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|^�í�\1EâÚ1ß�ÿþEâ, *ÿ
ÀÂ\1L§¥Y/�=.¡?�Y(�Cz. ¢�uy, ÀÂ
^� (0.5—2 GPa, 335—375 K) eY3��«SU
u)(�UC�å©uY/�=.¡, (�UC��ÇÚ§Ý�
�=.¡�A5k'. y¢3�/��>.�½«�S���Y, 3²{p§pØG��Cz¥LyÑAÏ��=C
y�. Ó�, ïÄL²��Y(�=C�L§«©�²w�o�ÄåÆ�ã.
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1 Ú ó

Y���«zÆ!)Ô!UNÔn±9/¥
Ôn�+�2�'5�Ô� [1], ,
5��,�Ø
�<�¤@£, ~XY�(��C [2], Y�,
Ô
�.¡�m��^Ån� [3−10]. ¦+®k�þ�
nØïÄ'5Y©f��«Ô�á�L¡��^
Ån, �3¢�þ, duEâÃã���, ¦�<�
J±&ÿ�Ô�.¡?Y(�k��ý¢&E [11].

C
c¥, L¡Or.ùÑ� (SERS)[12,13], L
¡ù	1Ì (surface infrared spectroscopy)[14] Ú X

��û� (X-ray diffraction)[15] Eâ�^5ïÄ3
Ù¦Ô�.¡?Y��*(�¯K. cÙ´ sum

frequency generation spectroscopy(SFG) Eâ�A^
L², §3�«L¡Y©f�(��¡�©k�.

gl Shen �|A^dEâ¼��í/Y.¡?Y(
��&E�, .¡?Y©fdu.¡>Ö��3

¥ykSz�y��Åìy¢ [3,4,16,17]. ��, |
^ SFG EâïÄY/�=.¡�ó���
�
�
\�\�@£, uy?uw5�¸¥.¡?��
� SFG �Ä1Ì�rÝ'3¥5Ú�5�¸e²

wOr [18,19]. ¢�ïÄ [6] ÚO��[ [5,7] ��
@�: 1) �=L¡3 pH < 2 �¸¥�±¥5; 2)

3 pH > 10 �^�eL¡��>l; 3) 0uüö�
m��¸e, �=L¡Ü©>l [6,7]; 4) du�=L
¡�YÜå�>|å¿��(J, ��ØÓ� pH

�¸e.¡?Y�kSz§ÝØÓ [3]. �´, ±þ
é.¡?Y(��&¢Ñ´3~Ø^�e?1�.

Dolan |^ÀÂØ Eâ±91�� - ß�E
âé�=!7���á��Y�.¡?1LpØ
ïÄ [20−23], uy�Y�ÀÂØ �LeG��,

3���>.NC, I�.¡?�Y�±¯�(¬,

�(¬�Ý�I��á�5��'. K�=Ú z �
�=.¡?ÑÑy¬zL§, 
Ø¹ Si ���7
��K�*	�(�Cz. o[÷ [24] |^1ß�
EâéY/�=.¡Y(�?1
��[��ïÄ,

uy�ªL���>.�Y3�=.¡®²u)
(�Cz, � P!T G�ª�Y��/��>.�,

.¡Y�(�Cz�ÇÚª³�u)²wUC. ù
�(ØÄ½
 Dolan ÄuDÚ�ã�Ñ�YLe
(¬�)º, o[÷Ú Dolan íÿ�=��3�U
3�½§ÝþUC
Yu)���C�^�. �
±þü|ïÄéÀÂG�e.¡?Y(�Cz�
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�*Ån��Ñ��\�)º. ¦�@�.¡?
Y(��C�U8Ïu�=L¡>Ö�^, �´
kïÄ�Ñ.¡?ÉK��Y©f=kA�©f
�, 
1Ñ�*	�NÑ1Æ�þ!«�ºÝ�
� 0.1—0.2 µm þ?, ��NÈ�AØU��üØ.

�©|^ÀÂØ Eâ91ß�Eâ, ÏLUC
.¡?Y��w�¸
K��=L¡A5, Áãé
Y/�=.¡?(�Czy�?1��\�ïÄ.

2 ¢�C�9ó��n

2.1 ¢¢¢���CCC���

¢�C�Xã 1 ¤«, �¡�u��càd
�?�í�u�, �qdÄ�Ú�I�|Ü
¤,

äk�½�wÝ�Y�¬?uÄ�Ú�I�¥
m, ß�1dßºÂ8ÏL1n�\1>=�©
Ûì, &Ò�«ÅìP¹. �¡!Ä�Ú�I�þ
��=á�, 1
�u�÷S, ��¡�å$ÄÀ
ÂÄ�. 1
�üóÀ�.��N-1ì, 3�¡
�Ä��-E�c>u, ó�>Ø� 4.5 V!Å�
´ 650 ± 10 nm, 3¢�*ÿ�mãS1rð½. 9
>ói�¢�L§¥�¡-Eq�c�¬�§Ý
Cz. 3¢�L§¥�¬Y?u�	.ð§YúÄ
�Ì���G�, �yÀÂ�c§Ýð½. �¬�
þÝ� 0.58± 0.02 mm. 3¢�L§¥, ØÜ©&Ò
�Â©ÛC�?u~§~Ø¥, Ù¦¢�C�Ñ?
uC"Ø�¸¥, �µ54�­�. 3�|¢�¥
Ì�'5Ä�/�¬.¡±9�¬/�I�.¡?Y
�(�Cz.

