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Abstract: Bottom-gate (BG) organic field-effect transistors (OFETs) play a crucial role in the
development of flexible and printable electronics due to their ease of fabrication. However,
their humidity sensitivity limits manufacturing conditions and raises production costs. Here, a
facile approach is presented by blending organic semiconductors (OSCs) with a common
insulating polymer, polystyrene (PS), to create water-stable BG OFETs, alongside an in-depth
analysis of the underlying mechanism. The results reveal that blends formulated with short-
chain-length PS markedly influence the structural dynamics and phase behavior of OSCs,
resulting in a vertically phase-separated structure of PS-bottom and OSC-top formed. These
improvements facilitate efficient charge transport and enhance moisture barriers in the channel.
Consequently, the BG OFETs achieve improved device performance and water durability, even
under boiling water. More importantly, the effectiveness of the blending approach has been
validated across several representative OSC systems, demonstrating its potential for broadening
the applicability of solution-processable organic electronics in challenging environmental

conditions.
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Organic field-effect transistors (OFETs) are key units to construct flexible and printable devices
for applications, including flexible displays, chemical sensors, wearable devices, radio
frequency identification (RFID) tags, etc.!-3 They have attracted ever-growing attention over
the past several decades.*> Among the various OFET architectures, the bottom-gate (BG)
structure with SiO, as the dielectric layer is particularly favored. In this configuration, the gate
electrode 1s placed beneath the organic semiconductor (OSC), simplifying the fabrication
process and enhancing its applicability in flexible and large-area electronics.®’ Despite these
advantages, a critical challenge in the deployment of BG OFETs is their susceptibility to
environmental factors, particularly moisture.® Water molecules can absorb onto the SiO, surface,
inducing charge trapping at the silanol groups, which is a major source of performance
instability in OFETs with SiO, dielectrics.® Consequently, high-performance devices often
require strict moisture-controlled environments, such as nitrogen-filled gloveboxes,
significantly increasing production costs and reducing market competitiveness. Therefore, it is

urgent to develop efficient strategies to enhance the water resistance of OFET devices.

Eliminating the terminated silanol groups on the SiO, surface can significantly mitigate charge
trapping by preventing the physical adsorption of water molecules, thereby enhancing the
stability and performance of devices. However, the extrication of isolated silanol groups
presents a challenge, as it requires annealing at temperatures exceeding 900 °C.'%!! One
solution for dehydroxylation is the application of hydrophobic gate dielectric layers.!>!3
However, the solution processing of the OSC component can dissolve the pre-deposited gate
dielectric layer (Figure 1a). Thus, in BG structures, the deposition process of active layers is
typically limited to thermal evaporation.!4!5 In addition, chemical modification of OSCs itself
can also eliminate/reduce the physisorption of water molecules onto the surface.!® For example,
the incorporation of fluorine functional groups has enabled OFETs to achieve good stability
against moisture permeation.!” Such a modification imparts hydrophobic characteristics to the
surface, thereby mitigating charge-trapping formation at the OSC/dielectric interface (Figure
1b). Another commonly used approach to enhance device stability is the implementation of
encapsulation techniques (Figure 1c¢).!® Yet, the above-mentioned methods are often associated
with high costs and increased complexity.! While encapsulation is generally considered cost-
effective, it typically necessitates additional processing steps, and the use of orthogonal solvents
may further complicate the process. There is a pressing need to develop straightforward
approaches that enhance water resistance in BG OFETs without increasing the complexity of

their production. Furthermore, OFET-based sensors, which have potential applications in smart
2
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fabrics or medical applications, must withstand harsh cleaning or sterilization progesses, St¢h“one
as exposure to boiling water or saturated steam at 100 °C. Therefore, developing durable

