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ÏL�ï¬NL¡ -KDP ©f.¡áN(��., æ^©fÄåÆÚ�Ý�¼O��{ïÄ KDP ©f3 (001)

Ú (010) ¡áN�ÔnzÆL§, �	
§ÝéÔnáN1��K�. ïÄL²: KDP ¬NL¡�áNL§Ú)�S
5Ì�dzÆáNÌ�, zÆáNU�O�L² [K-O8] Ä�3 (001) .¡�(ÜU´ (010) .¡(ÜU� 2.86 �;

3�Ú§ÝNC, [H2PO4]
− Òlf3 KDP .¡�Ôn(ÜU�§Ý�Cz¥y��A�, M�¥k�õ�lfì

q/¤, M�C�éØ­½; �§Ýl 323 K ü$� 308 K �, Y©f3.¡�(ÜUoN¥eüª³, 
 KDP ©f
3.¡�áNUoN¥þ,ª³, øYL§´Y©fÚ [H2PO4]

− Òlf3��.¡>.�¿�áN�(J. ïÄ
(Jé(v¬N)�.¡ÄåÆL§uÐÚ�õ¬N)�nØk­�¿Â.

'�c: ©fÄåÆ, V�(��., (ÜU

PACS: 02.70.Ns, 65.40.gp

1 Ú ó

KDP ¬N´�«5U`É���51Æá�,

§äk�����51ÆXê!�p�1�ú
K�, 8c®²2�A^u>1N�!�ªEâ
Ú.5�åØàC�+� [1−3]. lL�ÚM�¥
�� KDP ¬Ná�, Ï~UM�¥)�Ä��/
¤!)�Ä�3M�Ú��.¡�*Ñ!)�Ä
�3.¡�áNn�L§ïá�A�¬N)�n
Ø�. [4]. éu)�Ä��(�Ú��.¡áN
L§��*Å�, IS	Æö®mÐ
�þ�¢
�ÚnØïÄó�. ®�R� [5] é KDP ¬N� -

�.¡>.��(�æ^ Raman 1ÌEâ?1
¢�*	, JÑ¬N)�Ä�� [H2PO4]− Òlf,

@��x¬¡)��Ç�ØÓÌ�5
u K—O

Ú H—O ��� ��É. ©BÉ� [6] ^ Raman

1Ì¢�ïÄ
 KDP ¬N)�M�¥��.¡>
.�¥ìq(��/¤L§, uy3¬N)�M�
¥, H2PO−

4 Òlfk�àz��, 3å¬¡ 100 µm

NC H2PO−
4 Òlf�àÔm©/¤, ¿��.¡

��CÙßÝØäOp. Stack � [7] ^þfzÆ�
{ïÄ
 KDP ©f3¬N)�.¡�áN1�,

©Û?Ø
 (010) ¡Ú (100) ¡�áNU±9)�
�Ç��É. Asakuma � [8] æ^lÞO��{ï
Ä
7á,�lféu KDP ¬N)�S5�K
�, uy KDP Ú ADP ¬N�.¡)�S5�±|
^·>³©Ù5)º. Ren � [9] ïÄ
 KDP, ADP

Ú KADP n«¬N�Ä�)�S5, l¢�Ún
Øü��¡&?
§Ý!��'ßÝé�ÚM�
¥ NH+

4 Ú K+ �áN1��K�. Já�Ú�]
J [10]!Teng � [11] ïÄ
¬¡)����)�Å
�Ú¬N�KN�/¤L§, L²6NåÆ^��
Øé¡5Ú¬.�Ø�{�±p�¬¡���)
�. �©ÏL�ï¬NL¡ KDP ©f - Y.¡�
©f(��., æ^©fÄåÆÚlÞO��{ï
Ä KDP ©f3 (001) Ú (010) ¡áN�ÔnzÆL
§, �	§ÝéáN1��K�, ©Û?ØØÓ.
¡)��Ç�É��*Å�, ��� KDP ¬.Ú

* ��Ü�ÆEâïÄ­:�8Ä7 (1OÒ: 108023) ]Ï��K.

† E-mail: lugw@cup.edu.cn

c© 2012 ¥¥¥IIIÔÔÔnnnÆÆÆ¬¬¬ Chinese Physical Society http://wulixb.iphy.ac.cn

010204-1



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 1 (2012) 010204

Jp)��ÇJønØ�â.

