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Synthesis and Assembly of Spindle-shaped Silica Colloidal Particles

CHEN Guangdong™, BAO Songxu®, NIE Zhihong’, LIU Kun’, YANG Yang”
(1. School of Materials Science and Engineering, Jilin Jianzhu University, Changchun 130118, China;
2. State Key Laboratory of Supramolecular Structure and Materials, College of Chemistry,

Jilin University , Changchun 130012, China;

3. State Key Laboratory of Molecular Engineering of Polymers, Department of Macromolecular Science ,
Fudan University, Shanghai 200438, China)

Abstract  Anisotropic spindle-shaped silica colloidal particles(SSCPs) with tunable geometrical parameters and sizes
were synthesized via a segmented, temperature-controlled microemulsion method. Scanning electron microscopy
(SEM) characterization results showed that the SSCPs possess a uniform spindle-like morphology with a thicker
middle segment and two thinner ends. Using these SSCPs as building blocks, colloidal liquid crystals were assembled
driven by shape entropy via gravity sedimentation in a capillary. The resulting structures included smectic, nematic,
and isotropic phases. A phase diagram was constructed with the total length (L) of SSCPs as the horizontal axis and
the end-to-center diameter ratio (D./D,) as the vertical axis. When L>1.31 wm and D /D <0.72, the formation of the
smectic phase was effectively suppressed, and the nematic phase was preferentially induced.
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PE, Bz R T BoRY L BRI SRR . SR, RS PRSI OT R RUN, MELLTE R
e T BT AL, BRI T X A A S S AR LR P R AJE /R AR, AT AV S — BB 2%
PR IR R Z )12 . SRS TSI TH L, AR R R, Al s
SEI R AT AR, DT A B T AR AT VR AR A B SO O TR, R AT DARR R R BT R
TR, FOIB SRS RoSE o]l 2 0 4% 1 2 06 JRE S R SR AR 2% 7 280 TR A R B AL T B AR
Kooij & Hf3H T 2243 ek = KAR A0 75 A1 R R IR AR 7 B v JEE 338 A vk 20 25 T S TS P A L R AH D )
HUAH . Pol S5 HEALRET KA e AR 22 G0 FR WL 2] 1 XU 1ia) £ AR RIDSU AT S A, DS B6 2 1 IESE T
SSUHHAF (1 RS T AL 25 5 . Kuijk 25 TF & T — R b4y, A T Bl — A b EEebR i 1A
W, R AR VR R AR L, RIS T 2R SR . SRR AR, AT
SPRIAR, (BT A B AR T X LR RIS T B /KT B 57 AR A, R T 2 AR P Y B 7Y
FEICAR R, ARG IR H 5 T EAUE | SN A LRI AR TR, TR T XA | A
FERVRNTE A SRR R 2 | IF R AR T 5 JE FNE AR T 60 AT 4 26 4 SR TP A AL AR AR
Wkt , 80 T 3TN RO A SR UL e I, & 245 10 Sk A LRI Ak 1, MY
A B TFARZHTR A , 11 HXT T8 78 W AR AR AL A B P,

FLERR R RE AR T2 4L BT B A AR, RE A2 A2 B2 BRSSO st A 1o ek R
&, TR T A E AR S AR A 1 FH 20 M2 T, iR AR B LA S5 H , TR
MR AREE R HERYT , DTATAT R 30T it A %) 2B A2 1 I SAH TR B . #E BRI — S RE IR (AR T
B BT SRR, ASCGHE 1 Bes IR EFLIRE A L T — R RS R U S50 0 25 Y — A L kE
JEE AR T~ (SSCPs) , FEAIFSE T HW S A4 T4 . N Scheme 1 BT/, PSR BE (L, L,) B K
JE (L) WY 38 o 2 17 B TR it 4, ] sl e 80 0 A R T iRt~k - o5 T ) DT 52 B %) v B gy e .
(D) Ml HA2 (D,, D=D.=D,,) ¥l . LhR SN EA AR RASF LS50 SSCPs 4 %6 5600,
) B A E T DR S B IR O 3 (0 412, TB U AR T &, RS 3] SSCPs 2H 26 T8 Bl T A 45 07
#H (Isotropic ) . I & AH (Smectic ) 1] 51 4 (Nematic ) A ARV At . 38 1k 22 AR T BT T SSCPs 24 (A 5
AT i A 2 1) S AH B 55 AR AL, &I T SSCPs FITR Al AR AT Ay 28 i I SC 5 LA S 80, BIVSSCPs
FOUGTER AR T B EAR Y HUAEL (D J/D,) A SSCPs FE A A B (L), 11 o B e A7 B X AR A5 i AR
2. ML>1.31 pm HD/D, < 0. 721F, S AERAA RS, A& 000 TR 504 .z AR
T RSGPRRIE LSO AR T R AT, A SR TR ) SRR AR T i R L

