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Synthesis and Characterization of Doughnuts Like Cd(OH), Microstructure
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Abstract: Doughnuts like Cd(OH) ‘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)s doughnuts with size of 1um 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)s doughnuts.
Cubic phase CdO with doughnuts structure can be obtained by calcination of Cd(OH)s doughnuts at
350°C for 3h.
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() DNA. 1 FIEA BRG], DNA & 17 W 7E
Cd(OH), gk 2z &, BRI AEMITIE. @i,
95% HY DNA "] AR IE W (<40ng/mL) 73 B oK.
Fe X BT IE M F] EDTA W h /5, Cd(OH), 44
K2R, DNA FEHBR. X—fFEAHT
RFEEIMNAVLIER, B0 LA4 B & DNA BE
i A 2 ik 1L,

Cd(OH)o g4 KA1 HE il £ 7 B —, 2
KA. 0 Zhang % MY 5E DAY B ER 1 S IR 4T
i, KIEE R CA(OH)2 K Fr . 49K A1; Tang
& 12 {4 B ERAME LR, Kk A O K
fi CA(OH)p 44K 2k; Shi % U K#& M Cd(OH),
NTT AR, Ichinose 45 O LAY B2 4 A1 s i 2 A AL
o R, R R W pH E, BRIAMILK
35 1000 Z £y CA(OH)y 4k 22 10131 35, Miao
& M HEAEEAR T S4WE AR Cd(OH), 44k
.

HAr, Cd(OH)y 44k i ki T8 AT R F 44k
B AUKRIR, AR (FRAK 2, 4K EM), B
bz 2R TR YA, bR
HRKEEm, P& BB & R Cd(OH), B
AEEMRLE . A TIERHAKEEERTZP
AR CA(OH), WOKEEH, TR T ATF B L5 44,
REVEEFIVREE ., ROV AR, BN R BE %4 P2
Rt 5®$E#EmE, 18T FREHIR Cd(OH), 1]
BE 1Y TE R ATL .
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2.1 HF 58

i B 4% (CA(NO3)2-2H20, 7 #r 4, | i =
FAL L), ZEABK BB M B ] N M B
Poly(acrylamide, carboxyl modified, carboxyl con-
tent: 30mol%, f&j 5 & PAM-COOH, M, =200000, {&
E Aldrich 23 #]); SR PO (Hexamethylenete-
tramine, 73 2 CsH12Ng, & 5 HMT, 73 #r2,
] B2 25 4R A Rk 22 10 2 F]).
2.2 TEHK Cd(OH), KM FHHIE

PREX 3.08g K EHH IR (CA(NO3)2-2H,0), 1.40g
N EEDIRE, 0.1g FiH 15457 PAM-COOH, 73 7|
T RAEZE MK b B PAM-COOH A %] Cd(NO3),
W, TEBIFES AR T BN IR F 2 Y e v
SRJE TN ZK BE i A 100mL 19 R4S W AR ZE8 FF Smin
&, BREWWEEBE 250mL FEEIE, 100°C fn
Ml 8h. KW ARG, HARARHMEIZIE. a5k

72 Pl ZE B K e B 3~4 1K,  60°C T 4% 5h.

2.3 YR

X B ¥ KM S (XRD): Rigaku (Japan)
D/max-ya X HF&AMATHAL, Cu Ko H4, K
A=0.154178nm, T {EH HE 40kV, T4EH i 30mA,
HRHEFE 0.02°/s, FRETERE 10° ~80°. HH B
(SEM): Hitachi S-4800 &% %& 5t 39 i # T~ B 1% 55 .
%S HEEE (TEM) FlE X BT A7 5 (SAED): JEOL
JEM-2010 % 5 7 5. /% 8%, #/E 8 E 200k V.

3 HEERFVTIR

3.1 FEHR Cd(OH), LE#MEWRRIE

X G EBr AR AT B (XRD) B 1R, & %4
NI FR N Cd(OH),, 22 (BB K P3m1(164), 5 7 #E
+ J B 3% —% (JCPDS card No. 31-228).

