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Synthesis and Characterization of Hybrid Nanocomposites of Pd Nanoparticles
Containing POSS(Pd-POSS) and Poly(acrylic acid) via lonic Interactions
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Z=&;: Pd-POSS Y3 AR= palladium (II) acetate $} octa(3—aminopropyl) octasilsesquioxane octahy—
drochloride (POSS—NH;") & #lgh& £l shofl A-2o)M Azsleity. POSS—NHy S )43 Pd-POSS
YAl 270 oF 60-80 nme] A8 TR pAEch Whdel, POSS—-NH; & ]88k ¢ Pd vhesl
A2 73¢olE 4 nm FES] 2718 71 ZioE FRIE9)rh PA-POSS WegiAke} poly (acrylic acid) PAA) & <4
3 PA—POSS/PAA thrE8k= okHslE nj= Pd—POSS WgiRtsl £31812 nl: PAAS] 712 EAY|E
59 FA71E Q1" olgsl] AZE%t PA-POSS vhegiak= 7] AR PAAC 9dle] dEg 1k
ol gl #Helgue] 722 AA49tt & PAAE cross—linker® ©]&3te] PAd-POSSY #2E Alojh v
EETAE S Pd-POSS/PAA WeB Ao 7 9 Hesl A7) 84S FE-SEM, AFM, TEM,
FT-IR% TGAE &3] E4s13ich

Abstract: Pd—POSS nanoparticles were produced from the reaction of palladium(I) acetate and octa
(3—aminopropyl) octasilsesquioxane octahydrochloride (POSS—NH;") in methanol at room tempera—
ture. Pd—POSS nanoparticles with a mean diameter of 60—80 nm were the highly ordered spherical
aggregates. In contrast, Pd nanoparticles with a size of 4.0 nm were obtained when POSS—NH;" was
not introduced. Pd—POSS/PAA nanocomposites of Pd—POSS nanoparticles and poly (acrylic acid) (PAA)
were fabricated by utilizing ionic interactions between positively charged Pd—POSS nanoparticles and
negatively charged carboxylate groups of PAA. PAA was used as a cross—linker for the preparation of
hybrid nanocomposites with the controlled organized structures of Pd—POSS nanoparticles. That is,
the self—organization of Pd—POSS nanoparticles was formed into the shape of continuous lines by
using PAA as a cross—linker. The composition, structure, surface morphology, and thermal stability of
the Pd—POSS/PAA nanocomposites were studied by FE—SEM, AFM, TEM, FT—-IR, and TGA.

Keywords: polyhedral oligomeric silsesquioxane (POSS), poly (acrylic acid), hybrid nanocomposites, Pd

nanoparticles.
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4 dE 20 & U9 FEE 2 Ui 55 vehdch
T A EAAAEE U= W Fof £~ (sol—gel)
Lo oe LZAO| = (metal alkoxide) ) 71553l
&= Bl 7] EYAE FE 4 e AR ] Wl
7|-57] EANEY] el ol olg=lo] gt 10 sk S
- HT0] Glox] Hhgo] AP m g 1R} -Follof
& #9E 7T S8 Q) wiel R1Edwe] £
Y (miscibility) & YA = Qltk. 7] aRxle} 715852 4
5 9] flate] 7 BT B2l A8 £ ek A%
& 5] ez TS FUW 47)-57] 84 LheR g
A% &7 & BN AZY 5 gk TN, 7B F-A 3
e} BAREE dojal 9] wiE—ae] vt Bk Al
7k of&y) el Azl FERE A AV ek Ak Z-2
HhS 5 YR 2mg e B AR A8 2 vlEday
%2 FA EFAS oHA W= FH o7 xFFo] grtd

