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Abstract: We report the template—based synthesis of well—dispersed CdS nanoparticles (NPs) in the
interior of poly (2—acetamidoacrylic acid) (PAAA) hydrogel as a novel type of nanocomposite without
particle aggregation via ion exchange in a aqueous system. As revealed by the TEM image analysis, the
mean crystallite diameter of CdS NPs embedded in hydrogel composite was 4.5 nm, and the composite
did not suffer any observable change after 6 months. Desorption/decomposition of CdS/PAAA hydrogel
composite was studied by evolved gas analysis—gas chromatography—mass spectrometry (EGA—GC—
MS), and thermogravimetric analysis (TGA) methods. From the TGA data, the thermal stability of the
composite system increased by ca. 100 C and the content of CdS NPs in a dry composite gel was over 70
wt%. In addition, the chemical pathway was proposed for the entire decomposition process.

Keywords: CdS nanoparticles, poly (2—acetamide acrylic acid) hyrogels, thermal stability, evolved gas
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M E

= T715 k= S ER(CdS) 3 2+ metal chalcogenide
Al A= F2 e 7Y, ol 3184 P, ol A 5
o] $<=5 502 Qlal P H FEnka Q)= Bjek XX (solar cell)
9} A7 8k (photo—electrochemistry) ool 383171 $Jal v}t
o]z 2 Ax}F-sH(microelectronics) oA FE] B]XE B8} x|ysh
(optoelectronics), FHlRES-(catalysis), 38 (optical windows)
ol o|27171A] FR9IeAl A77h WaE a ek Al vjEe
2of] heSIRHE Alshks, &9« (quantum dots) ™ 7Fs-at
7] F2 FulE Fojxivk. 1A} vEYRe] A FxFE HIE

#To whom correspondence should be addressed.
E—mails: leejo@pusan.ac.kr or hpaik@pusan.ac.kr

A VheiRhe 159 5HE AR I8 AR S8 Al
3ta, AR Vel 2 53] PYAdS Folshe F2
7\AIA, B8 AL 7EAA PopE

A 8 (hydrogeD) 2 hast EA3 42 71 =49 o]
AL 7RI QEE 0 e 21524 aEAle] A AR A
2 ZAglete] 32k T EE RhEo] Bl =7 o, e 3|
£ FRIeFEA B el ol F w7k EellA eskA Bk A
Sl Uite| Al Y=gixke] 4 844 (in—situ template—based
synthesis) & 7|&2] We=EARE A A o A W
Holrk vhedzke] $3 $lo] S A=l Wigah= 1At WjEY
2ol BRlsu 24 dfto] ohd 3y o® sk 2dsh=
Zolet whA, poly (2—acetamidoacrylic acid) (PAAA) =314 vl
Egialef] §4 glo] & ik CdS eI E 7 Vi3]



11‘1— 5 .

ol

\}

Fe -

=
RLS

=

2 0= Ez0o
i

= s 5k @A) A7) EAe CAS/PAAA I L
FAe] sl 54& ZARsk= Blolrh 53] 4olA WiE 1A
o] 87} ool sl Aw Betk 21 ARE AT 4= $li= coupling
techniques ¢85 TS Y 4= 91oH, A|RE ofe] tef
gF 2iatellr] ofe] W A3dsks WA = daL, B4 o
g3t HolElS 9e 5 ek

£ o= Evolved Gas Analysis—Gas Chromatography —
Mass Spectrometry (EGA—GC—MS), Evolved Gas Analysis—
Mass Spectrometry (EGA—MS), Thermogravimetric Analysis
(TGA) = ol-83f] PAAA w5 4l CAS/PAAA 3| srshdle] 7+
Yof| 23t 2% ol W B= Z) 258 FRollx Q] AE 7)A€
A} ol tisk B4 ATE Fok gl S ZARISICh

pal

2he Y

¢

o

4 =

A2 2 i 2. Cadmium perchlorate (Cd(ClOy) s + 6H0, Aldrich),
sodium sulfide (NagS + 9H20, 99.99%, J. T. Baker), potassium
hydroxide (KOH, Daia—Koban’s, 85%), potassium persulfate
(KPS, 99%, Acros), pyruvic acid (98%, Acros), scussinamide
(98%, Acros), acetamide (Junsei), benzene (99.5%, Junsei),
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Figure 1. Scheme of the preparation of the crosslinked co—
polymer PAAA hydrogel.
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CdS/PAAA <#3Hdlo] ftk(Figure 2).
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E 1} M} #n|d(Transmission Electron Microscopy: TEM):
TEM ©]u|A]3= accelerating voltage of 200 kVE- 714 Jeol Ltd.
model JEM—2010 transmission electron microscopes ©]-&3%
o] REZAS} iz 33l sk v lE
IR AR 33F Sl Ak 1 8-91e] sk W8-S copper
grid, Pelco NO. 1609 ®ojrmg]a AZ %o TEM sample
chamber F°Z HFAFT

d=xzF BM(Thermogravity Analysis; TGA): TGAE 35~800 C
el 10 C/min, Ny 171814 TA 1000% i, 1
dlo]El= TA Instruments Universal Analysis 2000 software®
TR = FAE T