. ‘;5;
EH R H L

Smectic phase Spindle-shaped colloidal particle Nematic phase

Scheme 1 Assembly of spindle-shaped silica colloidal particles(SSCPs)
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K (BT 5341 28. 0%~30. 0% ) F s ik g U £ 1 (46 EE 98% , TEOS) W [ 2 [F] Sigma-Aldrich 24 v 5 oK
(AL 99. 5% ) A1 H 3L A (DMSO, 4lJ% 99. 9%) W A F ik T AR B AR AE] . 55
TR HLFH 2R A 18, 2 MQ - em.

HITACHI H-800 %437 % 5 4794 oy, 7 . 48048 (SEM, H A H 3723 5]) 5 Olympus BX51 50 > i 33
(POM, HZSBEAREErRF ) 5 Zetasizer Nano SO0 B 20 K7 B 437 20 A AN (B ) 5 SR SCUAES A PR
Al) 3 H3-20K %Y 5 i 15 3 B O ML (K VD ] AR 15 8 PR FD) 5 Eppendorf F-45-12-11 7 5 3 5 5 B 0
ML E AR F]).

1.2 REiEE

12.1 ZFEMIRERFNE KRG St G RN R 2L AR A 27k G . MRy S a4
YEANF < K 500 mg PVP A% T 5. 0 mL IE G EEH GEE A R ) , ARIKIA 140 L 25 857K . 500 wLJE/K
L. 50 pL 0. 18 mol/L AT RN /K AN 100 WL 27K , Z8 iR BEHR 7 1 min 5§ E 10 min ARSI,
Bt 5 A 50 wL TEOS, FE#E47 1 min. PG % SSCP-3 4 4] (L,,=0. 57 pm, L=0.28 pm, L,=0.56 pum,
L=L, + L +L,=1.41 pm, D,=0.22 um, D=0.28 wm), FE5] GRS WK IKAE 40 CF M 0.5 h, F
0 ‘CF W 0.5h, F40 ‘CFN 1.5 h, 32 HER™ ). il #55 20K A (40~150 wL) LUK 25 BirBe
B4 S I s TR RIS , ] A3 s thl 9 T 1~ AN [] X B A I B RN EAR HE , AT 3R AS ) LA] 25000 R <l i
) SSCPs.

At B . S SSCPs LA 8000xg (RCF) 5.0 10 min Y AETLIE , LAJC/K ZEEAE 4000Xg 250> 10 min [

S IETRDUTE 3K, Fa 48 1500%g 5.0 10 min Z5BR AR T FIH & 495 .
122 Y@MRERETIHEE BHRAUT B SSCPs 0 HL T DMSO Bl AT 4> 802 20% 1943 HOK .
Bt , B O o3 A — S AT A B S B AN (AME 1.9 mm, NAE 1.3 mm, £ 100 mm, Stuart) F1
LB (55 2.0 mm., NS 0.2 mm., BEJE 0. 14 mm., K54 50 mm, VitroCom) 1, F:38 320 45 filt & A
BT O . BANE R ECE , (FSSCPs7EE IEA F Wi, 2930 d)5, JHaBAE , fFEEH%S
S NG TR, B i ZARAR AR S T B AR 2R AE

