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On the Estimation of Unperturbed Dimensions

Chain Polymers by Viscosity data

Mitsutoshi Fukuda
Tomi Kametani
Makoto Fukutomi

Tsutomu Hashimoto

By the combination of the af—type theory for excluded volume effect of chain polymers which was recently

proposed by Yamakawa and Tanaka, and the theory for the relationship of hydrodynamic and statistical

mechanical expansion factors, that is, @>=a5/2, the relationship between limiting viscosity number (%] and
Ui

molecular weight M is established. This will be able to give us the method for estimating unperturbed

dimensions of chain polymers.

The assumption used in deriving this relationship is the same as the one used by Inagaki et al who have
established the “semi-empirical” relationship between () and M by use of Ptitsyn theory. For the equation

derived in this paper and other equations which have been already proposed, experimental tests are made with

viscosity data for mono-disperse polystyrenes in various solvents (cyclohexane, MEK, benzene, chloroform.)
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Table 1 Molecular Characteristics for Polystyrenes (Pressure Chemical Co.,)
_ . A,b) x 104 _ .
Samples My ®? x 10-4 M» x10-4 |}— o My /M, My/M, @
(mol.mf.g-2)
S —5 5.10 4.97 1.95 1.03 <1.06
S — 10 9.72 9.52 1.83 1.02 <1.06
S — 16 16.0 16.1 1.68 1.00 <(1.06
S — 41 41.0 37.4 1.50 1.10 <1.06
S — 86 86.0 73.0 1.47 1.18 <1.20
a) labeled values
b) determined by Osmometry in MEK at 35.0°C
Table 2 Viscosity data for polystyrenes in various solvents.
Cyclohexane MEK Benzene Chlor;:aform
T o [ T~{ 3 o]
semles g @O @O | @O | @S
W | % | dil W e
S — 2 1.98 0.122 0.53 0.155 0.49
S — 5 5.10 0.188 0.66 0.205 0.47 0.293 0.45 0.306 0.40
S — 10 9.72 0.255 0.67 0.307 0.41 0.465 0.40 0.486 0.37
S — 16 16.0 0.342 0.56 0.413 0.34 0.668 0.37 0.721 0.34
S — 41 41.0 0.555 0.56 0.738 0.49 1.40 0.36 1.49 0.39
S — 86 86.0 1.19 0.43 2.33 0.34 2.49 0.33
S —180 168 1.81 0.49 3.90 0.31
21)




22 REWEN TSRS H16% 415 (1972)

Twb My/My, DELIZEAE KL TWBDT, =
MOOMBD My Offid LGz, FRErroEsd
HurDo Teds S—180I D\ T KBEIEIC X » T My
TRBL Iz TOREE My=1.68x106 T -0TS
~—180D G FEICIT = DfEE b B i,

Y7 m~FHy (35°C), MEK (25°C),
(25°C), smmatna (30°C) COBPBEENK (1)
(dL/g) BIV ~"FvADAS 2 —2 K Off1d —# L
T Table 2 R L1, ThHDRTEREEND, (1] &
My OBIffx BRH 75 » b Lioss, Fig. 1 Tk
Do ThH B fo Mark-Houwink- g2 o> 5t % 7125
T3,

vy

Chloroform Benzene
MEK
1.0
Cyclohexane
1‘5 N
=
0.1F 1
10° EENTE e

Mw
Fig. 1 Double logarithmic plots of (%) against
My for polystyrenes, o-, in cyclohexane
at 35°C; o, in MEK at 25°C; ¢, in

benzene at 25°C; -0, in chloroform at

30°C.
[1}]:(6.58><10“4)><1\_/Iw°~52 ..................... 1)
(7 r~FHv, 35°C)
(7)=(2.84X1074) X My0-61 vrvvrvrnrrrnnrnn.., 2)
(MEK, 25°C)
(M =(1.07x1074) x M0 ceeeevereeeeennnnn, (3)
(RvEv, 25°C)
(7)=(8.91x1075) x My075 .eevvvvrerrarnnnann. (4)

(Zwekia, 30°C)

Ch b0 BRI MEK GRS ofsR, ~v
¥ v Tk Orofino B9 DK & X< —~H LTV, i
7 a~FH43°CoiERT, Homma 510 Cantowl?
DGR DTS, 53T BOIEHIHE S D050 &
DHLAELO.52CHB, 34.0~34.5°CT 6 Kt h
LocBbha,

(2] YT ZRI(C consistent frhRrsm

—ERDOESFHOER P CTOLEN bk Ed 25 4 —
FLELTHRACTT L5, 0 REBTOYDFHHER
KomfeEgE <L2>, Lol a? w535,

a2=<L2>/<L2>0 .............................. (5)

