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Synthesis and Characterization of Doughnuts Like Cd(OH)2 Microstructure
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Normal University, Wuhu 241000, China)

Abstract: Doughnuts like Cd(OH)2 microstructures were synthesized by aqueous-phase method using

carboxyl functionalized polyacrylamide (PAM-COOH) as crystal growth modifiers, which were charac-

terized by X-ray powder diffraction (XRD), scanning electron microscope (SEM), transmission electron

microscope (TEM) and the selected area electron diffraction (SAED). The influence of experimental

conditions such as concentration of surfactant and reactants, temperature and reaction time on the

structure and morphology of as-products were carried out in detail. Furthermore, possible formation

mechanism of Cd(OH)2 doughnuts in the presence of PAM-COOH was discussed. Results show that

the obtained Cd(OH)2 doughnuts with size of 1µm is composed of many single-crystal thin flakes with

size of about 35nm. The temperature and concentration of reactants have effect on the morphology and

size of the obtained product, but PAM-COOH plays a key role in the formation of Cd(OH)2 doughnuts.

Cubic phase CdO with doughnuts structure can be obtained by calcination of Cd(OH)2 doughnuts at

350◦C for 3h.
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1 HC
Cd(OH)2 ���X�_jN�7(�Im|E81�f9%E:1N�*���[:F�k}4X�*/VNf�G3"�u CdO[1−4] �CdS[5] �

CdSe[6] h	 Cd(OH)2 =�kFnHf%L3K3"�4�6�>nHf�/��/�Ge�fJrv [7,8]. hq�x$?� Cd2+ C1�f pH N�D�
��D Cd(OH)2 E8" [9], HkE8"o4 1.9nm ��Y4Ln,��4j-DY�n,3
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5 Y P &�g
℄9(\ Cd(OH)2 B7i�e0C7#J 1055f DNA. 26L�n,P(� DNA �TtP�C
Cd(OH)2 E8"z�d`�yfAo	7((,�
95%f DNA�RQt�U (<40ng/mL)��MÆ	`HkAoTv` EDTA t�U6� Cd(OH)2 E8"�&g�� DNA h��
	H�1v�M /y�Tv4JtP�y����z� DNA )Sf4j	� [10].

Cd(OH)2 E83"fT�	�eF[��Y�F�`�	u Zhang h [11] �a�J6'kFpgP��q�1D Cd(OH)2 E8S�E8sz�Tangh [12] /Ym��kF�:P��q�1D�>[s Cd(OH)2 E8^� Shi h [1] �q1D Cd(OH)2)	E8N�Ichinoseh [9] �f'o/Qfd�:DF:"�7(pgt�f pH N�d`e3�>V 1000 M~f Cd(OH)2 E8" [10,13]. hq�Miaoh [14] /���1D j n-f Cd(OH)2 E8<	C_� Cd(OH)2 E83"fr1o\6E8N�E8<�E8^ (�
E8"�E8sz), r1zl�~�v	26r1}<NfN��:�vG42Xf,b�,�1Dr1�#f Cd(OH)2 }4X�f[
!"	��k6/�`�1D^:)℄ Cd(OH)2 C8j ��x /9f
Æ5_�u$;CvPLx��*�X��*Ixh}<NfJU8r1f,b�0. ^:)℄ Cd(OH)2 �GfrDJ�	
2 0D
2.1 2�LF+f 'o (Cd(NO3)2·2H2O, �O O�z )6n:�?); I'��qHx�f{'Ss�
Poly(acrylamide, carboxyl modified, carboxyl con-

tent: 30mol%, ZmF PAM-COOH, Mw=200000, b% Aldrich �!); )QUH#� (Hexamethylenete-

tramine, �a� C6H12N6, ZmF HMT, �OO�U%��M>z):��P�!).

2.2 -~zU Cd(OH)2 8'{"�RtBk 3.08g�1f'o (Cd(NO3)2·2H2O), 1.40g)QUH#��0.1g $;CvP PAM-COOH,�%tkCI'�U	̀ PAM-COOHTv` Cd(NO3)2t�U�Cb�5_XATv)QUH#�t��p6T�OTD 100mLfA1t�	Q|b� 5min6�̀ A1t�[�Q 250mL;k|U�100◦CTq?( 8h. �*j�6�
p�m`�I	`1D

<N/I'�Tj 3∼4 Q� 60◦C �D 5h.

2.3 �<xQ
X � ^ � A � � (XRD): Rigaku (Japan)

D/max-γA X �^���� Cu Kα �^�+>
λ=0.154178nm, �kn� 40kV, �kn( 30mA,x=&x 0.02◦/s, x=�D 10◦ ∼80◦. x=nv
(SEM): Hitachi S-4800 p=��x=naZCv	;�nv (TEM) /~hna�� (SAED): JEOL

JEM-2010 pnaZCv�8kn� 200kV.