ã 1 ¢�C�«¿ã

2.2 ¢¢¢������nnn

�¡ÀÂÄ��c� 200 ns �1
m©ó�
¿3��A��¦S�±ð½1r. �¡-EÄ

���, ÀÂÅßLÄ�?\�¬, ò�¬Y�À
Â\1�p§pØG�, �XÀÂÅ3�¬S�
�, ØåÚ§Ý¥��ªþ, [25]. XJ.¡?�¬
Y3�A�G�ek(��Cu), @oÏL.¡
�1årÝ¬ü$ (Xã 2(a) ¥ C, Exp100326[24]),

ÄK�±ð½1r (Xã 2(a) ¥ B,Exp100330[24]).

ã 2(a) ¥&Ò A(Exp091112[24]) �Ã�¬Y��
ÀÂÄ��&Ò [26]. ã 2(b) ´�¬�kÅÀæ�
&Ò­�. dukÅÀæc�.¡��ímY3À
ÂÅ�^e��Ø, kÅÀæ�K�=I����
>, ¤± HI � EF ãß�ÇOr. EFHI �²�G�
�L
K�=I�3ÀÂAåeß²5ûÐ. |^
ã 2(a) ¥&Ò A �C��¼�
Øå©O� 1.6

GPa, 3.0 GPa, 3.6 GPa �ngÁ�&Ò, (J�&
Ò A �&Ò­�Ly�Ó, L²3Øå$u&Ò A

�G�e�=I�ß²5ûÐ. �·�@�3Á�
k�*ÿ�mS, Á�¥ß�1reüþ�LY(
�u)UC —— (��C.
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ã 2 (a) ÀÂ&ÒA�­� [24] (A � w = 672 m/s,

Ã � ¬ Y; B � w = 505 m/s, � ¬ � pH = 7 Y; C

� w = 518 m/s, �¬� pH = 7 Y); (b) kÅÀæ&
Ò­� (w = 350 m/s, �¬�kÅÀæ, D ÑÑ­½1&
Ò, E �¡�Ä�-E, F ÀÂÅ��Ä�/kÅÀæ.¡,

H ÀÂÅ��kÅÀæ/�=.¡, I k�*ÿª�:)
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3 ¢�(J9?Ø

L 1 �Ñ
Ag¢��ëêÚØÓG�:?
Øå§Ý�O�(J. pH ´.¡?�w�¸��
I, w ´�¡��Ý,T0 �YM��¬�Ð©§Ý,

Ù¥ τ �½ÂXe: 1
­½1årÝ� I0, *ÿ
ª��1r� I , K τ = I/I0. = 1 − τ �L1åÏ
L.¡�duÑ�!����Ï���rÝ'. .
¡?(��C�'~�p, τ ���Ò��. 'u
ØåÚ§Ý�O��{ë�©z [24]. og¢��
�¬þÝØ Exp0804 � 5 mm 	, Ù¦��¬þÝ
þ� 0.58 mm. ã 3 ¥�Ñùog¢��ß15&
Òã, "��=�ÀÂÅ?\�¬Y���. 3�
¬Y¥ÀÂ\1�k�*ÿ�mdq�ºÝû½,

�¢��k�*ÿ�m´ 1.6 µs. ã 4 �Ñ�´¢
�G�:3Y�ã¥� �. Exp0804 ��¬�þ,

3*ÿ�mSØå§Ý�±3��G�: (¢%�

:), Ù¦ng¢�þÝ��, �¬Y3 1.6 µs SG
�²{õgCz. ã¥�Ñ�´ Exp1122 �G�L
§ (�%:), Exp0720 Ú Exp0803 ²{�G�'d
L§�p. ÏLã 4 �±wÑ, ¤k�ÀÂG�C
zÑu)3��«�, =Y�ÀÂ(��CÑ3�
�«��¤.

