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Abstract: Potassium tartrate (K2tart), potassium citrate (K3cit) and dipotassium ethylene diamine

tetraacetate (K2edta) can be used to prevent and cure calcium oxalate (CaOxa) stones. It was investigated

that the modulation of the mixed potassium carboxylates of these three compounds on the crystallization

of CaOxa in gel system by a double diffusion technique. The results show that the mixed carboxylates can

either induce more calcium oxalate dihydrate (COD) and trihydrate (COT) crystals, or decrease the size

and special surface area of calcium oxalate monohydrate (COM). For the mixture of K2edta and K3cit, the

twisted COD crystals are grown. These twisted COD crystals look like the morphology of the COD grown

in healthy human urine and have a less (100) crystal face, which can decrease the retention and adhesion

of COD crystals on the surface of renal tubular cells. All these effect can inhibit the formation of CaOxa

stones. It demonstrates that the mixed potassium carboxylates have better inhibitive effect than any of

the single.
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1 :4�s�l�p3�>�%HIn�z$*R�q [1]. L�Æ%�sNA2ul��Js�d$
70%∼80% �KNS6`E>F (CaOxa). NAE>FKN�su�#��HN%V� CaOxa B�%:�S�)5P:�Pb�*RP$�� CaOxaK��s��K,qVj��V��d2mTo CaOxa

B���S���d�s2d(� [2]. N>q�us%�^
L[�2�3s�g� [3,4] 60�~	T�> (H2edta) �N(> (H3cit) qA&�8A>
(H2edta) �d'� CaOxa KN�O��iG[�Æm
,�'N>'Ldd^v���[d�u�dgDrO6���dZd&p<3sQ!�2��h�� 
�=h�^
�<��u�LLZd�Imd;<A6�2��D��Klyd�;?�j��� 2006–03–14, �Y2gj���2006–05–08w�1�� e"=wd"
E (20471024); a��d�S[	< (2005B30701003); e"=wd"
E(Æ	< (20031010)EA~�� �;3 (1958– ), ��<<)� $3�+�� U100� E-mail: toyjm@jnu.edu.cn
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 ! � 22 \Z9�[ 1.78%Na2edta q 1.08% �Æ�A>>'
(Na2NTA) u�y�^
!� CaOxa ����qJ8�B� [5]; aT�>'��>#�a�: B6 �$3IHGI7��[��L�o�W�y�^
?` *R�>u�"�Æ�}C�p H2edta }8u[�y~$}C CaOxaL��h�S��D-m
H2edta Rf�,�+S�`b�#RGyQ96GNx$&?*R	 K2edta�K3citq K2tart�'N>'�d���u�� CaOxaKN�!�s��K,q/,���V��a\d*RBhg`�^
�[L'BX�N>'�u�!�L�2KUQ"�B
�
2 �5Sf
2.1 �yp9�Ed(�_`6t_�&

�4�|#u#
D/max 2400(Rigaku)X ��79.�=� Bruker

IFS25 �=|6,�xZ`_= (Bruker Spectro-

spin, Wissembourg, France); XL-30 ��N�-�<}℄O (Philips V5); pH-3C L) pH � (
io`=gP); XTB-1 �N#}℄O (4?`�=gd�V5); PSH500A ��W2� ()p(/
 P).

2.2 �6d
Q9$E>FKN�O�/B�g� [4] G��3
5.0mL 0.5mol/L���F$�} U_�<F�5.0mL

0.2mol/L K2Oxa$�}�<F�>N�` 5.0mL$tS�` 0.1mol/L ��uN>'$� K2Oxa <F��uN>'�� (� K2edta-K2tart � K2edta-

K3cit � K2tart-K3cit) N�&60` 5:0 � 4:1 �
3:2 � 2:3 � 1:4 q 0:5. 3 U _�m 37◦C ��W2�M��y CaOxa BK��O� 15d zrYKN�G� XRD �SEM �/��[ XRD G��6t��NX K �*�?KN$ COM �COD q COT�����& [3].

