Korean Chem. Eng. Res., 60(3), 407-413 (2022)
https://doi.org/10.9713/kcer.2022.60.3.407
PISSN 0304-128X, EISSN 2233-9558

oIr

A 24 Sclotl St 71gke] 37| =F0| 7ts¢t ofl 7is=t

Alg|F} LRI §HA
USY - UThY -0l
Fatish Fieie; ggststyett

34134 tiFFA 797 disk= 99
(2022 28 1Y A4, 20224 29 242 AR e, 2022 22 28U A=)

Synthesis of Size Controllable Amine-Functionalized Silica Nanoparticles
Based on Biomimetic Polyamine Complex

Dong-Yeong Kim, Jae Seong Kim and Chang-Soo Lee*
Department of Chemical Engineering and Applied Chemistry, Chungnam National University

99 Daehak-ro, Yuseong-gu, Daejeon, 34134, Korea
(Received 11 February 2022; Received in revised from 24 February 2022; Accepted 28 February 2022)

(@] oF
pel =

£ A= AA 2 Egloly HEAIE B8l oY 15 (amine group)©] 7153} FlaL 7] 2Fo] 7HAE A} L
wQiAke] §d el et Aojot. WA, Aelrt ez $/dsk] $lgt FHlEA polyallylamine hydrochloride
(PAH)%} Q1A ©]2(phosphate ion)C. 2 % Z2lolyl Uie B3AIE FASIITE B3A12] 2171 pH e wet
71 2Ql 2Ao] 718t Ui BakAlol] EA18h= PAH F49] tho] olnl 1552 silicic acid®] %3H(condensation)
S-S Sl 3h, A9 o R At e dAkE wlg- wE ARRE el 393 = Stk HF A0 pH 21e] wEt
theFst 2715 Zhe AEgt v AEE skttt et viesdzte] 343 #gel SHl oJ3ks sk PAHE W
eQARe] Ui 2 spre] 3= A 3 Aeig esiRke] e ofnl TEo] eEEnh 2 S Ag iesd
2te] dnk Faside] FAlel o] FojA|H, ofnl 1Fe] Q1 AEgt eI thekst A7|E 2dste] &4
S ¢ QUTh HEH R, 2 AFeA] AT W2 7]E] M BT 238t 27 ShollA] WAz Ujef] gt
WeAbE 38 4 9l A 38t W Als FofollA] A4Eo WA g8E 4 it

Abstract — This study demonstrates a method for synthesis of amine functionalized and easily size controllable silica
nanoparticles through biomimetic polyamine complex. First, we generate a polyamine nanocomplex composed of
polyallylamine hydrochloride (PAH) and phosphate ion (pi) to synthesize silica nanoparticles. The size of polyamine
nanocomplex is reversibly adjusted within the range of about 50 to 300 nm according to the pH conditions. Amine groups
of the PAH in the nanocomplex catalyzes the condensation reaction of silicic acid. As a results, silica nanoparticles are
synthesized based on nanocomplex in a very short time. Finally, we synthesize silica nanoparticles with various sizes
according to the pH conditions. In the process of synthesizing silica nanoparticles, polyamine chains that act as catalysts
are incorporated into the inside and surface of the particles, subsequently, amine groups are exposed on the surface of
silica nanoparticles. As a results, the synthesis and surface modification of silica nanoparticles are performed simultaneously,
and the silica nanoparticles introduced with amine groups can be easily synthesized by adjusting the sizes of the silica
nanoparticles. Finally, we demonstrate the synthesis of functional silica nanoparticles in a short time under milder
conditions than the conventional synthetic method. Furthermore, this method can be applicable to bioengineering and
materials fields.
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Fig. 1. The schematic illustration of synthesis for amine functional-
ized silica nanoparticles. (A) Generation of PAH-phosphate ion
nano complex. (B) Control of nano complex size by manipu-
lating of pH conditions. (C) Synthesis of silica nanoparticles.
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Fig. 2. Generation of PAH-pi nano complex according to pH conditions. Degree of dissociation of (A) amine group and (B) phosphate ion in
aqueous solution. (C) Zeta potential of Polyallylamine hydrochloride (PAH) and PAH-pi nano complex. (D) Size analysis of PAH-pi

nano complex by DLS measurement.
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£ 250 | A ,}\ ;} Fig. 4= 7t pH 3300 wheh @408 &2 obd 7]k vhie 53 o]
I [ o\ [
g ;A i\ / silicic acid % H7kelo] F4% Ael7t theglate] 1} @ul 7 of
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Fig. 5. Analysis of physicochemical characterization of silica nanoparti-
cles. (A) FT-IR spectra of amine functionalized silica nanoparti-
cles and Polyallylamine hydrochloride (PAH), (B) TGA analysis
of amine factionalized silica nanoparticles.
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