SO a X7 2V MEADHLIEHAELT 5 2 —
# L DADBRKIED Z ERMORTWBY, = = ¢
Z %

7= (3/2”)3/2(‘3/b3)N1/2 ........................... (6)
THoThikbihEotetr 2 v EOER, Bitt
7 AV DR T B HHEER, NiZws 2 v r ¥

THD,
BEFTRBHIA TS « CMET3ERZO5 5T
RENL S ORET S &,
BIE Flory {12
A5 —a3=4/3 7 ceoerriiiiiiiiie e @)
Fixman Bz4®
A3 —1=27 e ®)
Ptitsyn 35
a2=0.786+0.214(1+9.36Z)2/3 -........ ©)
HJIl, med (YT) Bizge
a2=0.572+0.428(146.232)1/2 ......... 10

Lieh, DRI 5FEAE, 8), ORI 3FAREL 5,
YT FEEREHIOR, #525% = basic equation (&=
0O FEEOIIBMTER G, 2 ThLTHD
BB A Lok, X2 3T AL 5 FADOL 5 5
EHHO AFAME 525 2 bicHlkE b oo h b T B
%o WAZ DBV DY TREDORDHHEL +HHRE
THUERDAD,
—NRBERTOBRKSE (9) 1

(7] =KM1/2af] ....................................... i)

K=¢O(<L2>0/M)3/2 ........................... 02
TEbIND, ZZT @ 1160 5D Flory oEE
B (2.87x10% c.g.s) THh2, a3] oa RS Tk
NFWIERVRFTH - T, WI—BHOBERD I X
& hBDOEIIT,

DEAFRIINILT D & LRI hutc,
@K&zxkﬁ?éﬁ%%ﬁﬂﬁﬂaa (fays o 23
MAEEL ZENTED, F Tba"tﬂb}’wi FEtE & 58
OX &L VX BIER LB 0D & [ HHE H ke
X TR &2 YT Eiz consistent 7ok EE S
RENTH LR RD, TTFOREWKNL D
a2=(|:7)]/KM1/2)4/5 ................................. GA)
5%, ZORRORCRAT B LIS, HUg—mE
DAy aDFD1%6.28Z 1% L CHEBTEDLET5,
Bl & D X 5 IefREDSSIT 5 & 5 T BRI © L0
HATEoHELZEOC 5L LTwW a3 THESL, %5
THEMREWR L Db,

(22)

U

Tl s e S -

WA Al



RERIC & 2 K5 FI-EBS RN vk o #ist 23

() /MV2)4/5=0. 572K/5+ 1. 20K4/5Z41/2M1/4 .15
#5%o Tl ZF=Z/M\2 T, (OF:9/ N3 5717
LORDFEMICKIELDWBTH S,

BRZX 3 & LRRED K35 REBR T M4
RXLT (/MDY T m .y (2 LEEE 7D,
TOPRFHLKD fETiebb <L> 2#FETE5 -
LT, RO T 5 BT 2 Bahi k &iCaE
LSk,

(3] BRERK(CHT D LB

(7), ©), (9D EEEc LT consistent Je¥EEER T
TR ShTwh, F30)0 Biic # LTz,
Stockmayer, Fixman i I -,

(7)/MY2=K+0.510BMI/2 evvvvveannnnen.... 9
LIeB T EATRI NI, (LA S—F R L) = &
T B=p/m? TH>Tmi«s 2 | DHFFETHS,

OVDEECH LT3, FHESIC X - ThatniEs b

71;:14)0
() /MU2)4/5=0_ 786 K4/5 0. 950K4/57*2/3\[1/3 <17
BEP—TK EEL,)

(Mo LT, a,)=01 & LCExrnht: Flory,
Schaefgen D2 H15BHTU B,

(1) /MU3=K2/34-C’ BKS/2(M /(] ) - ++vvereeree a8
CZTC RERTHD, (UHEF—SEmEs,)

CHOBERTTNT, BR M EUD B 1551
ETHOGTFEECKH LTS my 135 LEBIC R b 7
DYFDBOKEREZ B ERRLT WS,

CTTET RO A) A5 L vic 5 KRERLEC
DT = 2% WADS—FRE T TRy b Licon
Fig. 2 Ths, BEBIR (7= RV A, NvEy),

3.D[~ I ’ .

2.0r

(7)/Mw°5x 103
s

0 5 _ 10 15
Mw®ex10°2

Fig. 2 Plots of the Stockmayer-Fixman equation

(16) with polystyrenes in various solvents.

@ indicates Inagaki et al’s data for

polystyrene fractions in benzene, 30°C.

Other symbols are the same as in Fig. 1.
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Fig. 3 Plots of the Ptitsyn-Inagaki equation

(17) for polystyrenes in various solvents.

Symbols are the same as in Fig. 1. and

Fig. 2. The chain line shows the lower

limit for application of eq. (17).
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