3ã 3 ¥é' Exp1122!Exp0720 Ú Exp0803

�±��, �Øå§Ý��Øõ�, =M�� pH �
¸�UCÒ¦��¬(�Cz��ÝÚ�ª§Ý
ØÓ, ��5¿�´Y3dG�eÃ.¡�ß²5
�­½ [27]. (ÜykïÄ(Ø [8]: ØÓ��w�
¸U
UC�=L¡�5�, �~�e*ÿ��=
L¡kA�Y©f��(�kSz, ¿�±)º�
>|�A [3,6,8,28]. ¤±, ·�@�Úåß�1rC
f�Y©f(�CzÌ�u)3Y/�=.¡?, ¿
�, �=.¡3¬zL§¥kp���^, aqu
(��C� “«f”. Uì~�e�=L¡Y©fk
Sz�Ån)º, >|�^=UCXA�©f�,

L 1 ¢�êâ

¢�SÒ pH w/m·s−1 T0/K
¬zÐ©: *ÿª�:

P1/GPa T1/K P2/GPa T2/K 1 − τ

Exp1122 1 331 303 1.29 335 2.05 372 0.43

Exp0720 8.5 346 303 1.73 336 2.15 373 0.64

Exp0804 9.5 610 303 1.30 364 1.30 364 0.23

Exp0803 13 342 302 1.25 355 2.22 372 0.58

Exp100326 7 518 285 2.21 364 3.32 373 0.78

Exp100330 7 505 288 1 334 0

Exp091112 7 672 278
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ã 5 (�UC�o��ã

�´�|¢�A^�üÚ1
Å�� 650 nm, A�
©f��(�Cz¿ØUK���1�DÂ. 
U
Úå 650 nm Å�1årÝü$�(�Cz, Ùº
Ý�I��CAzB�þ?, ��, (¬�A�>
.®²�Ñ
.¡>|�«�, ?\�NYS. ù
ÒL², >|«�	�Y´�«3	. “«f” �
K�eU
gu(¬�Y. ¢� Exp1122 Òy²

�½G�e�Y�3AÏ5�: ©z [5—7] �Ñ
�=.¡3 pH < 2 ��¸¥¥y¥5, Ã>lL
§u), Ø�3>|. Exp1122 (JL²=¦vk
>|�^, �=.¡��½«�SE,U
u)(
��C. Saitta � [29−32] uy���>.	�3p
�ÝY (high-density water) Ú$�ÝY (low-density

water), =3ã 4 ¥n�/Úáî�©O�ü^k
�Æ����>.. �[O�L²p�ÝY�ÛÜ
(��X� VI ½ VII aq, �´©zvk�²Y�
õ�5�. ·��¢�(J`², 3Y����>
.	�3XØÓu~�eY�5��,	��«
�NY. §3	.�¸�p�e�±u)(�Cz.

�uCz��(�XÛ, ´Ä´�X VI ½´X VII

��(��Ó, 3·��¢�¥Ã{(½. 3ü^
k�Æ����C.S, 3·��õg¢�(J¥
¿vkuykß�Ç�UC [24], ·�@�½ö´
·��¢�EâÿØ����C�u), ½ö´�
��Cvku), bX´�ö�ÒØ|± Saitta O
�����>..

3¢�¥, ·�õg*	�aqu Exp1122(X
ã 5 ¤«) �CzL§: µþ�ã, �úCz�ã,

¯�Cz�ãÚCz�Ú�ã. ùq�� Mat-

sumoto �O�(J�ÎÜ [33]. �´·�uy¯�
Cz�ã� τ Ú�m t ¥�5'X. ��«�5
'X´Ä�õgØ �¬�', ·�?1
3�
�*ÿ�mS P , T G�ð½� Exp0804 ¢�. (
Jw«3ügØ e¯�Cz�ãE,´�5�.

ùÒ`²3aqu¢� Exp1122 ¥, �XØå�
O\(�UC��Ývku)UC. ¢� Exp0720

Ú Exp0803 3�� 1.6 µs E,´¯�CzG�, v
kÑyCz�Ú�ã, ·�@��ÚG�´�3�,

�´du·���m*ÿºÝk�
vk*ÿ�.

4 ( Ø

|^í�Ø Ú1ß�Eâ&¢
ØÓ�w
�¸eY/�=.¡?Y�(�Cz, uyY3��
«U
u)(��C, ¢�(JL²Ø
��=L
¡�p��Ak'±	, �duÀÂ\1G�eY
� “AÉ” 5l
O\
(�Cz�ºÝ. Ó�·
�é.¡Y(�Cz�L§?1
?Ø. 8c·�
�½
¢�¥.¡?Y(�Cz��3, �ù«(
�Cz´���C�´���CÿI�?�Ú�
y¢. ·��(JéïÄY�(��CJø
��
#�À�Ú�{.
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Abstract

We investigate the structural transformations of water at the water/quartz interface under shock compression in ranges from

0.5 to 2 GPa and from 335 to 375 K by techniques of a gas-gun and light transmission tests. The results show that the structural

transformation of water occurs in the region of liquid phase, which starts from water/quartz interface at high pressures and temperatures.

The transformation rate is related to the property of quartz interface. This structural evolution indicates that a lager number of water

molecules undergone transitions in equilibrium behavior. The kinetic process of liquid water structure can be divided into four stages

while the structure continues growing to saturation. This new mechanism of structural transformation has immediate implications for

water structure transformation in diverse natural environments.
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