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S
ince the discovery of crystalline nano-
fibers of semiconducting polymers
(e.g., poly-3-hexyl thiophene, P3HT),1�3

there has been significant interest in opto-
electronic applications of these preformed
nanostructures.4�9 Formed by self-assem-
bly in marginal solvents, nanofibers are
nominally formed by π-stacking of lamellar
sheets, thus offering a fairly broad range
of interchain order depending on intrinsic
factors such as molecular weight and re-
gioregularity, and solvent processing con-
ditions.8,10,11 Typically, the degree of inter-
chain order is inferred from spectroscopic
measurement of intensity ratios of the 0�0
and 0�1 vibronic peaks in either photolu-
minescence or absorption: Within the
coupled Frenkel exciton (FE) model devel-
oped by Spano, dominant interchain cou-
pling (associated with a high degree of
interchain order) leads to H-type aggregate
signatureswith I00/I01 < 1, while dominant in-
trachain coupling leads to J-type aggregates

with I00/I01 g 1. Recently, Spano and Yama-
gata proposed that charge-transfer (CT) in-
teractions augment the usual coupled
dipole model in a way that is highly sen-
sitive to the registration between chro-
mophores on adjacent chains, leading to
so-called hybrid HJ coupling.12 The charge-
transfer interaction modulates the hole-
transfer integral (related to energy shifts of
the highest occupied molecular orbital)
according to the spatial registration be-
tween adjacent chains. Such shifts;either
positive or negative, depending on the de-
gree of slip-stacking;would be impossible
to observe directly by photoluminescence
alone.
In this paper, we demonstrate significant

variation in HOMO energies of nanofibrillar
structures of P3HT with varying molecular
weight and regioregularity as interrogated
by Kelvin probe force microscopy (KPFM).
The most dramatic effect is observed in
comparing surface potential contrast (SPC)
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ABSTRACT We show that surface electronic properties of poly-3-

hexylthiophene (P3HT) crystalline nanofibers as probed by Kelvin probe

force microscopy (KPFM) depends sensitively on the degree of polymer

packing order and dominant coupling type (e.g., H- or J-aggregate) as

signaled by absorption or photoluminescence spectroscopy. Nominal HOMO

energies between high molecular weight (J-aggregate) nanofibers and

low-molecular weight (H-aggregate) nanofibers differ by≈160 meV. This is

consistent with shifts expected from H-type charge-transfer (CT) interac-

tions that lower HOMO energies according to registration between

thiophene moieties on adjacent polymer chains. These results show how

KPFM combined with wavelength-resolved photoluminescence imaging can

be used to extract information on “dark” (CT) interactions in polymer assemblies.
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of preformed crystalline nanofibers of low-molecular
weight (13 kDa) P3HT with nanofibrillar structures of
the same polymer formed by spontaneous dewetting
of drop-cast solution; the photoluminescence spectra
of the two species are very similar indicating H-type
aggregation, yet differ in SPC bymore than 300meV. In
contrast, comparison of SPC from crystalline nano-
fibers and drop-cast nanofibrils from higher molecular
weight P3HT (65 kDa) shows virtually no change. We
interpret these results in terms of the Spano HJ aggre-
gatemodel in which the charge-transfer interaction for
P3HT aggregates with a high degree of interchain
order is predicted to lead to a lowering of the HOMO
level.12 These results, particularly for the low-molecular
weight P3HT systems, are consistent with a positive
H-like charge-transfer interaction that lowers the
HOMO level with increasing π-stacking registration
(stacking order). These results illustrate nicely the
influence of interchain order on electronic properties
in P3HT assemblies, and validate the predicted H-type
charge-transfer interaction in this particular system. By
combining photoluminescence with KPFM imaging,
we are able to reveal new details on the connection
between supramolecular structure and the influence of
stacking disorder on electronic properties.
While there is an extensive literature on photolumi-

nescence probes of P3HT aggregate structure13 in
films,14,15 nanoparticles,16�21 and nanofibers,8,10 there
is relatively limited experimental information on elec-
tronic properties correlated with different aggregate
motifs with distinct H- or J-, or H/J coupled systems.22,23