2 � {

2.1 ÔÔÔnnnáááNNNLLL§§§©©©fffÄÄÄåååÆÆÆ���[[[

KDP ¬ N 3 ¿ § e á u o � ¬ X, � m +
� I 4̄2d, : + � D2d, ¬ � ë ê � a = b =

0.74532(3) nm, c = 0.69742(5) nm, Ù¬���f
(��.�ã 1. �[�¬NL¡d 3 × 3 � KDP

¬��¤, ÙþÝ� 2 �����a©fþÝ, Ù
(��.Xã 2 ¤«. Ù¥ã 2(a) �L (001) ¬¡,

¹ H �±Ï>.ó²1u (001) ¬¡; ã 2(b) �
L (010) ¬¡, ¹ H �±Ï>.óR�u (010) ¬
¡.

�Ú§Ý� 313 K � KH2PO4 YM���Ý
� 1.15 g/mL, Ù�ÚßÝ� 33.5 g/100 g Y. �âù
�ßÝ����Ô«�âfê�'�

NY : Na : NÒlf = 22 : 1 : 1.

�
ü$O�þ, �©�½ KH2PO4 YM�d 110

�Y©f (ã 3 ¥ “L” /(�L«)!5 � K+ (ã 3

¥��xÚ�¥L«) Ú 5 � H2PO−
4 (ã 3 ¥çÚ

o¡NL«) �¤, KDP YM�Ã½.|�(��
.Xã 3.

ò KDP M�Ã½.|�(��.� KDP ¬
¡UÜ, ¿3 KH2PO4 YM�þ�ý3 30.0 nm �
µþ�m, �� “¬¡ -K+-H2PO−

4 - Y©f” áNN
XV�(��.Xã 4, Ù¥ (a) � (001) ¬¡�V
�)�(��., (b) � (010) ¬¡�V�)�(�
�..

ã 1 KDP ¬N¬�(�ã ã¥�¥�L P �f, �
x¥�L K �f, �x¥�L H �f, ç¥�L O �f

ã 2 KDP ¬N� (001) ¡ (a) Ú (010) ¡ (b) ��fIP�ã 1

ã 3 KDP YM��. �xÚ¥�L K+, çÚo¡N�
L H2PO−

4 , Ù{�Y©f
ã 4 KDP ��.¡áNNXV�(��. (a) (001) ¡;

(b) (010) ¡; ��fIP�ã 1 Úã 2
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©fÄåÆ�[æ^ MS ^�� Discover �
¬ [12], æ^ Compass å|, �mÚ� 1 fs, �[µþ
�m 200 ps �O�NX��p�^U. �[L§¬
NL¡È(, #NM�¥Y©fÚ KH2PO4 ©f¿
©µþ. �
ïÄ§ÝéáN�.�K�, é 295,

303, 308, 312, 313, 314, 318, 323 Ú 338 K Ê�ØÓ
§Ý�NX©O?1 NVT Xn©fÄåÆ�[.

�©¤ïÄ�M�ßÝ� 33.5 g/100 g Y, Ù�Ú
§Ý� 313 K[13], $u�Ú§Ý� 4 �NX (295,

303, 308 Ú 312 K) ��uL�ÚM�, pu�Ú§
Ý� 4 �NX (314, 318, 323 Ú 338 K) ��uØ�
ÚM�. 3¬N)�.¡, Òlf�áNUÚY©
f�áNUdeªO�:

Eadsorption(H2PO−
4

) = Esurface+H2PO−
4

−(Esurface + EH2PO−
4
),

Eadsorption(H2O) = Esurface+H2O

−(Esurface + EH2O),

Ù¥ Esurface+H2PO4 ´²ï�.¥£�Y©fÚ K

lf�NX�ü:U, Esurface+H2O ´²ï�.
¥ £ � KH2PO4 © f � N X � ü : U, Esurface,

EH2PO−
4

Ú EH2O © O � ¬ N L ¡!H2PO4 Ò
l f Ú Y © f � ü : U. á N U K � � � K á
N � . � ­ ½, ½ Â ( Ü U � á N U � K �,

= Ebinding = −Eadsorption.