3 �Æ�5#
3.1 -~zU Cd(OH)2 ��LA%xQ

X �^�A�� (XRD) = 1 $?�1D<NF)	sUf Cd(OH)2, �XnF P3̄m1(164), 8"^�S=X�R (JCPDS card No. 31-228).x=naZC (SEM)�O$?�<N Cd(OH)2F^:)℄j �Hk^:)JU���Xh>
1µm(= 2), 4�^:)2{~�S�i�D�Sf5x> 35nm. ;�naZCv=
 (TEM)$? (=
3), X1� Cd(OH)2 ^:)Uo��f�a4�^:)fJU8 SEM j'�R		_^:)f <i~hna�� (SAED)(= 3 5z
=), j'u=,
� ?gD^:)f Cd(OH)2 �SF[sj �*�"rF)	 Cd(OH)2 j �H8 XRD j'`Æ	HWv1fr1j 8 Ghoshal h [15] 1Df ZnO, Ma h [16] 1Df NbBO3 r14`$MN	

< 1 0C;M Cd(OH)2 e XRD <W (100◦C, 8h,

PAM-COOH: 1g/L)

Fig. 1 XRD pattern of the Cd(OH)2 obtained at

100◦C for 8h with PAM-COOH concentration of 1g/L
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< 2 ;M Cd(OH)2 e SEM GR (100◦C, 8h, PAM-

COOH: 1g/L)

Fig. 2 SEM image of the Cd(OH)2 obtained at 100◦C

for 8h with PAM-COOH concentration of 1g/L

< 3 ;M Cd(OH)2 e TEM GR. SAED 
~8�
Fig. 3 TEM image of the obtained Cd(OH)2 and the

SAED pattern

3.2 J?G4
3.2.1 PAM-COOH )�= 4 �M PAM-COOH Lx/9��<N
Cd(OH)2 fx=nv=
	/T PAM-COOH ��<N Cd(OH)2 FX
℄ (G�M=). PAM-COOHfLxF 0.5g/L, <NFJUeXf^:)℄j 
(= 4(a)). gD^:)fSe5�9�^:)Uo�>F
o�℄X1�^:)�t)$FL#Efh
℄	 PAM-COOH LxFX` 3.0g/L, <NFeA5f^:)j (JU> 1µm), u= 4(b) ,
	�a8 PAM-COOH LxF 1.0g/L`��JU24?Z!:	�zj'$?� PAM-COOH Lxei
(<1.0g/L)��}<Nfr1�t\` �rf	Tk/�℄26Lx.i�}r1f	Tk//�2`	(_Ix���PAM-COOH}r1f	TG�F`�CLxF 1.0∼3.0g/L,rDJU��f�r1A5f^:)℄j 	$P7(pg PAM-COOHfLx���4j	T<NfJU8r1	
3.2.2 �I<)�= 5�M �*NLx/9�<Nfx=nv

< 4 .8 PAM-COOH Kw
_e;M Cd(OH)2 e
SEM GR
Fig. 4 SEM images of Cd(OH)2 samples obtained

with different concentrations of PAM-COOH

(a) 0.5g/L; (b) 3.0g/L; at 100◦C for 8h

< 5 .8�)MKw
_e Cd(OH)2 e SEM GR
Fig. 5 SEM images of Cd(OH)2 samples obtained

with different concentrations of reactants

(a) 0.2mol/L; (b) 0.05mol/L; at 100◦C for 8h (PAM-

COOH:1g/L)
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5 Y P &�g
℄9(\ Cd(OH)2 B7i�e0C7#J 1057=
	�*NLxFX` 0.2mol/L, Cd(OH)2 fr1FJUeXf
o^:) (> 8∼13µm),u= 5(a),
�Hk^:) )$Fh)
�9�^:)f<+�ei	ai�*NLx` 0.05mol/L,<NFLrrfX
℄N}�^:)�a^:)JU?Z�= 5(a) fX (u= 5(b)). �zj'$?��*NLx(�E(iu/�61DhJUf^:)j 	
3.2.3 �I/���I9�
Æ=�[��*�X��*Ix}<NfJU8r1�4�rf,b	= 6 �M �>�*�XEai�*Ixd`f<Nfx=nv=
	R= 6(a) �`��>�*�X` 16h, <Nr1rFhJUf�o^:)j (> 1µm), aJU�0eF��	8�*�X 8h `��^:)�NgD^:)j f�SJU�G4?Z!:	ai�*Ix` 70◦C, PGd`X
℄j �u= 6(b) ,
	�zj'Z
�iI5_X� PAM-COOH }<NfJU8r124	Tk/���>�*�X�
PAM-COOH }<Nr1r42`f	TG��H ? PAM-COOH �2`fr1	TP [17].

