 V as we did in Figure 3. Figure 7 shows
that the coverage decreases slowly to reach 97% of the full
coverage after 40 minutes and does not decrease consider-
ably ever after. The binary SAM is stable enough to utilize in
the long time experiments compared with the [Os(bpy)2

(bpy-C13SH)]2+ SAM. 
Regarding the microgravimetric measurements, the fre-

quency curves are similar to that shown in Figure 4 except
that the frequency changes are less than 10 Hz. The same
treatment as described in the previous section gives rise to
the hydration numbers of the electrolytes. The hydration num-
bers obtained using a binary SAM are almost same as pre-
sented above. 

In summary, the typical coverage value for the [Os(bpy)2

(bpy-C13SH)]2+ SAM is 1.3× 10−10 mol cm-2 and the adsorp-
tion seemed to be strongest in 0.05 M H2SO4 compared to
that in other electrolytes. The electron transfer in this SAM
is retarded somewhat when the scan rate is lower than 2 V s−1.
In 0.1 M HClO4, the ∆Efwhm values are larger than the theo-
retical value, which exhibits that there are repulsive interac-

tions in the SAM. By EQCM measurements at the [Os(bpy)2

(bpy-C13SH)]2+ SAM, the hydration numbers of the electro-
lyte anions could be determined as 16±2, 11±1, 5±1 and
24±6 for ClO4

−, PF6
−, NO3

−, and SO42−, respectively. For the
binary SAMs that were prepared by co-adsorption of alkyl-
thiols, the stability and the electrochemical reversibility was
enhanced. Especially in a 1 : 0.5 binary SAM, the repulsion
in SAM is much reduced and the electron transfer rate is
very fast. The coverage determined in 0.1 M HClO4 is about
4.0× 10−11 mol cm−2. The coverage doe not change much
even after a repetitive potential cycling for 90 min while the
[Os(bpy)2(bpy-C13SH)]2+ SAM shows 25% desorption under
similar condition. 
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