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Molecular Weight and Molecular Weight Distribution of Polystyrene
Obtained in Emulsion Polymerization

Toshiharu Takagi
Tsutomu Hashimoto
Tadashi Matsuki

Emulsion polymerization of styrene was carried out in the presence of calcium carbonate as emulsifying

agent at 64.5°C. The polystyrene was fractionated by successive solution-precipitation technique into eleven

fractions.

Molecular weight (Mw) and intrinsic viscosity [#) were determind by light scattering photometer and

Ubbe-Lohde viscometer for each fraction.

(m)] = 1.4 x 104 Mw0- 67

A following correlation between [4] and Mw was determined,

Treatment of fractionation data was carried out by three analytical method i. e., graphycal, Wesslaw and

Tung methods.

The ratio of weight average molecular weight Mw against number average molecular weight Mn of whole

polymer was lower than 2.5, which is the lowest limit of theoretical Mw/Mn value based on conventional

transfer and termination reaction.
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Table 1 Fractionation and Light Scattering
Result of polystyrene

Mo | o RS Rk M
1 55.5 | 1.070 4.90 10.4 94.8
2 41.7 | 0.974 3.49 7.4 85.9
3 33.3 | 0.833 6.29 13.4 75.5
4 27.0 | 0.749 3.88 8.3 64.7
5 24.2 | 0.669 4.51 9.6 55.6
6 21.7 | 0.579 6.70 14.3 43.8
7 20.6 | 0.526 1.82 3.9 34.7
8 0.460 3.64 7.8 28.8
9 17.3 | 0.399 3.61 7.7 21.1
10 15.4 | 0.287 5.34 11.4 11.5
11 10.5| 0.216 2.72 5.8 2.9

Table 2 Relationship of weight of each

fraction and volume of nonsolvent

R | ROER | A%/~ V| K| RGHEE | XX/ =
g (&) () | 5| (&) (cc)
1 4.90 535 | 7 1.82 43
2 3.49 25 || 8 3.64 67
3 6.29 27 | 9 3.61 96
4 3.88 33 || 10| 5.34 500
5 4.51 42 | 11| 2.72 1060
6 6.70 52
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Fig. 2 Integral and differential distribution curves
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Fig. 3 Comparison of our Mark-Houwink relation
for toluene with result of other workers.

I(Mi) :l:z(l) Wi Wi/2 e eeeeeevieniieneeiiiiin, (6)

Mi, Wi zhZh i BEOXGDOHTERLY
HEASA-Y VM THhDB, OKXOELFELHZ (i—1) &
HigDK7 57 2 a VOHEBA-X YV OMTHD, &
2HA I BROEROM G TEMIUTTCHOIEYOD
A M UETHED LRELT D, #-T I(Mi) 1k
FTEM UTOSFOERA—¥V OBMTH S,
LonL & DIRTEGERRID 55 2R B A1 BR824
Tlelve Mw/Mn >4 ¢k (6) RKIZBERH R &%
Kotliar” B23EH LT\ %,

DTNT ~ X ~ DM U CRBES S A & =
N EDOR S TARE T L CEEMS S 4
KbDHEEE Wesslaud®) Schulz® Tungl® Bt
MR A TR 5 kD3 %,

1) 7978 E50RSORER LS FEAHE
LTEOR L 5T IMi) %5183 %, BOomihE
DERICKT DAY ERT VX LA RNTEKD 2,

-5
0 00 1 2 3 ‘i ‘.') é L Mwx10

Fig. 2 1@ Table 1 OF —x — X ) R o1 BE5- 2 A fhii
BLOWD MR ER Uiz, TONNVESOEDID
EXAbNB LD BIFFECHCHHERL TN B, FRX5
DHMDFEFCH . Mw/Mn=1 » {{ET 5 L, KK
CDONTD Mw {HL DRBOE RS L O 5

TRARAI L - TEElES,
MW:%] TWIMWL ceerereemnianiene it ieeeneinenneanns )
Mn= 1/62_§Wi JMWE)] weeervenneneesniseiiienee ®)

Table 3 1(NB)RIC & » TEHE L e aRT2%
DFD Mwi OERARSGD (1)1 DR v TERIC
LoTEHELEDDTHD, chid (n)i OWEMEDKE
ErnXHElick 5 Mwi L h BV Lictks,

Wesslau 3% IEHFEREORENC log Mi 2B D X
fihe I(Mi) 27wy b3+52 Wesslau OLFREIC
PED RV T —~TRERE NS, i Wesslau 23
Ziegler R ) =5 L VICW U CEA LR TH 5,

oA : L= W(M)aM
=1/(8v/ ®) | (U M)exp
—1/82In2 (M/Mo))dM--------- (9)
WA ATRE : W(M)=1/(B8y/ 7 )(1/M)exp(

—1/821n2 (M/Mo))} ++eervens 19
Mw=Mo exp( B2/4) «rerrrrrrrrrrrrue. 1)
Mn=Mo exp(— B2/4) ++errrerrerrre. @
Mw/Mn==exp( B2/2) +eerrveenierannn. 3

I(M)=50% W47 % 5 TEH Mo ThbV, HEHD
BABNB AT A—%— B pRE B, Fig. 4 & Wesslau
Tay VeRT, TUNINVEBCONTE Wesslau O
FATRE O EATE 5 & 2235 12,

Tung $ : Schulz 127 4 = VESWK L DAERL 28
=T B AWML & LTk A A E e,

W(M)=(1— @)>+2/(b+1)! - Mb+1 . gM......44

ZZThbRARY T PSR SO A FbL, @ik
HEAECHYTAETH D,

Tung® REEERY TF L 0L T B4 507 i
DRARCTFRT a, b ZODNRIT A -k —THpaANBE
LR Uiz,

Eﬁ%ﬁ[@ﬁ : I(M) =1—exp (_aMb) ............... (15)

oy e« dI/dM=W (M)

:abe"lexp(—aMb)

(25)

T



73 HPEWRIIERE F 0% Has (1965)

Tung DOFNL Schulz D AREFC L T — T
50T, Schulz H7Rc §t) RBTEL log 1/(1-1(M)]
% log M LT/ Ry MTBHLERERD, Ao
FOER EDENENRAT A—F — a, b BRDHT
T E %o

Mw=§c;°MW(M)aM

=§‘;°abeexp(—aMb)

/D L 1b) "
Mn =1/SZ°W(M)/MdM
=a—1/b/r[1_1/b] ................................. )

Fig. 5 & Tung 7u y bEFRT, & D ERESRR D
o,

Bk 3 FD R ERIC & STELNCEETHS TR,
WS T B8 L O EkE % Table 3 it Lize

99.99" ==
99.9
99 —
95 'k =
90 —=
A=1.11
80 /
E
60 |-
= " =
et
30 Pl
20 /‘/
10 - =
5 / s
'f/
P —
0.1
0.01
4.8 5.0 5.5 5.8
logMw
Fig. 4 I(M) on a probability scale vs. log Mw
plot.

Table 3 Comparison of Mw, Mn and Mw/Mn

ratio calculated on each analytical

method.

Graphical Wesslaw

method method Tung method
Mw 30.5x104 28.5x104 31.2x104
Mn 20.3x104 17.1%104 14.9x104
Muw/
Mn 1.5 1.7 2.1

1.0 /

1
811w /
0.5 =

a=1.19%107°
b=1.61
0.2 %
0.] L i i L1 4
1 2 3 4 5 6 7 8910
MwXx10-4
Fig. 5 Logarithmic plot of log {1/(1—I(M)} vs.
Mw
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