organic electronics is crucial for use in such demanding environments.?%-23

We propose that the insulator blending method could mitigate some of the disadvantages
associated with the aforementioned methods. This approach is integrated and streamlined,
eliminating the need for additional post-fabrication encapsulation. While this approach has been
extensively employed in OFETs,?*?° organic photovoltaics (OPVs),?627 and organic light-
emitting diodes (OLEDs),?® it has yet to significantly impact the field (Figure 1d). Additionally,
there is still a lack of systematic and in-depth research on the water durability of OFETs,
especially for n-type ones.?*3! In this work, we investigated the blending of a prototypical n-
type OSC polymer, PNDI20OD-2T, with a commercially available insulating polymer,
polystyrene (PS), of varying chain lengths. The stability of the channel against moisture ingress
is significantly improved through the rational modulation of insulator molecular weights
(MWs), effectively mitigating moisture-induced energetic disorder and allowing these OFETs
to maintain functionality even when submerged in boiling water for a whole day. To unravel
the origin of the MW-dependent performance, the phase behaviors of different binary systems
were analyzed using in-situ absorption spectroscopy, surface energy and depth-profiling X-ray
photoelectron spectroscopy (XPS). Our findings indicate that the short-chain PS (MW of

several kDa) incorporated OSC—insulator binary system shows a stronger inclination toward

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

vertical phase separation. While blends with higher MW PS exhibit less pronounced vertical

phase separation behaviors, potentially limiting their effectiveness in moisture protection. This

Open Access Article. Published on 25 February 2025. Downloaded on 2/25/2025 11:30:06 PM.

improvement was consistent across other host OSCs with different bandgaps, demonstrating

(cc)

the universality of this approach. This work not only advances our understanding of the phase
behavior in OSC—insulator blended systems but also establishes a facile and effective guideline
for enhancing the environmental stability of BG OFETs, thereby broadening their potential for

practical applications.

2. Results and Discussion

2.1. OFET performance and water stability

Figure 2a shows the chemical structures of selected representative n-type and p-type OSCs,
including two n-type conjugated polymers PNDI20OD-2T and PDI2T, an n-type small molecule
Y6, and a p-type polymer PM6. For this investigation, three different types of PS with MWs
ranging from 4 kDa to 1000 kDa were sourced from commercial vendors (Figure 2b). Each

OSC solution was blended with an insulator solution, maintaining a specific weight ratio
3
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tailored to each OSC material. We sequentially spin-coated both neat OSC and,BS:hletided 200c

films on SiO,/Si wafers directly to fabricate bottom-gate top-contact OFETs, as shown
schematically in Figure 2c. The fabricated devices were then soaked in water at various
temperatures (25 °C, hot water at 50 °C and boiling water up to 100 °C) for one day. After
immersion, the devices were taken out to test their electrical performance. Detailed fabrication

procedures can be found in the experimental section.

Initially, n-type PNDI20OD-2T was used as a model host system. BG OFETs were fabricated
using neat PNDI2OD-2T film and films blended with each PS variant, maintaining a weight
ratio of 1:1 (other weight ratios are shown in Figure S1). As shown in Figure 3a and b, the

blended OFETs, particularly those with 4 and 400 kDa PS, generally demonstrated significantly

enhanced OFET properties, with electron mobilities (£/,) ranging from 102to 103 cm? V-Is!,

compared to the neat PNDI2OD-2T film sample (their output characteristics can be found in

Figure S2). Notably, the blend incorporating PS with a MW of 4 kDa achieved the highest £/,

approximately 2.5 x 102 cm? V-! '/, comparable to the values reported for other PNDI2OD-2T-
based BG OFETs.*>** The 4 kDa PS blending also remarkably improved other OFET
characteristics, delivering a twentyfold increase in on current (from 1 x 10 to 2 x 10 A) and
a substantial reduction in threshold voltage ( Vi) (from 15.6 to 3.7 V) compared to the neat
(without PS) device (Table S1). This improvement via insulator incorporation has been
observed in several prior studies by other researchers and may be attributed to suppressed
charge trapping at the OSC—dielectric interface.>>* The defect state density at this interface,
calculated from the extracted subthreshold swing, further confirms the positive impact of the 4

