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Preparation of Polymer Hollow Microsphere and Its Drug Release Property Study

Lii Xiaohong, Zhang Jide, Tang Jianxin
( School of Packaging and Materials Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract : Using diethylenetriamine and 2,4-tolylene diisocyanate as basic reactive materials, hollow polyurea
microspheres were synthesized via interfacial polycondensation in inverse miniemulsion at room temperature. The effects
of emulsifier, continuous phase, dispersed phase and stabilizer on the stability of inverse miniemulsion and morphology of
the hollow microspheres were investigated. The morphology and structure were characterized by transmission electron
microscopy and fourier transform infrared spectroscopy. Research shows that the polyurea hollow microspheres are syn-
thesized with Span80 as the surfactant, formamide as the dispersed phase, cyclohexane as continuous phase and AgNO, as
the stabilizer. The size and wall thickness of hollow microspheres are about 100 nm and 17 nm respectively. The drug loading
and release properties of nano hollow microspheres were investigated with Rhodamine B as a model drug. The results show
that the maximum adsorptive capacity reaches 101 mg Rhodamine B per 1.00 g of the hollow microspheres (101 mg/g) and its
release time reaches 14 h or more.
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Wil O kE. 0 M (diethylenetriamine,
DETA ). HIEtl (formamide, FMM ), [EZ§5EHI{k
RAARAF B -2,4- ZRHIRER (2,4-tolylene
diisocyanate, TDI ), @R 84 (Na,HPO, - 12H,0 ),

Wl %S (NaH,PO, - 2H,0), Il irikHA B
Al AN (NaCl). T L EmilReh (sodium lauryl
sulfate, SLS), KEHEl{b TRMARAF; ZFHH
B (Rhodamine B, RhB), Jtityiisanfb 1.0 5 fisiR
B (AgNO,), bl TAHRAR; AilsE, X
HEH R A2 s L R S A pr ;A
20(Span20), KiEtiifaRib2=0) " wl#:80( Spanso0,
ghityXaniE 1), KEMOLERML TOIE; Fl&
85 (Span85), ML ELGIARA R ; ikl 80
(Tween80 ), KHH KU L AR A RA 5 L
B s al s B TOK, BRRRERZE »hiE
( phosphate buffer solution, PBS ), LA 19 mL 0.2 mol/L
NaH,PO, -2H,0 #1181 mL 0.2 mol/L. Na,HPO,* 12H,0
AW E TR, pH=7.4.
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1 Span80 RI&5#K
Fig. 1 The structure of Span80

10 RS RMEEE /i dEds, DF-101S,
MR T A BR A F] 5 A B AR 2T AP OGi% 43
B (fourier transform infrared spectroscopy, FTIR ),
Nicolet380, FE[EJEm 1] M MIFYENL, SB-5
200DTN, TR Z AR A RAF 5 B4R
T 4% (transmission electron microscopy, TEM ),
Tecnai G2 F20, &[E FEI'A W] 5 XOGHEESMAT LG
JE1t (ultraviolet-visible spectrophotometry, UV-Vis ),
TU-1901, dbat 8t A A RS F .

12 WL 5RIE

FTIR ZLAMGIEIIL: FREWIRER T, H
KBr [E &, $IH07EE Y 450 ~ 4 000 cm™ .

TEM i : 4% 0.3 g RAEWAKZS OHERBE R 577
HUTE 0.015 g SLS F16.0 g KAV AVEWR, 7% 1 HEE
oot S S BN o Y =3 £ B W R R X 1 €5 S
REER AT 0T s RABOG R 25053 60 BE 1%
RhB A A TA I, 9555 EY 200 ~ 700 nm,
1.3 SEBHH
1.3.1 REMMARE SR G M

WA R EY) 2 DRERE BRI . #0.23 ¢
Span80 MAZ| 8 g ML, RGNS, Ll
HSA; K 1.3 g AR 0.03 g BiFRE R 0.1 ¢
DETA IR SVEMIEFES), LA BIR , #iZo0iL
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10 min 13 2@ SO AN FLI; 7E = T8 0.25 ¢ TDI
FH 10 g 8 C B H B o 1248 0 i 21 3R 5AH 41 2L
( Water/Oil, W/O) Ht, TDI ¥R Cberald # e o
A 5 DETA RO A R IRBERE , 76 30 C R+
W12 h 5 Uk AR ARG S B R IRAK 25 0
Bk, TDI # DETA W T,
CH, NCO + HZN\/\N/\/ NH, ——
H

