P A
% 4 3 m o F F i No. 4
1995 ££ 8 H ACTA POLYMERICA SINICA Aug., 1995

REFGENRELRE ST BHRRRIN E
b & i0:00 20

% WAR RRE H B AXR

(EHRAELER KH 130023)

W OB AENSEE PS GORRKEAERET MR T, 3R HRBOL . /N X-
ABHMEHERFTERR T ARRE KA EAHTAAE (PbS) GJORBRNBER 5 %
WM. SRFRV.E—EBEA HS NEMIESHRAYIREN R BN R B RR
IN B FR BN R MR Y H,S 5 Pb™ [RE/RILR M SRS YIRE BB 4
RMRAORENHER. LRERRARSTRECHDH PbS IRESGAREBEKPR:
REgRsER) AR RA RPN PbS NN BN MR, BHABHEYRN KA, FILL
REANEN MY — D BHDEBIETFN PbS SRR E AR IREMH.

KWA RELEHFME, PbS GORFNL RS

BT PbS HIEIAKMNEFERENRTRIRMY, REBROAEZMNIEEH
AW IR E B RRH B NS FRTR, MEEROAR—EZIAMNNY
BRI, FIRGORRBR RO IR R B & AR R B F R, R ARBE A
2 B3 —p0goR oL, B0/NRIRL R~ Rt — R 24 78 RYUR RO IR U 1B BIK
RIRRBE RN ERERRY: RKRMNANAE, REOAFHRENROIERERYRS
ER, BARHRENE &R B FREEEMET, XGERADE ARERRN
KRN ARERT—RF RS, RETHHREYE.

RMOMAFERRRASEIRETERARS, HEHSBRESNRADHEK,
WREBEAIETRAWREKPH S HS RB,ER PbS RN E &40k, Bk—F 5]
ERAE,RARFMRRAEFUENOE S PbS SRR R AWM. KewbEM S
RERE N, HINT, B ARPURBON & B AL 7THE, R 3 15359 —, BAURHON E &4
RARREtk. ‘

AR X-H/h AR RBOEE RZ S RS B R T R MKEXN S 44k
th PbS FURFBINEL RN A RORNT, ISHI & 47 LARBARBLE B 27538 —,
ERAWIEEM B O BIH5IH PbS FURFRL,

1 k¥

Ll REZ®5 PbS HAMKBHAS
LLL SERAMAEERP-PORKED WA EEEHANPERBRY (PH(MA),)

* 1995-01-09 IH; BERBANFE &R BHIRE

477



478 s 2 F % #® 1995 4
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Tab. 1 The effect of different proportion of H,S to P-Pb on particle size of the
PbS nanoparticles assembled in the polymer matrix

Sample H,S:P-Pb(mol ratio) Diameter of PbS NP(om)
SAXS E,

la 0.5:1 3.71+0.4 3.610.4

ib 1:1 3.84+0.4 3.740.4

lc 2:1 4.54+0.5 4.340.4

1d 2.5:1 4.940.5 4.54£0.5

NP: Nanoparticle; SAXS: Small angle X-ray scattering; E,: Results from the theoritcal calculation
using .bandgap energy
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Fig. 1 1Inl vse8’ for PbS nanoparticles assembled in the polymer matrix with different
mol ratio between H,S and Pb?#, The molar ratio of H,S:Pb** are (a) & 0.5:1, O 1:1,
+2:1, and (b) 2.5:1 respectively

ETRFRTKEL, PoSHRAUR AR s R AR/ N R 5% , Bk
. PbS REBWRNSE, W LR MM Urbach AR, B TMARBETLURHHH
BR E;; #lE Wang RAABMBBREAWE S PbS FOKBMEY E, SRTFRT X
A, ATLUT BAORBOR R EE (LR 1), B 5/ A Xl R AEH.

2R H,S BRYORBNOREEMR/N, EXENESBANEFRAEE. BH1X
PSt-PbS iy PbS SKHME) Inl ~ & gLk, ¥ H,S 5 Pb** pyEE/RELS B4 0.5:
L1:1R2: 168 PbS B lnl ~ ¢ RABRUXR(ILE 12), il HS NRE—EH
ElPy, PSt-PbS i1 PbS WURIESfHI—, HERSH, AfH HS REE/REH I 2
Pb™ [y 2.5 f&i, PbS Y Inl ~ & g4R (A 1b) RAELHMy, PbS HENHRE. 5
H,S REIFl, Pb* DIRBRBERFEREMHE L. 5 HS REHLITH P 5RER

Fig. 2 Schematic drawing of the surface chemically bonded PbS nanopaticles assembled
in the polymer matrix (a) (PbS) means PbS nanopaticle, 7(b) ~COO=, (c) (PbS)
PbOOC~, (d) (PbS)-Pb**t, (e) (PbS-)-PbS
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Fig. 3 TEM photograph{ X 200K of PhS Fig. #+ Hisogram of pariicle size of PbS
orpoparticles assembied in the pelymer neappargicles shown in Fig. 3
matrixfsample 1b shown o Tab. 1}

