55 42 B4 4 o owm L T Vol.42, No.4
2025 4 4 A FINE CHEMICALS Apr. 2025

BUASHBERAER

Pd B EEZ AL BINRSWHEN L
SEZRE SR EX R A

FThE!, AR HER', B4, % BT, TR
(1. BERY kb TRk, VIV FEE 330031; 2. ZRAHIT R {2z S5hREps, 006 B52 330013)

FEE: HIOK | REYRSEOE 15 3t Friedel-Crafts SNVl 4 T 3 FiZfLAPLRAY (POP) ik, @iz
FA R Pd G T 2R 7E POP 2Rk I, #4517 3 ML i U Y PA/POP f#4L5 . R FH FTIR \XRD .
XPS. SEM. TEM XMEfbFIMZLRL . S5HFTESIIT T RAE, 55 T AL R 2 2L BT i 7800 Pd/POP ik
FIHAE SR IERERE (REbE ) 5 C R UM A i W SR 2 U RERE (RERE ) RVISEN . 553,
Pd/POP MEALFIZRELM R AT A MALIG I, Rlbeis L R RIRE B B PEIIR 2 99% ;i Ab70) 26 1M FR 3 o e A A0t iy
55 Pd AR HOAHELAE FHBRGR | A AR SRR PR AT, DAATS A 1 g BA il £ (1 ik ) PA/POP-OH-2 FE 34 7
Wa, R R AR EBEMoR B 225 ;. PA/POP-OH-2 &l T2 Mkl (Fmkks. SRk . =Hatnk
Bt ) ShE (HEE, CFE, IENEE. SNBES0E TR ) MBI, HAREERE "™ 57E 34%~99%Z 1],
KR BREZIEVRAY; PdOkMAN; flike; BEME R

fESES: TQ203.2 XHERFRIAEE: A XEHS: 1003-5214 (2025) 04-0858-07

Pd-supported hydroxyl porous organic polymersfor catalysison
dehydrogenation coupling reaction of silanes and alcohols

WANG Herong', LIU Senqun', CHEN Jiayao', LIAO Xingcai',
ZENG Rong”", DING Shunmin'"
(1. School of Chemistry and Chemical Engineering, Nanchang University, Nanchang 330031, Jiangxi, China; 2. School of
Chemistry and Materials Science, East China University of Technology, Nanchang 330013, Jiangxi, China )

Abstract: Three types of Pd/POP catalysts with different hydroxyl mass fractions were prepared by loading
Pd nanoparticles via impregnation and reduction methods onto three porous organic polymer (POP)
supports, which were synthesized from simple Friedel-Crafts reaction of toluene, phenol and hydroquinone,
respectively, and characterized by FTIR, XRD, XPS, SEM and TEM for analyses on composition, structure
and morphology. The effect of surface hydroxyl mass fraction in the Pd/POP catalyst on the
dehydrogenation coupling reaction of dimethyl phenyl silane (silane) with ethanol to form dimethyl phenyl
ethoxysilane (silane) was evaluated. The results showed that the Pd/POP catalyst exhibited good catalytic
activity, silane conversion and silane ether selectivity reached 99%. Higher hydroxyl group mass fraction on
the catalyst surface led to stronger interaction with Pd nanoparticles, and better cyclic stability. When
Pd/POP-OH-2 catalyst prepared with catechol as monomer was recycled 7 times, the silane conversion and
silane ether selectivity did not change significantly. Pd/POP-OH-2 was suitable for the dehydrogenation
coupling reaction of various silanes (phenylsilane, diphenylsilane, triphenylsilane) and alcohols (methanol,
ethanol, n-propanol, isopropanol or n-butanol), with the target silane yield ranging from 34% to 99%.
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Mk 2.0 mmol ZREY, il 5 B AR B (A R AR AR 1
POP-OH-1, 7% 76.1%; HF¥H KM H 2.0 mmol
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Fig. 1 Schematic diagram of synthetic process of Pd/POP catalysts
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Fig.2 FTIR spectra of POP-CH;, POP-OH-1 and POP-OH-2
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Table 1 Mass fraction of C, H and O in supports
Rk T FLTR AN
C H (6]
POP-CH; 90.40 7.98 0 0
POP-OH-1 71.34 4.99 22.80 24.22
POP-OH-2 62.20 443 31.59 33.56

