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a0=0.36936nm, b0=1.2214nm, c0=0.28679nm14)
823K γ (
a0=0.79112nm15)

boehmite γ
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 3-3 IR (a): boehmite (b):Al (100 

nm) 368K 20 (c):Al (100nm) 293-393K
No. I

 
 

3-3 IR 3(a) Boehmite
ATR 4-

3(b) 100nm Al 368K 20
4-3(c)

100nm Al (393K)
IR  

No. 16-21 I  
3 3,4,8

Al-O-H Al-O-H Al-O-H
(b) (c) 3,4

(a)
19, 22
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boehnite pseudoboehmite
23-25  

 
I  

(a): boehmite (b):Al (100 nm) 368K 20
(c):Al (100nm) 294-393K  

No. 3-3,3-4,3-7
 

(wm): water molecule, (liqw): liqud water, (boe): boehmite, ---: not observed, 
asym. : asymmetrical and sym. : symmetrical.   

 

 
 
 
 
 

(a) (b) (c) reference
1 3668 3665 3746 375616 H-O-H (wm) asym. stretch.
2 --- 3429 3413 340016 H-O-H (liqw) stretch.
3 3296 3322 3316 329617, 329718 Al-O-H (boe) asym. stretch.
4 3090 3108 3121 308517, 309018 Al-O-H (boe) sym. stretch.
5 1640 1639 1645 159516 H-O-H (wm) bend.
6 1391 weak 1391 unknown
7 1149 1153 weak 115517, 115218 Al-O-H (boe) asym. bend.
8 1069 1069 1064 107417, 108118, 107219 Al-O-H (boe) sym. bend.
9 838 836 --- 88019 AlO4(boe) stetch.
10 730 726 --- 72516, 74220, 74621 Al-O-H (boe) out of plane bend.
11 682 683 --- 67121 AlO6(boe) stetch.

Peak No. assignment vibrational modewavenumber / cm-1
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 3-4 Al (100nm) IR  

 
3-4 100nm Al IR (293-293K)

I 4-3
Al 338K
345K 3,4,8

boehmite Al-O-H
348K No.3

No.4 348K No.3
3413cm-1 H-O-H

No.2 Al Al-
O-H 2
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Al-O-H
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3-6 Al 25, 50, 100nm
4100cm-1 (
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25nm Al 312K

25nm 100nm 50nm Al
boehmite

100nm
50nm

25nm Al-O-H Si
(1.0)  
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 3-7 boehmite

 
( No. ) 
 

3-7 100nm Al Si

boehmite

Boehmite Al-O-H

No.3,4,8 673K γ

4-2 TEM
26-28  
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 3-8 Al-O-H ( ) 
3-8 boehmite Al-O-H (No.8)

3-5
633K Al-O-H
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 Mg  

 
  

 
Si (4x4x0.2 mm) rf

Mg(99.999 ) 100 nm  
Al

268K
(18.2MΩ cm)

5.0MPa
5  

24 2K/min 283K
773K 2K IR  

Al ( FT/IR-6200FV)
MCT ( IRT-5000)

800μm  
Al  
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 Mg  

 
 3-9 Mg Mg(OH)2

(a)271K, 0.1MPa 2 Mg (b)268K, 5.0MPa 8
(a)

(b)  
 

3-9 Si Mg Mg(OH)2

(a) 271K
2

(b)
268K, 5.0MPa 8

Mg-O-H
8 (b) 100nm Mg

Mg(OH)2
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5.0 MPa) 
 

3-11 Al Mg(OH)2
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480
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 3-12 4200cm-1 (268K, 5.0 MPa) 

 
3-12 4200cm-1

400min 100
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500min Mg-O-H
400min

Al
Si 1.0 Mg(OH)2
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3-14

200μm Si
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Mg-O-
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 3-15 Mg-O-H  

323K
623K 0

Mg(OH)2 MgO TEM
( 3-16)  
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Al Al-O-H Mg Mg-
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277K
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s ) V(vibration) (> 10-

4 s) D(diffusion)  
D Röntgen2, 3 1892
X

2
” ”
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1933 Bernal Fouler4, 5 X
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 X (NMR)  

D X NMR  
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(647K 22.1MPa6 )
7, 8 Postorino(593 and 693K, 10 and 80 MPa)

