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(i!~*:!J:1t:!J:.. *9. 130023) <'i'It't'X:;k::1:1t:1::f'. .-,

.~ J@.Im.~~aJY.~$fJ'tt T- ~.1IJJi~~~tt~rr.~{t.~~*.~CHBPN). JfJiM:J't.J't.
e:Mtt.*J.1~;r£= If! ~ If! m;$'.CDMF.>;fU!J ?lfm~ (pH-12)a:p ~m~tt~:i!ff T Wf~; tft~~ B,ij .

HBPN ~:&.*/J\JJ:j1.gJ: PI I2A Eb _*111181 *~$IJ, ;ij:DMF a:p .¥...ftTftti:. 'f'"$=f7J<. m=f.tt

'" '*1a:. .Ifif:m:~I!.1'if1 :e:pH-12~.IIP1a:a:p.~. {g~::A"Q(j,'.~.*.
,0 . ~.~ ~*.~.~~..J't.J't..M

$T~-f1-=f~;Nmr&ttnrJ~::['f'Fffl~~ill~~~iiff.~ttftfi:,~I:t~fIjI'f*~':ff}!f$;:I:~Ji1.
Jti [I]. .~.ftfi:~.':ff~& ¥.?i1f~;N OOmttnrJ~JJIJ:m:~. --$..ftfi:$11~ff.~?t=f~~If.~ ,

~~~-f1-T. ~;j"~~'f*~ q:t;}tJ:§:tFm~mJttJ~ Bmill-~.!Sl['], &.~. 1J):;J'i--f1-'f'IJIJt. 11

~~fn-'f!r ~-:fiP~*~M*ff.~~tj:1t~:(£_ff.m~~;NW.~::fft r:§.:11if!8<J;$:9Mtt. m!1~ T

~m~ff.ftfi:, 11~.:¥. -fIjI'Kfr~~:§: f'Fm ,mm~ ~~-~A~~f)t;~fJr. ~~?t=f;f;;t.*'1-~~ft{~.

1 ~~~?t
1. 1 ~J:I:~.tft.~~~~~~,-a-~

Jjf~~'-t'IS~=EfJ.If(-f1-~!i!!;. ~~~{t.Ir)~.*;m:~:(£1t1'ltlm~, .1Ju~flJ 142 "C

lEi, -f1-m.1JuA$~rzg"(?tt1r!i!!;, J:.~~nrJ-r), .J.f.rzgaJ/'-t'IS~=EfJ.If=ll 2.5(.~

tt). :!£mM~~~.~~f't-r~1*, ~;:.1:f.~?@J.":Jt-~1.t.J:.7f-at, f*~ B~:J5:.~.a, ~~~
A'bj(Jj( ~~&~:lr.f<lJff ll.:, JfX.ill ;:i!lJJ:IJt=f-. J'!.#1tflJ 8<J HBPN (~~Mtj::t;R:~~) :;f'"m=f7.l<,

&.m=f~mmlilJ;fQ w.ttm3JtJ. Et3 =f a&.¥JJ ~.Mu., HBPN -f1-=f~m J:.~~~~W~~
..:B: pH~12 ~.tt~1!tp, ~~..t~fJ!.=fs.q.~. HBPN JiV:-:J$~OO.~fA$.:1ff~~.=f.

'.'; 1. 2 )Bj'f;~8'aeI;JttJ.
.~ :(:E.'¥.1A~ HBPN(aJE.-2. 5 h 8<J#£)ffl~.m:f11:StTjJ$s.q.Jj(~:Stt1r!i!!; DMF(.IE

c

Rieded deHaen)m., ~(J;'~ 24 h, HBPN ~~mmffj, Jti:sr-~:rL~1g0.1Ilm ~ Whatman

~~#(Anotop 25)u~~:£., ~~m=fftfi:M:f11lt:vTftmrx:!t:l:(dnldc)~t!!J~.
re.i8.:I: ~ HBPN (!'i\j J:.) mm:(£ m FIXAMAL Riedel-deHaen ~1W.1i~ ftr. $Ij fj(J ~?IF ~ (pH

',. =12)~, mmf[;(-15 min)ffl~EfJ"*{t.fj(J Mcillipore 0.2 ILm PTFE u~ft~~M=f-.*,~
:-~ ~~M1tP.~. }}..m. HBPN jlJ~-~ft~M~t~atOO11o; 5 h.

1. 3 Jk3't3'tit.tt~tl.
"Jti ADLS DPY 425 I ~fMt.fI:.ftftf'F1gft~. mill~$ 400 mY, ~* ),=532 nm, Att

1t.*~'JiJIt:M.1fOO :I::~H~ ~~. Attj'fl~If.Et3 f~~j'fI*..D(Newport M-925B)11$IJ,

ilf..aM. 1995-07-11. ..AJk..-~#, ~~?..}J. 57~, 11J~~.
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1:J~~:JIt~tt-ItP.1:f;2 Rf~(J9 ~$fi~. ~M:JIt~ 5.lJ.f.-~J.f.atrliJ:;j;1:I:1: i?E fi IE A~ $ tau fi~:;j;1:I:1:

D(AL V -5000)~~j!~ jfjj~ I1::JIt:Jlt ~M:JItift>l. (AL V /SP-150. .~) ;fJ:t$. ::(£.fft ~:JIt~M

(SLS) ~. 25 'C;f11A";::53lnrrt ut~m~ dn/dcm(~~ nm ~~J.r:ff-~jJl'ft~t';!Jt(2]. ::(£f;fj
~ :JIt~tt (DLS) ~ t ~ :l:M:Mft5.lJ.f.-51IJ.f.fl't IjjJ 111:1: i?E It. ~1-ilJ1::iIE~ ~:1111 mfi 106 t :iIE~

~:I:;f11n-.Z~/j\TO.l%. ~$~ftft1l{M~~~::(£ 25 'C%~. ~~~B~~~(3).

2 ~~.!::;io:tit

2. 1 D~7'f.ti:!:tiJU.
mMftflM$.j£((]. t-ttJ.f.~ c(g/mL)~~.?tT~~~;l:r!f~.mt«. ;(£flMffJ;:);J 0 fl'tt i'@.

~;j:lf~ ~M51IJ.f.(Rayleigh ratio) [R..,(8) JRf I:J jJi{~:tI!1.~~~:
Kc/[R"(O) J :;=. (1/M.)[1 + (1/3) <R;).q2J + 2A~c (1)

~ Jtt. K= 41t2n~ (an/a:)~ /(N AAo). q= (41tn/ Ao)sin (0/2). IE .fft~ft~M~J1i:iM,~e.~~-m
t-&l.t: c ;f11-mM:M.1fJ 8 ~~~ Zimm JttJ~!I~~ t Rfl:Jm¥lJ Mw. Z-~!E!1 ff*~ <R;).I/~~ R.) t

~=£t;t1j~fi(,,4~). ~ 1 f(tim::(£ DMF 1:f;2:fof! 25 .Cfl't HBPN ~ SLS l.'.IJ~'!a*. A%>O. i~PA:(£
~SrDMF :m: HBPN ~ m.mrtlJ. fiJT:i*m~:@:$~*fi~.1- HBPN .?tT~.tt. m T

" HBPN ~~*'l'. ~M~~:Jf.ffJIt~~:1:~. ;(£f1~ SLS ~1axJlm1ft:\1!!~~ R..
Table 1 SLS and DLS results of the HBPN in DMF at 15 'C

-1:-~X10' 0.36 1.27 4.46XIO-s 6.4X10-1 2.05 4.3-

2 .2 1dJ ~ 7'f. ti: !:t iJU .
:(£ ~ ~m(HOMODYNE) 1:f;2. 5.lJ.f.-mLf.fl'tljjJ.;j:@:1:~fi Gc~) Ut O)~ !;Ur%~:

Gc~?(q.t) = A[l + PlgC)(9tt»)2] (2)

~~ A :m:JIj::l::iIE~; p"~OC~~~~IIII:t,R.;ff1~~ft*~~~ ~~~ IjjJ.;j:@.:r-#~t ;):t;{(;:);J

'" O~P~l; g(l) (q .t)~Y3-1t ~~ (E)~fl't1'a]1I1~ ii fi. ift!~:r;.?t;(fi G(r)::ij":1:[6].

:"~"';J)'-. g(1)(q.t) = f~G(r)e-r'dr (3)

EB:n-'§(3)~ Laplace w.~~RfV).~j1J G(r). :e:*if~l:J;t. :i!.~w.~!t!::R.at CONTIN ,§J1.%

~~(&). r il1f;~t-&J.f.'c ;f11ffllt 0(i{J i1Bfi. ~~Rayleigh ¥~¥~. "PI 1:J~~~[1) t
(r/q2) = D(l + Kdc)(l + f<R~).q2) (4)

~~ Kd ~r-~~=.;t1jH.f1. f :m::Jf.t~fi. ~ c-o ~ 8-0fl't. r/q2-D. fiJTl:J ffl-~-t Eo

~~ Kd ;f11 f t PfI:J~:(£~mr-&.!r.c ;f11~-f{MffJ 8 PJf~JlJ~ G(r)~~$.~f;fj~~~fi.?t;(fi
~I ',:G(D). NJf:1 Stokes-Einstein :1fm(5)PfI:J.i!-.;y~¥lJ~~j]~~G.7t;(fi f.(Rh):

Rh = [KaT /(61t1!) ]D-) (5)

~Jtt Ka, T ;f11 1!7tr,ll~ Boltzmann '#i~, ~"J,;jmltfUmfrlJ~I!:.
m 1 ~*~I!A. j,I../f:~~MjfJfJ:(100~1500)~~ HBPN'(j(JG(D)~~J:t2:~~r,IJ. :J!i~

aA HBPN ~:If~I1If.f*:tJ!¥:*G.~/J'. ~;j"T:1fl':t5J~1*tJ!¥:R-.t/J\Tl0hm ~i8i7t=f.~~T
j ...

