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Synthesis and characterization of novel organic-inorganic hybrid aerogels are reviewed.  These aerogels are 

prepared by using a 2-step acid/base sol-gel reaction and composed of polymethylsilsesquioxane (PMSQ, 

CH3SiO1.5).  Pore structures in the 10–100 nm scale have been characterized by the small angle X-ray scattering 

(SAXS) and gas adsorption techniques.  Mechanical properties have also been investigated by the uniaxial 

compression.  It has been revealed that these aerogels show an outstanding elastic behavior like a sponge; aerogels 

are compressed without collapsing up to 80 % followed by almost perfect recovery called "spring-back".  The 

improved mechanical properties allow a simplified process of preparation and easier handling compared to the 

conventional silica aerogels which are remarkably brittle. 
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–
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1

*1  20 mL 6.0 g MTMS 10 mL F127-1 2.0 g Pluronic F127, 

CTAB-1 CTAC-1 0.80 g CTAB CTAC F127-1 5 mM

CTAB-1 CTAC-1 1 mM

*2  10 mm 550 nm

1

CTAB/CTAC F127

CTAB/CTAC CTAB/CTAC 10–20 %
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Si–OH

[25] F127 F127

F127

1

4 F127-1 CTAB-1 FE-SEM F127-1 100 nm

100 nm

Mie F127-1

F127-1 15 nm

CTAB-1 11 nm

PMSQ TG-DTA 300 °C

300 °C

400–500 °C 500 °C

150–200 °C

Code*1 Bulk density 

/g cm 3

Porosity 

/%

Aging shrinkage 

/%

Drying shrinkage

/%

Transmittance*2

/%

F127-1 0.17 87.6 1.2 6.4 39.3 

CTAB-1 0.13 90.6 0 1.4 89.3 

CTAC-1 0.14 90.0 0 1.8 86.5 

4 (a) F127-1 (b) CTAB-1

22



nm

X SAXS

5(a) F127-1 CTAB-1 SAXS

2

sin
4 (1) 

(b) Porod

vs. ( ) 4

SAXS

Porod

[26]

SAXS

4

Bragg

= 2 / m m F127-1 35.9 nm

CTAB-1 44.9 nm F127-1 100 nm

< 0.1 nm 1

Porod ( ) 4

M  = 2 × 2.74/ M

[27] F127-1

15 nm CTAB-1 11 nm

 < 1 nm 1

Porod

 = 2 ( ) 

~ 4

4

1

1

2 nm

77 K

s–

6(a)

6 F127-1 CTAB-1 (a) 77 K

(b) s

5 F127-1 CTAB-1 (a) SAXS (b) Porod

23



/ 0 0 0.9

[28]

s– (b) s–

0.4

0.4 s [29] s

s

F127-1 CTAB-1 s– s

BET BET
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Code BET

/g cm 3
micro

/g cm 3
micro

/g cm 3
p
*1

/g cm 3

F127-1 528 220 0.113 5.03 
CTAB-1 601 148 0.080 6.87 
CTAC-1 618 141 0.074 6.38 

*1  p 1.41 gcm 3
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CTAC-1 8 nm CTAB-1

8 80 %
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