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5 2), FERERAEILF] (£ 3 5 3 1 5), Hpkf
) (R 355 4) SR TRMMZRY, HYY
FEAE OV E CGEF>6h), RN REER (>100
C) SFERM, MHLZT, ARFFIF LR 80AP-SIO;
AL ZE R AP T (80 °C ). BG4 s W B
[P (5h) BIATSEER 99% 464K, 899% KR Al
90%EFEME, RILH B2 Re I H

3 g

ARG 8 1 SOAH LRk ) A R R 1R 5 |
A S e A A AL TR AL S, RS T RS
RS A PL-TOHL A AR R S
FEILAT AN PLRIR % Si—OH WTE L. 1EfEk
IE G A 4E A O, & R SE A (75 80AP-
SiO, I B, MILIEENTF 70AP-SiO,
5 90AP-Si0,. AMFFEEE R MK = A mf L
FIFEAE T B .

SEHk:

[1] ALJAMMAL N, LAUWAERT J, BIESEMANS B, et al.
UiO-66 metal-organic frameworks as aldol condensation
catalyst: impact of defects, solvent, functionality on the
catalytic activity and selectivity[J]. Journal of catalysis,
2024, 433:115471.

[2] WANG H M, BING W H, CHEN CY, et al. Geometric
effect promoted hydrotalcites catalysts towards aldol
condensation reaction[J]. Chinese journal of catalysis,
2020, 41(8):1279-1287.

[3] WU L P, MOTEKI T, GOKHALE A A, et al. Production
of fuels and chemicals from biomass: condensation
reactions and beyond[J]. Chem, 2016, 1(1):32-58.

[4] YANG WL, LIRJ, YAN X X, et al. Developmental and
neurotoxic effects of dimethyl phthalate on zebrafish
embryos and larvae[J]. Aquatic toxicology, 2025, 279:
107241.

[5] JEONG H J, MOHAN H, LIM J M, et al. Enhanced
degradation of dibutyl phthalate using a synthetic mixed
bacterial system and its impact on environmental toxicity
[J]. Science of the total environment, 2025, 967:178796.

[6] DING J, YIN H S, LI X X, et al. Room-temperature
induction of oxygen vacancies in BiFe,Oy for PMS
activation and dimethyl phthalate degradation: mechanism
and toxicity evaluation[J]. Chemical engineering journal,
2025, 507:160497.

[7] HUANG H, ZHANG X Y, CHEN T L, et al
Biodegradation of structurally diverse phthalate esters by
a newly identified esterase with catalytic activity toward
di(2-ethylhexyl) phthalate[J]. Journal of agricultural and
food chemistry, 2019, 67(31):8548-8558.

[8] HARMON J P, OTTER R. Green chemistry and the
search for new plasticizers[J]. ACS sustainable chemistry &
engineering, 2018, 6(2):2078-2085.

[9] CALLEJAS-MARTOS S, FERNANDEZ-ARRIBAS J,
ELJARRAT E. Comprehensive risk assessment of the
inhalation of plasticizers from the use of face masks[J].
Environment international, 2024, 190:108903.

[10] EALES J, BETHEL A, GALLOWAY T, et al. Human
health impacts of exposure to phthalate plasticizers: an
overview of reviews[J]. Environment international, 2022,
158:106903.

[11] AN H L, WANG D, MIAO S8, et al. Preparation of Ni-IL/
SiO, and its catalytic performance for one-pot sequential
synthesis of 2-propylheptanol from n-valeraldehyde[J].
RSC advances, 2020, 10(47):28100- 28105.

[12] ZHAO L L, AN H L, ZHAO X Q, et al. TiO,-catalyzed



66 TR (PR ) 2025

n-valeraldehyde self-condensation reaction mechanism
and kinetics[J]. ACS catalysis, 2017, 7(7):4451-4461.

[13] YU H, WANG R, ZHAO X H, et al. Preparation of ZrO,
via a microwave-assisted hydrothermal method and its
catalytic performance for n-pentanal self-condensation[J].
New journal of chemistry, 2023, 47(6):2747-2757.