Tromp(593 and 693K, 10 and 80 MPa)
9, 10 Chialvo

11-14  
NMR

Hoffmann 423-873K, 0.25-40MPa

3
15  

Matsubayashi .303-673K 0.19-0.6g/cm3

Hoffmann
nHB nHB 0.6-0.7 13, 14

fs 16

NMR
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V

(245-373K, 0.1MPa)
OH

3370cm-1

2
17-20

Ikushima (373-733K, 
and 0.1-40 MPa)

FWHM
21 Walrafen (373-673K)

Monomer Dimer 3:7
22 Tominaga (330, 480 and 650K, 25 MPa)

180cm-1 O---H
23  

 
  

Brubach (267-320K, 0.1MPa)
Stretching, bending, libration, hydrogen bond stretching

4 3
24-26

Vigasin (650,673K, 0.1-1.3MPa) Jin
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2 (NIR) (373–673 K 2–40 MPa)
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27, 28 Tassaing (-653K, 
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Bégué 29-31

32, 33  
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Marti n n4(
) n1(dimer) n0(monomer)

34

35 Yoshida
MD Vigasin
Tassaing

nHB
dimer 5

36, 37  
((H2O)n, 

n=1-6) (ab-
initioMO) Begue
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 0-2 CT1 CP4 CT3  

 
 

1
3

0.1-30.0MPa (CT1, CT2, and CT3)
273-693K (CP1,CP2, CP3, and CP4)

CT3

CP4

CT1 CP1-CP3

2  
CT2 CT3

 
 

  

IR



 

91 
 

  

MCT (Jasco. Inc, FT/IR-6200FV)

C-276 CVD
Ni

1μm

(18.2 MΩ•cm)

±0.1K
2K 0.1MPa

4cm-1 FFT
cosine 512

A A=-log(I/I0) I
I0

 
 

  

(4500-2400cm-1)
(1000-2200cm-1)

OriginPro9.1(Origin Lab. Co.)
 

 
 

(n(H2O):n=1-6)
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Winmostar
Gaussian09w 64
B3LYP 6-31G**

Gaussian09
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(648K, 
22.1 MPa) 3-1 CT3 CP4  

 
 
CT3(693K 0.1-30.0MPa)  

 
 0-3 693K (0.1-30MPa 0.25MPa
:1μm) 

 
3 693K 0.1-30MPa

1μm
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10μm 673K
3-4  

 

μ

 
 0-4 673K (0.1-30MPa 0.25MPa
:10μm) 
4

3
3 3600cm-1

(22.1MPa) 3300cm-1  
(<20 MPa) 1520cm-1

1610cm-1
1520cm-1

(22.1MPa) 1610cm-1
30MPa  
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623K
2

1
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1
 

 
  

0-6 OH (a):CT1  (b):CT2  (c) CT3 : (d): 
CP1 (e): CP2 (f): CP3 (g): CP4  



 

98 
 

  

 

6 7 OH HOH
LQW( ) VAP( ) SCW( )

3-7(c) 5MPa 3
( ) 3-1 CT3

30MPa 2
30MPa

(CP4 ) 2

( 3-3(g)) OH
Tassaing OH HOH

3-3  

 0-7 OH (a):CT1  (b):CT2  (c) CT3 : (d): 
CP1 (e): CP2 (f): CP3 (g): CP4  
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Δτ(τ=KA-KC) ( 3-11)
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PQR
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IR

Bégué31

n=1-4 3-12
( 13(g1)-(j1), (g2)-(j2)) IR

( 13(k2),(k2),(l1))
3

(3756cm-1) (3657cm-1) (1595cm-1) 1

1/10 31, 40

12 ( 13(a1))
OH

1/500 41

OH

 
n 1 n 2-6

IR 3561cm-1 3225cm-1

OH 3762cm-1

n 2-6 free-OH 3735cm-1

3731cm-1  
3 Q

(n1(Q))
P R (n1(P)) (n1(R))

3 3
 

CT3 10MPa ( 4(h1))

3600cm-1

13(a1)-
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( 13(k1), (k2), (l1)) dimer
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30MPa

n 3-4
( 13(c1), (d1) oligomer

( 13(j1))
(n1(P)) (n1(R)) (n1(Q))

n1 n1(Q)
 

13(a2) – (k2) HOH
n=1-6 1582-1634cm-1 OH

( 3-
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