Liscio and co-workers used KPFM to probe charge
transport in graphene-P3HT blends,24,25as well as
nanofiber-like structures formed from dewetted P3HT
films cast from chloroform,26 to probe themodification
of graphene electronic properties as influenced by
P3HT additives. Ginger and co-workers have used both
Kelvin probe and time-resolved electric force imaging
techniques to probe the connection between elec-
tronic properties and local polymer morphology in
solar cells,27�29 and photoinduced charge transport.30

The HOMO energy level of P3HT has been estimated
to range between �5.2 and �4.8 eV from the space
charge limited current (SCLC) analysis of hole-only thin
film devices,31 cyclic voltammetry,32 photoelectron
microscopy,33 ultraviolet and (angle-resolved) X-ray
photoelectron spectroscopy (UPS and AR-XPS),34 and
Kelvin probe force microscopy under either vacuum or
ambient conditions.26,35�37 This wide range of experi-
mentally determined HOMO values of P3HT is attrib-
uted to the variation in the molecular packing of the
polymer, which crucially depends on polymer proper-
ties and processing conditions. The HOMO value of
P3HT thin films as probed by KPFM was shown to be
highly sensitive to regioregularity, molecular weight,
and film processing conditions such as annealing
temperature, and spin-cast rate.34

Moreover, KPFM study on the P3HT-b-P3MT nanofi-
bers revealed that HOMO energy of aggregates could
be further tuned by varying polymer chain order in
preformed nanostructures.38,39

Recent work in our laboratory has shown how
photoluminescence probes of nanofibers made with
P3HT of varying molecular weight provided new in-
sights on how molecular packing and polymer chain
conformation affect aggregate structure.11,40 In P3HT
nanowire assemblies, a (negative) through-bond
Frenkel exciton (FE) coupling along the polymer
chain combined with a (positive) through-space inter-
chain charge-transfer interaction leads to a hybrid
aggregate type with spectroscopic characteristics
of both “H-type” (charge-transfer) and “J-type” (FE
coupling) aggregates.12 More recently, a similar analysis
of combined FE and CT coupling in tetra-aza-terrylene
(TAT) single crystals showed the fascinating property
that the sign of these interactions can be reversed
depending on the specific packing geometry of the
molecules, leading to newdesign paradigms for organic
electronic materials.41 The tunability in both FE and CT
interactions can lead to a spectrum of hybrid couplings
(HH, HJ, JH, or JJ), suggesting the exciting possibility of
strongly enhanced through-space exciton coupling
facilitated by constructive interference of FE and CT
coupling modes.42 The experiments we report here are
designed specifically to probe “dark” (CT) interactions
independent of optical excitation.

RESULTS AND DISCUSSION

Figure 1 shows photoluminescence (PL) images of
extended nanofibrillar structures made from P3HT of
different molecular weights and regioregularities: (a)
55% rra and 75 kDa, (b) 75% rr and 55 kDa, (c) 98% rr
and 65 kDa, and (d) 98% rr and 13 kDa. These nano-
structures weremade from dewetting of highly diluted
P3HT solution in chloroform (about 5mg L�1) drop cast
on cover glass. The topography and surface potential
of the structures are represented next to their corre-
sponding PL images in Figure 1. Similar to the observa-
tions of Liscio and co-workers on studying spun-cast
P3HT films,26 we observed a network of fibrillar “nano-
wire” structures with almost uniform lateral size in high
molecular weight (MW) drop-cast films with 55% (e)
and 75% (f) regioregularity. However, drop casting
high regioregular P3HT with either high MW (g) or
low MW (h) resulted in nanofeatures with various
lateral sizes. Scale bar in each KPFM images (i, j, k, l)
denotes the surface potential contrast (SPC) of nano-
structures relative to the floating cover glass.
Figure 2a and b represent the 2D scatter plots of

drop-cast nanofeatureswith different regioregularities,
and drop-cast nanofeatures with different MWs, re-
spectively. The drop-cast film with high MW and 98%
regioregularity (black square) has a significantly broad
height distribution compared to the other three films.
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However, mapping surface potential contrast of
the corresponding nanostructures indicates a small
variation in the SPC value with the shape and height
of nanostructures within each family.
Figure 3a shows sampled photoluminescence