MFE 1 ATLIFE S, POP-CH; ZELL C.H TE
HE; MERIEMSI A, POP-OH-1 fil POP-OH-2
Y C. H BT 20T B, Hrd POP-OH-1 T % 1Y
O Jit 414 22.80% ( F2FE 4140 24.22% ), 1M
POP-OH-2 H1f#) O it 434K 31.59% ( £ Jii=
I 33.56% ) G5 IE— R, 3 R IR T T
il & o
2.1.3 XRD 4#f
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20/°)
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Fig. 3 XRD patterns of supports and catalysts
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T B A e it
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Fig. 4 Water contact angle of Pd/POP-CHj (a), Pd/POP-
OH-1 (b) and Pd/POP-OH-2 (c), as well as their
dispersion in ethanol (d)
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Pd 3d,,*7. BEFE R FMFI A, Pd/POP-OH-1 A
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a, b, c—Pd/POP-CH;3; d. e. f—Pd/POP-OH-1; g. h, i—Pd/POP-OH-2
K5 Pd/POP fEALFIY SEM (a, d. g). TEM K (b, e. h) FIfa# Pd NPs ihite s 4i (e, £, 1)
Fig. 5 SEM images (a, d, g), TEM images (b, e, h) and particle size distribution (c, f, i) of Pd/POP catalysts
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i Pd/POP-OH-1 | Table 2 Results of catalytic dehydrogenative coupling of
w dimethylphenylsilane with ethanol

! : AL Wil/min - X% S/% Y%

600 550 500 450 400 350 300 250 200 % 1440 0 0 0
PN
LM POP-CH, 1440 4 99 4
PUPOP-CH; 34162 e 33646 POP-OH-1 1440 3 99 3

POP-OH-2 1440 5 99 5
Pd/POP-CH; 8 99 99 99
Pd/POP-OH-1 18 99 99 99
Pd/POP-OH-2 26 99 99 99

Pd/POP-OH-2 1 341.28 ‘: 336.04
WW% 1 3 R ALV T . A 1440 min 5, —

F LRI 2 E IR B 7= R A 3%~5%. XER N,

348 346 344 342 340 338 336 334 332

LhirteV BRI ZALIES, TR =8, AT 51 & B, (H Gk

a—XPS fAi; b—Pd 3d ({55 5F XPS HEH PRI, SRR G . T Pd/POP
6 Pd/POP ALY XPS il AL BA S BTG P, 402 Pd/POP-CH,
Fig. 6 XPS spectra of Pd/POP catalysts KV 8 min 5, THHIERMEELR R 99%, )

N2 TTLAE H  FETCALR ST, 200 1440 min - - HI BRI 2 S REBESE R 1 99% (RIF=4 —
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FERIE 2 AR CRILF] 99% ); (HIRFLAY 5] Al
Pd/POP AL TGP W N R, AR ) s g 558 F
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i B BT 7K B 2 114 A4 A 551 B A R T A e o 5 P
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FTRC Ok, SR N AR AL, AR
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AR PR 5 — A &K . PA/POP fEfLFI 5
A SCHR[13-17)4 38 O fE AL AL G AR L, YR
FIEPEAR A
2.3 BIRBREESH

&l 7 24 3 i Pd/POP #ALRI G R e PRI,
Je 37 PA/POP HEALFIME FHRTFIERR 7 U5 #Y XRD 15K
PEIHT G AL Pd A9 T B3R 3.