2.2 zzzÆÆÆáááNNNLLL§§§���ÝÝÝ���¼¼¼nnnØØØOOO���

l)�M� Raman Ì�ÿÁ(J [5] �±wÑ,

M�¥�3X [P-O4] o¡N, 3>.�?Ñy�
¬N(��Ó� [H2PO4] )�Ä�, K+ 3)�M
�¥¥il��3, 3>.�? K+ â� [H2PO4]

Ä��pé(, /¤ [K-O8] l¡N)�ìqàÜ
N ()�Ä�). Ïd, �
�« KDP ¬NØÓ¬¡
�)��ÇÚ)�S5, ·�ÀJ>.�¥�3
� [K-O8] l¡N��)�Ä�, O�Ù� KDP Ø
Ó¬¡�zÆáNU. .¡�ÀJ�c¡�Ôná
N�[�.��.

�©æ^ MS ^�� Castep �¬ [14] O�)
�Ä��zÆáNU. Castep ´�«²¡Å�³
�>fUþþz^��, Tþz^���nØÄ
:´�Ý�¼nØ, 3(�`z�æ^
2ÂF

ÝCq (GGA) � PW91 (�«~^����'U
¼ê) Ú�³�(Ü��{, �³��´�m¬
� (reciprocal space) ��^ (ultrasoft) �³, Uþ�
ä (Ecut) � 340.0 eV, gU| (SCF) O�Âñ°Ý
� 1.0×10−6 eV/atom; é.¡Ú)�Ä�/¤��
.NX?1O��¿©�ÄzÆ���Ü�^.

3 (J�?Ø

3.1 ÔÔÔnnnáááNNN���...

éu (001) ¡, ²L 200 ps �µþL§�, Ü©
NX�áN�.Xã 5(a)—(d) ¤«, ©OéA 303,

312, 313, 323 K o«ØÓ§Ý^�e�áN�..

lã¥ØJuy, 5 � K+ `k�Y©f(Ü¤Y
zlf��l¬¡ (©Ù3ý��¥Ü), [H2PO4]−

Òlf�Y©f��, ���¬¡�C. 3§Ý�
p� (Xã 5(d)), [H2PO4]− Òlfå¬¡�²þ
ål�� 3.5 nm, *d�å$�. 3�ÚM� (X
ã 5(c)) ¥k [H2PO4]− Òlf�àN/¤ (�ã 5

(c) ¥^�µI½�«�), ù
ÒlfålL¡�
²þål�� 2.3 nm. 3L�ÚM�¥ (Xã 5 (d)),

koàNÒlfìq/¤ (�ã 5 (d) ¥^�µI
½�«�), å.¡�²þål�� 2.2 nm. 3§Ý
�$� (Xã 5 (a)), uy
ü�Òlf�àN (�
ã 5 (a) ¥^�µI½�«�).

©BÉ� [16,17] æ^w� Raman 1ÌEâÏ
Lÿþ KDP ¬N��.¡ØÓ)��� Raman 1
Ì, ïÄ
©f8ì�/¤L§, ¿æ^�Ý�¼
nØO�
�«©f8ì9Ù3ØÓ)���©
Ù, ÙïÄ(JL² KDP M�¥Òlfk�àz
��, ù
Òlf3��.¡ò?�Ú/¤õàN
©f8ì. �©�©fÄåÆ�[(JL²3 KDP

L�ÚM�¥(¢�3�àN!oàN�Òlf
ìq, ù
ìq�/¤éM��­½5Ú¬N)�
Ñk­�K�, éÙ°[(� (�)lfYz(�)

��	ÿIæ^����[NXmÐ�\ïÄ.

éu (010) ¡, ²L 200 ps �µþL§�, N
X�áN�.Xã 6(a)—(d) ¤«, ©OéA 303,

312, 313, 323 K o«ØÓ§Ý^�e�áN�..

lã¥�±uy: 5 � K+ Ä�il3ý��¥Ü,

[H2PO4]− Òlfþ!©Ù3Y©fNX¥, §�
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ål.¡�²þål� 2.6 nm. 3 313 K ��ÚM
� (Xã 6(c)) ¥, 3 �Òlf®²3¬¡/¤�Ü,

²þål� 1.6 nm. 3 312 K �M�¥ (Xã 6(b)),

Òlfål¬¡�²þål�� 1.7 nm.

ã 5 KDP(001) .¡ØÓ§Ýe�áN�.ã (a)—(d) ©OéA§Ý� 303, 312, 313 Ú 323 K �NXáN�.

ã 6 KDP(010) .¡ØÓ§Ýe�áN�.ã (a)—(d) ©OéA§Ý� 303, 312, 313 Ú 323 K �NXáN�.