[14] JOSE T, SUDHEESH N, SHUKLA R S. Amino
functionalized chitosan as a catalyst for selective
solvent-free self-condensation of linear aldehydes[J].
Journal of molecular catalysis A: chemical, 2010,
333(1/2):158-166.

[15] YE Y C, ZHANG Q H, WENG G Y, et al. NH,-SiO»-
C;H; with abundant surface groups exposure as the
efficient catalyst for the Aldol condensation reaction[J].
Applied surface science, 2023, 607:154942.

[16] CHEN J Y, BRUNELLI N A. Investigating the impact of
microporosity of aminosilica catalysts in aldol
condensation reactions for biomass upgrading of
5-hydroxymethylfurfural and furfuraldehyde to fuels[J].
Energy & fuels, 2021, 35(18):14885-14893.

[17] ZHANG Y, SHEN Q Q, LI X S, et al. Facile synthesis of
ternary flexible silica aerogels with coarsened skeleton
for oil-water separation[J]. RSC advances, 2020, 10(69):
42297-42304.

[18]QIU Z H, LU D J, YU K F, et al. Large-capacity

adsorption of the organic dye with surface-silanol-rich

hybrid nano silica[J]. Chemical physics letters, 2024, 847:

141356.

[191 YANG Y Y, QIU Z H, WENG G Y, et al. Synthesis of
amphiphilic silica with high exposure of surface groups
and its utilization in efficient removal of organic dyes
from aqueous solution[J]. Advanced functional materials,
2022, 32(2):2106828.

[20] CUETO-DIAZ E J, SUAREZ-GARCIA F, GALVEZ-
MARTINEZ S, et al. CO, adsorption capacities of
amine-functionalized microporous silica nanoparticles[J].
Reactive and functional polymers, 2022, 170:105100.

[21] ANYANWU J T, WANG Y R, YANG R T. Tunable amine
loading of amine grafted mesoporous silica grafted at
room temperature: applications for CO, capture[J].
Chemical engineering science, 2022, 254:117626.

[22] fL= PR, BRI RE 2 WA ] o . FRAE St
ACIE W B 465 RN ERE[D]. RHE: b Tl K3,
2018.

[23] Ekh, 4201, AR, 45 MIL-100(Fe)fE b iE fEE A
Y5-E RN EBET]. KA T, 2019, 36(1):94-100.

[24] o6, 0B TR L B T WAHE AL IE T RE B 4 45 -
IS AR ST D). Kot b Tk R, 2019.
[25] sk—97, Fhadtl, X4AE, 45 CaTiOs fiEfLIEIREFERE

4 SOV PEREL]. ASAI4E T, 2023, 40(9):2080-2088.

[26] ZHAO L L, AN H L, ZHAO X Q, et al. TiO,-catalyzed
n-valeraldehyde self-condensation to 2-propyl-2-heptenal:
acid catalysis or base catalysis?[J]. Industrial & engineering
chemistry research, 2016, 55(48):12326-12333.

High-amine-content organic-inorganic hybrid Si0, materials catalyzing
n-pentanal self-condensation

ZHANG Meifang, PAN Zhijiao, WANG Zhenyun, CHEN Chen
(' School of Materials Science and Chemical Engineering, Ningbo University, Ningbo 315211, China )

Abstract: This study successfully synthesized a series of organic-inorganic hybrid silica catalysts with high
amino group mole fraction (70%-90%) via the reversed-phase microemulsion method. These materials possess
abundant surface amino groups acting as basic catalytic sites, enabling them to demonstrate excellent catalytic
activity in base-catalyzed aldol condensation reactions. Among them, 80AP-SiO, exhibited the highest catalytic
activity. Using 80AP-SiO, as the catalyst for the self-condensation of n-pentanal at 80 °C, a high n-pentanal
conversion of 99% and a high selectivity of 90% for the main product, i.e. 2-propyl-2-heptenal (2-PHEA), were
achieved within 5 hours.

Keywords: organic-inorganic hybrid silica; high amino content; catalysis; n-pentanal self-condensation

(AR 3 #)