kDa PS blend on defect suppression (Table S1). Conversely, blends using higher MW PS
exhibited fewer improvements in transistor performance. £/, is down to 1.5 x 10 cm? V! g
when the PS MW reaches 1000 kDa, accompanied by a large shift in V;y and subthreshold
swing (Table S1). To assess water stability, the prepared OFET samples were immersed in
water at different temperatures for 24 hrs. For room temperature (25 °C) water immersion, [/,
for neat PNDI2OD-2T films, and those blended with 400 kDa and 1000 kDa, was reduced by

approximately half an order of magnitude when compared to their fresh counterparts (Figure

3b and Figure S3). Interestingly, OFETs fabricated from 4 kDa PS blend demonstrated excellent
4
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water resistance, showing negligible changes in 4. after one day of water immersiom (Figure ossooc

3c). Subsequently, we subjected the OFETsS to hot water baths at 50 °C and boiling water at 100

°C for 24 hrs (Figure S3f). As is shown in Figure 3b, (/. decreased as the water temperature
gradually rose. For the neat sample, f/, progressively declined, retaining only 26 % of the

original mobility at 50 °C and just 10 % at 100 °C. Remarkably, . of the 4 kDa PS-blended

OFETs experienced only a slight decrease after hot/boiling water treatment, highlighting the
crucial role of the insulator in enhancing the high-temperature water stability of OFETs. The
excellent operational stability may arise from the improved interface between OSC and
dielectric, which will be discussed later. To further explore this insulator blending approach,
we validated its applicability by extending our observations to other representative p- and n-
type OSC systems, blending them with low MW PS in BG OFETs.*”*# The optimized blend
ratio and device parameters are detailed in Table S2. Notably, the achieved mobility values are
comparable to those reported for their BG OFETs. Similar to the observations made with
PNDI2OD-2T, the performances of blend films based on PDI2T, Y6 and PM6 systems were
significantly enhanced in comparison to their neat counterparts, as shown in Figure 3d—f. Even

after room-temperature water immersion for a day, these blended devices successfully retailed

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

their electrical properties, unlike neat OFETs, which experienced clear threshold voltage shifts

(A Vi) towards the direction of the applied gate voltage. Figure 3g summarizes the changes in

Open Access Article. Published on 25 February 2025. Downloaded on 2/25/2025 11:30:06 PM.
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A Vi after immersion across different host systems. It is evident that A Vi drops significantly

following insulator optimizations. For example, adding PS lowers the A Vi of neat PDI2T

OFETs from 13.5 V to 1.8 V. This outcome demonstrates that the strategy of blending
appropriate insulators with OSCs to be water resistant is broadly applicable across different
OSC systems, confirming its potential for enhancing the robustness of OFETSs in moisture-

exposed environments.

To elucidate the water resistance mechanism of OFETs, the photoluminescence (PL) mapping
images were utilized to analyze the surface morphology of both neat and optimized blended
films before and after one-day water immersion, with results shown in Figure 4a—d. The initial

PL maps of the 4 kDa blended film displayed higher intensities and a more uniform and dense
5
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distribution over the entire scanning region (50 x 50 um?) compared to the neat film, After BEMS oe00c

soaked in water for a day, the PL intensity of the blended films remained stable with no clear
changes observed, superior to that of the neat film whose intensity decreased and was more
dispersed. This indicates that proper blending with PS can markedly improve the water stability
of organic films, consistent with the findings from optical microscopy, atomic force microscopy,
and absorption spectra shown in Figure S4, S5 and S6, respectively. To explore the underlying
cause of the observed stability in blended films, we employed photothermal deflection
spectroscopy (PDS) at absorption levels as low as 10 to quantitatively evaluate the energetic

disorder induced by water immersion.* It measures the variations in the thermal state of the
samples resulting from the nonradiative relaxation of photoexcited carriers. This technique is
widely used to characterize defect states in amorphous and organic semiconductors.*0-4> The
PDS spectra of neat and blended films, with and without water immersion, were depicted in