3.2 ÔÔÔnnnáááNNNUUUþþþ©©©ÛÛÛ

áNNX�áNU±9§Ýé(ÜU�K�
Xã 7 Úã 8 ¤«. lã 7(a) �±wÑ [H2PO4]−

Òlf3 (001) ¡�(ÜU�� 21.40 kcal/mol,

l ã 8(a) � ± w Ñ 3 (010) ¡ � ( Ü U �
� 58.55 kcal/mol, �� [H2PO4]− Òlf3 (010)

�(ÜU´ (001) ¡� 2.7 �.

lã 7(a) ��±wÑ, 3�Ú§Ý (T = 313 K)

NC, [H2PO4]− Òlf3 (001) ¡�(ÜU�§Ý
�Cz¥y��A�, `²M�¥k�õ�lfì
q/¤, M�C�éØ­½, ùÚ·�cÏM�(
���[(JÄ��� [18]. �§Ýpu�Ú§Ý
�, (ÜU�§Ý�,p
oN¥eüª³, `²
3Ø�ÚM�¥áNÄ�3.¡�øNL§ÓÌ

�/ . �§Ý$u�Ú§Ý�, 3 303—313 K �
§Ý��, (ÜU�§Ýü$
¥,pª³, `²
ü$�ÚM��§Ýk|u (001) ¡�áN)�,

ùÚM��¬N)�nØÚ¢�(J�Î. �M�
§Ý$u 303 K �, (ÜU�
eü, ù�U´L
�ÚM�¥�lfìq/¤»�
M�­½5E
¤�(J.

l ã 7(b) � ± w Ñ, � § Ý p u � Ú §
Ý (313—338 K) �, Y©f3 (001) ¡�(ÜU
�§Ý�,p
oN¥,pª³, `²3Ø�Ú
M�¥Y©f�áNL§ÓÌ�/ , ùÒ¿�
X [H2PO4]− Òlf3.¡�øN1�Åì\r.

Ó�/, �§Ý$u�Ú§Ý�, 3 295—313 K �
§Ý��, (ÜU�§Ýü$
¥,pª³, `²
ü$�ÚM��§ÝY©f�áN1�ÓÌ�/
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 , Ó�nÜ�Ä [H2PO4]− Òlf�áN1�, Y
©fÚ [H2PO4]− Òlf/¤¿�áN�A:, o
N�J´ü$§Ý (313—303 K) �k|u¬N�
)�.

l ã 8(a) � ± w Ñ, � § Ý l 338 K ü $
� 312 K �, [H2PO4]− Òlf3 (010) .¡�(
ÜUoN¥,pª³, �Ò´`�M�lØ�Ú!
�Ú�L�ÚG�Cz�, (ÜUÅì,p, .¡
)��Ý\¯, ù��¬N)��Ç�¢�(J�

� [5]. �M��§Ý$u 312 K �, .¡(ÜUo
N¥eüª³, `²3�ÚÝp��M�C�éØ
­½, Ø|u¬N)�.

l ã 8(b) � ± w Ñ, � § Ý l 323 K ü $
� 308 K �, Y©f3 (010) .¡�(ÜUoN
¥eüª³, `²3�Ú!L�ÚM�¥, �XL
�ÚÝ�O� (§Ýü$) .¡NC�Y©fm©
lm¬N.¡, §Ýü$�±r?¬N)�.

ã 7 (a) [H2PO4]− � (001) .¡(ÜU - §Ý­�; (b) Y� (001)

.¡(ÜU - §Ý­�
ã 8 (a) [H2PO4]− � (010) .¡(ÜU - §Ý­�; (b) Y� (010)

.¡(ÜU - §Ý­�

3.3 zzzÆÆÆáááNNNUUUþþþ©©©ÛÛÛ

� 
 � Ô n á N N X � ± Ä � � �, · �
^ 3 × 3×1 � KH2PO4 ©f�ï)�.¡�.,

�â¬NL¡(�, ïá
 (010) Ú (001) ü«.
¡�áN�.Xã 9 ¤«. ã¥.¡^±Ï>.
ó(�L«, .¡þ��áN� [K-O8] Ä�, Ù¥
ã 9(a) � [K-O8] Ä�(�ã, ã 9(b) � (010) ¬¡
áN`z�., ã 9(c) � (001) áN�..