RB G, ENERCEN, S HS RE—RAEA, BLABIMREG AT PS Soki
BRE,E8H PbS JkMEMBESER, BRIRN HS SRF S kikae
femib e, MR AMmEEN PbS MOALMEIEF MR, AL PbS MMHTAD
4, HESERE. B2 E PSS KAl R ARERGHTIRE, hER, 0
F 5 MMM A0EE 43 Sk RobE R .,

B 3, B 4 S BU20FSL 1b AR A SRR R A, B TR, RERE
Y 4.00m, BEESTETRSE, LT X-H Aok,
22 P-Pb i EEIREY FbS MXNMRENED S HHER

W 502 50 g/l 1100 g/1 g P-Pb BT MER,HELILIES HS (HS 5
Po'* ERLE=25:1), B AR PbS A RAEAY PSt-PhS B, 2a f12b, M PSt-
PbS M f XSl B, PhS G ROM A M2, S Inl ~ &F BRERILA S,

Tab. 2 The cffect of initial comcentration of P-Fb ox paryicie size of rthe
FbS nenaparcicles in the polymes mareiz

Sample Concentration of Concentration of PbS Diamerer of PhS KP{nm)
P-Phig/13 {(mel/13 % 10¢ SAXS [ -

Za 50 . 604 4.6%0.5 4,104

b 108 1.208 4,805 4. 5=0.5

e 1a0 0.604 4.040.4 3.940.4

* The moles ratio of H,5:P-Pb are 2.5:1

ELBE s hpumA R T LIER RN P-Pb FIBHRET (50g/1), S8 HS &R
K EW MR EEERR, 1 PbS SKMBEEE), MiEHE0/LE DS,
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Fig. 5 1nl vs. 8 for PbS nanoparticles Fig. 6 Inl vs. g for PbS nanoparticles asse-
assembled in the polymer matrix with mbled in the polymer matrix (a) The conce-
different initial concentration of P-Pb ntration of P-Pb is 100 g/1, after reacting with
(a) 100 g/1, (b) 50 g/1 The molar ratio H,S the styrene oragnosol was initiated to
of H,S:Pb** for these two samples are polymerize, (b) The concentration of P-Pb
both 2.5:1 is 100 g/1, after reacting with H,S the styrene
orangnosol was diluted two times then was
initiated to polymerize. The molar ratio of
H,S:Pb?** for these two samples are both 2.5:1
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Fig. 7 Transmission spectrum of PbS nanoparticles assembled in the polymer
matrix. The thickness of the sample is 1.25mm

Hifid Inl ~ ¢ BLREEEAREE, PbS kRN NS AR —; MBER P-Pb ¥HAK
ET (100g/1), PbS FkjAIAEEHIJLEMA, Hifi PbS Sk ANE IHERE, X
BWHAE—ER Pb* IREEEN, IBH HS HAEEREONE LA, REY P K
EXEH HS BRKNK, NESHRAER, ATHBEAKRAIEN PbS Hhihi ey
MR, RIS 2.5 F H,S RMGREIN PbS X E ke (P-Pb 7K 2 100 g/1)
FRERD, —BOEEREGEHER b, B—BoAXLERBE—-EEERTAKRSE
BREL 2c. BARBES 2¢ F12a B PbS REEAEME, 3934 0.604mol/1, (BEH Inl ~ & #f
%HE5 22 AHE, A REHR, MRS PbS KE BEEEKR N & EHERNMES 2b 1
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THE EFFECTS OF REACTION CONDITIONS ON THE
PARTICLE SIZE AND ITS SIZE DISTRIBUTION OF
PbS NANOPARTICLES ASSEMBLED IN '
POLYSTYRENE

YANG Yi, GAO Mingyuan, BIAN Fenglan, YANG Bai, SHEN Jiacong
(Departmens of Chemisiry, Jilin University, Changchun 130023)

Abstract A new method was used to synthesize the PbS nanoparticles in polys-
tyrene matrix. Absorption spectra, small angle x-ray scattering (SAXS) and TEM
were utilized to characterize the average particle size and the size distribution.
The amount of H,S and the initial concentration of Pb**-containing copolymer affect
on nanoparticle size slightly, but greatly for the particle size distribution. The di-
stribution is getting broad as increasing the concentration of H,S and the Pb**-conta-
ining copolymer. The reaction conditions during the formation of the PbS nanopa-
rticles in selution determine the size distribution. The bulk polymerization process
has little effects on it. By controlling the reaction conditions properly, an organic
optical composite with good transparence was obtained, in which the PbS nanoparti-
cles with a narrow particle size distribution were well dispersed.

Key words Polystyrene, Optical material, PbS nanoparticles, Particle size distribu-
tion