Figure 4e and f. The Urbach energy (), which offers insights into the band tail states at the

conduction band edge, was initially extracted from the slope of the absorption tail in the PDS

hvE_Eg], where g is the absorption coefficient at the bandgap energy Eg,
0]

spectra (a = aoexp[
and hv is the photon energy).* The inset table in Figure 4f displays the extracted £ values. For
the fresh samples, £; was 30.9 meV for the neat film and 28.9 meV for the blend, showing
comparable levels of band edge disorder. These values align with those reported in previous
studies.** After water soaking, the £;rose to 33.6 meV in the control sample, suggesting an
increase in disorder, while the blend remained stable at 29.8 meV. Moreover, the sub-band-gap
absorption spectrum of the neat film (mainly in the 1.2 to 1.3 eV range) increased significantly
upon water exposure compared to its fresh one, suggesting a higher density of defect states.*-4
PDS results reveal that water exposure increases defect states in PNDI2OD-2T, bringing
structural and energetic disorder. Conversely, when optimized with PS, the defect state of the

film remained relatively stable, corroborating the earlier finding that PS enhances the water

stability of the film.

2.2 Film formation mechanism

The significant differences in water stability between neat films and those blended with various
insulators may be attributed to the differing degrees of phase separation in the polymeric blends
during film formation.? The spatial distribution of polymers in the system greatly depends on

6
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the surface energy of the components and their interfacial energy with the substrate.d7oBhess500c
surface energies were calculated using the Wu model (harmonic mean) via contact angle test
and presented in Figure Sa (details are provided in Figure S7 and Table S3).** The neat
PNDI2OD-2T film possesses the lowest surface energy of 28.2 mJ m?, compared to
approximately 40 mJ m for the PS materials. The effect of substrate surface tension on phase
stratification was also examined by evaluating the interfacial energies with the SiO, substrate
for each component (Figure 5a and Table S3), with calculation details provided in the
supporting information. The interfacial energy was minimized when the dispersion and polar
components of the interacting materials were similar, indicating enhanced interaction and a
more stable interface.* The interfacial tension between PNDI20OD-2T and SiO, (18 mJ m?) is
higher than that between PS and SiO, (~14 mJ m™?), therefore a top PNDI2OD-2T layer is
preferentially formed rather than segregation directly on the SiO, substrate.*® However, the MW
variations in PS did not significantly affect the surface energy.* The differences in performance

require further investigation.

Therefore, we examined the film formation process during spin-coating of PS blends with
varying MWs. The aggregation behaviors of molecules in neat and different blend films were

thoroughly analyzed using in-situ UV—vis absorption spectroscopy. The absorption spectrum

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

contour maps are visually presented in Figure 5b—e. Compared to other systems, the

incorporation of 4 kDa PS significantly enhanced the absorption intensity, particularly after 6 s

Open Access Article. Published on 25 February 2025. Downloaded on 2/25/2025 11:30:06 PM.

of spin-coating (Figure 5c). To quantify these dynamics, Figure 5f shows the normalized

(cc)

absorption at approximately 705 nm (the typical absorption peak of PNDI20OD-2T) as a
function of coating time for various films.’"% The film formation process generally
encompasses three stages, aligning with previous literatures.>> In stage I, the absorbance drops
rapidly upon spinning due to the flying off of the excess materials dissolved in the solvent. This
is followed by stage II, where a low-absorbance region appears, indicative of the coexistence
of the solvent and polymer aggregates. By approximately 8 s, a stable absorbance plateau is
reached (stage III), signaling the solidification of aggregates. The degree of molecule
aggregation, referred to as the aggregation ratio, can be determined by comparing the absorption
ratio between the dry film (stage I1I) and the wet film (stage II). It is observed that both the neat

film and those blended films with high MW PS (400 and 1000 kDa) display an aggregation