Polyhedral oligomeric silsesquioxane (POSS) &= 1 A7}
7|-57) 4EFAEA AloIR 9] EREL 7R Holgla v
2HEE 870 1BV |2 B AelQle B53 75 A 3
2ot POSSE 1-3 nm A7)9) 33 722 A 713 7
< Ak A=z e vk gL POSSE 71E0) Al Feg)
T OEA| POSSY wlgEel oole #7187 |2 U3l toksh
F718vlel 2 =& Wt opa) R}, HER) A, 2L 245 ¥4
A= F3lH o7 §Je = Qlok POSSE 0] 83 18A}l EAAR2)
AL POSSE Qg Ui, Uls4yg, UlgA, v, 7iasaly,
A T2l viekERl S Jpd2tt o|#dt POSSE o83t &
AL 718 &4 TP FAVF B H7) mlEg Al 423
Aot whEolxl viE AL o) Yjst B84 02 QI3 /de &
APE F8E 5 ok weh, POSSE o] 4351 tjoksl d+4= H2
o VB3R g e g A B #E vk gl

B Ao 8709 dRE o2 33 POSS—NH; & 34
3l Zebg FE5YRE A )122 3 (self-organization) 3101 $4€
Pd-POSS et ZEolmEAHPAA) o) Belde) AgE olgsl] &
& gz ke TR Aolshe TS F8Isith 2R A
o] & & eAME T2 ey 43 128 7 o]
87 BAE o183t w5 At APIRAEE Aols
7} WEIHE P e, s 8709) 71951 23 9= POSS
& 35 xRl el HAZ ol 25 v ) 7Y
AFA R 24 EF 315, ¥oizl PAd-POSSH Ak} 1
A9l PAASLY] o] 22 EE o83 £X35l2 BE Pd-POSSH S
Z1E0] BRIFHE AKA R olojA] S, & 27t AolE A=
© WrEelE Az BYE heRaAY 99 aae
AL PAAS) Blale] e $<3kick. POSSE A7) 223kl 2
S 1hegAs) 1T B4 et E atAlele] E48E Falo] T
B 7k Al 34 WhedAS e vieRgale) Azs )
2, goikgel QoI & BE FEEulze $80] rhsata,
sfab, 713, ek, 1Al gHzel $8 shsel Bk &
o EAY0l Hold BUF FHUAS AT, F4E A
A% % Gl Ao (cage) 2] POSSE AMGSIZIOEE 47
49 $253 B2 $-40) shssiele wad
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M2, AeEe calcium sulfated o]&310d A4 V15 stelA 4
AEIFT) 2,2-Azobisisobutyronitrile (AIBN) 2 40 C2] methanol
of o] A F ARESIITE 3—Aminopropyltriethoxysilane,
palladium (II) acetate, poly (acrylic acid) (PAA) (average M=
130000) 9} A3t 34k 5<] Gfe} Aok Szt A glol 15 Al
ok5 ARSI

BAM, 3" 2259 %= FT-IR(FTS—-6000, BIO—RAD)
< A}gslo] B3Ik 49 PA-POSS/PAA WheEEAS]
A bAde TGA(TGA S—1000, SCINCO) (%2 4% 10 C/min)
E A3l AT sl S50, POSSE 23t 55 W
A+ 9 PA-POSS/PAA WE3HA9] BEZX]= SEM(SM—
6700/LV, JEOL), AFMXE—1000, PARK SYSTEMS) ¢ TEM
(UEM~-1011, JEOL):45 F3lo] Elslisict.

Octa(3-aminopropyl)octasilsesguioxane octahydrochloride
(POSS-NHz"2| §Hd. POSS—NH; &= o)zl B ug Ay
M Fasle] eIt Heke(3.6 L) Wellx] aminopropyl—
triethoxysilane (150 mL, 0.627 mol) 3 23t $34H200 mL) &
25°CelA 6577 ¥hSAIA v 1A el POSS-NH;" (30%)
& A9tk o1F, 1A BEE st HEEE APgela Azt
F, veke 2 5E] A st &35 ok njgdd EEd
POSS—NH;" & @433ttt

"H-NMR [400 MHz, (CD3)2SO, room temp.): & 8.25 (s, NHs,
24H), 2.75(t, CHoNHs, 161D, 1.71 (m, SiCHz, 16H), 0.71(t, SiCHa,
16H), *Si—-NMR [99.4 MHz, (CD3)2S0, room temp.]: § —66.4
(s). IR(KBr): 3190, 3023, 2903, 1579, 1506, 1215, 1138,
1110, 994, 923, 808, 706 cm ™.