3 �mo"�
3.1 X8I!}b CaOxa ��℄=0

V 1 `$� 0.1mol/L 9SBX�N>'z
CaOxa KN� SEM V℄�$� K2edta z�}�
CaOxa KN05`X5W�Nq/�5KN (V
1(a)). �xyq�Q9$�(��'/�5KN`<4E>F (COM)[6], s XRD )GBh (V 2a) /1�#�/
Q9$�O��'/�5�E>FKN%&4E>F (COD), �p Cody � [7] (��Bh4Lju� XRD ��6t/1� COD ����6k�` 48%. am�'/�5 COD /,kd?"�
i�j�G(/1dX�&8/8�
COD KN� [7], d?�pv�5�a�N�t�6� (K) �*k6� (G) �0&6� (E) qa&X�_6	�Pb��S��X�?�� COD KNdymKHNZ	5C� (ESWL) �C��h [8].p�P$ K3cit z�}� CaOxa KNv 90% D
`t;�)�� COM, 10%Dg` COD(V 1(b)).$p�P$ K2tart z�}� CaOxa KNZ	 60%Dg� COMZ��Y� 32%��5 COTq 8%�
COD(V 1(c)). �S XRD _.V 2b q 2c.�bN>'jz COD q COT �Spd6<BX)k�\�G&_kd"Jm>�l�N>N�Dp Ca2+ s<Y
�_d�[ 3 J C–C /O��"N>ÆDpm
�l� COM � (1̄01) K,/u�9' COM �	��O
��G� COM��DSn�e$fG COD q COT �S [9].9SBXN>'jz COD q COT �S�D�HN (/ 1) ;6dPmdp Ca2+ s<�SYus�D�9S� edta2− � cit3− � tart2− p Ca2+s<�S 1:1 Yus��l�L0 (Ks)

[10] 60`
1011.0 � 104.68 q 102.98, Ks rl�P$�r�IjÆ�G� COM �O�4jz COD q COT �S�
tart2− amgD�S2YNYus [Ca(tart)2−2 ], dp�l�L0 [11] ` 109.01, ��� K2tart � COTq COD �jzD�lm K3cit.

U 1 P8Mw#8RAWM=&� CaOxa JM�N�U�
Fig. 1 SEM images of CaOxa crystals grown in the presence of various potassium carboxylates in gel system

(a) K2edta; (b) K3cit; (c) K2tart. Crystallization time: 15d, temperature: 37◦C, additive concentration: 0.10mol/L
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1 ` �:2��ÆP8Mw#�tM=&�D=EAJ��hFZ 77

U 2 P8Mw#o:M=&� CaOxa AJU�� XRD ^
Fig. 2 XRD patterns of CaOxa crystals grown in

the presence of various potassium carboxylates in

gel system

(a) K2edta; (b) K3cit; (c) K2tart. Crystal faces with

one asterisk show COD, with two asterisks COT, and

without an asterisk COM

3.2 tqF�z_ CaOxa ��Z;.O#�sL<%y�{� CaOxa IL-~X�%L<%%�#sT�	T 3 ^ K2edta n7Q� K2tart 
 K3cit �sy CaOxa �I� SEM. x
K2edta-K2tart�sLv" (T 3(a)�(b)), ℄Q��Q COM�CODo COT�%IL	v K2edta:K2tart^ 4:1��/4-~^ K2edta�E�EY��Q 51%Be�6,6� COD, 43% �W3 COM V�L�

6% ��3 COT(T 3(a)); A: K2tart �5j�}#� K2tart -~�T�.1}i�x� COD j�+��COTj�}#�� K2edta:K2tart^ 1:4��
COD j�+�� 34%, COT j�}#� 42%(T
3(b)). q�4$�s���bhx� COD o COTj��o℄kkn9%%�# COD�COT nK�y�7���EY℄
k COM, ~HAK7VXLY [12], Oa�s��0��fbeB\kn9%%	Q 1 R%�kG�{x�ur)`U�h�	[</

Table 1 Effect of potassium carboxylates and

their mixture on crystal growth of CaOxa in gel

system (Crystallization time: 15d, temperature:

