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Materials and Methods
Materials

Unless otherwise noted, all reagents were purchased from commercial sources and used
without further purification. 2-bromo-3-hexylthiophene was purified by vacuum distillation at 120
°C before polymerization. N,N-dimethylacetamide (DMAc) and diisopropylethylamine (DIPEA)

were distilled over calcium hydride before use.

Methods

"H NMR (600 MHz) spectra were recorded in chloroform-d (CDCl;) on a Bruker ASCEND
600 NMR spectrometer. High-resolution transmission electron microscopic (HR-TEM) images
were obtained on a JEM-2100 microscope (JEOL, Japan) at an acceleration voltage of 200 kV.
Scanning transmission electron microscopic (STEM) images were obtained on a Talos F200X
TEM at an acceleration voltage of 200 kV. Fluorescence spectra of conjugated polymers were
obtained on Lumina (Thermo fisher, USA) and UV-vis spectra were collected by an Evolution 201
UV spectrophotometer (Thermo fisher, USA) at 25 °C. The number-averaged molecular weight
(M,) and the polydispersity index (PDI) of conjugated polymers were determined on a WATERS
1515 equipped with a series of PS gel columns, using THF as an eluent at 40 °C with a PS
calibration. The palladium contents in the catalysts or in the polymeric products were analyzed by
ICP-AES on a Thermo Elemental IRIS 1000 instrument. Mass spectrometric experiments
(MALDI-TOF) of conjugated polymers were performed on a Mass spectrometer 4800 plus
MALDI-TOF/TOF MS Analyzer (AB Sciex, USA) equipped with a Nd:YAG laser emitting at 355
nm, and operated at an accelerating voltage of 20 kV in reflection mode. 4000 series Explorer and
DATA Explorer (AB Sciex, USA) were used for data acquisition and processing. The extraction
delay time was set to 450 ns. All mass spectra were collected by averaging the signals of 500
individual laser shots. The possibility coefficients chosen for simulated populations of each
polymer chain in Figure 2¢ were: from P; to Py [1, 0.98, 0.93, 0.84, 0.7, 0.37, 0.22, 0.12, 0.08],
and P, were set to 0 when x > 9!, The high solution P3HT mass spectra were simulated by using

pyMacroMS? (Figure S6).

Synthesis of Pd@DMSNs catalysts

Preparation of DMSNs

According to the reported literature’, a mixture of cetyl-trimethylammonium tosylate
(CTATos, 1.92 g), triethanolamine (0.347 g) and deionized water (100 ml) was stirred at 80 °C for
1 h. After the surfactant was completely dissolved, tetraethyl-orthosilicate (TEOS, 14.68 ml) was

quickly added into the mixture, then stirred vigorously at 80 °C for another 2 h. The products were



filtered, washed three times with deionized water, and dried overnight in an oven at 80 °C under
vacuum. In order to functionalize DMSNs with amino groups, the surfactant was removed by

calcination at 550 °C for 6 h in a continuous air flow.

Preparation of DMSNs-NH,

In a 100 ml round-bottom flask, a mixture of DMSNs (2.0 g), 3-aminopropyltriethoxysilane
(APTES, 6.67 ml), and toluene (25 ml) was refluxed for 48 h. The mixture was filtered, washed
with acetone and chloroform for three times respectively, and dried overnight in an oven at 60 °C

under vacuum to yield the final product.

Preparation of Pd@DMSNs

DMSNs-NH; (100 mg) was dispersed in deionized water (10 ml) and the mixture was
sonicated for 15 min, then stirred vigorously at room temperature for 10 min. Then, H,PdCl4
solution (0.6 ml, 10 mM in H,O) was added dropwise and further sonicated for 15 min, followed
by stirring for 2 h. Freshly prepared NaBH, solution (1 ml, 1 M in H,O) was added dropwise to
the mixture and further stirred for 2 h. The product was collected by centrifugation, washed three

times with water and ethanol respectively, and dried overnight at 80 °C under vacuum.

General procedure for the CSGP of conjugated polymers in Pd@DMSN:s.

S S
CeH13 CeH13
P1 (DArP)

H H

A mixture of 2-bromo-3-hexylthiophene (199.5 pl, 1.0 mmol), PdA@DMSNSs (5 mg, 0.033 %
Pd), pivalic acid (102 mg, 1.0 mmol), K,CO; (415 mg, 3.0 mmol) and N,N-dimethylacetamide
(DMAc, 2 ml) was added to a 10 ml sealed tube. After three freeze-pump-thaw cycles, the tube
was sealed under nitrogen atmosphere and stirred at 120 °C for 120 h. After cooled to room
temperature, the mixture was washed with THF (20 ml x 3). Then the THF solution was
concentrated by evaporating and later added dropwise into stirred methanol (80 ml). The
precipitate was rinsed with methanol for three times and dried under vacuum at room temperature
overnight to obtain P3HT (129 mg, 78 %, denoted as P1). When a higher Pd loading (0.33%) was
applied, the polymerization was complete in 15 h to give P3HT in 87% yield with similar molecular

weight and PDI value.



