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1. Materials

The synthesis of POSS-FN is illustrated in Scheme S1 as below:
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Scheme S1 Synthesis route of POSS-FN.



Synthesis of (9,9-bis(3'-(N,N-dimethylamino)propyl)-2-bromofluorene
(compound 2) 1811

2-bromofluorene (3.0 g, 12 mmol), tetrabutylammoium bromide (80 mg) and
DMSO (50 mL) were placed in a 250 mL two-neck flask under nitrogen atmosphere.
Then, 12 mL of a 50 wt % aqueous solution of sodium hydroxide was injected, and 20
mL of 3-dimethylaminopropylchloride hydrochloride (5.0 g, 32 mmol) solution in
DMSO was added slowly to the mixture. The reaction mixture was stirred at 45 °C
overnight at which time the reaction was judged completed by TLC (ethyl acetate and
triethylamine as the eluent). The mixture was diluted with 50 mL of water, to dissolve
all salts. The product was extracted with ether three times and the combined organic
layers were washed with water, and brine respectively. The solution was dried over
MgSO, and stripped off the solvent by vacuum evaporation to yield a crude orange
grease. This crude grease was purified by column chromatography by eluting first
with dichloromethane and methanol in a 50:1 ratio with 10% triethylamine and then
in a 100:1 ratio including 10% triethylamine. The product compound 2 was isolated as
a colorless crystals (3.0 g, 60%)."H NMR (400 MHz, CDCls, §): 7.60-7.65 (m, 1H;
Ar-H), 7.50-7.53(m, 1H; Ar-H), 7.40-7.46(m, 2H; Ar-H), 7.29-7.33(m, 3H; Ar-H),
1.81-1.98 (m, 20H; Ar-C-CH,-, -N-CH,, -N-CH3), 0.70-0.78 (m, 4H; -CH,-); '3C
NMR (100 MHz, CDCl;, 0): 152.5, 149.8, 140.3, 140.2, 130.3, 126.3, 123.0, 121.3,

120.0, 59.8, 55.1, 45.4, 37.8, 22.1.
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Figure S1. (a)'H NMR; (b) *C NMR in CDCl; spectra of compound 2.

Synthesis of 1,3,5,7,9,11,13,15-(9-bis(3"- (N,N-dimethylamino)propyl)-2,7-

fluorene))-octavinylpentacyclo-octasiloxane (POSS-FN) [$2I



POSS (48 mg, 0.076 mmol), compound 2 (315 mg, 0.76 mmol) and tri-o-
tolylphosphine (100 mg, 0.33 mmol) were placed in a microwave reaction tube (5
mL). A mixture of DMF (2.0 mL) and triethylamine (1.0 mL) was added to the tube,
and the reaction vessel was degassed for 15 min. Pd(OAc), (13.7 mg, 0.60 mmol) was
added to the mixture, and then the reaction mixture was degassed again. The mixture
was stirred at 140 °C for 2h in a microwave reactor. Then the mixture was filtered and
the precipitate was collected and washed with acetone. The crude solid was purified
by recycle GPC, and the product was isolated as a colorless crystal POSS-FN (100 mg,
39.8%). 'H NMR (400 MHz, MeOD, 6): 7.01-7.95 (m, 7H; Ar-H), 5.75-6.89 (m, 2H;
-CH=CH-), 1.49-2.28 (m, 20H; Ar-C-CH,-, -N-CH,, -N-CH3;), 0.53-0.99 (m, 4H; -
CH;-). '"HNMR (400 MHz, CDCls, 6): 7.32-7.85 (m, 7H; Ar-H), 5.70-6.73 (m, 2H; -
CH=CH-), 1.58-2.24 (m, 20H; Ar-C-CH;-, -N-CH,, -N-CH3), 0.54-0.93 (m, 4H; -
CH;-). BC NMR (100 MHz, CDCl;, 6): 149.3, 141.6, 136.9, 127.9, 122.5, 120.2, 78.2,

59.3,54.7,43.9,37.3, 21.6.
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Figure S2. (a)'H NMR in MeOD; (b) *C NMR in CDCl; spectra of POSS-FN.

2. Optimized thickness of PFN, POSS-FN and PStN interlayers.

Table S1. The device performance with PFN cathode interlayer.

PFN

Concentration Voc Jsc FF PCE Rs Rsh
[mg/mL] [V] [mA/cm?] [%] [%] [Qecm?]  [kQcm?]

0.1 0.93 10.3 62.5 6.01 6.06 75.4

0.2 0.95 10.1 64.0 6.13 1.22 98.7

0.5 0.93 10.7 58.5 5.81 11.8 49.2

1.0 0.91 9.45 58.2 5.00 15.5 21.3
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Figure S3. J-V curves of devices with PFN interlayer spin casted from methanol

solutions.

Table S2. The device performance with POSS-FN cathode interlayer.

POSS-FN

Concentration Voc Jsc FF PCE Rs Rsh
2 0 0 2 2
[me/mL] [V] [mA/cm?]  [%] [%] [Qcm?]  [kQcm?]
0.05 0.93 9.88 63.1 5.80 8.22 50.7
0.1 0.95 10.2 62.9 6.10 4.23 82.3
0.2 0.94 10.4 63.0 6.17 1.76 94.1
0.5 0.91 10.2 58.1 541 9.95 26.9
1.0 0.88 9.27 49.9 4.07 29.1 10.7
T
o
Eo
=y
@
c
@ -5
]
€
e
5 -10-
(&)

02 00 02 04 06 08 10
Voltage (V)

Figure S4. J-V curves of devices with POSS-FN interlayer spin casted from

methanol solutions.