2 GRS

21 ERMBEHIT RIS MK

T HBOA [RIE AR S H) SSCPs 76375 T [0 S AR S 2 B 9 1 FH 225, SR 23 BER I LI
BRI T — RS HA R F L(0. 74~2. 63 wm) R D,/D, (0. 58~0. 80) I SSCPs (&1 1). SSCPs {45 i LA
FLFRAR SRR AR A A 4 e A DA R, 3 e 90 a7 S B 8 (P - 29 TR R R R, A
T R A i LT ) RS 55 2Tk g, i T el R 5 LR e A T AR, SIS SSCPs rh BEAN

Fig.1 SEM images of SSCP-1(A), SSCP-2(B), SSCP-3(C), SSCP-4(D), SSCP-5(E), SSCP-6(F),
SSCP-7(G) and SSCP-8(H)

Chem. J. Chinese Universities, 2026, 47(2), 20250336 20250336(71/75)



Jd EF 2K g %R
Eu CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

il HAR RS, ARAF YRR GEH . B BE R T EARIRN , VA B HE K, RO #E H.
TR . AST)IR E A B g Bsf i) ] i — 20 ke vh B Al s A B A0 e . AES ORI : 20Kk
F ] SSCPs H B 4% D, (200~450 nm) , AP Z/K A FE K, TEOS K s R At , DR s 2
R (25~60 °C) FE 451 SSCPs Ui %8 4% D, (150~350 nm ) , Yk & T i i LB A ARt /), S 300 3
BAR D, 8/ S R B ] e 5E SSCPs (A 8 L(0. 74~2. 63 wm) , SR B IFRI K , LR 5 145 W B
F14) J52 IO B R P 3 T DU R 4 v B A P A7 8, e A7 i e sl ) WAy . AN]SRz 3 B2 (4~60 °C) 520K
WP (2. 79~4. 32 mol/L) 514, L5 D RSV B A1 1) 2R e A8 A AR DL An 1 S1CRAR SCZHRHE B s . Lt
i () R R A R, T PR KO TS, LIRS, iR B Gtk RIS L B 20K vk B3 i
/0N . D TS ) R R X A B, i I R v a0 T B 2K U B RS NI K . ZR S TR Kk
B, ROV EE RS N ], AT A B8R SRR T AR S EORR ST 2 T8 g SSCPs 4 178 (SSCP-1~SSCP-8).
O HES T3 1, SSCP-1~SSCP-8 TES AN — AN 1 iR, Hodr, B 1(A)~(C) A LA D/D A
[ fRE 1, B 1(D)~(F) R D/D AR LA AR . B 1(G) A1 (H) A D/D AR RIS FRARL T T B
i IS e T VAR v Y [ /N A R DY = O T ey A O S A N L I St = L R PR a2 SIPE Lo
I B0 R BR TR R RS Rk T, 28 1 AR IR FH I L S B05 3L F 24015 J5 19 SSCPs.

Table 1 Parameters of SSCPs with different L or D/D_*

Sample D /um D /pm DD, L,,/pm L,/pm L /pm L/pm

SSCP-1 0.22+0.03 0.28+0.03 0.79+0.08 0.31+0.05 0.53+0.05 0.51+0.07 1.35+0.11
SSCP-2 0.24+0.04 0.38+0.04 0.64+0.07 0.76+0.07 0.35+0.04 0.33+0.08 1.44+0.15
SSCP-3 0.20+0.04 0.33+0.04 0.61+0.07 0.61+0.07 0.54+0.06 0.26+0.03 1.41+0.13
SSCp-4 0.21+0.03 0.29+0.03 0.72+0.08 0.46+0.05 1.06+0.07 0.49+0.04 2.01+0.11
SSCP-5 0.26+0.05 0.36+0.06 0.72+0.07 0.50+0.07 0.91+0.07 0.33+0.04 1.74+0.14
SSCP-6 0.21+0.04 0.29+0.04 0.72+0.07 0.62+0.07 0.26+0.04 0.33+0.04 1.21+0.10
SSCP-7 0.20+0.03 0.26+0.03 0.78+0.08 0.60+0.08 0.64+0.07 0.67+0.05 1.91+0.13
SSCP-8 0.34+0.06 0.49+0.06 0.70+0.06 0.67+0.08 0.64+0.06 0.38+0.05 1.69+0.14

* Data are based on measurements of 100 particles per sample.

