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WE BRSO TR B, B mfL R, AR Z N AT A TARTR R 17— Fh ik
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R PR R AC H, S A K PR AL AR R TR B T BRI AR R BT A B AR B B AR, S K i
FIEE] 155.8°. 1%KL AT LAGURZ FE HLZOCIRENGekt, AT LA RO S bl THRET 20 T IRAE M SRR SO K, KA
A BEREA WL PR 52 (K A0S 2 S B  F.
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Preparation of Hydrophobic SiO, Aerogel by Rapid Solvents
Exchange Method and Its Application Loaded with Organic
Fluorescence Probe

Wang, Yafei™ Zhang, Tao™ " Guo, Xudong® Hu, Rui”

Wang, Shuangqing™* Yang, Guogiang™*
(“ Key Laboratory of Photochemistry, Institute of Chemistry, University of Chinese Academy of Sciences,
Chinese Academy of Sciences, Beijing 100190)
(® Center of Advanced Material Research, Shenzhen Institutes of Advanced Technology, Chinese Academy of Sciences,
Shenzhen 518055)

Abstract Aerogel is a kind of gel materials, of which the fluid phase is gas. Aerogel has the characteristics of low density
and high porosity, and has a wide application prospects. In this work, a rapid solvents exchange method was developed, and
using in-situ secondary extraction, rapid solvents exchange in aerogel preparation was achieved through the miscibility and
immiscibility of ethanol-dichloromethane-water. Combined with hydrophobic treatment and vacuum drying, hydrophobic sili-
ca aerogel was obtained. The aerogel had a low density and a contact angle with water of 155.8°. The aerogel can load various
organic fluorescent probe dyes, which can effectively avoid the fluorescence quenching caused by the aggregation of the probe
molecules, which it will expand the practical application range of the organic fluorescent probes in wider fields.

Keywords aerogel, organic fluorescence probe, preparation, rapid solvents exchange method, application
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AR I L B RE M, A5 T A R R A A R 3R
Py dabrkl. FIHBUR S MRL. 8 2 R 2 A8 SR A R
A AR K 1 Sz F A s o o A0,

AR AL R R BT LR SR LA, i i A 4
B RE, SR S8 RIA R B A M o o B B AR
A I AT 2 R i 2% T 2R i )RR A KK PR ) TS
FRE A — 25 4 RS RO A e (0 o) 46 7 2 T LR
I T T A 78R CBLTE & R ) T vk A R 1
ik, T H RIS B AR R BRI, A
DASE IR AR I KA AR 7=, A L R S B IR R 1) 4% J7
A L2 AT RN 9T, DA e IRA% Ge il 4% 7 ik A
E[7,8]'

AP CIRE R — AR k. pH 1E.
R B S )R 5 R A Lo 7 R G e AR R 2 U 1)
BHAAY), @R a1 2 AT DL e P Bl e A il
FRBEE IR 2K ) B AR B B AR Ak B A X A g i vk,
AR CERE BA RN A, BEIA B = 2 7] 4y
W, RN B m RS AER . S aNs TR
BUF I E MR, AR T4 2 B T 40 i
AEVISAE, THE T ARV L0, X HLRE
FE QAR ER IS, pH AR, AEWEE A
B b A R N BN B B R o 7 W
LI IR PR .

AHLRICERE O R EAE— B MR, KZ R
TEANLIEFIAR R KR FR A, 7 HO7E [ 4 v A st s .
TERE ARSI, AL ARE BT FH A LA T
R EVE AL G AR B R RERESHIRKKRR, K
IIREN I FERERSH RS H G K. HERR
BRI 2 AL R, FA VLR OCIRET 7 BUEE 2 FLME I Uk
Jeerbr, T LA R8s B TR ET 2 T SR AR T 51 S 1
K.

A TTARAS FH — P U S 3k, 45 G B AL HE K
R T, BERD T HEIET RS Si0, SER
(PR R Sy R & BT s R B A K 1 R R AT,
BT 2 A5 e iR KA (0 S AE AP0, K R AR
A PR SCERE A, AT CAFR B A WL R 6 B FH 4
B, AN TR AR IR RN SR R R
SRR, W RE T A 1 SRR B
1 #BREITR
1.1 —SWEEERTE

PLIERERR O B8(TEOS)E NEER, B H AL BEIA
2 P AV - R % AR . K — e
f) TEOS. ZWE. 253 F/K. SRR HF)KE B m
WIFEII S, BRRHEER A A& CETEHL
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BE. KRBT K. ZUK(NHsHO) i v i i B. 2= iR
U R B INAZVATR A, 132IEHIH — ALk
.