~~~~fi7t;(fiil1f;:m:;fp ~MffJ:7f.~~. iit3~~7't.fJ:M~m~:If~:If~:rt'~~~<D), Jf-~
-c

~1*jJ!¥:*~<Rh);f11.?t:ffr.'W.J.f. P%/<D)% '-&1IJ;(£~ 1 ~. ;)tlfl P% == J~ GCD){D -<D»%dD, $

.?t~m~ M./ M. IE (1 +4p~/ (D)Z)~.. *~~~2. 4 t ~PJ3 HBPN .?t=f:l;:¥ ~!'f.?t;(fi. .1-~

7t;(fi~ift!ll\~~f*jJ~Ri"N-i:XYEPJJ::(£~!! DMF'I:f;2 HBPN t2:~!f/if!i~...
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'.' t. 0 30'
A 61)' 3, 50
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~O. ~

"'::1'::' ~"
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1 10-1 0.60 0;.80, 'A.~ J.20 1.41)Dfcm" , 8-1 " "10'" ~~ /min

I,'
Fig. 1 Translational diffusion coefficient distribu- Fig. 2 The relaUonsbip -~tween tb_ebldrodlnamic

tion G (D) of HBPN in DMF "itb different radius <R.} of HBPN in DMF and reaction

scattering angles(CH."'=Z mg/mL.25 'C) time at 2S 'C(cn..,,=l ma/mL)

mOO 2 PJ~#J1J, ;(f.&~$M~~:!I*~{~~, ~~[Z3~&~t:f:r.':i=..Q\t~*I'e'J*~J$-, .

.~,~~:17]., 1 h fli.ti'f.~~~fi:J4~"#;~.i!, i~PJj f*~ t:f:r~7.!<*$~Bi?1:fF~. 2 h flitl:~~.~J

ilj]lJ, &~ B~~jlf.M.&,~, .PJf~t'L~~*/J\JH-li!u~'PT~:iilJ:t&~lItrBJ*~1!J1J,

;(£~*m~(pH=12)~m#~f8j~lf~ HBPN ~ G(D)(!E 3).!;j:a:: DMF ~~-tif;, if.