Other conjugated polymers (P2-P10) were synthesized following a similar procedure that was

briefly described below.
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P2!: 9,9-Dioctyl-2,7-dibromofluorene (126.4 mg, 0.23 mmol), 3,4-ethylenedioxythiophene
(24.6 pl, 0.23 mmol), Pd@DMSNs (5 mg, 0.072 % Pd), pivalic acid (23.5 mg, 0.23 mmol), KOAc
(136 mg, 1.38 mmol) and DMACc (2 ml) were used during polymerization. The polymerization was

carried out at 120 °C for 120 h to yield the product (88 mg, 73 %).
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P3:  1,4-Diiodo-2,5-bis(hexyloxy)benzene*>  (106.0 mg, 0.2  mmol), 3.4-
ethylenedioxythiophene (21.4 pl, 0.2 mmol), PA@DMSNSs (5 mg, 0.082 % Pd), pivalic acid (20.4
mg, 0.2 mmol), K,CO; (165.6 mg, 1.2 mmol) and DMAc (2 ml) were used during polymerization.
The polymerization was carried out at 100 °C for 120 h to yield the product (72 mg, 76 %).
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P4: 2,7-Dibromo-9,9'-spiro-bifluorene  (23.8 mg, 0.05 mmol), 4,7-bis(3,4-
dimethoxythiophen-2-yl) benzothiadiazole® (21.7 mg, 0.05 mmol), PdA@DMSNSs (10 mg, 0.66 %
Pd), pivalic acid (5.1 mg, 0.05 mmol), K,CO; (41.4 mg, 0.3 mmol) and DMAc (1 ml) were used

during polymerization. The polymerization was carried out at 120 °C for 10 h and reprecipitated

into ethyl acetate to yield the product (32 mg, 86%).
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P5: 1,4-Diiodo-2,5-bis(2-ethylhexyloxy)benzene’”® (117.3 mg, 0.2 mmol), 1,4-Bis(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)benzene (66.0 mg, 0.2 mmol), PA@DMSNs (5 mg, 0.082 %



Pd), K,CO; (165.6 mg, 1.2 mmol) and DMAc (2 ml) were used during polymerization. The
polymerization was carried out at 100 °C for 120 h to yield the product (52 mg, 63 %).
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P6: 9,9-Dioctyl-2,7-dibromofluorene (109.7 mg, 0.2 mmol), 2,7-bis(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)-9,9-dioctylfluorene (128.5 mg, 0.2 mmol), PdA@DMSNs (5 mg, 0.082 %
Pd), K,CO; (165.6 mg, 1,2 mmol) and DMAc (2 ml) were used during polymerization. The
polymerization was carried out at 120 °C for 120 h to yield the product (116 mg, 75 %).
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P7: 1,4-Diiodo-2,5-bis(hexyloxy)benzene (159.1 mg, 0.3 mmol), 2,1,3-Benzothiadiazole-4,
7-bis(boronic acid pinacol ester) (116.4 mg, 0.3 mmol), PdA@DMSNs (50 mg, 0.55 % Pd), K,CO;
(248.4 mg, 1.8 mmol) and DMAc (2 ml) were used during polymerization. The polymerization
was carried out at 100 °C for 24 h to yield the product (71 mg, 56 %).
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P8: 1,4-diethynylbenzene (25.2 mg, 0.2 mmol), 9,9-dioctyl-2,7-dibromofluorene (109.7 mg,
0.2 mmol), PdA@DMSNs (5 mg, 0.082 % Pd), DIPEA (0.21 ml, 1.2 mmol) and DMAc (1 ml) were
used during polymerization. The polymerization was carried out at 80 °C for 120 h to yield the

product (59 mg, 58 %).
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P9: 1,4-Diethynylbenzene (25.2 mg, 0.2 mmol), 1,4-diiodobenzene (66.0 mg, 0.2 mmol),
Pd@DMSNSs (5 mg, 0.082 % Pd), DIPEA (0.21 ml, 1.2 mmol) and DMAc (1 ml) were used during
polymerization. The polymerization was carried out at 60 °C for 120 h to yield the product (26 mg,
67 %).
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P10: 2,5-bis(trimethylstannyl)thiophene (82.0 mg, 0.2 mmol), 2,5-dibromo-hexylthiophene
(42.9 pl, 0.2 mmol), PdA@DMSNs (5 mg, 0.082 % Pd), and DMAc (1 ml) were used during
polymerization. The polymerization was carried out at 120 °C for 120 h to yield the product (38
mg, 77 %).