7
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ratio close to one, suggesting minimal change in aggregation during the solvent gyaporafis
process. However, the blend incorporating 4 kDa PS showed a significantly highest aggregation
ratio of 1.4, demonstrating accelerated molecular aggregation of PNDI2OD-2T. The enhanced
aggregation can be attributed to low viscosity and reduced molecular entanglement of the short-
chain insulator, which facilitates more rapid diffusion and aggregation of the PNDI20OD-2T
molecules within the blend matrix. The high aggregation ratio may also stem from the limited
miscibility between the two materials, potentially leading to distinct phase separation.3 In
contrast, the aggregation of PNDI2OD-2T in higher MW systems is weak, and the minimal
phase separation promotes a more homogenous distribution of the semiconducting polymer
throughout the film. Overall, the degree of PNDI2OD-2T aggregation influenced by the MW
of the insulator could reflect the phase separation behavior of the binary system. The effects of
different insulator MWs vary; notably, short-chain PS significantly enhances the OSC

aggregation.

2.3 Model for water-tolerant BG OFETs with MW-dependent insulator blends

To analyze the phase separation behaviors driven by thermodynamic miscibility, the ternary
phase diagram was calculated based on the Flory—Huggins model for mixtures of PNDI2OD-
2T, 4 kDa PS, and chlorobenzene (CB) solvent (Figure 6a).>® The calculation details can be
found in the supporting information. In general, the location of solvent in different polymer
phases significantly influences the morphology of the ternary system, thereby impacting the
performance of the material across various applications.’” In Figure 6a, the right side of the tie
lines is higher than the left, indicating a preference for the solvent to reside in the PS region,
resulting in higher solvent concentration compared with PNDI20OD-2T. This scenario may lead
to the PNDI2OD-2T region forming a more compact and aggregated structure due to its lower
solubility, in alignment with in-situ analysis showing significant aggregation of OSC molecules
in a low MW-based system. With lower surface tension, PNDI20OD-2T tends to migrate to the
solution/air interface, while the PS component, with higher affinity for the substrate, moves to
the solution/substrate interface to reach thermodynamic equilibrium and minimize the free
energy of the system.”® Conversely, the weaker aggregation of PNDI20D-2T domains in
systems including high MW PS (400 and 1000 kDa) may result in more evenly distributed or

complex morphology, which can affect material performance in various applications.

8
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To validate the presence of a vertically phase-separated structure in low MW inswlator, BIénd :o0c
film, we conducted depth-profiling XPS. The ratio of sulfur S(2p) to carbon C(1s) signals was
monitored to estimate the distribution of PNDI20OD-2T (uniquely contains sulfur) along the
height direction of the blend film. As shown in Figure 6b, the content of PNDI20OD-2T is high
at the air—solid interface of the blend films, consistent with the previous surface energy analysis.
Notably, in the 4 kDa PS blend film, PNDI20OD-2T is predominately distributed at the surface,
supporting earlier analyses of vertical segregation structure. In contrast, the 1000 kDa PS blend
shows increased PNDI2OD-2T concentration near the sample surface and substrate, with no
obvious homogeneous gradient distribution of the semiconducting polymer from the top surface
to the bottom (Figure S8). Further evidence of vertical phase separation is provided by thin film
peel-off tests (Figure 6¢). Films directly coated on SiO,/Si wafers were delaminated using the
scotch tape.>* As seen, films made from neat and high MW blends (400 kDa and 1000 kDa)
were easily peeled off completely from the substrate, likely due to the insufficient interaction
between the active layer and the substrate. Whereas the 4 kDa blended film demonstrates strong
adhesion to the substrate, rendering it resistant to detachment by tape. This enhanced adhesion
can be attributed to the maximized van der Waals forces at the interface between well-

developed low MW PS and SiO, substrate. The peeling test revealed different segregation

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

patterns when PNDI2OD-2T was blended with PS of varying MWs. Interface reinforcement

through proper insulator blending can effectively prevent layer delamination, which offers

Open Access Article. Published on 25 February 2025. Downloaded on 2/25/2025 11:30:06 PM.

potential benefits for flexible electronic applications.®!