HHiE T 254 (SEM) 204 & 8, 74 Cd(OH),
NTREPEREGH, XEFEHFRTH, K/AhY
Lpm (& 2), BATFE Yo VF 28 Gl s, ey
JEJE2Y 35mm. FEG T B B E & (TEM) =M (A
3); Kl Cd(OH), TZEpHLREZER, HEAT
RO RS SEM R —8. WE TREMNiL%
e X A1 (SAED) (B 3 47 B A ), 45 R an 1
Biw, WA T Z PR CA(OH) # J b B 25
], FEAARE N NT7 Cd(OH), 45#, X5 XRD 45
RABPF. X PRI IE S 45 M 5 Ghoshal % 19 &
LI ZnO, Ma 4 161 & st g NbBO3 JB 514 A {6l 2
Ab.
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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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E 2 =45 Cd(OH). i SEM B8 A (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

E 3 =4 Cd(OH), #) TEM g #1 SAED 47 5 b £
Fig. 3 TEM image of the obtained Cd(OH)z and, the
SAED pattern

3.2 BmER
3.2.1 PAM-COOH R &

B 4 %41 T PAM-COOH K FE R [F K, 7=
Cd(OH), MR BB E &, A PAM-COOH i,
F=# CA(OH), NkHeik (R4t E). PAM-COOH
BV BE A 0.5g /L, P28k RST 8K 0 F B IR 45 4
(F 4(a)). ARTZP0 R, FEFRpdsE
KRy sz, HIGHA T 250 2R 24 J6 3 (1 /1y
Petk.  PAM-COOH ¥& B 1 K F| 3.0g/L, P41 h K
SEEM T EPEH (R 1um), W& 4(b) FiR.
1M H5 PAM-COOH ¥ 24 1.0g/L A, RAFEA
ARk, DL EGREH, PAM-COOH ¥R £ K
(<1.0g/L) b, XM= (50 O 28 5] T — & iy #E
FEF, (H P T U RAR, X788 0 2 78 R 2 1R
. B E R THE, PAM-COOH X TB 85 (4 45 i B8 /7
R4, EWREEN 1.0~3.0g/L, B R SFES1, BN
SERMTREPRREE . F I Y PAM-COOH
MV EE, W] LAA G P i R 55
3.2.2 RYiRE

P 5 45 T RN VR BE AN [ st 7 40 1 T i PR R

v o o
B 4 5 [A PAM-COOH ¥k /3 #74 Cd(OH)s
SEM M Fr
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
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o G AT ':fj.,“ i
B 5 R R R E B ) C(OH), iy SEM B K
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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B . BN vk BE 3 K E 0.2mol/L, Cd(OH), 7B
1R R R 520 F BB (29 8~13um), T A 5(a)
JiR, XET RGN /N, Fe T RO
FRREARBAR. FEAR BN Mk B £ 0.05mol /L, =4 2K
LB W RICR X DT 2, B FREHR TR
HIE 5(a) 89K (& 5(b)). A E45RFM, KNY)
W B 1 AR A A F A D RSE 8 T B R4S
4.
3.2.3 JR Rz B (B B IRz

SER AR BN, SRR ], SR IR BE X PR A A R
SFERSEA — M. B 6 AT K RV
[f) 2 P A B R R A BN W P By R R .
B 6(a) FHI, A EF 16h, PR H N
INRGT Y230 T RO (29 1pm), HRSF2 4 8¢
K5, HRMEE 8h A, T 2P AT
BOREE M R ¥R A i B AR BRSO iR
BEF] 70°C, HEBTR 2| KR Z5H, M 6(b) FriR.
PLEgRER, KB T, PAM-COOH Xf7/=4)
WRSF SIS B A ERAER, & K 5V R[],
PAM-COOH Xf 7= 4 J& #5475 45 A1 58 (1 ¥ il 66 7, 53X
B PAM-COOH J2: 4R 3 1 T £ 4 i 3v) (7).

B 6 100°C JZ i 16h(a) F1 70°C K 8h(b) F=4)
Cd(OH)2 #y SEM H fr (PAM-COOH:1g/L)

Fig. 6 SEM images of Cd(OH), samples obtained
at 100°C for 16h(a); at 70°C for 8h(b) (PAM-
COOH:1g/L)

Wit Xt PAM-COOH ¥ EE. RV ¥ EE. AV
1 B A BN B TR] X 7 4 25 4 5 0] 851 5 e ) T 95 K
B, PAM-COOH ZiIEF#E K|, % Cd(OH), F
B9 TE B B G BEAE H . A I Y PAM-COOH
HIWREE, AT LA REE R = B 5 R, 4R,
LE MR R CAOH), TEYF, B &M+
K BN BE A 0.1mol /L, K2 Wi BE A 100°C, 2
)37 Fif ] >8h, PAM-COOH ¥k B >1.0g/L.