Table S3. The device performance with PStN cathode interlayer.

PStN

Concentration Voc Jsc FF PCE Rs Rsh
2 0 0, 2 2
[mg/mL] [V] [mA/cm?] [%] [%] [Qcm?]  [kQcm?]
0.05 0.95 10.4 61.7 6.10 1.34 96.6
0.1 0.96 10.2 59.0 5.80 9.85 554
0.2 0.94 9.04 61.3 5.21 12.5 27.8
0.5 0.94 9.59 454 4.09 60.6 19.8
1.0 0.90 7.76 24.1 1.68 979 1.22
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Figure S5. J-V curves of devices with PStN interlayer spin casted from methanol

solutions.

3. The roughness analysis of conducting atomic microscopy (AFM) images




Figure S6 AFM (5x5um, scan rate is 0.86 Hz) images of blend films without

interlayer (a), with PFN (b), with POSS-FN (c), with PStN (d).

4. Field- independence space-charge-limited current mobility measurements.!S3!
The hole and electron mobilities were calculated by fitting to the Mott-Gurney law,
which is expressed by
J=9gg0ulV?/8L3 (1)
where €& is the dielectric permittivity of the active layer, Lis the thickness of the
active layer, and p is the mobility. Under the space charge limited current, we fitted
the experimental J-V data with the equation to get the slope of 2 in the logarithmical

scales and the mobilities were obtained as field independent values. [S3]

N

(@)

.”’”/I-;‘;::{

without interlayer

N

-

o

log [Current Density (mAIcmz)]

02 0.4 06

log [Voltage (V)]

o
o



(b)

2-/"»».»7

—=—90nm
1' with PFN interlayen 1

log [Current Density (mAlcm2)]

T T T T
0.0 0.1 0.2 03 04 0.5

log [Voltage (V)]

14 —=—90 Nm
with POSS-FN interlayer

log [Current Density (mNcm2)]
\
\
4 \ J
\
\

00 0.1 02 03 04 05
log [Voltage (V)]
t Ta
< . .
7]
c 2 .
a
e
g 14 a— 90 Nnm 4
3 with PStN interlayer
g’ i 0.1 04 05

log Votage (V]
Figure S7 Current density versus applied voltage (J-V) characteristics and
corresponding fitting results from SCLC model (black line measured and red line
fitted) of hole-only devices ITO substrate/PEDOT:PSS (38 nm)/PBDT-BT:PC¢BM
(90 nm)/with or without interlayer/MoOy(8 nm)/Au (40 nm): without interlayer (a),

with PFN interlayer (b), with POSS-FN interlayer (c) and with PStN interlayer (d).
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Figure S8 Current density versus applied voltage (J-V) characteristics and

corresponding fitting results from SCLC model (black line measured and red line



fitted) of electron-only devices ITO substrate/TIPD (12 nm)/ PBDT-BT:PC4BM (90
nm)/with or without interlayer /Al (100 nm): without interlayer (a), with PFN

interlayer (b), with POSS-FN interlayer (c) and with PStN interlayer (d).

5. Surface Energy Measurements

The contact angles were measured through the sessile drop goniometry method
(water, methanol, and interlayer solutions) with a CAM 200 (KSV Instrument LID),
and the photos were taken with a BASLER A602f-2 camera. The images of the drops
and the contact angles are shown in Figure S9 and Table S4.

To compare the effects of surface energy by dynamic of liquids at the various
interlayer modified surfaces, we chose three kinds of different polarity liquids,
including deionized water, ethylene glycol and n-hexadecane, whose surface energies
components listed in Table S4 154561 The surface energy of a solid (¥s) is related to
the contact angle of a droplet of the three different known liquids on the surface of the

solid, through Young-Dupre equation 2 and 3:
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where ¥s and Y1 are the solid and liquid tension, and “I” means the solid and liquid

state, and the dispersive component ¥, ¥~ are respectively the electron acceptor and
. . . . . LW.
donor, contributions to the surface energy of liquid and solid. ¥ s is the apolar, named

AB
the Lifshitz van der Waals interactions, and " s is the polar acid-base interactions.
After measuring the contact angel of the three different liquids, the unknown surface

energy contributions of the solid contained in equation 2 can be solved simultaneously.



Interfacial energies of various interlayer modifications were calculated using the well-

accepted Good-Girifalco-Fowkersrule [37] equation 4:
va=(r - v va+ v - v - rar D g

Where “a” and “i” means the active layer and interlayer state, respectively. ¥ ",

Y are respectively the electron acceptor and donor as well. The situ contact angel
experiment data lists in Table 4, we calculated the surface and interfacial free
energies of various interlayer modification from it, and all of the data are presented in

Table 4 as well.
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Figure S9 Contact angle images of drops of water (a), ethylene glycol (b) and

hexadecane (c¢) on PBDT-BT: PC¢BM films; Contact angle images of drops of water
(d), ethylene glycol (e) and hexadecane (f) on PBDT-BT: PC4;BM /PFN films;
Contact angle images of drops of water (g), ethylene glycol (h) and hexadecane (i) on
PBDT-BT: PC¢BM / POSS-FN films; Contact angle images of drops of water (j),

ethylene glycol (k) and hexadecane (1) on PBDT-BT: PCs;BM / PStN films;



Table S4 Surface Energy Components of Three Different Probing Liquids, Used for

the Surface Energy Determination. (mN/m)

Y i AP T+ Y-
Water 72.80 21.80  51.00 25.50 25.50
Ethylene Glycol 48.00 29.00  19.00 1.92 47.00
Hexadecane 21.47 27.47 0 0 0
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