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The effect of temperature on the ordered thin film of silica nanoparticles was studied by LB-BAM

combination technique
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[ Abstract] In this paper, Langmuir-Blodgett (LB) technique was combined with Brewster Angle Microscopy
(BAM) technique to systematically study the effect of temperature on the formation of ordered thin films of silica
nanoparticles at the air-water interface. The experimental results show that under the condition of 10-20°C, the
isothermal curve of silica monolayer film changes little, the film remains solid in a large surface pressure range, and
the nanoparticles are arranged tightly and orderly. When the temperature is higher than 25°C, the isothermal curve
changes significantly, the transition process from gas phase to liquid phase slows down, and the stacking behavior of
nanoparticles is affected. Under the condition of 25°C, when the surface pressure is 36 and 40mN/m, the monolayer
film is relatively flat, while bright and dark areas appear at lower pressures, indicating that the liquid expansion phase
and the condensed phase coexist. When the temperature rises to 45°C, phase separation and nanoparticle
agglomeration occur in the monolayer film, and the uniformity is significantly reduced. Studies have shown that
when the compression rate is 7 mm/min and the temperature is controlled below 20°C, it is conducive to the formation
of a uniform and ordered silica nanoparticle film. This study provides important guidance for optimizing the LB
technology preparation process and has reference significance for exploring new ordered film structures and their
applications under temperature control.

[ Keywords] LB technology; BAM technology; Ordered film; Silica

EIEE: EH, BIEER, WA MR APREIE DO

- 88 -


https://jer.oajrc.org/

XL W, £

F ] LB-BAM Bk 5 AHIE 783 B0 — S ARG OR UL A e T 1) 52 )

1515

AT IO R MR ) R TS PR
SRR DA S AR sE M, AEARRL U R A T2 )
N2 M o ARG R RN T B Fr T, )
N T T AR RS DU T AR SR,
RAEFA R G AR R

Langmuir-Blodgett (LB) 57 AR Bl —fifil] £ 5. )2
B Z BERNA RO, HiE eSSk ETR
HCH P HEFI R 20T 1, 55 L B [ A LS |,
M 3R 43 15 BT & (1) L 25 #4 . Brewster Angle
Microscopy (BAM) $3 AR & — Py 70 #2381 2R 1
I3 HT TR, R S IR b W 5 T B P O T B R 2544
454 LB A BAM $AR, 7] LLSRHINT — S A0 EG KR
KL AR RAEFPERE DL, JFR = e
A FFUTARAE BGO 45 @ R THI, 1G5 S R ) D' B Ak
2, IR RE . IX PP EAR B L SR %
L BT REUORRE, R, AR, AR
e v ARG IR ER (1) S B B FH TR AT HE T

£ LB HARPUR A, B Z N2
€ AR AE 2SS -/K SRR BOA T  JEE 1) |
Bk B AT N EZER R —. B
FLRM, AR 2 3 e G KR AE 28 < -7K
FriE BB AT D9 HEFTT SCRL S R AR E 1B
DRI, A i B — S AT A e S JEE T Js PR 2
MR M TP LB BRGl% LERA
& E .

NTHEZR LB BRVIRA 8 A R )
FETLE, ARSCKH LB B50RAN BAM HARERH], R4t

FKIMES (mN/m

AIF 50 3 B 23 S - /K S T A ARG R Bk
MR o XA BT IR N S AR R P 0T G K RO 57
AT AEAERNLE], T — U T 2R EEORTE
Fo

2 KWMREREE

2.1 FIkat

150 = B AR = 7 T A | A MR S SR |
Sigma A AR, =AUKFHA milliq plus #7K RSt

(18.2 MQ/cm, Millipore, USA) %,

22 1B 5 BAM B H %%

FIFH LB BRAXAE 2SS -/K ST 4 R i K M — 48
ARG RIORL, 38 3 S T A 0 o ) R 4, T B
B EEgmd e 5 2 S i St 2, o
Yy R R A ABAT A 75 LB SEIGHT, $ERT{ES S
KGR I TN EHR

NS AAT B e A NS B S SR TR,
SR 58 R HIG SO GES . S i, A
FA AT & R A A S WA R BE . SR SR T
JE SRS R AR K S B REEA, 55iRh
G AT AH LIS IE

3 FERE57H

3.1 AR ZIEA SR G X AT

MRAE AT SARE T 2250, 24 0 P 1 e 4 0 SR T
25mm/min, ZEAMEEREEAIRER T, N T
R IC IR R — A AR B R IRAE S SOk ST T R
AR, e B R 4A i 2204 7Tmm/min,
FEAFNRFE A A R E IR SRR M 42,
K1 .