< 6 100◦C �) 16h(a) . 70◦C �) 8h(b) ;M
Cd(OH)2 e SEM GR (PAM-COOH:1g/L)

Fig. 6 SEM images of Cd(OH)2 samples obtained

at 100◦C for 16h(a); at 70◦C for 8h(b) (PAM-

COOH:1g/L)

7(} PAM-COOH Lx��*NLx��*Ix/�*�X}<Nj 8r1,bf�x�[� PAM-COOH �`r1	TP�} Cd(OH)2 ^:)frD\`"℄k/	7(pg PAM-COOHfLx���4j	T<Nfr18JU	p���1D�<+f Cd(OH)2 ^:)�hR�*5_F��*NLxF 0.1mol/L, �*IxF 100◦C, �*�X ≥8h, PAM-COOH Lx ≥1.0g/L.

3.3 A��!f'o8)QUH#�Ct�USCX#�*�
(CH2)6N4+6H2O→6HCHO+4NH3 (1)

NH3+H2O→NH+
4 +OH− (2)

2OH−+Cd+
2 →Cd(OH)2(s)+H2O (3)P� Cd2+ �aLx8 OH− �aLxfEKX6

Ksp(Cd(OH)2), Cd(OH)2 sWrD	Hk Cd(OH)2 sW�|s2}Bv{KC�\�rD)	T;s-	Cs-�>(FU��s;�>&x/9^R s2�`#v�>	 Lee h [18] �aC�`�*5_X�4#W7��s��G��Ix��X//p�a,bs2�>	�	C�
ÆU�/p�a�h"℄f,b7�	 PAM-COOH �aU*4X�f -NH2 8 -COOH, ��kF/p3"�7(�V℄EZ-℄�fC Cd(OH)2 s-$;�R�ai Cd(OH)2 Bks;f�>&x�hV^R Cd(OH)2 E8SrD	9��C/p�a PAM-

COOH k/X�HkE8St� ���f(F
(attachment process): 4�E8S4��;�*C��,�$;G2��F [}�*;�`%��E8Sed67(�/��
ÆaiZ$;G	&�	;� Cd(OH)2 s2}4e+fs�}Bv/$;Cv��$;
2G/s�
2G [19] j��`%T;MX�fd6`7s1	$P�Cd(OH)2E8St��z�f(F�hVrD ^:)℄j 	HWj eFJr�>�X��r1�/�V;	/p�PLx}^:)�yf���x/<NfJU4eXf,b	(_ PAM-COOH LxFX�<N��JU?Z[h�gD^:)j S8SMXfk/�ZZF`�rD���Fn9fj 	H�j'�^R`%�SMXf
x[h����xFX�2LxF 0.5g/L 
oXJU�!`LxF 1.0∼3.0g/L�hJU�o^:)℄j 	
3.4 -~zU CdO ��� Cd(OH)2 F_j2�C 350◦C m| 3h, d`
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< 7 350◦C l{ 3h Cd(OH)2 
_e CdO e SEMGR. XRD <W
Fig. 7 SEM image and XRD pattern of CdO through

calcinating Cd(OH)2 at 350◦C for 3hd4y<N	= 7�M<Nf XRD=X/x=nv=
	,4f��
���O":F�	` CdO,�XnF Fm3̄m(JCPDS 65-2908). SEM=
Z
�^:)j H���GXÆ�℄j 4?Z�+[e�Uo1�M[eX��	H�$F Cd(OH)2 C?�6�j 2)	`[!F�	`�gD^:)j f�S2K+h�R��K�j M[�+[e	9�26�S2K+h�R��`%S8SMXf
x[h�̂ :)j fUoM[ eXf��	
4 �#C PAM-COOH k/X�7(�`�1D ^:)℄ Cd(OH)2 C8j 	4� Cd(OH)2 C8j > 1µm, 2JU>F 35nm f[s�SgD	�x /9
Æ5_}<Nj 8r1f,b�j'$?��*Ix��*�X��*NLxN$

;CvPLx}<Nfr18JUu4�rf,b�℄ PAM-COOH }<Nfr1\"℄k/	P4 PAM-CCOH SCX�4GDdj n-f^:)℄j 	7(0:
Æ5_�C PAM-COOHLx
≥1.0g/L,�*NLxF 1.0mol/LX�100◦CTq?( 8h, ��d`JU��Vhf^:)℄ Cd(OH)2C83"	`HWj C 350◦C X�Im| 3h, d`r1`$f CdO C8j 	|�:=
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