O���� [K-O8] Ä�3ØÓ¬¡�áNU
XL 1 ¤«. L¥ R(001)/R(010) ´ Xu Ú Xue[15]

æ ^ d � n Ø O � � (001) Ú (010) ¡ � ) �
� Ç � '. l L 1 � w Ñ, (001) . ¡ � ( Ü
U 841.57 kcal/mol ´ (010) . ¡ 294.25 kcal/mol

� 2.86 �, ù`² [K-O8] Ä��N´áN� (001)

.¡þ, �= KDP ¬N3 (001) .¡�)��Ç
²w�u (010) .¡�)��Ç. Xu Ú Xue[15] æ
^�d�.O�
 KDP ¬NØÓ¬¡�)��
Ç, O�L² (001) ¡�)��Ç´ (100) ¡� 2.71

�, ��
�¢�ÿþ���(J. �Ä� KDP ¬
N (100) Ú (010) .¡��d5, �© [K-O8] Ä�
�O�(J�©z [15] �(JÎÜ�éÐ.
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L 1 [K-O8] Ä�3ØÓ¬¡�áNU

¡ (010) (001) E(001)/E(010) R(001)/R(010)

Eabsorpt/kcal·mol−1 −294.25 −841.57 2.86 2.71

Ebinding/kcal·mol−1 294.25 841.57

ã 9 KDP ��.¡)�Ä�Úü«áN�. (a) [K-O8] l¡Nìq; (b) (010) ¡áN; (c) (001) ¡áN

4 ( Ø

ÏL�ï¬NL¡ -KDP ©f.¡áN(��
., æ^©fÄåÆÚlÞO��{ïÄ
 KDP

©f3 (001) Ú (010) ¡áN�ÔnzÆL§, �
	
§ÝéÔnáN1��K�. ïÄL²: 1)

KDP ¬N��.¡�ÔnáN'zÆáNf�
õ, =¬N.¡NC�áNL§Ú)�S5Ì�d
zÆáNÌ�; 2) zÆáNU�O�L² [K-O8]

Ä�3 (001) .¡�(ÜU (�� 841.57 kcal/mol)

´ (010) .¡(ÜU (�� 294.25 kcal/mol) � 2.86

�, = KDP ¬ N 3 (001) . ¡ � ) � � Ç ² w
�u (010) .¡�)��Ç; 3) 3�Ú§ÝNC,

[H2PO4]− Òlf3 KDP .¡�(ÜU�§Ý�
Cz¥y��A�, `²M�¥k�õ�lfìq
/¤, M�C�éØ­½; 4) �§Ýpu�Ú§Ý

�, [H2PO4]− Òlf3 KDP .¡(ÜU�§Ý�
,p
oN¥eüª³, `²3Ø�ÚM�¥áN
Ä�3.¡�øNL§ÓÌ�/ ; 5) �§Ý$u
�Ú§Ý�, [H2PO4]− Òlf3 KDP .¡(ÜU
�§Ýü$
¥,pª³, `²ü$�ÚM��§
Ýk|u KDP �áN)�; ��M�§Ý$u 303

K �(ÜU¥eüª³, ù´Ï�L�ÚM�¥�
)�Ä�ÏL?�Ú�5Ügu/Ø, /¤¬Þl

ü$
M��L�ÚÝ, �¬N�)��Çü$;

6) �§Ýl 323 K ü$� 308 K �, Y©f3.¡
�(ÜUoN¥eüª³, `²�XL�ÚÝ�O
� (§Ýü$) .¡NC�Y©fm©lm¬N.
¡, øYL§´Y©fÚ [H2PO4]− Òlf3.¡
¿�áN�(J. �©�ïÄ(Jé(½¬N)�
.¡ÄåÆL§!uÐÚ�õ¬N)�nØk­
�¿Â.
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Abstract

Through building “surface-molecule” interfacial adsorption structure model, the physical and the chemical absorptions of (001)

interface and (010) interface of KDP crystal are studied by using molecular dynamics and density functional theory method, and the

effect of temperature on physical absorption behavior is investigated. The result indicates that the absorption process and the growth

habit of KDP surface are dominated by the chemical absorption, and the binding energy on (001) surface is 2.86 times that on (010)

surface of KDP crystal. Near the saturation temperature, the binding energy between [H2PO4]− anion and crystal surface presents

obviously an oscillation characteristic with the temperature varying, and the solution becomes unstable with the formation of anion

clusters. With temperature decreasing from 323 K to 308 K, the binding energy of H2O decreases in general, but the binding energy

of KDP molecular increases obviously, which indicates the dehydration process results from the competitive absorption between H2O

and [H2PO4]−. The results obtained are of significance in identifying the surface kinetics process and developing more sophisticated

crystal growth theories.
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