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Abstract: Monodisperse polystyrene and its copolymer beads containing amine function were pre—

pared for the electroless silver plating using reduction of silver alkylcarbamate complex in organic solvent.

Soap—free emulsion polymerization was adopted for the polymerization of styrene, divinylbenzene
(DVB), and 2— (N, N—dimethylamino) ethyl methacrylate (DAEMA) in the presence of poly (vinyl alcohol)
in a water/methanol solvent. The resulting poly (styrene/DVB/DAEMA), containing 30/0~1.5/0~3 wt%
in monomer composition, were found to be a sphere—type particle with diameter of 1 pm. Silver Ag—

coated polystyrene beads were prepared by in sito reduction of a silver 2—ethylhexylcarbamate (Ag—
EHCB) complex solution with hydrazine without pretreatment of polystyrene beads. Robust Ag/polystyrene
beads were analyzed by SEM, UV —visible spectrometer and XRD.

Keywords: polystyrene bead, silver, silver alkylcarbamate complex, electroless plating.
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A2t =, ARl ~E]R1(99%, Aldrich Chem. Co., St)
Z12]31 divinylbenzene (Aldrich Chem. Co., DVB)< 1 M9
NaOH F=&eli3} SH2 AlHsh & ARgsigieh 2— (W N-Di—
methylamino) ethyl methacrylate (98%, Aldrich Chem. Co.,
DAEMA)& 24| A|A A7 (Aldrich Chem. Co.) & E¥}A]A
AH8-8133 ). Potassium persulfate (Duksan Chem. Co., KPS),
polyvinylpyrrolidone (PVP, K—40, Aldrich. Chem. Co.), poly
(vinyl alcohol) (80%, Aldrich Chem. Co., PVAD), ®&-&-(Duksan
Chem. Co.) 183l hydrazine monohydrate (98%, TCI Chem.
Co) = Alokg AE-S TdlZ ARE3ISith Silver 2—ethylhexyl—
carbamate complex solution (CsH;7NHCOOAg - CgH17NH,, 20%
ol 23E gl Inktec Co. LTD, Ag—EHCB) oM Al g3h= A
= ARSIt

2 Ao Azt FEAER BlEl] AT 29 FH AR
2 FAF AR (FE-SEM, Hitachi S—4300) % ©]8314 5.0
KVellA #stedet. XRD dlo]El= X—ray (Shimadzu XD—D1)
SRS ARESISITE AR ¢ A¥EeR= UV-Visible
spectrophotometer (Shimadzu, UV—1601PC) & ARE-alith
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Table 1. Conditions of Soap-Free Emulsion Polymerization of
Styrene in Methanol/Water with KPS in the Presence of PVAI
at60 C for6h

St*  DVB DAEMA® KPS Water MeOH
(g)

30 - - 0.3 300 30

30 1.5 - 0.3 300 30

30 1.5 1.5 0.3 300 30

30 - 3 0.3 300 30

30 1.5 3 0.3 300 30

“Styrene. *Divinyl benzene. “2— (N, N—dimethylamino) ethyl dimethacrylate.

sl 4 A5310] ALk ST/DVB=10/0.5, ST/DVB/DAEMA=
10/0.5/0.5, ST/DVB/DAEMA=10/0.5/1 1831 ST/DAEMA=
10/19) 2435 7K 35TAER 22 WS o83l Aich
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3L 7] A ZYAER H|E(0.5 905 2ot BAERellA 2413
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Figure 1. The SEM photographs of the (a) polystyrene; (b)
poly (styrene/divinylbenzene); (c) poly (styrene/DVB/DAEMA)
beads prepared by soap—free emulsion polymerization.
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Table 2. Composition and Conditions for Electroless Plating of
Polystyrene Beads

Entry Bead PVP Ag—EHCB/Bead” Hydrazine Time Temp.
No. (@) (w/w) (@ (mn) (0
1 St/DVB 0.1 1 0.2 30 20
2 St/DVB/DAEMA® 0.1 1 0.2 30 20
3 St/DVB/DAEMA 0.1 2 0.4 30 20
4 St/DVB/DAEMA - 1 0.2 30 20
5 St/DVB/DAEMA 0.1 1 0.2 30 50
6 St/DVB/DAEMA 0.1 3 0.6 30 20

7 SYDVB/DAEMA 0.1 3 0.6 5 20

“St/DVB/DAEMA=30/1.5/3.%0.5 g of Ag—EHCB was used(0.5/0.5 (w/w)).