1"" HBPN ~~{\1(A;fi~~~ (D»JL.:if.t9:;fi £¥JIJ, f!! tj::.;(f. DMF t:f:r $7 -1""/J\~, JJ\~~ G

(D) l:t*d.t(i(Ji':J1If. 20 ffl, "ffij" .f3.;f11j:&If":fi;:*=, 'E:mJE.T*~Ltli.f*j]~.R;J-. ~~J3 :a::!.t* m~ *

-.:ff~~~*~ HBPN ...w. ~ CHBPN~1JIJIJ;j', ~fX~W~ilj]lI, "ffij"n~{lLm~~i!f.~ D ~/j

rtIJ~r;/J. :(£~*1fi:~, HBPr..T ~W~~~,~7.!<tt~m'E~m:T7.!<. ft."ffij" HBPN ~~-ff;:$?t~

itii.7.!«i(J, Ji:f!~-e~.., HBPN ;(£!1.*~*, ":fi;-fltI~fl;1,;~~*.!;jft7.!<\¥J~~. ~ j:&If CHBPB~

1JIIat,~{lL;f11.00"~\¥J~~"fiJ~!13~TmjjWJe:[Z3:-rr.;t;.HBPN\¥J~WJ:.\¥J~~)j;ff~~*
1i~pH{ir~1 !1.1If~t:f:r~HBPN~$, pH{Rr~~*, HBPN~~*ttm~~~/J\;:j\:

jj;:, ;(£~j:&\¥Jm~~, EET HBPN ~itii.7.!<:g;s~\¥JffEm, HBPN J!:~SJ~~~.f.:fI:,

00 4 ~~W~tj::.(ALIAs)~;j"a;j"I'BJ(i(JJ!t!~. lift. 3 *Pi ALIAs 'y-'O. 2!tjJJJ~JO, 6, {§.~~W

~j£ l:tT:fft~ttT~M\¥J::)'tm, "ffij"~M::)'t~i~j£ ttTtl:T~ g (n);ft1$TJ1ff.:I:(m)~~/j." up

jcx::M.CX::nmz. .PJf~ ALIAs ~-fX.!:j HBPN .1:;t;i-T&..:mf.:fl:~~ §~.:*:, J!;f11'E..frJ (i(JJffi:t~

8.00
1 20 CHII",,/mg' mL ""1 0

.Q. 2.DMF 6.00"
90 b.2.pH=12 0

O. (.5.pH-12 x
~ 4.00 'IIS O. 60 ~ ~

~ ~, .'oJ 2.-j)0 "
0.30 " 0

0

.
0.00 0.00

10- 10-1 10-0 10-1 000 2..50 5.00 2.50
D/cm' , s-1 10-1 Xl /h

Fig. 3 The comparison or the translational Fig. 4 Plot or the peak area ratio (ALl As) versus

diffusion ~oeffi~ient distribution G (D) time. "here .the subs~ripts Land S are de-
,

of HBPN in DMF and in buffer solution noted to the peaks in Fig. 3 with larger and

at 25 'C .6= 30. small average sizes. respectively
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-"[140 "," .1i " '" ~t~ '" ...fa. cY9.1.~ir

:)5;:.. EE T HBPN~~.~R 'f-.¥~' 1:t.1- HBPN * 10 ffl, :!zQ*~~ 'E fn~ 1f.if:n 1'ii1, ~ z..:(£
ffj,.tL~~.f*;Jl:;.1-~ 101"""103 'm. .1!.~,*. 11- HBPN ..~~-t~M::)'t§~Jit:~;Jl:; 11'-

HBPN~ 104-106 m. lFf~, :(£pH=12~f,J*~I:f, .!i~HBPN.~f*~I3~B;j"Ia];{3;.PJf!t
tn, @~~Lz./J\T.1- HBPN ~:-. ~llt, mOO 1,00 3 ;f1l~L~ti-{?:~~~ili~i-{?:: ~ HBPN

mm::(£ pH= 12 Ef-J:t.1~~OCI:f, ~;{3; ~t~.f*~~, .:t::.~~.:t}:T~~.
HBPN mm::(£ NaOH *m~l:f, 7f.flti&:if'~,~, :t!'L~:tft:tm:1';f¥J11.tR. ~:R::[7j~~ HBPN m

