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Abstract: Purpose and methods of crystallographic analyses of clathrate
hydrates included in ice cores recovered at Vostok, Antarctica are briefly
reviewed. The clathrate hydrate is a crystal composed of a cage structure
formed by water molecules, and includes individual air molecules in the molec-
ular cages. We describe the crystallographic structure of the clathrate hydrate
crystals found in deep ice cores determined by X-ray diffraction and Raman
scattering measurements, and discuss the formation process of the crystals in
the ice sheet. We also discuss, as a future prospect in core analysis, what new
information and knowledge relating to climatic changes can be deduced from
the crystallographic analysis of the clathrate hydrates.
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Table 1. Ice cores recovered at Vostok, Antarctica.

Core No. Drilling period Depth (m)
2G 1970~1974 950
3G 1980~1985 2202
4G 1983~1989 2546
5G 1990~ 2550 (1992.12)
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Table 2. Comparisons of Dye 3, Vostok and Dome F.

Dye 3 Vostok Dome F

Location 62°12'N, 43°47'"W  78°28’S, 106°48’E  77°22’S, 39°37'E
Elevation (m) 2490 3488 3807

Ice thickness (m) 2037.63 ~3700 2800~3000
Distance from coastline (km) ~120 ~1300 ~800
Average temperature (°C) —19.6 —55.5 —58

Net accumulation (g/cm?y) 50 2.2 3.2
Surface flow rate (m/y) 12.3 ~1 —_
Fracture zone (m) 800~1200 200~800 —

BEX Dye3 0 20 50 1 THH, ALESTLROFMRIXZDZNCEL B, 72, &
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FTva 7 EUTEATHS, Zhn, Dye 3 Tk 800~1200 m DFEEHEICH B DKL
T, AAF—27Ti% 200~800m DEKHFRVEEBICHS., D25y 2%, HEICL-T
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Fig. 1. Crystallographic  structures of the
clathrate hydrates. Two distinct structures, I
and II, are composed of polyhedral cages 16~ HEDRON

formed by water molecules. STRUCTURE 11
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Table 3. Unit cells of clathrate hydrates.

Structure 1 Structure II
Symmetry Cubic Pm3n Cubic Fd3m
Cell dimension 11.8~12.1A 17.0~17.3 A
No. of water molecules 46/cell 136/cell
No. of 12-hedra, v 2/cell, 1/23 16/cell, 2/17
No. of 14-hedra, v 6/cell, 3/23 0
No. of 16-hedra, v 0 8/cell, 1/17
Total No. of cages, v 8/cell, 4/23 24/cell, 3/17

v: A ratio of the number of cages to that of water molecules.

® 4 BRERKHED 7 52 v — K
Table 4. Clathrate hydrates formed by the constituents of air.

Vol. % Heat of formation

Gas in air Structure Quadruple point (kcal/mole guest)
N, 78.1 II —1.3°C, 14l atm 3.8%1 12.4%2
(07} 20.9 II —1.0°C, 109atm 3.2 11.8
Ar 0.9 1I —0.8°C, 87atm 2.9 11.7
CO, 0.03 I —1.48°C, 10.3atm 5.7 14.4

*! From ice and gas, *2 From water and gas.
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Fig. 2. A phase diagram of the gas-water system. TEMPERATURE

3
250 A ,
/
/
/
/
/
200 — /
// -
Dome Ny A
b P, Ne-HYDRATE -
« 150 A /Vostok - :
/
- | ﬁ
]
= -— ‘:
2 100 i
w
x1
D: -
s S
50 A
................ 1
\
0 T T T : | | N
-60 T - 0

ICE TEMPERATURE (°C)

B3 735av— KR O MEETEIRR L KIKHOWRE 727 5 41, (34
fracture zone, FHX” 5 AL — FKFA R LG BIESR, BHILA
funMET WX & L4

Fig. 3. Dissociation curves of the clathrate hydrates and temperature profiles of

Dye 3, Vostok and Dome F. EZE] shows a fracture zone.
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Fig. 4. Clathrate air-hydrate crystal found in Vostok ice cores.
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Fig. 5. A schematic profile of
number density of air bubbles and

DEPTH clathrate air-hydrates.
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stc. Tieht, BED AN =X ANMET, 75 AL — b KFEWOE R LI LT
LDOTH5.

SDIERTANEZ Lk, 13 FAERNCH 2 HaER 7o & ShABKIE (REEDD) Xk
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1992). = o (FE S 1800 m) Tk, O ETO 27 L h (BN KENR 7 5 AL — b
KRR omo Tk, BENEN» - EAHRLTWA. Tihbb, 775 AL— KN
YWoORFEE L, RBELHHOBETH L. EidoBE2E Rl c &g, BERO
FETHDZ ENTELND, BEETF — 8% a7 OFEMRREICHE 2 5 0JRE®LH 5.

4.2. 753X — PKFPCETHDITEOR LK

Dye3 a7i2&Ehb 75 A0 — KO X BRHF R IO L -5 < VRIEICL - T
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Table 5. Crystallographzc structure of the clathrate air-hydrate.

Symmetry Structure II Cublc Fd3m
Cell dimension 17.21+0.03 A
Density of water molecules 2.67x102cm™3
(cf. 3.07x10%22cm™ in ice)
Density of 12-hedral cages 3.14x10** cm™®
Density of 16-hedral cages 1.57x10* cm™
Occupancy of 12-hedra ~0.8
Occupancy of 16-hedra ~0.75
Density of air molecules 3.7 x10*' cm™3
Hydration number ~7.2
Composition ratio N2z/O- 1.6~1.9
Temperature parameter B 3.0~3.7 A? for host oxygens
5.0 A? for guests in 12-hedra
%133, 3 Az

2 6 1A2 for guests in 16-hedra

*1 Assummg a guest molecule in the center of the cage.
*2 Assuming a guest molecule in one of four stable positions in the cage.

—COFTRTCH A D THADbF TR, RELENCI - TRELIHLEFTHE
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0, k& o 2 fEEl B G S h T 200, )3 @RT X918 0, OffliEs N, ©
FREOE BV EICERALTWSEELZDBRTUSH, FFMIZELR - T
tev. CO, OFFEER 12 X HIC{EV T, CO, 23R Sh T ARtk Xy, B&en:
LELBRHI IR TG (EWo Xk bd, CO ichbubwa 2 llENERIREAE TR
TUN7gl).
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WS F— 208 BT A (AL, 1992). UL, ZoRET b LBEEOFMIE L oh
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Table 6. Analysis of air-hydrate crystals included in ice cores.

Physical properties Parameters/Informatlon Methods
No. of crystals Temperature time Microscope, NMR
Crystal size } {X-ray diffraction
Refraction index Density, air contents Interferometer
Optical spectrum Air composition Raman, IR spectra
Crystal structure Air contents X-ray diffraction
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