NCO

1.3.2 RhB A#R/EER W 2 690 2

HERFRH0.047 9 g RnBY TZ81R/KH, # A 100 mL
A E 2, FCHSHR S 0.01 x 107 mol/L () RhB
W, SRIEMRE R S AN 0.03 x 107, 0.06 x
10, 0.09 x 10™, 0.12 x 10, 0.15 x 10™* mol/L., %
FHEE M EEE TR F3R 5 20 RhB AT, L
KRG (maximum absorption, A ) ANZHVALFR,
RhB ¥ iR 3 A i A b T i A T 2R ML, 1531
o 2% 5 R
1.3.3 RhB #9523

B 10 mL 0.15 x 107 mol/L RhB V& , JIA 0.020 g
REWASDHER, £ 30 CFRE11FE 30 min, H 1 mL
FIHWREREE 100 mL, SRR E T HIN E
Y (absorption, Abs), 15 FiF#EH RhB HE,
WL B R AW A5 D AER RhB IR
1.3.4 RhB #9RIMEK 5%

PR S R A WS DR s, 750 CF
M, FREL0.010 g & T7E 100 mL Y PBS i+, Tt
W37 C, Wh—aE N RE FERROeE, it
AREY = OWIRBIE,

2 HRE5WR

2.1 REVZOLHEKMERSRIE

5 A LA R AR, ROAH A FLIBAAR R 2 LA
WPETAE R R Ay O, AERCE S R O IS, [EB A
T B AT TS PEFE B WO BIFLIBR R . R PER
XTI AB LI R e PR B CHEEMIEN . A
Z4LT Span20, Span80, Span85, Tween80 4 FP i viG P
FF AR LI e (anlsl 2), HHLB fE5 518
8.6,4.3, 1.8 fil 15.0. M 2 AJLIAH, 1 HLB {4
=) Span20 Fll Tween80 B ANRE hil 15 i At S AH 7L
W, 42K HLB {EGE A A 2R THE P57 Span80 B, il

F B SORANFLBCRAT RAFRRRETE , RERSENRETF 10 h
DAL, DO s T B9 5256 HP % T Span80 A1 8 & HiTh
PEF

elaspedtime before phase
seperation/h
[=)}
T

Span20 Span80 Span85

emulsifier type

B2 FHx RAEEIiRIRE IR0
Fig. 2 Effect of the emulsifier on the stability of

Tween80

inverse miniemulsion
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A i P DA 32 6 R N X SR 20 L BRI B S R
W R B, S MMEE N ES AR, Joe R KR
J2 W Bt M S 3 BICRR A AN BEAS 2 A E B9 SO AR A0 LI 5
TR FHER O Be Ry S SRR, ) RE ) 2% HH AR 7Y S Al
MFLI, IS TR SR AR ARR e S . o
I LK FHR B A M 0], NaCl Rl AgNO, S BiE:
TE R, BB A T R A AR RE 7R X 3R S MR SRR

TR, MHAEE R I 1 I 3.
® 1 RMERFIFIBIRRRE X R S W SR FALZ B0 5 00
Table 1 The influence of polar solvent and stabilizer on

the morphology and size of the polymer
FEdh S BRI B AR E R & i

Fi4E /nm

1# water NaCl Spherical 200~600
2# water AgNO, Oval 200~800
3# formamide NaCl Spherical 200~600
44 formamide AgNO, Spherical 50~150