.JlJ NaOH *m'/iB;j" , HBPN ~ooJ:.~~n~m~~M~~m~ pH {i~~, ~~~~ CO2

-t!?~ pH {i:if'~~~, pH ~""F~)Z.~ HBPN ~ft*tt~~!, ~~~.Q\(...i*. .PJf~, 7f.flti:t!'L

~:lt-l(:~:tf¥Jll'~, fei*:it*i$.1f.~?Jf~/l\, .aJlJ~ 2 .=Jett~:if'N:it*. ~:R::~~1if~:(£m:M

'It!!.4t~~~I:f~ COz Bt;t~rf;., ~~-tl!;:i;t;::¥11;1J~::.y:;~, pH {ii*~;;r.;~(OO 5).

1
{':/ c/' o' 00 0 0 ...,;J ;1 j;" i:

tl'f:i~:~ 0 ,::' r;.~ -'" :::

~,:oo j ,;,~:', '~ ~c -~~,:; :!;~ ': ~'-;'i:t;~,,:ft 'i~~:~~ i'.: ;

0.00" ~~ .{Ot)':';;().()OO.480..,-,~6-J.,.41_!)j.';:,41!,~,R~3.:!6, ,- '0.0() 2.40 ..
, " ' ' , "lO.'Xt/1\ .'. 10-'Xtll,

...'J ;,. ;,
, Fig.S The dependence or (R)~ of HBPN III Flg.6 The stability ofHBPN size In pH-12

I.';'", ..
, .pH = 14.33 NaOH solution with time buftersolution
c,:;': c' -:

--»'00 6 ~ili~:r'f'~rJif.~J1~,¥~\Rti)(JtJatlAJ~~::1":~PT.w., HBPN m-~:(£.tJ.*~I:f:1:R::it
" " .;

~~, ~<Rh)~4. 3 rim, ;f1l::(£DMF 1:f:I~-'-*F. JiJf~:(£ pH= 12 ~f,J.~~~, HBPN tE.:R::./jt

T/jttt~.
2.3 ~~~~~.§~;j.tl:.t:. : _:'J:' ~'~:'

,.; , " '

2.3.1, JfJ~~~1{i:1t z:.Jf"1t;;ljJ!lJ~~itiJlf ~1f£~871-i-. .m;{3;m:ft9.91t£m!1~~~
-

1a~)f;}J,~, m~~m~m:ft9.9{t, Wt!l~7J<~~&m,'liJJJ:r'f'., ;if'R:il!ft~.mJ~. *~
~*Jfjn:8:z:.Jf, ~.~~${t*,1, M1t&m'fiJ:(£~m ~{I~~$;. ntz:.Jf7J<m. f:B ~ S
~~{i;f1l:f;f;lIitjjij~-m~~Wftt.:f;f;IfiII:f~~iIi~B/jt~:I:, ~*?lJT~ 2. j;fT-~::I:~.J:t.

~~, ~#'t15~= Eft nftf I:t'ifll~ :if'~~Ij,', :f;f;1Iit I:f-OH ~s ?t*:I:;if'~J;t;1Ju, i.~aJJ &Jiil.~

ft~~:if'~~,&~~1f.~~.~~~"~'t15~=Eftn~.*~~~)Z.~~~.~~.~1:t
~1~ 1 ; 2. 5. $:*1Uf~~~:1';f¥Jtl~t!I~~, .PJf~m~~~ 1 ; 2. 5*.1J\1:t~:f;f;~.

Table 2 AmoWit or hydroxy in HBPN at dlrferent molar ratio of pentae'rythr.tol to phthalic anhydride

Molar ratio of pent&erythritol to phthAlic anhydride 1 I 2.5 ,..1 I 2.3 1 , 2.11 .1.9 11 1.1

Consuming amount of~kaline with blank/mL 30 30 30 30 30

Consuming amount of alkAline with s&mple/mL 29.7 29.4 29.2 29 28.7

Hydroxy(%> 0.95 1.91 2.54 3.18 4.13
--, ,

2.3.2 JfJ ~"ji*j;t ~$J ;t?-* ~ ~~£i-:I }@0.15'indl/L ~ NaOH ~~ffl~'it...1tMm

~2. 1 mL. i.t~~ 1 mol1¥:IIit?tTl:ft,,;* 38 mol -tooI-!:
, ,.2. 4 ta~7t:fJf ", ,.