(cc)

Based on the above results, a schematic diagram of OSC films blended with low and high MW
insulators was proposed in Figure 6d. In the OSC and high MW PS blended film, there is a
greater intermixed phase near the SiO, dielectric interface. The partially exposed SiO, surface
(not covered by PS) may adsorb and bind water molecules, potentially forming a monolayer of
adsorbed water and deprotonated silanol. These could affect local electrostatic interactions and
act as trapping sites for charge carriers, leading to device performance degradation.!
Conversely, the low MW insulating polymer preferentially deposits at the bottom of the two-
component blend, serving as a protective barrier over the buried polar dielectric SiO, layer. The
hydrophobic nature of the overlying PS layer hinders water molecules diffusion into the SiO,

layer, avoiding performance issues associated with charge trapping by water. It is further

9
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supported by the changes in the cross-sections of neat PNDI2OD-2T and blended, filmiss ihosz00c

response to water soaking using scanning electron microscopy. In Figure S9, after a whole day
of water soaking, significant voids appeared at the polymer/substrate interface in both neat and
1000 kDa blended systems, as highlighted by the red circles. These macroscopic defects at the
grooves of the bottom interface clearly contribute to charge trappings and subsequent device
degradation, aligning with previous observations of unstable OFET performance following
water ingress. Conversely, the polymer/substrate interface in the 4 kDa system remained
compact after water immersion, indicating that the low MW PS effectively stabilizes at the

buried interface.

3. Conclusions

In conclusion, our study presents a facile means for formulating a water-tolerant active layer in
BG OFETs through the strategic blending of PS. Crucially, the choice of MW of the PS has a
decisive role in the device performance and water tolerance, with short-chain PS, proving
optimal. This preference is attributed to the favorable vertical phase separation between PS and
OSC components driven by thermodynamic considerations. The segregated non-polar PS layer
at the bottom not only enhances the moisture barrier of the OFET but also facilitates efficient
charge transport in the overlying OSC layer. As a result, devices fabricated using this
methodology demonstrate robust operational integrity, maintaining stable channel
characteristics even after immersion in boiling water for an entire day. These findings suggest
the broad applicability of this insulator blending approach in developing water-tolerant devices
for solution-processable organic electronics, potentially expanding their use in environments

that demand durable performance.

4. Experimental methods

4.1 Materials

PNDI2OD-2T (MW = 130 kDa), PDI2T (MW = 50-100 kDa), Y6, and PM6 (MW = 93 kDa)
were sourced from 1-Material Inc. It is worth mentioning that the higher MW PNDI20OD-2T
provides a more significant improvement in water tolerance (Figure S10). PS of varying MW
were procured from Polymer Source Inc. All materials were directly used without further
modification. The chemical full names are listed in the supporting information. The solutions

of PNDI20OD-2T, PDI2T, Y6, and PM6 were prepared by dissolving them at a concentration of
10
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10 mg mL"in anhydrous chlorobenzene, chlorobenzene, chloroform, and 1,2-dichlorobengghe  ss00c
respectively. The blends of PNDI2OD-2T:PS, PDI2T:PS, Y6:PS, and PM6:PS blends were

prepared at weight ratios of 1:1, 3:7, 4:1, and 1:1, respectively.