AAAT[SHOHPOSS)S E&lol= ZlE LI-IAKPd-POSS)2|
HZE. AAA718ARIE EFsh= dehe Vet Alzs olde B
18 EA9HE it deke (50 mL)o] E0IiE 100
mL 1-7 ZgA30] POSS—NH;3* (10 mg) ¢ palladium (D)
acetate (20 mg) & £ A0l 72A17F mHlsle] AAATISAIR]
& ¥3eh= getE WA Pd-POSS) & AlZsITh E3hg-
2 ¥ESARI0] SRl wiet Zekg o9 el 2Jsio] b
A Bedo g WElslgit), PA-POSSY WAt Z7)E 60-80
nm?| 7¥2] FeE I

Pd-POSS/PAA LE=S§H|2| ®MIZ. Pd—POSS WAt 8
£ 50 mLof| 34 PAA & W3t 7Fele] AdollA 24
Azt E5ksto] wEksigt) WhEAITko] Sl Wl Pd—POSS/
PAA W B3 AdEA JAdER DolAle & RF

ik
an Y EE

Pd~POSS/PAA Y ETAE T #8t 471niA
PAASH X3P} 715 §71842A POSS—NHs & Edtehs
Pd—POSS WrlAE Azsisich POSS Q] 8712 45w
o)L ¥ POSS—NH; = 3—aminopropyltriethoxysilane
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Scheme 1. Synthesis of POSS—NH;" and Pd—POSS nanoparticles.

AR ke Sl 3ol WAIA A8 0 (Scheme 1),
'H-NMR#} “Si—-NMRE $3}0] %58 POSS—NH;' 7} 30)3)
& 2RI 4= 9J9ith 3—Aminopropyltriethoxysilane®] -
NMR A#HEgo)x] & 4= 9)3iel 129} 3.8 ppme] A=A IFY
FAaMA7} glolAe S 9T 4= AT NH, =17 NHa 2 ¥
33kl Wt 2.0 ppmellA 8.25 ppmOE FA2 A7} o) Esh=
e ZAg 4= Q)girk PSi-NMReIME —66.4 ppmelld] 92 &t
W) w=7F Yebstar, 'H-NMR AEH A Rojzl EX4uIs
2] i HEH|E AR e A AT AP ERE] Y=
POSS—NH; 7} &3 dolziee & 5 ik

Fdek POSS—NH:" & o]43}o] 727} #ojdl Pd-POSS vhe
QA2 AFEeSITHScheme 1), PA~-POSS theglal= POSS—
NH;" ¢} palladium acetate® Wghe 4] 3lojA] Pd VheglAlSe]
A7 12213 (self—organization) & F310] Ax3ISIc) Palladium (IT)
acetateZ Mgk Sflo]l R8I & POSS—NH; & ¥ Ak
A wRlsPE gREAZIo] F7ste] W) PA-POSS WiedAke] A4
of W& Zebg o8] FATHE §do] o] Aol He
Ao 2 W)= A4S BRI} Palladium (D) acetate S o|ERE
ofl g1 GA(POSS—NH;s 7} 9l 799 3 POSS—NH; 7} %
T e 27} Si—waferdl] Hojrtdl F Aol SmijE Zuka)
71 - SEM} AFMS 24312 A5} POSS—NH;" 7} = A9
Pd WhedR= ok 4 nm¢) 772 ¥4l ¥hE, POSS—-NH; & ¢
¥ 7392 PA-POSS Wr3iAks 2F 60—-80 nm2] 23S Hol=
T8 ez ERIENcHFigure 1). o]&A POSS7} 245 145:4]
A5 78 AAZ 3 (assembly) A|7]E o}f= 3xpdHow
Wojz) Sli= 872 f1H8571Z2 Q1% POSST-29] QlAldel wiE
o POSS7} shte] 55 vhegdzbel] o} Zo] 2] g 4= glom,
5 e AE A5 template S o] A7) 22EE o
A AN = 9l o2 ] HAYdE oA F5 YAt
9} POSS Aeole] Aglele gat7 Q18 745k Ao g 7| 2Ag}
e 34 e Sixt AgAE YAty g

MsCH I

RTiwesk

Palladium(ll) acetate
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Figure 1. FE—SEM and AFM images of Pd nanoparticles (a);
Pd—POSS nanoparticles (b).