spectra of the nanofibrillar P3HT structures corre-
sponding to Figure 1. Note that the fibrillar structures
generated from drop-cast high MW P3HT (55% rra:
green line, 75% rr: blue line, 98% rr: black line) have
broad PL spectra with no distinguishable vibronic
features. In fact, these spectra closely resemble PL
spectrum of amorphous P3HT in chloroform,46 sug-
gesting that these “nanowire” structures and possibly
those interrogated in ref 26 are formed from sponta-
neous film dewetting, rather than crystalline self-
assembly. The amorphous (largely disordered) char-
acteristic of these nanostructures, broad PL spectrum
peaked at 580 nm, reveals entangled conformation of
their long polymer chains,47,48 which leads to very
weak exciton coupling between molecules in high
MWnanowires. On the other hand, the PL spectrum of
low MW drop-cast nanowires (red line) manifests
crystalline aggregate characteristics with a red-
shifted origin compared to its high MW counterparts,
and some (weak) vibronic structures. Its broad vibro-
nic transition bandwidth is typical of strong disorder
in the low MW nanowire structures. Also, it indicates

that short chains are not entangled47 but loosely
packed in lamellae leading to the semicrystalline
morphology of the drop-cast low MW nanowires.
Figure 3b shows that the average SPC of the nanofi-

brillar P3HT (from drop-cast solution) is strongly sensi-
tive to both regioregularity and molecular weight. This
is despite rather identical wavelength-resolved photo-
luminescence signature of high MW P3HT nanofea-
tures with random, low, and high regioregularities. The
average SPC of amorphous nanowires relative to glass
decreases from 0.41 to 0.22 eV as regioregularity of
long chains increases from 55% (rra) to 98% (high-rr).
The HOMO energy level of nanostructures can be
calculatedby subtracting thework functionof the kelvin
probe tip from the absolute SPC value (SPCabsolute =
SPCrelativeþ SPCglass), HOMO = SPabsolute�WFtip. There-
fore, the observed decrease in the relative SPC value
with increasing regioregularity is associated with a
decrease in HOMO energy level of high-rr amorphous
nanofeatures. Since amorphous nanofeatures with
different regioregularities show similar PL spectra,
one would conclude that the observed shift in HOMO
energy level induced by the enhanced regioregularity
might be attributed to subtle differences in the struc-
tural order of amorphous nanofeatures that are not
manifested in their optical properties.
Regiorandom chains (half-randommixedwith head-

to-head and head-to-tail) tend to irregularly pack
and suffer a large torsional disorder with interchain
spacing of about 4�4.5 Å measured from wide-angle
X-ray diffraction patterns at room temperature.5,48

Figure 2. Scatter plot of measured relative SPC values of
drop-cast nanostructures with (a) high molecular weight
and different regioregularities (55% rra: green triangle, 75%
rr: blue circle, and 98% rr: black square), and (b) different
molecular weights (13 kDa: red triangle, and 65 kDa: black
square) and high regioregularity.Figure 1. Photoluminescence images of fibrillar P3HTnano-

structures from drop-cast chloroform solution on cover
glass with (a) 55% rra and 75 kDa MW, (b) 75% rr and
55 kDaMW, (c) 98% rr and 65 kDaMW, (d) 98% rr and 13 kDa
MW. The corresponding topography (e, f, g, h) and surface
potential (i, j, k, l) of the nanostructures are shown on their
right side of the PL images.
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Increasing regioregularity improves self-organization
of chains by keeping chains backbone within the
lamellar sheets via π�π stacking. This results in lower
interchain spacing of high-rr nanowires, 3.8 Å, com-
pared with
rra-structures.1 Reduced interchain spacing at high-rr
nanofeatures enhances wave function overlap, which
raise the rate at which charges move from site to
site, so-called charge-transfer integral. This increases
ionization energy measured via UPS and AR-XPS
methods,34 equivalent to the observed reducedHOMO
energy level. However, the variation in interchain spa-
cing might not be sufficient to recover the excitonic
coupling in the amorphous nanostructures. On the
other hand, decreasing molecular weight of high-rr
polymer from 65 to 13 kDa increases the relative SPC
value from 0.22 to 0.41 eV (red squares in Figure 3b).
This rather unintuitive observation of elevated HOMO
energy level in high-rr semicrystalline nanostructures is
accompanied by an increase in structural order evi-
denced by PL spectrumwith emission origin at 640 nm,
red line in Figure 3a. The enhanced HOMO energy level
is accompanied and so could be attributed to an
alternation in the chain conformation from strongly
disentangled chains, in high-MW amorphous nanofea-
tures, to configuration in which each chains comprise
of one or several planarized segments separated by
additional coiled segments.49 The striking changes in
the HOMO of amorphous and semicrystalline nano-
features with molecular weight suggests that chain
conformation is a decisive factor in determining and
tuning not only the strength of exciton coupling11 but
also the frontier energy level of the aggregates.
To further understand how chain conformation in