MIE 7a 0] W, PA/POP-CH; &R 4 i, —H
FERTE AR 7= R B ER 1 URET 1) 99%F% &
81%, TEIF 5 WINFEZ 52%, JEFF 7 IRINEZE 20%,
#0H Pd/POP-CH; AU I ER 2 P — % o

Pd/POP-CH; ¥ 7 IR FT 2k ) Pd FAE IR in
REL(E 7d), Uil PAd NPs %&/E T HI %, H ICP-OES
M g5 5 o, e Pd T BN BT A7) 2.07%
M2 1.10%,

a
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PR Y%
I
=)

3 4 5 6 7
{EZRVS 10/

Pd/POP-CH{EHF /5
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Pd/POP-OH-1

Pd/POP-OH-2{E3 5

Pd/POP-OH-2

10 20 30 40 50 60 70 80

20/(°)

[ 7 Pd/POP-CH;(a), Pd/POP-OH-1(b ), Pd/POP-OH-2
(c) MTEPERE Mk K AR R ET IS AL 77 XRD 1%
(d)
Fig. 7 Cycling stability of Pd/POP-CHj; (a), Pd/POP-OH-1
(b), Pd/POP-OH-2 (c) and XRD patterns of catalysts
before and after cycling (d)

MIE 7b A] 0L, Pd/POP-OH-1 B F®WIFmfaE
P, T SORSEL 2SRRI PRI IR 1 IRET Y
99% 5% EAHFI 7 YR I 73%, 3 HAGH 7 k)5 H XRD
R SRR — (K 7d), XFEEHEET Pd
NPs 5L WA EAER . {3 ICP-OES il 2 25 5 ik
7, H Pd T EON T EEAEAL Y 1.86%FF 2 1.45%,

M 7¢ 7] UL, Pd/POP-OH-2 LA e AE R Ra i 1
PE L RE R, O BRI 2 S S m ot ) P SR R
FRTE 95%L) I, P BV IR HFAE 99% L) |, JF A
PEIR 7 5, H XRD 3% B 5 g A R — 2 (&
7d ); ICP-OES MPELE S B, H Pd i BUNHT
WEAEAL T 2.04%F% 2 2.01%.,

Z5 I, Pd/POP-CH; £ ik bt 5 B S8 6 52 0z
HARSAMEEYE, (AHARRREE—E .
A RIS TR RS2, {2 Pd NPs 5
Fh PR 2 1] A B AR L B A T AR S A R 1

3 EIAHETE AR T Pd A B AR

Table 3 Mass fraction of Pd in catalysts before and after

cycling
Pd T4 H %
Hefe ) P
DEERH PEER 7 K
Pd/POP-CH; 2.07 1.10
Pd/POP-OH-1 1.86 1.45

Pd/POP-OH-2 2.04 2.01
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# 4 3 Pd/POP-OH-2 AL NI 4H S0 A S (B BH Rt — 25 SR TR 4 16 4
2B
’ B3 ik
%4 Pd/POP-OH-2 f AL 4 I3 3 T (1] FUJL (@*ﬂ?ﬁ). Organic silicon industry and itswdeyelopmen} Ain
China[M]. Beijing: Chemical Industry Press (fb2% Tk iRAL),
Table 4 Universality of PA/POP-OH-2 catalyzed substrates 2016.
R..,SiH,+#nR'OH  Pd/POP-OH-2 R.,Si(R'0), + nH, [2] KAMINO B A, BENDER T P. The use of siloxanes, silsesquioxanes,
R » n
and silicones in organic semiconducting materials[J]. Chemical
L\ Vv VI Society Reviews, 2013, 42(12): 5119-5130.
Tk [ VREE°C BEl/min X% S/% Y% [3] SINGH G, SHILPY, SINGH A, et al. Design, synthesis, drug-likeness
and in silico prediction of polycyclic aromatic Schiff base tethered
TR RE R AR 30 26 929 99 99 organosilatranes[J]. Silicon, 2022, 15(2): 867-873.
-~ [4]  YUDF (TFR), HUANG T S (Ei1EkE), WU T Z (IRZ ), et al.
LB 30 26 99 99 99 Preparation and wear resistance property of double crosslinked
- waterproofing agent based on long chain alkane and organicsilicone
IEFRE 30 26 82 81 66 [3]. Fine Chemicals (K5411L T.), 2023, 40(3): 600-607.
ETHE 30 26 64 82 32 [5] CROUCH R D. Recent advances in silyl protection of alcohols[J].
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