Pd—POSS W27t 48 vdg g8 PAAE H7kst &
Aol wuksl] -5V S8AQ) Pd-POSS/PAA WieE 3]
2 Az HScheme 2). PA-POSS HiwegIAH= righd g4 5}
oA 4= Ado] A Tl HrEo] A G P JEE &
A=fu], PAA 55k wgkEe] a7} sl kIRl PA—-POSS
Lhesizlrh A3 E vERE Solo] PAAE 718k 3 Alglo] Ao
ue} Hage] WEE A8 ERIEI o121 PAA7E PA-POSS
A E Afeloli] o] 248k B8t cross—linker £ 2H4510] Pd—
POSS Wi=$izkg S4AA 1 Sl Ashi7e sow s
o} PAA7} Pd—-POSS YW=31A=2] cross—linker® 2-43h= 7
< glap] fl8le] SEM= og3le] 1 Helg #ssick(Figure 2).

Table 194 ®¥= A3} o] palladium (1) acetate®} POSS—
NH;3 98] E91ake- 1A17) ez vieke goislel] PAAS] TR0
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& W3)7In] Pd-POSS/PAA WhErERAE Alzsi3ick 20 mg
o] PAA7} 3718 Figure 2(a) ©AlE 29 3EARK] PAAY}
B0 5o guE W Yok 5 PAAS) E9%0] Bol PAAY}
cross—linker® 2-43}0] Pd-POSS v iRte) o] 2-d3hs %3}
o PAd-POSS Wieizte] #28 Aolsle @4 #Rlsk ol 1
Eal9let AL 10 mg PAAE 3718198 wo) Pd—POSS/
PAA WiBEA9] oju]xE By BER o= PI-POSS 1hxS]

- QO —

Pd-POSS nanoparticles  Poly(acrylic acid)

h-wﬂ"

Pd-POSS/PAA nanoparticles

- e

Scheme 2. Synthesis of Pd—POSS/PAA nanocomposites.

Figure 2. FE~SEM images of Pd~POSS/PAA nanocomposites!
(@) Pd—POSS/PAA=1/1; (b) Pd-POSS/PAA=2/1; (c) Pd~
POSS/PAA=4/1; (d) Pd~POSS/PAA=8/1.

Table 1. Preparation of Pd-POSS/PAA Nanocomposites

Run Palladium{(Il) POSS-NH;*  Methanol PAA
Acetate (mg) {mg) {mL) {mg)
1 20 10 50 20
2 20 10 50 10
3 20 10 50 5
4 20 10 50 2.5