nanostructures affects the HOMO energy level of P3HT
aggregates, we examined electrical properties of two
extreme cases: low-MW crystalline nanofibers with
extended chain conformation and high-MW crystalline
nanofibers with fully folded conformation. Relative
orientation of the neighboring chains in P3HT aggre-
gates identifies two types of configurations: head-to-
tail structures (J-aggregate) and face-to-face structures
(H-aggregate) that favor intrachain and interchain

exciton couplings, respectively.23,50 In the recent size
correlated PL spectroscopy study on P3HT nano-
fibers,11 we showed that the polymer chain folding
within the lamellae induces a transition from H-ag-
gregate to J-aggregate and thus reduces effective
dimensionality of exciton coupling within the crystal-
line nanofibers from 2D (both inter- and intra-
coupling) to 1D (almost exclusively intrachain
coupling).11 Comparison of SPC values of nanofibers
with high and low MW could then indicate the extent
to which the variation in crystalline order and the
dominant aggregate structure (H- vs J-aggregate)
affects HOMO energy level. Figure 4 shows height
and surface potential images of well-separated high-
rr crystalline nanofibers with 13 kDa and 65 kDa MW
that are cast on piranha-treated cover glass. The KPFM
images (b and d) indicate lower relative SPC value
(0.06 ( 0.02 eV) for low-MW crystalline nanofibers (d)
as compared with high-MW crystalline nanofibers
with relative SPC value of 0.22 ( 0.05 eV (b). The

Figure 3. (a) PL spectra of P3HT nanostructures with different regioregularities and molecular weights: 55% rra and 75 kDa
(green line), 75% rr and 55 kDa (blue line), 98% rr and 65 kDa (black line), and 98% rr and 13 kDa (red line). (b) The
corresponding averaged measured surface potential of nanostructure in (a), relative to cover glass, as a function of
regioregularity. The black and red squares denote the high and low molecular weights, respectively.

Figure 4. Height and surface potential images of high
molecular weight (65 kDa) nanofibers (a, b) and low molec-
ularweight (13 kDa) nanofibers (c,d) cast on cover glass. The
averagemeasured SPC for 65 and 13 kDananofibers are 200
and 65 meV, respectively, relative to cover glass. Features
with height above 30 nm in (a) and small diameters in
(c) have amorphous PL characteristic with average zero
relative SPC value shown in (b).
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averagewidth of 13 kDa and 65 kDa crystalline NFs are
14 and 17 nm, respectively, measured from the TEM
images.11 It is well-known that tip convolution in SPM
is important when the lateral size of the scanned
object is comparable to the tip diameter.51 The mea-
sured surface potential of nanostructures in noncon-
tact KPFM is a weighted average over so-called an
effective area of the surface that is interacting with
the tip through long-range electrostatic field. Thus,
the kelvin probe signal is a linear convolution of an
effective surface potential and microscope point
spread function. The point-spread function can be
calculated based on measuring the tip shape. Differ-
ent deconvolution methods have been developed to
reconstruct the KPFM images aiming to restore the
actual SPC value of the nanostructures.26,52�54 We
realized that deconvolving the KPFM images in
Figure 4b and d will only change the relative SPC
value of NFs from 5 to 10%, depending on their
height, within each family. Therefore, the observed
difference in the average relative SP value of about
160 meV between 13 kDa and 65 kDa crystalline
nanofibers is a real material property and not asso-
ciated with convolution of the SPC signal with the
underlying substrate.
Figure 5a represents 2D scatter plot of the relative

surface potential contrast of 13 kDa self-assembled
nanofibers and 13 kDa drop-cast nanowires. The
surface potential of self-assembled nanofibers (red