2.2 SHEFERMH FHIHESR

KBNS E ) DURTE XS SSCPs HEA T2 . 446l 45 11 SSCPs i 743 T DMSO Hr , B il (AR 4344
2418 20% AL T~ 730 B, SSCPs 7E DMSO H1 1 Zeta Hi A7 f2-48. 3 mV (K S2, WA T H{EH), 6t
R 22 [ A TR R ) i e HE R, A AR FHARRIE S B i HE R e 2 0 Bk T IR R, FERA AN S &
AT AR . B R BRI AT Al e T RN B S A N, SRS I BRI AR A A
TSR E MBS E . EUIB R, BAMBIEECE SSCPs M AW T+, HF SSCPs
B MR DI JLATAE , TEIR R SK 30 T S ok 7T A e HES . X6 T P i BOAS X FR Y SSCPs
(SSCP-1~SSCP-6) AT Ty, Bt LA D /D [7EAY, 3 i ZHTE i 3 Fh A2 Y, Hirh SSCP-1 1 SSCP-4
A3 AT e A AR LB 2(A) F(D) ], SSCP-2 1 SSCP-5 43 B4 27 i i) 51 AR & 2(B) FI(E) ], SSCP-3
FISSCP-6 43 L0 ETE T AH L 2 (COFI(F) 1.

B2 JE/R T 3 S8 AR 0 AR 3 2 LA B B T e A R B HES O 2. xR AR Y
SSCPs, 4 B 5ot B4R 25 S/ Nk (W SSCP-1, D/D,=0. 79, L=1. 35 wm), HIEH B30 T HEE
WAL T, BT F I A HEB TR RS, i i i A B 2(A) | Hi P B
PR ZERE , R B HES R AN B Al AR HES AT R 5 (B S3, WA REE B, Bl Hh B 5 i B
75 F 48K (41 SSCP-2, D/D=0. 64, L=1. 44 wm), SSCPs H B ™ E 4548 7= Ak B 2 7 BE, ik 17k 1 JH
HIRHERR, K- i LA R ARES O 7 2CHES , ACREEIR A — 3, TR s S AH [ 1 2(B) 1. Bl b Bt
BB AR 25 SR HE— 8 R (W1 SSCP-3, D/D.=0. 61, L=1.41 pm) , SSCPs ()45 ] Stk ik — A Jki /)
ARV EA PR, RRAR LRI s B A 7 [ 2(C) . X022 S80It B R B KW
SSCPs(UNSSCP-4, D/D,=0.72, L=2.01 wm), JEAR I UF EIE AR T, 17 2 B, i)+
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Fig.2 SEM images of SSCP-1: smectic(A), SSCP-2: nematic(B), SSCP-3: isotropic(C),
SSCP-4: smectic(D), SSCP-5: nematic(E), SSCP-6: isotropic(F)
JAIEIEHES, HETE R T HA 2 REEH BT AL 2(D) 1. X022 800N, (B B IE 9 SSCPs
(WNSSCP-5, D/D=0.72, L=1.74 pm) , KL FORAFICE] —F, HICEIE UZ ARG M , TR T 19 51 A 25
FlE2(E) . XFFHIA02 58500, K A% 1Y SSCPs (41 SSCP-6, D/D,=0.72, L=1.21 pm), ki 1Bk
TCH i — B T B P, AR BLICPARLE 2(F) ], I, SSCP-15 SSCP-4 [ D /D AR F L 25 5
AHZEEE /N, ) 2 AR MERL AT A7 T8 WU FAH 5 SSCP-2 5 SSCP-5 [K D./D AN T L 22 A 224K, (it iz
BELA1 i 2 AR HE BT 2 10) S AH 5 SSCP-3 55 SSCP-6 M IR 45 i) S5 Mk /A< BEEAS J2 X L 7 A T HE B 1 22 8
&1 3 it — 2P R T B BT SSCPs R S A IS0 . AEASXTRRRLFrh, 2 v B 5 i LA 25 S A