General procedure for the convensional SGP of conjugated polymers

The polymerizations were conducted with Pd(PPh;),Cl, (10 mg) as the homogeneous catalyst.
The procedures of classical SGP are similar with CSGP as mentioned above. The reaction time of
classical SGP of P1, P2, P3, P4, P5, P6, P7, P8, P9 and P10 were setas 1.5h,2h,3 h,3 h,3 h, 1
h, 0.5 h, 1.5 h, 1 hand 0.5 h, respectively. It should be noted that the reaction times of the classical
SGPs have also be prolonged to 24 h (or even longer) according to literature procedures. However,
the formation of large amounts of precipitate made the fair comparison between classical SGP and
CSGP impossible. Since the Flory’s “equal reactivity” principle only applies where monomer,
oligomers and all the polymer segments are well soluble in reaction mixture, the formation of any
inhomogeneous species (like high polymers) would make the polymerization unpredicable and
difficult to reproduce. Therefore, the reaction time for each classical SGP was set right before

significant formation of precipitate.

Procedure for the Recycling and Reusing Study of Pd@DMSNs Catalysts

The polymerization was carried out under the same reaction conditions as described above
for P1 with 0.33% Pd loading and 15 h of polymerization time. After each polymerization, the
catalysts were washed with THF (20 ml x 6) and water (20 ml x 3), dried overnight at 80 °C under
vacuum and then subjected for the next cycle. The catalysts were reused for 3 more cycles with no

obvious deterioration on the catalytic activity or control over the molecular weight of the products.



Figure S1. TEM images of PA@DMSNS.

Figure S2. STEM images of Pd@DMSN:ss.
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Figure S3. N, physisorption isotherms of the DMSNs (a) and their corresponding pore size
distribution curve calculated by the BJH method (b).
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Figure S4. Particle size distribution of Pd in Pd@DMSNs as measured with TEM.

Figure SS. Optical (left) and fluorescence (right) images (A.x = 365 nm) of conjugated
mesopolymer powders. (a, b) P2, (c, d) P3, (e, f) P4, (g, h) PS, (i, j) P6, (k, 1) P7, (m, n) P8, (o, p)
P9, (q, r) P10.
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Figure S6. UV-Vis absorption spectra (a, 1 pg/ml) and fluorescence emission spectra of
conjugated polymers in THF solutions (b, 1 ug/ml, A.x = 365 nm, except for P5, P6, P8, and P9,
Aex=330 nm). Optical images (c) and fluorescence images (d) of the conjugated polymer solutions
in THF (2 mg/ml, A=365 nm).
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Figure S7. SEM images of drop-casted P2 thin-film.



Quantification of the full P3HT (P1) spectrum (Figure S8)
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Figure S9. 'H NMR spectrum of P1 in CDCl;
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Figure S10. 'H NMR spectrum of P2 in CDCls.
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Figure S11. 'H NMR spectrum of P3 in CDCl;.
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Figure S12. 'H NMR spectrum of P4 in CDCl;.
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Figure S13. 'H NMR spectrum of P5 in CDCl;.
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Figure S14. 'H NMR spectrum of P6 in CDCl;.
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Figure S15. 'H NMR spectrum of P7 in CDCl;.
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Figure S16. 'H NMR spectrum of P8 in CDCl;.
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Figure S17. 'H NMR spectrum of P9 in CDCl;.
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Figure S18. '"H NMR spectrum of P10 in CDCls.

0.0 -0.5



Broad Unknown Relative Chromatogram

0.0
] 7
] |
-10.00 f
] | |
] !
4 |
-20.00 b
] 1]
|
] \|
-30.00] y
4 i/
1 T T T | T T | T T | T T T | [ | T |
2.00 4.00 6.00 .00 10.00 12.00
Minutes
Broad Unknown Relative Peak Table
Distribution Mn Mw MP Mz Mz+1 y i
Name | (Dattons | (Dattong | pattong | (Dattong | (Dartong | FOMYdisPersity MzMMw | Mz+1/Mw
1 2089 2871 1939 3974 5249 1.374156 [1.384277 | 1.828400
Figure S19. GPC curve of P1.
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Figure S20. GPC curve of P2.
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Figure S21. GPC curve of P3.
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Figure S22. GPC curve of P4.
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Figure S23. GPC curve of PS.
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Figure S24. GPC curve of P6.
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Figure S25. GPC curve of P7.
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Figure S26. GPC curve of P8.
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Figure S27. GPC curve of P9.
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Figure S28. GPC curve of P10.
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