circles) has a narrow distribution with average value
of 0.066 eV that is about 350 meV smaller than that of
its counterpart (gray triangle). In addition, the PL spectra
in Figure 5b show that self-assembled nanofibers have
higher molecular order and stronger interchain cou-
pling relative to drop-cast nanostructures evidenced
by a decreased in the 0�0 to 0�1 PL intensity ratio
from 1.12 to 0.9, and narrower vibronic transition
bandwidth. Both low MW nanostructures possess
extended chain conformation in lamellar sheets
with dominant H-type aggregates. However, fibrilizing
13 kDa polymer chains in chloroform/DCM mixed
solvent under thermal equilibrium condition results
in higher chain planarization, superior molecular order,
and thus stronger interchain coupling as compared
with drop-cast nanowires in which aggregation is
driven by solvent evaporation. This suggests that in
the lowmolecular weight regimemodifying molecular
packing order might recover thiophene ring registra-
tion in adjacent lamellae and thus develop intermole-
cular charge distribution. This expands wave function
overlap between the frontier orbitals leading to lower
HOMO energy level.
Figure 5c shows 2D scatter plot of relative SPC of

65 kDa crystalline nanofibers, formed from CF/DCM
mixed solvents (purple circle), and 65 kDa amorphous
nanofeatures (gray square). The scatter plot shows
almost similar average relative SPC value for the
65 kDa crystalline nanofibers and 65 kDa amorphous

Figure 5. Two-dimensional scatter plot of surface potential of low (a) and high (c) molecular weight P3HT nanofibers and
drop-cast nanowires and their height. In both graphs gray markers are drop-cast nanowires and colored markers are
crystalline nanofibers. (b, d) The corresponding PL spectra of drop-cast nanofeatures and crystalline nanofibers with low and
high molecular weights, respectively.
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nanofeatures, 0.22 eV vs 0.224 eV despite their abso-
lutely distinguishable spectral signature shown in
Figure 5c. The self-assembled 65 kDa nanofibers pos-
sess folded chains in the lamellar sheets with high
order of chain planarity and have dominant J-aggre-
gate coupling,11 whereas high-regioregular drop-cast
nanofeatures have entangled chains with amorphous
PL characteristics (Figure 5d). Both folded and en-
tangled conformations possibly have weak thiophene
ring registration (slip-stacking) in the subsequent
π-stacked lamellae. Improved chain planarization in
crystalline NFs compared with amorphous nanofea-
turesmostly develops charge transfer between frontier
orbitals of neighboring thiophene rings in the same
chain and regulates intramolecular charge distribution.
This will strengthen intrachain exciton coupling, evi-
denced by large 0�0 to 0�1 PL intensity ratio and
narrow transition bandwidth of 65 kDa nanofibers
(Figure 5d), but interestingly seems not to have
any noticeable effect on HOMO energy level of
the nanostructures.
Figure 6 illustrates energy level diagram of extended

crystalline nanofibers and drop-cast nanofeatures with
different regioregularities in high and low molecular
weight regimes. In low molecular weight regime,
13 kDa crystalline nanofibers have lower HOMO level
than semicrystalline drop-cast 13 kDa nanofeatures.
This considerable decrease in HOMO level is accom-
panied by stronger interchain exciton coupling in
crystalline nanofibers (Figure 5c), suggesting that en-
hanced structural order and chain planarizationmostly
expand interchain charge distribution in the aggre-
gates with extended chain conformation. In high
molecular weight regime, HOMO level is inversely
correlatedwith P3HT regioregularity. Increasing regior-
egularity essentially lessens interchain spacing by for-
cing entangled chains to pack into lamellae which
enhances wave function overlap in the high molecular
weight aggregates that show amorphous PL charac-
teristics. However, HOMO energy levels of 65 kDa
crystalline nanofibers and 65 kDa drop-cast

nanofeatures with amorphous PL characteristics are
almost similar implying that modifying chain planar-
ization or lowering torsional disorder in the structure of
high regioregular P3HT in this regime has a faint effect
on the HOMO levels of the resultant structure. Corre-
lating PL properties of nanostructures with their HOMO
level indicates that the observed disparity in the
correlation between morphology and electronic prop-
erties of high-rr P3HT aggregates in the two regimes
(high and lowMWs) is due to the difference in the chain
conformation between the nanostructures. Interchain
coupling within aggregates is almost very week, possi-
bly due to thiophene ring misalignment between ad-
jacent lamellar sheets inπ-stacks. Thismiss-alignment is
possible for both entangled and folded conformations
of long chains. Therefore, improving molecular order in
high-MW structures mostly enhances intramolecular
charge distribution and intrachain exciton coupling
but possibly do not affect interchain wave function
overlap very much that appears to play a key role in
electrical properties of the nanostructures.