::(£~~~.~'t15~=Eft~~~m.&~I:f, .~~,"~~iIi~~~~Eft.m~.~~m

.,
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No.1 ~ ~~-f: ,IlJ ;t..Jt i1i.lt~t~.a3M,*".;f.i.'iJ~~-"1 f-J.E. 1141

~~#F*.1I!!~.&~,EBT;f;~gq~~41-r£~,mj1:1t~~~=ftl~MJiJfmf=~~-~~
JJ.tt1.t~fJ;J.Wtt~~J&*. -rr:$t, :(£ DMF ~, 51'~M jfJOCLl.!J!tlm~ HBPN ~ G(D)~~.
JIIf, :Jt- '§'*~:l:1§!-. .drt~ff; HBPN 'li~~~, ;(:E DMF I:f:t~~ It ~--t;Jtt.rJf:1IS:;f:; HBPN ..
7}T~.tt. ilEa] HBPN ~:*1!.~;f1:I~:!1:Bt~~1)}tffJ~x..*-, i~RJJ HBPN ~~~iro".EI.:*1!.fi<10

nm(~ 1). ;Jt;(X, *~.ffJ~.*jlt;ff~~$., ~* HBPN A~ 4 ~~;j'IiJ(RP$~gg";!!}

1:f:t,C-', ;(£-1"fitm:1J~L.~L-1'~~-= '~!f1J-1i!), ~~*~.tJ.;;!!}4. 1 nm, ~Ji:~~
(Rh)=4.3 nm; EBT~I'ajm~~~, ;f;Lr.gg"~ 41'~~1IS;fP41S~=ftl~!f&~~1imXt
~. ~~M~~~~(11 2. 5), ~~='UM~:l:tE.~$, JiJf~1B:;f:;~"fiT~~. ~;f;~gqlJ

~ 31'~~;fP~:$:-= '~nr&JE., ~~ggJi!~;j'IiJ~ HBPN ~7}f::l:~~~$.ii M(3) =
9 200 g/mol ~-.:t;, HBPN ~~WL~ 241'~~. ~~~ii M.= 12 000 g/mol ;fP 381'~iI$

:!J;'-~. mNi7tT:t~~~i«;fP;g;~i«it.~it~~~;'-I;, 86%~:f:Lr.12:Q"~ 3 '1-~~;fP ~

.::¥:= '~n:fJi.JE., R:fl" 14%~;f;~[Y"~ 41'~iMiifS;fP~:$:='U~Ji.JE.. ~.i!~tt~j,
HBPN ~~WLJE.Ji(*!J.;:fl" 361'1XiI;, ;f1:I;g;~ii 38 iI;*N1§!-.
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Synthesis and Characterization of an Amphjprotic Highly

Branched Polyester Nanoparticle

MA Rong-Jiu' .ZHOU Bo, SHEN Jia-Cong
(Department a/Chemistry, Jilin University. Changchun, 130023)

WU Qi, WU Jia-Hui. CHEN Jin-Huang
(Department a/Chemistry, The Chinese University o/Hong Kong, Hong Kong)

Abstract The novel amphiprotic highly branched polyester nanoparticles(HBPN) were pre-
pared by a copolymerization (condensation) of pentaerythritol and phthalic anhydride and
studied by laser light scattering(LLS) in both of N,N-dimethylformamide(DMF) and buffer

solution(pH=12). The results show that the size of HBPN can be controlled basically by the
copolymerization time; HBPN is monomolecular dispersion in DMF, unsoluble in water, but

can be dissolved and bears negative charges on surface in alkaline solution; a little amount of

HBPN aggregated still in pH= 12 buffer solution.

Keywords Nanoparticle, Characterization. Laser light scattering
(Ed. I L. A)
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