T T T T T T T
0 50 100 150

T T T T T T
200 250 300 350

PEI5FIIRR (A

Bl AEEETHZSNHEFEHLZ (Tmm/min)



XL W, £

F ] LB-BAM Bk 5 AHIE 783 B0 — S ARG OR UL A e T 1) 52 )

BT AT, 10-20°CHKHE T, AR E
JEE R S5 M 26 AR AN R, H 2SR & T 25°CHY, 4§
TR A B Rk, ISR AR R FE AR 4
18, EIEIRRINE SN, BEE R EMRIESG, P35
F A AR IR . X AT 82 TR A
YR RURLAE 2= S -/K S R 2k — e s . 7
BARIRE MR, AR Bk A 2 T DLLE 58K
(1% 2 T 7390 B A DR [ A

32 ZAMER ZREG BAM 5B L

2 8 R R 4 R N Tmm/min [, FF BAM
FARMM T 20°C.  25°CHI 45°CHIANFRHIE ST
1) A AR

B 2 s a] g, 2SR -k S S
(1) R 4639 2 O Tmmy/min IRF, - SEZRE G0 380 ) B2 e L
HRCNI ), X5 B2 BRERTH e -3 0) T TR AL h 28
SERATT . HEMG 5 s 2 R AR 5, 1t
B L2 L IR KRR RS R B e, BN

MBE 3 s, B4R N Tmm/min, RN
25°CIH, RIS /18 36 F1 40mN/m I, B2 fE AR X
HAh R E AT, BoATHE, T 36mN/m i,
FLZ I LA BT 1 X AR S A S X, 1K
M TEZIRE T, HZEEE 36mN/m k7] Fikit
THAHY TRAH ARG R A A AR I A . BAM RS
ARG 25 SR 5 B 2 PR AR T 2 e BT 45 TR — 3

B 2 EZEF Tmm/min, 2ER 20°CEET, REAEIHA 20mN/m (A) , 24mN/m (B) , 28mN/m (C) , 32mN/m
(D) , 36mN/m (E) , 40mN/m (F) RS KE@mEMN_—SHERTFHEER

B3 EREHN Tmm/min, BER25°CEHET, REEIHN 20mN/m (A) , 24mN/m (B) , 28mN/m (C) , 32mN/m
(D) , 36mN/m (E) , 40mN/m (F) BR=SkEmEN_SERFHEER



XL W, £

HI ] LB-BAM B 5 ARBIE 78I B0 — S ARG R IR A e T 1) 52 )

B 4 EREFEH Tmm/min, BER45°CEHET, REEIH20mN/m (A) , 24mN/m (B) , 28mN/m (C) , 32mN/m
(D) , 36mN/m (E) , 40mN/m (F) BRI=SkEmEN_SHERFHEER

iR ETE R R 45°CH, FESEIRM KRBT A K
K1, BRIZMRERECA S, ASFRE L H AR
S, PUKRRETIER SIS (B4 .

4 #Eig

WFFE B, 2% T 0T ST S 2 T A e R
AR o A2 S -/K G A R TR i — S AL 9
KBRL, R EREH LA 7mm/min 38 5 46T,
TREFHILE 20°CLL T, AR TIEREC RIS HEF)
A ) A ARG BURL I . 1X Rk — A
H LB HARM At i 2 TR 3 Sh AR R T 2 it
FARES, i — PR REERE TG T
VLI 4 b S LT TE N FH R R A 25 =

Sk

[11 Z4fa, (8=, PR, & 8 AR/ R g K 4
LR = R R ARIR T S R[], B &M kLR, 2005,
(02): 11-15.

[2] GREREE, Z=FES, EEMEY, £ Si02 ot TRk SRR
T AR 5 R AR D). Bk T R B K S AR, 2024,

42(05): 84-91.

[3] Z¥rF, A, BERrsl, 25 Langmuir-Blodgett i AR
IS AT 72330 RE D). AL T, 2023, 52(11): 3107-3112.

[4] XIVLE, FEIAF, 200, & VOB EO6IE A S iy
A BT 7T AR B AR IR AR AR AN 4k AE 3K B2 HIAH 1.
EF]. ik 5k 7T, 2022, 42(05): 1484-1489.

[5] Parul Katiyar, Jayant K. Singh.A coarse-grain molecular
dynamics study of oil-water interfaces in the presence of
silica nanoparticles and nonionic surfactants[J]. J. Chem.

Phys. 2017, 146, 204702.

[6] =T, KtaE, WE, @3#2, £ FIH LB 8ok 4
BGO AR A IEA 7 HET]. BRI TR
&, 2024(11): 261-263.

WAL B . ©2025 1135 5 TFBERHUI IR 7 H L (OAJRC) it
Ao ARLEIGIAILZE LV KRR

https://creativecommons.org/licenses/by/4.0/



https://creativecommons.org/licenses/by/4.0/