200 pm

Fig.3 Influence of the position of middle segment on liquid crystal phase
SEM(A, B) and POM(C, D) images of SSCP-7: symmetric, smectic(A, C) and SSCP-8: symmetric, nematic(B, D). The insets
in (A) and (B) show schematic illustrations of the particle arrangements in the smectic and nematic phases , respectively, while

the insets in (C) and (D) display magnified views of the corresponding polarized optical textures.
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/NEFLEI2(A ), SSCP-1], SSCPs R FHMATE SR B #E, 2 TR FH MR, DT 2R A A . T 24
HAZSBARE[E2(B), SSCP-2], JEFHHES 32 2 B E i, R T AR — 80 b R4S HE
G, Fe L R AR . YRRk IR R R . 2 B 2% S5 AN (SSCP-7, D/D=0. 78, L=1.91
wm) , SSCPsFiFHT ELRLE M, SEM B R30I B A 2R HEAR LS [ 3(A) |, A A fi ' 8.l e
R 2ERORMER Bsf 1T LA 21 R A M A 0548, X RMFRIES U i — RS T3 s R s LIE1 3(C) 1. i
M H 22 F ORI (SSCP-8, D/D.=0.70, L=1.69 wm) , Hi1J8 8 HE e 10l , % i 72 a1 51 A1
[E3(B) |, Hfwtm s & [ & 3(D) 1R T AR asZ 8 . BRI, JeiE X FREA X FR SSCPs,
B R AR - H BT Ak ) LA B X A S TR s il A B, YR AR ARA T R K B L RN EAR HE DD,
e
2.3 GERRERTFIESE IR

14 SSCPs YL B 45 S LA LA D /D A e b 2 il AR (1] 4 B S4 R ST, WA SCERHER). 45
R, MK LR (L < 1.31 um) , RV B 5o i B 22 80N, R E LR A 17 AH
I A B Y TG P 2 B R T G AR i AR T 0.80 —<

LA B TR R4 (P55 . DA H (5 O Fid
£, B LEIN (L > 130 g R PTTRN T  aiopie
BT DJ/D,: 24 D/D,>0. 720, F B S5 EAR < 070F o @ \‘ e
ZREUN, TRV HREEEEE, 5 REEHE 2 \ % i &
IPFRMITR T4 D0<0. 720, B O g &

(R SRR, SSCPs BRI BT RAOT A oe0® @ O "

i g e A e a0V [ 2 (B) M(E) L B 3(B) & . . ; .

P S6, LA SCICHEE LT, SR T A 2 4k R s
SEBUHES 43 B AR HFBR AR 9 3) T Fig. 4 Phase diagram of SSCPs based on experimental
SSCPs ZH I B RS e i Il 1A . Bl v B 5 i results

ﬁﬁé%ﬁ“ E"Jﬂ:#}/{‘*ij{ ’ HQMK*Q%?E %:‘ E]/‘J %%ﬁﬂ%% Inset: schematic illustrations of the particle arrangements
fRrAE X [] 1AH B 75 i hn 2 2% in the smectic, nematic and isotropic phases , respectively.
3 & it

TEEERR T A RE R AR T A SEmt I, ST T B IR AL, BB T A SSCPs. it
BYNE T UL IALRE, A5 T A . AR AR, LA f T B s Xk TR SR AR 45
FaEAT T RAE . FEF LA DD, EE AL b it T AHE, AHEISS SRR, 240> 1.31 pm H.D/D, <0.72
i, SSCPs B 5y il 30 ity 2 R ME R 75 S () SUAH AT 1. P BB A4S B8 X6 YA b 225 A PR S A /0N, TR A
150 T LA DD, FATEAR S B E . AT 38 5 T 4 4 S T G I I (AR - 22 Tl A A A4
FURAHELAS , F 5 T 4510 St AR RE AR TR 3R, I 100 SRR S AR B RS SR AL T 0T
T
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