FERRPESEAE N, MR b 1R AR K RO,
ANBKEART 58 NI A2 TR b, 3R A (RERE
THIRAARCIRAS, TR 26 A A T 48 IR A4, JF HAD
T RERIK)E, AT R IE AT, BRI K
SRR G IX PR SRR AR LRI TT 1, AT IR A
TEOS IV E eI A & 58 2K i 5 4 I aa R A4
RIRBL, A W AR RN B A g 2R iR A, n
AN B WRJE AR e e B T AR SR AR, B 1 45 T
TEOS B — AR (L 7, ELFERERR IR 7K LA
LrElE SRERE . RERE S RERR A4 TE. i S N K
K] Si—O—Si H AL BEI 2% T R B A, BRI I 2% A2
B o5 P AR A (RIS, AU R SRR

R' R'
o Catalyst o
R—SIS|—OEt + HO0 —— R—sl,u—OH + EtOH
R® R®
R' R'
| Catalyst o 4
RZ—SIi—OEt + 2H,0 ————> R?-Si—OH + 2EtOH
OEt OH
R R* 3 4
| | Catalyst R (0] R
R2—Si—OEt + HO—Si—R® ———  Jsi” Si”  +EtOH
| | R1 | I\R5
R® R R? R®
R1
| _R?
R R' O—Si
| Catalyst \/
3R2—S|i—OH — 8 /o + 3H,0
SN
OH R O Sll\R1
R2

B 1 HIERERR 2R T ] & SRR
Figure 1 Preparation of silica gel from tetracthoxysilane as
silicon source

1.2 RIBIFFIZH

TR A A 5 R R T K 50/ FR 9 77 B e
TIOR8, DMEE S TR 52 Ah
R 2 SLAS R IR, — MU 7RIS e Rt AR
KERH 2 UM, I ITREEERE 5 15712
B . OB, AR TR URER R
BAR, > B 1 R BT O DRAIEVA T S e 3
R, RIFE . 2R KA AR B R b A
A/, TR A B ) N ] B A R RA
2 PARR A BB TT PLm ook B AR & 5 2
BRI VA AR R AZ e SR b AR — N R
by B R IR, S A RS REREAR, &
T TR TR L Z, S TV R P E e
B2 gt 7 AT B R R R I SR AL — AR R G SR B
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BHE
in-situ
secondary
extraction Y
DCM| || 1 | |
| “‘ “ | ||peM
Silica alcoge ﬂ ] [[TTTT]silica/DCM gel

B2 U -k A A AL — A U R
Figure 2 In situ secondary extraction from dichloromethane-
water system

WE 2 fror, “EHE(DCM) 5 28 5% 5 KK
A HEAREE IR/, HIEMRT =& P L #iK R
RN KA, B R TK, XA A
BErl LLALF R 2, MR T /KA -5 &R AH i B e
fitk, IX— R RE R R DA B R ) £ B R PR AR L e it
1T, TEFERLERI Y, 58 S A0 I B I T8 L A A R IR
2, RRIABE I &b BB TK. SRERE
RN AR, RSB AKAS, RN &
Feidt NEERAR. TN 5 mm AR, &0t
2~4 h RIRTEEAR e R B, %7 ERI S AR
U B FEAR R M ASAH VA P A 77, Hrp— Rl Rl S —
FCRE R B B R, Bl i 20 e SR [
I B CRE NS, 55— Pl R K ZBE T — PP
FFFRWT SRR R, B IX AN TR AT DU R
A AR by ST EILE P2 7R 2R AR I 7] R 52 ke
1.3 BKMLIEBS T