22, #3379 A6x, 2009

27t PAAY] gJ3lo] Az ddd S & 5 3tk Figure 2(c)
Z 29 5 mg? PAAS #718151% wlole Pd-POSS Wi
7} BHEA BAH0] QA @ BRIFES] T B @
Aol Q= AL B gtk nixEkeZ 25 mg PAAE WIS
& o= FRigEY] T2t & o} WEsly AEstA FAHE
£ Ag IT 5 A Figure 2(d)). WA, PAA E31%30] 7
Zxglo)) W} cross—linkerd! PAAC] 2J30] Pd-POSS WxiAtel
FEI} ARl AL £ o 98] g8 4 9Jsic) Pd-POSS v
WA 3RAF PAAC] oJslo] adue) BRIFeEle] 25 /st
= A& TEM £4& $3l0) £ wgs] #48131tHFigure 3).
TEM &4 A% Figure 2004 Mods 727} Aloldl 732} Pd—-
POSS ViAW B3t s SABRE 2k €98 & QI3
11, 71 Pd—POSS WeglAt slellis Zehg F4U9AR! dark spot©]
EAshE 28 BRI 4 %l HtEE ERIERE @3 Pd-POSS
thealzhel A7 Mg dadelgls 2 81d 5 A wit
A, PAA7} cross—linker €8-& 0] Pd—POSS W=gAE ¢!
o] 727 AT dAAFIE 248 2T 5 AT (Figure 3).
Pd—POSS W=z} PAA, Pd—POSS/PAA W-E3hae] 3
2 B3M534 FT-IRS 2438517, 71 292 Figure 49 Veh)
It} Figure 4(a)= Pd—POSS Al 4232 1110 cm ™
(Si—0-Si ¥, 1116 cm 'N-H =), 783 2700—-3300
em P (NH;" 12)7h vehhs 218 gR1d 5= QIieh B8 PAA
X 1261 cm H(C—0 =), 1712 em™ H(C=0 =), 182
2400—-3600 cm™1(0-H T2 olN &4 =7t Jephs A&
Figure 4 () o4 Wehdiieh. Figure 4(c)+ Pd~POSS/PAA 1+
w2839 FT-R % A7 Pd-POSS WAl ®ojA)

i

Figure 3. TEM images of Pd—POSS/PAA nanocomposites. (a)
Pd—POSS/PAA=2/1; (b) Pd—POSS/PAA=4/1.
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Figure 4. FT—IR spectra of Pd—POSS nanoparticles (a); PAA
(b); PA—POSS/PAA nanocomposites {(c).
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Figure 5. EDX spectra of Pd—POSS/PAA nanocomposites.
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Figure 6. TGA thermograms of PAA (a); Pd—POSS/PAA na—
nocomposites (b).

£ Si~0-Si =29} N-H ¥=7} Jeh by w3k PAAIA Kol
+ C=0 ¥=9} O0~H a7} vehhs 222 Kol Pd-POSS/
PAA WeB3H7F ed oz SA=ES-8 o = ik

58h PAd-POSS/PAA WeXdhale] PALAE Blslua) 7R
Elo] 2]l PA-POSS/PAA B35 T80 EDXE 5743190
th. Figure 5o+ RolAj= AXE Pd-POSS/PAA Y E3HA41=
TS Q= C, O, Pd, Si, Cl 94 Bo] 2% vehb= 718 #k1et
g ATk

PAAS} Pd—POSS/PAA W39 44 ogAdL Bals)
Ak TGAE &7d3o] Figure 6° JeRfQleh 18219 PAA
Pd—POSS/PAA Vh=E3HA o] vlate] w2 2hellr] Eaj=]7] A
ZFsloick(Figure 6(a)). 2ol ¥kl PA—POSS/PAA YB3t
A o7 Mkl 98k FekE AEUAke) POSSS ko s o
2 QPgAo] vk o B 18 B 4= 9k 5, 71 uEA PAA
2} 10 % 271l &57F 149 TQl vhHo] Pd—POSS/PAA U}
EEEARE 252 TZ PAAC v]8le] F8] 103 T/ 57t AL &
= Qe w3k 800 Tl 55.6 %) AFHS Wol=t] o] AL
Zebe F5YAkel POSSE Q18 Ayt BaljE)x] ok dols)
= Aow dAgET)

fr K

4 B

POSS—NH; & o]§3le] Pd 54 Wizt A2 2712231
(self~organization) & 60—80 nm #742] T+l Yrdx2 A%

e

Hick o]213 PAd-POSS 54 WAkl a2Al PAARS] o)
AgE o] g8k ZAFE 53l0] A2 Pd—POSS/PAA W23k
2 $eKIch 25 PAAS cross—linker 2 AREslo] PA—POSS 1t
=t eIz FRE e R Qe s TR AlofE vheE
A S Azsl= AT T, FT-IR, FE-SEM, TEMS 53519
7% 4 s FAE0I0E TGA S o225 E 4402 qHgetPd
TE92e} POSSS] 9802 PA—POSS/PAA Y=g 47
ogdo] EA} PAAC Blgte] o 78k 218 g1t
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