AR HEe] el Holgls SHYAIE AlASk B 2ES v
o] F= 39 oA, conditioning 4, w7kst 7, 433t 74
T3 7153 Y 50 TP Qlek dRbE o ofHsh vIsE
ol FAMNA FEN AdollA Fdal] =7-g AABkaL gl 1 o]
e TR el U, & Ea 3o 98 AR whiEolth

2 Aol AMgSE 2 2 SR o] A4 7] Sl &
afw]7] whell 71841 Well sl Tmgo] 7hset dxlo] Sirk
HERS: Sofla] Fg)] EE-S H|= Bkl Ag—EHCB &8 121l
ShelA] go4o] 371 fots Eqtsle] XEslty. Ag—EHCBE ©f
w719 2Jsle] ZAS o] F ez HYsA EAFHR= Slo] 4
A QITk ™ Ag—EHCB= AE|# H]=o] el Eaeh= ofil7]
o} MsPgo] U R H|= mlel| golah Het § sl=akkle|
oJsto] ghelo] o]Fojz] & Wizt A3 FAlel vl=
Agto] FRE = o7 AZtE) wpghA, Table 29] Entry No.l
oA ol Ts7I7} Gl TP AE H=E ARSILE AT Bl=
2hzle] ghelkgo R APIE & WAl Bl=e] HellA S0
g, TEo] FEF o= oy Bro] BrddiHE dukE B
F) wwek AN L ZRo|= Fold B= B ] &
oF 2 thejiabEe] A Eo] & kR AAEte] nimel E31E o
s #EE 9otk

H= Fye] s B FR2o|= eHgAe /-, W
Ag—EHCBS} $HAe] A} &% T18]a1 Ag—EHCBS] o] 93
& mRE AR Zgata 9lom Table 20l YERE vle} o] A
S zselck

ST/DAEMA/DVB=30/3/1.52] H]=& A}&-3}o] Entry No.29]
22191 Ag—EHCB/H]1==0.5/0.5(w/w), PVP(0.1 g), $41(0.2
g), AsAIZE 304 12|31 20 Tl FesiS wl Figure 291 1
ERE Hle} o] v BIES} Ag—EHCBO] o) 2l3tebd & Z9] =
A7} AA8] S7kele] fdakar FEsh wo] FAdES s 4 9l
Itk Z12fu, Entry No.3elA o] Ag—EHCBE| o] S7lshi
Figure 3eil VRt vlel o] & F20] TP} I/ S7lshe nege
27eh & e siaE el F-ake 21s gkl 4 Qlolrh

Entry No.4eld Z&e|= PgAIZA PVP7F 5017 942 4%
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Tae] st =F0] o]FoHA] o= AFS HAFI o7
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Figure 2. The SEM photographs (Entry No.2) of the elec—
troless Ag—plated poly (St/DVB/DAEMA=30/1.5/1.5) beads
using Ag—EHCB and hydrazine at 20 C.

Figure 3. The SEM photographs (Entry No.3) of the elec—
troless Ag—plated poly (St/DVB/DAEMA=30/1.5/1.5) beads
using Ag—EHCB and hydrazine at 20 C.

(a) (b)
Figure 4. The SEM photographs of the electroless Ag—plated
poly (St/DVB/DAEMA) beads (a) without PVP at 20 C (Entry
No.4) and (b) with PVP at 50 T (Entry No.5).
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Figure 7+ 20] 3% Z2|2ERl Bl=2] UV-visible & 2~
Heels YehlFa 9tk Figure 7(a) ol LERE v} 7o) ZajA
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5 HOJFA] eolrh TgA|gk 2o0] 25 el wbA 480 nm
FZofl ] & Lheixte] Zepakt 3y of7)of ot w7} vehd

Figure 5. The SEM photographs (Entry No.6) of the elec—
troless Ag—plated poly (St/DVB/DAEMA) beads using excess
Ag—EHCB(1.5 g) at 20 C.
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Figure 6. The SEM photographs (Entry No.7) of the elec—
troless Ag—plated poly (St/DVB/DAEMA) beads using excess
Ag—EHCB(1.5 g) and hydrazine at 50 C.
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Figure 7. UV/vis spectra of (a) pure polystyrene beads and
Ag—coated polystyrene beads prepared in methanol at weight
ratios of beads/Ag—EHCB=(b) 1/1; (¢) 1/2; (d) 1/3.
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Figure 8. X—ray diffraction patterns of (b) pure silver and
polystyrene beads (a) before, and (c) after deposition of silver
using Ag—EHCB.
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