&l 3a & 3d > BIEAES 14 % 4# (9 TEM &, HHIK
3a AN, MUIKCHSHUHE . A NaCl i fIes, &
B ZS OERIEA 12 BRE, KA 7E 200~600 nm 5 H
& 3b AT, DL AgNO, MBI E RN, A B as O
TUBRIEA F SEAFNIEERTE , K42 7E 200~800 nm 5 Lt
A1 3¢ T 3d, AT DL H B R 43 ECH . LA NaCl
hy Bl RS E BB B 25 D RER B AR | S AN RLERE
KIAE7E 200~600 nm; i LA AgNO, N BhESE R, A%
H S OO IEA E 2 RNERIE , WiA£7E 50~150 nm, 2
REJELFEZY R 17 nmo 3X—J7 T AT e Y LUK R 4 #H
B, TR R, 52 R AH AR D
SR, FEAR T 20 e A O Hh S B % S AH Bt
THRIBE ST s J3db—Jr AT RER P AgNO, 78 H Bt
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Fig. 3 TEM of hollow microspheres
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Fig. 4 FTIR spectra of hollow microspheres

2.2 RhB K& RARAE # 2k

XF 5 ZAANAIHEE (0.03 x 107, 0.06 x 107, 0.09 x
10, 0.12 x10™, 0.15 x 10 mol/L ) ¥ RhB IFI 1T
L] WGREMR ., HI& 5a Bk, RhB 7EJEK N 553
nm AFRKBOLE (A, ), VAA, FILFR, RhB
R Jy B A AR AR IR E TR PE RS, iRl 5b R,
REIbRUEHZE LR A=11.13¢-0.058 1 (FIHKFREL

r=0.999 2, A WWICREE, ¢ WHRIE, x 10" mol/L ).
KA1, RhB #ELE 0.03 x 104 ~0.15 x 10™ mol/L i
BN, WG SHERIE RIFELM R,

1.8
16} ~
a: 0.03x 10 /. =553nm
b: 0.06 x 10;
120 c: 0.09%x 10
P d: 0.12 % 107
< e: 0.15% 10

200 300 400 300 600 700
A/mm

a) ARFHEE RhB 4250

04 A=11.13¢-0.058 1,
r=0.999 2
0 | L 1
0.03 0.06 0.09 0.12 0.15
¢/(10~* mol-L™")

b) RhB FrifEfh £k
5 ZESMATIRSIEMIN LGSR
Fig. 5 The result of UV-Vis spectra

2.3 HMAEMEERR

B 10 mL VR 47 0.15 x 107 mol/L 1) RhB bRIEE
JIA 0.020 g 75 OER, 7 30 CRESIHERE W 30 min,
X R B A B AR TRV B A T2 AN, IS SR
s 6 Fras, Mk a, b WM FTE RS EIEE .

1.8

a: Before Adsoption of RhB;
12k b: After Adsoption of RhB

Abs

0 L L
200 300 400 500 600 700
A/mm

B 6 RhBARAEARRMIETEAI SN TSIk A
Fig. 6 UV-Vis spectra of RhB standard solution

before and after absorbing
HH I 6 AT UL, W S R RO e 1.584 F#AIK
F1.120 5 FRUEERAEH 0.148 x 107 mol/L (%3]
0.105 8 x 107 mol/L, iHil 5155 0.020 g BR=s 0l
BRUZ R RhB A4 2.02 mg, BIERIRES ORI M2
W 101 mg/g, BEMIRMRES O ER A B 259
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2.4 RhB f5MNERT M BERF 5T

HERRECH] 100 mL pH=7.4 1) PBS 2% 1AW, K
B RhB V5 B SR IRGORAE S0 CRHET, SRIFFREL
0.010 g & T 100 mL ) PBS &Py, T37 CTR
e, BOREIR IR, IR R ORIt
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WP, BEERRALER, RhB R RR R E WG
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Fig. 7 Cumulative release of RhB from hollow microspheres
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K A FL A R A R vk, DAH BERG
ST, BB RESEA, Span80 R THETE MR, TDI
I DETA AR HAR, AgNO, MEIEEERIHI %1 T H
A AT S5 A B /N — 1 R OK 25 O K
WERRSHEE 100 nm £ 47, fHERBEREIEEEZ) R 17 nm.,
W 45 B AR AN K a5 O IR VE M 2 Ak, L
RhB WGP AT TIRSNREOE S . SEIngl Rk
B, DASRIRIK 25 O BR AR Ry 25 W 30 AR B AR A 48 15
(25 W) 25 R0 I B B2 M) R AR, 2 i
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