HIS 71~ 2M(Evolved Gas Analysis; EGA) 1: Thermal Desorp-
tion/Decomposition - Gas Chromatography - Mass Selective
Detector(TD-GC-MSD): TGA &%7|5% (thermogram) oA &
F a7t dofuhs 2Rl WEEE 7] 7IAIE ARelA
33819 (cryo—trap) ©15 GC-MSDZ ¥ 7&8le] 72k &%
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ZF % 772 50~150 C, 150~250 T, 250~500 C, 500~
750 C W] ko2 Blo] 3 s e s SISt A
2]9] GHl= Figure 33 2t} 238242 pyrolyzer 2 Frontier
Lab Double Shot Pyrolyzer PY—2020iD& ARg-3}1., GC—MSD
2 Agilent 6890N/5973N GC/MSDE- o185} a5t Gas &

ByayE =
wEE 54

Figure 2. Schematic of PAAA hydrogel—based synthesis of
CdS semiconductor NPs; @ indicates CdS nanoparticles.
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Figure 3. Equipment for TD—GC—MSD experiment.
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Figure 4. Equipment for TD—MSD experiment.

A(GC/MSD) 272 injector®] 2% 320 T©]1, 1.0 mL/min®]
fFEoE AR dFE SE53irk Ovens] &5+ 50 CellA
5%RF MEIL 10 C/min® &8k 320 Told 16581 H=A
3133} Columne UA5+ (30 mx0.25 mm X 0.25 um FT, Fron.
Lab) & ARE3IS13L, MSD Source 2%+ 242+ 230 C, 150 Cola,
scan rangei= 20~500 amu®|t}

HES 7iA #EM(Evolved Gas Analysis; EGA) 2: Thermal Desorp—
tion/Decomposition —-Mass Selective Detector(TD-MSD): A 5=
temperature programmable furnace (1714 pyrolyzer) ol &
T T3P AlE2HE Y e HElEe] 7|A7L wlskEt] o]
£ Figure 4914319 &4 245 FH.(deactivated metal tube) &
ARg31e] 23 MSDE st} Arlzke s wlsh= 71412 AdelE
AAsk= s TD-MSDe gt} 2 A3lelx= PAAA Y CdS/
PAAAE pyrolyzere] ¥il 50 TollA 10 T/minlZ 523}
750 CT7HA] 7dstA wallE= 714l Adv-s MSDE AAREe =
el

TD—GC—-MSD9} vix7Ix|&2 &)= pyrolyzer® Frontier
Lab Double Shot Pyrolyzer PY—2020iDE ARM-3151 1, GC—

MSDE & Agilent 6890N/5973N GC/MSDE A}-g-3t< o,

Pyrolyzer &% 232 50 CellA 750 T7H4] 10 C/minZz %23}
3, FF 71AE 20 mL/min®] 502 S]] dasfsteic
Gas ¥4 (GC/MSD) 2712 injectord] &%= 320 T, 2XP A1
AFe] 4452 1.0 mL/min®]3L, oven®] &% 50 oA 571k w
E31 10 C/min® 523184 320 CollA] 1547 w7 si3ich
Column- deactivated metal tube (1.5 mx0.15 mm) ©]1Z, MSD
Source 2+ 242F 230 C, 150 0], scan range 20~500
amu®|t}.,

4 ¥ EE

£} Mx} #0|Z(TEM) o[olx[ofl 2[gt slojEa|= S=pdlo| nE
EX|. PAAA 8 Uol] JEEA] viegizke) vhe 3719 e F
7} A2} A1) A (transmission electron microscopy (TEM)) ol
&) BREIL) Figure 55 CdS WA AR]E slolBe|= 43
Ale] gi3E4]Ql TEM oJu|X|E RofEr) vheizke A3 435142
o7} o FL2 Hio AL How vehdtl Hit A A= <k
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Figure 5. TEM image of CdS/PAAA hydrogel composite (Scale
bars is 10 nm).
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Figure 6. TGA thermograms of the PAAA hydrogel(solid line)

and the CdS/PAAA hydrogel(dash line); (@), (), (c¢), and (d)

represent set—up of sample heating section.

Table 1. TGA Thermogram Pattern

Temp. () PAAA hydrogel CdS/PAAA hydrogel
about 100 WL WL

about 200 WL No
200~370 continuous loss No

about 300 No WL

about 370 WL continuous loss
about 650 No WL

WL: Weight loss. No: No weight loss.

& & qlolem 671Y & A2 TEMO|A| = =514 vy
of| oAM= CAS7} A LhoA] ¢k5-8 HejEth

Az2F BEM(TGA). €33 PAAA matrix polymer (PAAA
34 9} CASE PAAA mEE] o] AT L2 HCAS/PAAA
=814 ©] TGA thermogram-S Figure 63} 2t} o] A3 35 €
FE 2o 10 T8 52310 Z2F 700, 800 T7HA] =7g8igict A
Z CAS/PAAA F73H 2:9] CdS WedAFS) F3:(Weas) 2= A (1)
5 o] gslo] 72%% AXlalgic

Weas (%) = Weas / (Weas+ Woaaa) X 100 )]

Weas, Woaaa 282 CdS WAk F59048(60%), PAAA
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Figure 7. Analysis results of desorption or decomposition materials at each section (The temperature ranges of (a), (b), (c), and (d)

are 50~150, 150~250, 250~500, and 500~750 T, respectively.).
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Figure 8. The detected materials at the temperature range of
250 to 500 C.
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Figure 9. TD—MSD TIC of PAAA and CdS/PAAA.
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Figure 10. Patterns of main evolved gases when (a) PAAA hydrogel
and (b) CdS/PAAA hydrogel composite were decomposed.
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