37◦C, additive concentration: 0.1mol/L)

Additive COM/% COD/% COT/%

K2edta 52 48 0

K3cit 90 10 0

K2tart 60 8 32

K2edta-K2tart(4:1) 43 51 6

K2edta-K2tart(1:4) 24 34 42

K2edta-K3cit(4:1) 50 50 0

K2edta-K3cit(1:4) 68 32 0

K2tart-K3cit(1:4) 57 8 35

K2tart-K3cit(4:1) 45 0 55

U 3 M=&�t�� CaOxa JM�NU�� SEM

Fig. 3 SEM images of CaOxa crystal growth in the presence of mixed potassium carboxylates

(a) K2edta:K2tart=4:1; (b) K2edta:K2tart=1:4; (c) K2edta:K3cit=4:1; (d) K2edta:K3cit=1:4.

Crystallization time: 15d; Temperature: 37◦C
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 ! � 22 \�k K2tart-K3cit �sq�b�fn K2edta-

K2tart �sq�9	m� K2tart:K3cit �k 1:4 �$ 4:1, b�s%%hx� COD o COT �o℄kkn9%% (- 1).

U 4 COD � 5FU
CU_���7:17� COD JM�f(_
;'J+U
w
 c ,-��N+|F��|+M_.�4JM [11,14]

Fig. 4 Schematic representation of morphology of

COD. Left shows representative tetragonal COD

bipyramids, a partial faces of COD are drawn in

right. The dendrites are considerably compressed

along the c-axisx K2edta-K3cit �sLv" (T 3(c) � (d)), �X~ COM o COD ��	v K2edta:K3cit ^ 4:1��/4-~^ K2edta �E�EY�eBhxu
50% � COD(T 3(c)), l COD ILThdn9
K2edta EY{� 2.28mm×1.71mm(T 1(a)) +
�
2.14mm×1.42mm(T 3(c)); COD ��\x-�3n6,6���(q\-�3 (T 4c). �%��!�M� CODIL��nmK���K{LK7"� COD IL����^�9 [13]. I��% CODIL�eB�t$
v COD - [100] ,
 (� a +,
) o [010] ,
 (� b +,
) ℄w�M� (T
4), �{6,6�� COD, #- [001] ,
 (� c +,
) IL�M*{E���{x��%-�3
COD �Q [7,13]. `k K2edta n Ca2+ r;YbiXbB}�e�Lv" Ca2+ r;R�5��d#��?C<Mr;� COD � (100) I*�M*{E� [11]; x�s� K2edta-K3cit EY{��sL<%eBn Ca2+ r;Yb:%H��KsEY�Qe7QI*��M;�C*��-�3 COD F9:'���*L�x�xIL-*X~* �Q�3+Æ�-h	�℄'~�v6,6� COD dK7"Qm3��k�
℄	[y���COD ILB (100) * z�
u��	[y�� 24h UB���7 [14]. Oa��%x c +,
*{$D�
(100) I*+
�*� COD bwk0� COD xK�y�7	����+�K��Q���	A: K3cit j�}#��Q� COD j�+��lI

LThJ+
	� K2edta:K3cit ^ 1:4 ���Bhx 32% Be� COD �Q�qILThF9:+�� 0.86mm×0.86mm(T 3(d)); COD��nn��Y
K3citEY��9�I**��5n[ (T 3(d)). on9 K2edta 
 K3cit �$� K2edta-K3cit �s�+
� COM �Th�Jbwk0�C<DK��Q	
4 ��BbO7^4ELv�$=(P �7Q$z
K2edta � K3cit o K2tart ���s��K�jq
CaOxa IL7QI�ok���T�	�s%%
�BYhx$n9%%O � COD o COT IL�
�eB|1+
 COM �Th�
�� COD� (100) I*+
���*|
bwk+
C<Dn�
℄y�7����
5�bW�og��bwk ESWL B�	-.�s��0��f\kbn9%%	!�fbeB^�℄	�Y�s%%��K�1JTAb	T�',
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