IF) 58 i 20 R L 77 52 3 1) — S AL R R IR R DN
JE B IR K AL 3 7 = A SR SR (TMCS) . 7S AR hE
ZHEHMDS) 7~ H 2 R HE(HMDSO) AT #i /K 4k b
B, 183 1SER 5 BkRiCA A-TMCS. A-HMDS Al
A-HMDSO, 28 5 /K Ab# B 8 T I FE b id A A-O.
FIFE 8 h /it, kB KA E N BRI N 55 R
P 28 R THT RV REE P2 TR S S . = i /K A 5 71) A A ek J
FTHEBES =AFEME, BA 0 SRR R S
A BRI A R Ay I RE PR Bl K AR BE A i S, AT
b A 3 R e R AR 0 2 A K 4 A Ao B R R AR AN
AT I AR

T W A v R 2 B 15 B [ AR 1 SRR,
WAL R 2 0A F R T R R T R A
P2 BT A5 B i S B 1) 28 B SEACH ), EL )R T 448
ART IR TR, T G 5B ) i) 2 I ], [
B, 2 RS2 & R R R R R, AR AR SR A s T4
A3 3 T PRI R Ik M AL RE R BEAR.
1.4 ZSWESERHRIE

W RATES BRI EE S, 5EEHRMZI
BRI 5 SBR[ ) 2 A G A FEE A DG, 3R 1
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Y5 T ANFRIBLK AL BRI & 10 B S 4. BRI
A B R SR I AR AR B, B BRI i & SR
MARFIE G2, Bl R o, = F S GURE bt e i
¥ 11 ity 2 SR R A, S R ) A % B AT LA B
0.082 geem °, FLERFILF] 96%. = W FEGURE K E
ok, W5 SREFRIL N, 7N B3 REEUGE Ko
TR SRR R R NG RS A A
S LA RURS, 7 SR b — A BE A T IS R R K Ak
B 5 e e ) S R A v 3 I 2R R I
TR s 7 = PR e e Ak R AR A B A A 1) LR
L, AL R I bR AR ) R, R = A
TEREACHR I, B W94 R T R J b G iR bl = R SRk
FEHUAR, AT DA 28008E G 7E - o 2 v DRk 0 5 ) L e
k0454, IR T S In=F & L.
R AFBTAKAEER ] 2% (0SB 1 22 B R

Table 1 Aerogel’s properties prepared from different hydro-
phobic treatment

A7 5 po/(gecm 3) %P S/((mPeg )
A-TMCS 0.082 96.0 8.91X10?
A-HMDS 0.135 93.4 —
A-HMDSO 0.171 91.7 —
A-O 0.343 83.3 8.51X10?

© 2019 Chinese Chemical Society & SIOC, CAS

“ e=(1—py/ps) X 100%, ZKTEIMEHEE pg UL 2.06 geem ° it
oo, py NIRIRE L, € NILERE, pg B AL, S LRI

SR FH PR 8 7P 52 403 AR R BRI A — o
BEHIYUAR, R R 3) TR A-TMCS “UBEIL
KR A ERCR R IR ), BRI R RIARAE 5~
20 nm Z[A]. AL ST /ANT AT WG B, RS
HA —, RWRERA BV RN EZER.

1.0kV-D 2.8mm x80.0k SE(M,LAQ)

B3 R A-TMCS FFi L T S s 1 I
Figure 3 SEM image of aerogel A-TMCS

e 4 PR, ZNGE, H45) A-TMCS Bl
LB T 155.8°, & — MBI KK ARk Zad Pk
T ZE RS B PR A o0t & TMCS Ab B 5, HMZER
TR PR AR A LA R P i 7K P ) = FR R A S AR, At
AR IR ) R T R R 3 RIS, 5K IR R D ORI
559, BETTA AT REAS B BOR Rl A
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B4 B A-TMCS 5 £
Figure 4 Contact angle of aerogel A-TMCS
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2t BK RV B BA — 2 SR, AR T &R
VAR R A5 WL Th BE MR (AL O B AT k) Y
B2021 F WL e HRET TR S A TURE BRI, 75
SEfE LR, A [ ACRAS O R B Y. (H R 7 [F A
RASHS, BT 50RO T4 W LG AR S RO
(AIE)HIHRER 43 T AT 30 R AR 4 TIE R AR S
(MR A SRR, HEE R 2 LR, ¥a
WL SR 40 BE 2 SN BRI T, 47T LA 2808 G
T HREH 0 T I SRR T 5 AR IO 5 e 0K, ST 4R FE A L
TR 1 7 FH 915 R,