CONCLUSIONS

KPFM measurements have revealed an interesting
dependence of surface potential contrast (SPC) or
HOMO energy level with P3HT interchain order. In
comparing relative SPC value of P3HT nanostructures
with different molecular weights and regioregularities,
we found that the correlation between the amount of
disorder present in the aggregate and electronic prop-
erties depend strongly on the chain conformation in
the aggregates; for low molecular-weight crystalline
nanofibers, the enhanced interchain order results in a
dramatic decrease of the HOMO energy level with
respect to the disordered drop-cast structures. This is
consistent with an H-type charge-transfer interaction
predicted for P3HT,22 and also with the work of Stin-
gelin, and co-workers,55 on the low MWs paraffinic
crystalline phase. We also observed that increasing
regioregularity of high MW nanostructures with en-
tangled chain conformation lowers their HOMO level.
However, alternation in the chain planarization of
high regioregular polymers in this regime induces
subtle changes in the HOMO level of the resultant
structure. The high MW regime is morphologically far
more complex; in this regime there are also amor-
phous regions containing the elongated polymer
chains that connect different domains. It is possi-
ble that the insensitivity of the SPC results to further
chain planarization is due to an averaging over the
smaller ordered regions (folded chains) and a larger
amorphous region, where the nominal domain sizes
(≈ 5�10 nm) are small compared to the tip radius.
It is also interesting to point out that different crys-
talline nanofiber types (“edge-on” vs “face-on”)
show strong differences in ionization energies due
to intrinsic molecular dipoles, which could contri-

Figure 6. Schematic energy level diagram of the extended
P3HT nanostructures, which illustrates the effect of P3HT
regioregularity and chain conformation on HOMO level
of nanostructures in low and high molecular weight
regions.
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bute to the measured HOMO energy difference be-
tween low MW crystalline nanofibers and drop-cast
nanofibrils.56,57,22 These results show how combined

photoluminescence and KPFM can be used to probe
effects of structure and morphology that are not
accessible by either means alone.

EXPERIMENTAL METHODS
In order to correlate photophysical properties of extended

P3HT nanostructures with their size and local surface potential,
we used cover glass as substrate to have optical access to
nanostructures. A two-step cleaning treatment was performed
on float-glass coverslips to remove both contamination and any
possible stray charges off the substrate.43 The coverslips were
first soaked in piranha solution (a mixture of sulfuric acid
(H2SO4) and hydrogen peroxide (H2O2) with 1:1 volume ratio),
and rinsed with deionized water. In the second step, the
coverslips were soaked in dilute aqueous sodium hydroxide
solution (NaOH) for 1 min to neutralize residual acidity and
remove any surface charge residues. The float glasses were then
rinsed by deionized water and dried with air.
Self-assembled crystalline nanofibers8 were obtained by

addition of a poor solvent (dichloromethane (DCM)) to solvated
P3HT in chloroform to a final v/v ratio of 1:7 CHCl3:CH2Cl2 and
leaving the solution in dark, undisturbed, for 24 h. Dilute
suspensions of the preformed nanofibers were dispersed in
1:7 CHCl3:CH2Cl2 mixed solvent and casted to clean coverslips
for optical and KPFM interrogation. P3HT nanofibrillar structures
(made from the same polymer samples) were formed by
spontaneous dewetting from drop-cast dilute polymer solu-
tions in chloroform on precleaned coverslips.
KPFM as implemented on an atomic force microscope plat-

form is a scanning probe technique that measures the local
attractive or repulsive force experienced by the tip whose sign
andmagnitude are approximately definedby thework-function
difference between the probe (typically Pt-coated Silicon) and
the sample.44 Our measurements were performed on a MFP-3D
Asylum with a 20 nm lift height that represented a compromise
between both lateral resolution (which favor smaller lift heights),
and other contributions to the surface potential contrast signal
(e.g., van der Waals forces) that are minimized at higher lift
heights. We used Platinum Silicide probes and calibrated the
tip work function (∼5.5 eV) from KPFM on evaporated gold
substrates. We also measured the average surface potential of
floating cover glass to be aboutþ0.6 eV (relative to Pt tip), which
corresponds to work function value of 4.9 eV consistent with the
UPS measurements.45
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