4.2 Device and thin film fabrication

Single-side etched SiO./Si wafers were placed into an ultrasonic bath and cleaned using
deionized water, acetone, and isopropyl alcohol for 15 min each. After being dried with
compressed air, the substrates were moved to a nitrogen-filled glovebox to spin coat the neat
OSC and blend layers. For PNDI20OD-2T, it was spin-coated at 1500 rpm, then annealed at 120
°C for 20 min. PDI2T was spin-coated at a speed of 2000 rpm and annealed at 80 °C for 20 min.
Y6 was spin-coated at a speed of 1500 rpm and annealed at 110 °C for 10 min. PM6 was spin-
coated at 2000 rpm and annealed at 200 °C for 20 min. Subsequently, PDINO film was then
coated at 5000 rpm to optimize charge extraction. A golden layer (~100 nm thick) was vacuum
evaporated using an Edwards AUTO 306 high vacuum system to define the source—drain

electrodes through a shadow mask.

4.3 Characterization
OFET electrical measurements were taken in a low-vacuum cryostat (Oxford Instruments,

Optistat DN-V) at ambient temperature, using a Keithley 236 source measurement unit linked

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

with a Xantrex XT 120-0.5 to supply the voltage. The field-effect mobility and threshold

Open Access Article. Published on 25 February 2025. Downloaded on 2/25/2025 11:30:06 PM.

voltage were calculated from the transfer characteristics in the saturation regime. The potential

reduction in capacitance due to the insulator is not considered, as the theoretical change in film

(cc)

thickness is estimated to be less than 5% of the total capacitance, which may slightly
underestimate the mobility and suggest the actual mobility are slightly higher than reported.5?
For the water immersion test, the devices were submerged in deionized water at different
temperatures and then dried with compressed air prior to testing to ensure accurate results. The
PL mapping data were collected using Witec alpha300 R with a 532 nm laser excitation.
Photothermal deflection spectroscopy (PDS): Employed a 1 kW Xe arc lamp and a Y4 m grating
monochromator (Oriel) with a pump beam modulated at 13 Hz by a mechanical chopper. The
sample, immersed in perfluorohexane as a deflection fluid, was irradiated by a parallel probe
beam (He—Ne laser, Uniphase, Model 1103P). Deflection signals of the probe beam were

captured by a TEMic position sensor and processed with a Stanford Research SR830 lock-in
11
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amplifier, normalizing PDS absorption spectra to the pump power. UV=vis SpectraseObiosaoc

UV-vis absorption measurements were carried out using a QE Pro 2000 spectrometer equipped
with a tungsten halogen lamp (Filmetrics, Inc.) and an LED light source. The integration time
was 100 ms for each spectrum during the film coating. The detailed experimental setup has
been described elsewhere.> Contact angle: The contact angle test was performed by an OCA
20LHT Micro contact angle analyzer. The depth-profiling XPS test was performed on PHI
Model 5802 by using an Ar* sputtering gun operated at 2 keV.
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is 50 x 50 um?. Photothermal deflection spectroscopy (PDS) of (e) neat PNDI2OD-2T and (f)
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Figure 6 (a) Ternary phase diagram of PNDI2OD-2T/4 kDa PS/solvent mixtures. The binodal
is derived at the chemical potential equilibrium of two liquid phases, with tie lines connecting
compositions of equal chemical potentials. (b) X-ray photoelectron spectroscopy (XPS) depth
profile of the S/C ratio in PNDI2OD-2T/PS blended films with varying PS MWs, from the air
surface to the SiO, interface. The sharp drop in the S/C ratio in the 4 kDa blend sample indicates
PS is concentrated in the bottom layer, approaching the substrate. (¢) Photographs of the
peeling-off process for neat, 4 kDa, 400 kDa and 1000 kDa PS blended films. The 4 kDa PS
blended film remained adhered to the substrate, while the neat, 400 kDa and 1000 kDa PS
blended film were peeled off with tape. (d) Schematic diagram of the OSC film (blue block)
blended with different MW PS (yellow lines) to enhance water stability. The drop shape denotes

water molecules.
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