3.3 FRRHLIE

Tl BR 4% 5 7S WK 22 DU i AE Vs W AR AE T 8

B :
(CH,)sN4+6HO~6HCHO+4NH; (1)
NH;3+H,0—~NH; +OH~ (2
20H~+Cd} —Cd(OH)s(s)+H,0 (3)
HE C* BEFRES O B FIREMFRMKT
Kp(ca(ot),), CA(OH)y FfIE L. X4 Cd(OH),
ol AR A & PR X AR P M AR A — 2, B oS 7 o T
Moo EREERKERES, &&EERKEREAR S
TREEMFMEAEK.  Lee % US| 3l WA K
NAEMT, AMFSE: 3R, RE. mHE
AR BT m i ik A K . FEA LT, 1EA
T REREN %, PAM-COOH 41
E A KEH -NH, 5 -COOH, 1] PAAE 4 iiE B H1 K},
3 o A o Bt SR R 2 #E Cd(OH), A% 3R,
KT F AR CA(OH), FEs6 i iy AR K E, R4S
FCA(OH)2 Aok B AL, [F W, 7EMEZL S T PAM-
COOH fEH T, XA K LT T — LR
(attachment process): BEANYK F A WA %8R 1E
Ah, FrUARERER =, 4 T W R, A
oKy 1] FE A 3k A — A A ORBEAR R T RE. )
—Ji T, Cd(OH)y &4 B A B 4F () & 4 Xt Fr A
RGN, ZRWEE b EARK A b aE 1 IR,
AH R 6] 4 ) A Bl a. B, Cd(OH)
Pk a A BiERER, REERT FRIFRS
M. XFREEMECA R, I [H] B S A 2
K.

e 28 4 R ok B X T B R — i 9 &S OB A
YIRS EBOR M. FEE PAM-COOH ¥ £ 1
K, PR RS BE/N, AlTFREHaEmhr S
2 B AE ) B R, B — AN R4
M. X —4 R BHELE 2 B8 AR, 2
JOREHI K, MUWRE R 0.5g/L 5Z.0 KR 3 28 5
W N 1.0~3.0g/L B /NRSF 2SO F ZPRR G
3.4 FTEHK CdO &5

PL Cd(OH), M ETHKM, FE 350°C &% 3h, 155
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Fig. 7 SEM image and XRD pattern of CdO through
calcinating Cd(OH)2 at 350°C for 3h

PRt =4, B 7 45 PR 09 XRD B SR R R
B, Fr A B AT 5062 AT DA A8 AR Ak R 2 A CdO,
23 [6] B Fm3m(JCPDS 65-2908). SEM &4 5773,

T2 PRE5 F FE A AR R T ok, (HE5H A B i e 4 21
%, UL BB R AN, XJEE N Cd(OH)s 7
WK G, G548 B 7S 5 Al 5 A8 S ar A, AT 2 F
G5 R 0 VAR A /D, DT {5 A A 8 o B i 4 B
% [FE il F RSN, NEHESrF S5
6] ) A BESRAS, 2B M ey o BT BRI A

<.

(20
?(3 1)
B 222)

60 7

(=)

80

4 g

7£ PAM-COOH fEH T, Mat/KAMEEKT T
BEPEIR CA(OH), UK ZEH. A~ CAd(OH) fK 4
¥ 24 1pm, B RSEZ K 35nm B 55 3 A . oF
KT AR LT FMEX =M S5EH G Fm, 4
RRE VB, V. R &

THT Vi P 7 MR BE X P i FE A 5 R — R B
M, {H PAM-COOH Xt =4 JE S S IEH. H
A PAM-CCOH f£#E &, A RERBEMFH T2
BEIRZEA . A SE 58 4 1, 7E PAM-COOH ¥k
>1.0g/L, &R 54k BE A 1.0mol/L F, 100°C Ji#k [a]
T 8h, A AR B R ~F #5740/ F 2 B0 Cd(OH),
TR R, B X PS5 HITE 350°C T iR 4B R 3h, 18
F B AL CAO FOK S5 .
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