St 801 4% 1Y 7 M SR AT A U e 2 s v e R AL
BB, 75 BIRCK 2 K 1 — B RE B R R. H
BB A NN B BT ARET e 210 2V, 755
W B I 2 I 2B 7, A3 B B A LT e I
PRES B, SO BT RR B K — FULRE I
W T FIR IR SURIE, A T RETE TH S 24T
AN, 5T RS, AR i R e
TR I, T ey M40 5 X 312 T 1) — SR R A i L
HRIFISEA )1, 52 Befubiet REAR I Hukh I — AL RES
B A . A T S B 10— AU RE SRR Kk
TR BAmAL, 7ESAMT RS R, AR B A AL
TGkl £ R K RO, TT LS BB e S
Z(K 5). 18 5a PRITRSUR TR EIE SR M T
(2, B 5b R TR AL AT HUS B R fRe, S50
Wbl 5 2R B E 2 AR, B AL EE 4% fF R 20kl
BB 22 AR K.

2 Zhip

I J5 A — AL SR, B 2 - AR kK
ol 7 ) VA R EL VA PR SR T A ] 4 o
PO A RIAC e, S5GBn K AL B AR E T3 5 T Bk
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¢ .J'~.A 0
B 5 SFERIOEER T I AR RO RAE TR 8L S 7
T 47 %2

Figure 5 Application of silica aerogel loaded with fluorescein
molecule in fingerprint collection

SCHARTEAR A Hh ] % — SRR SRS IS 2 K
PEBRZ I 3 AR, 5K LS 155.8°, & —Ff
K R [ AR, 2SR AT LA 3 2 R A HLu R
BEOUEL, T DA R0 G i TR ET T SR SR T SR A 92
JOHER, HET R A HLIOCIRET AN VI, 5T g
A HLIOCIRETE T2 A UG 2 S PR BT

3 SRS
3.1 SERHEABLRE

FESJRAEFE R, MUK 100 mL HEAF I 12.5 mL
IEREFR ZBE(TEOS). 25.0 mL f/K ZB%(EtOH) 1.0 mL
F BT K18 pL HF KIEHR (R IR E 40%), 1RG5
J& pHHZ1R 3.5, B ILIRATIC NIER A. 60 CKI %
T, BEREFFER RS 90 min, FEEE T, HidfEh
WIS IR, 15— 25 mL BN 15.0 mL
ToKLEE 2.5 mL KB T /K 10 uL Z/K(NH;H,0, i
BIRE 25%), IREGIISIE&H, AR B, EiREZY
EFE TR B IR A, R RS B ) AL RE
W, BERTE AR, BATITHE S 50 CRIMAHZ3
h. #%HE 2 FoR, ISP I & H AL E K,
St KL 2~4 h i ZRAERRAE G, BEUKEE Z&F
FiAH. BRK AR BEEEE AN B K AL S B T, 15 5)E
2129 5 mm FIAFNBORSEERE, 72 mdob LR
53] —E AR B K.
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3.2 HERWM AN IRAERE

1 10 mL 1.0 X 10~° moleL™" {5 Y6 & Z B I W
A 100 mg “EMEESEIR MR, ARG EHE, AR
P R AT A B HLGR 71 AR RBE R, P
B B S R I E VTR R R G B A 2.
3.3 X5

TSR AR H 37 SUS010 F9 4 v 1 S fwees,
Befib IR R ) KRUSS DSA100 #22fit i E4%, &<
M k=it B 5% F NOVA. 3200 b 26 T 4 33 41 25 %
AGHEAT I,

IERERR 21 (18 25 2 B 2R G R A R, 04T
affy, = HEREGRRL(E AR E AR EIRAF, 540
gy, NHHE EEEUR(ACROS, 98%). /~H3E “REA R
(ACROS, 98%), HAthilFWido/K ZmE. = H 3k FE Bk fix
(rbraty. & (o prat). ZK(25%~28%) HF 7K
TRIR(40%) 253508 B b 4k Zl ) A .

% Bh A1 &L (Supporting Information) JEE%)°4 5 mm )
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