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ABSTRACT: The Mark-Houwink-Sakurada (MHS) relation for polydispersed poly(n-docosyl acrylate) was established 
from gel permeation chromatography (GPC) and intrinsic viscosity measurements. Average Kand 0( for polydisper~ed comb-like 
poly(n-docosyl acrylate) in tetrahydrofuran at 35°C, were 4.95 x 10- 5 di g- 1 and 0.738, respectively. The X-ray diffraction 
peak of poly(n-docosyl acrylate) at about 20 = 22° corresponded to the typical spacing of hexagonal packing of long alkyl side 
chains of the acrylate polymer. 
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In a previous paper, 1 the kinetics of high conversion 
polymerization of n-docosyl acrylate were reported. A 
linear polymer with pendent alkyl side chain of specific 
length is one of the general structural characteristics of 
flow improve (FI)/pour point depressant (PPD) for crude 
oils. A number of patents describe the use of polymers 
of higher alkyl acrylates and methacrylates as PPDs 
and/or Fis.2·3 We recently investigated the polymeriza
tion behavior of higher alkyl acrylates or methacry
lates 1 ·4·5 to derive their structure reactivity relationship. 

Poly(n-docosyl acrylate) (PC22A) may be considered 
a typical short branched comb-like polymer because each 
has one long alkyl side chain on every two main chain 
carbon atoms. Studies on the dilute solution properties 
of narrowly spaced comb-like polymers are very few 
whereas the synthesis and side chain crystallization 
behaviour of various widely spaced comb-like polymers 
are studied in detail. 6 - 7 The long alkyl side chain of the 
comb-like polymer tends to aggregate in solution and 
therefore exists in a less expanded form than polystyrene 
of the same molecular weight. 8 •9 

Molecular weights of higher alkyl acrylate or meth
acrylate polymers determined by gel permeation chro
matography (GPC) are reported with respect to the uni
versal calibration curve. 10 This might lead to a rea
sonable estimate of molecular weights, but the true mo
lecular weight can be obtained only when the mathe
matical relationship describing the hydrodynamic volume 
of the calibration standard and polymer under investi
gation is known. 10 This requires that Mark-Houwink
Sakurada (MHS) constants of the long chain alkyl acry
late or methacrylate polymers are known. 

MHS constants used to describe the viscosity-mo
lecular weight relationship have traditionally been ob
tained for unknown polymers by the laboratory proce
dure of fractionating a broad molecular weight distribu
tion sample and then measuring the molecular weight 
and intrinsic viscosity of each fraction by osmometry 
or light scattering. GPC can also be used for the deter
mination of MHS constants for unfractionated polymer 
samples of known Mn and M w and intrinsic viscosity. 

t To whom correspondence should be addressed. 

Recently Dobbin et al., 11 ·12 following the work of Weiss 
and Cohn-Ginsberg13 reported a method by which MHS 
constants for a broad distribution polymer may be esti
mated from GPC and intrinsic viscosity data. Goldwasser 
et al. 14 defined a new average molecular weight, Mx, 
which can also provide an alternate route to the deter
mination of K and oc of polymers with broad molecular 
weight distribution (MWD) using GPC and intrinsic vis
cosity measurements. Mahabadi and Alexandru15 pro
posed a new and simple method for determination of 
MHS constants using hydrodynamic average molecular 
weight, Mx, together with intrinsic viscosity data of sev
eral broad molecular weight distributed samples. 

The objective of the present work is to establish the 
viscosity-molecular weight relationship from the hydro
dynamic average molecular weight, Mx, and intrinsic 
viscocity data of broad distributed PC22A in tetra
hydrofuran (THF) at 35°C. 

EXPERIMENT AL 

The purification of n-docosyl acrylate monomer 
(Sidobre-Sinnova) was reported in an earlier communi
cation.1 Poly(n-docosyl acrylate) was prepared using a 
free radical initiator in benzene.1 The polymers were 
purified by repeated precipitation in acetone. 

Gel permeation chromatography (GPC) was per
formed using a Waters model 510 solvent delivery sys
tem at a flow rate of 1.0 mL min - 1 through a set of four 
ultrastyragel columns (Waters) of exclusion sizes 106 , 

105, 104, and 5OOA. Analysis was performed at room 
temperature, using purified high-performance liquid 
chromatography (HPLC) grade THF as eluent. A 
differential refractometer model R4O1 from Waters was 
used as the detector. The volume of polymer injected 
was 50 µL. GPC curves were analyzed with the universal 
calibration curve obtained by 9 narrow-MWD poly
styrene samples. 

The X-ray diffractogram of PC22A was recorded on 
a model JDX-11P3A JEOL diffractometer with a solid 
sample using Ni filter with Cu-K,, radiation at 35 kV and 
10 mA in the wide angle range of 2° < 20 < 60°. 

Intrinsic viscosities of polymer solutions were deter-
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mined at 35°C using a Schott Gerate model A VS 400 
automated viscometer in different solvents. The temper
ature of the viscometer was maintained at 35 ± 0.01 °C 
using a constant temperature bath. Intrinsic viscosities 
were calculated by the single point method described by 
Solomon and Ciuta16: 

(1) 

where 1/sp and 1/rel are the specific and relative viscosities 
of the polymer solution, respectively, and C is the con
centration (g 1- 1 ). Equation 1 yields accurate intrinsic vis
cosities in the high reproducibility when measurements 
are made for dilute polymer solutions (0.5% w/v). 

RESULTS AND DISCUSSION 

Goldwasser et al. 14 defined a new molecular weight 
average, M x to characterize polymers of different com
position in terms of the hydrodynamic volume: 

Mx= L wJri];MJL wJri]; 

= LW;l;/[ri] 

(2) 

(3) 

where w; and [1/]; are the weight fraction and intrinsic 
viscosity of each fraction at elution volume V; in the GPC 
system, respectively. The denominator in eq 2 is equal 
to the intrinsic viscosity [ri], of the whoel sample in GPC 
solvent. The value of the numerator is calculated from 
the GPC chromatogram with universal calibration. 
l; = [ri];M; can be equated to the ratio of the area of the 
GPC detector response at elution volume V; to the total 
area under the GPC chromatogram. 

For a polydispersed polymer, the MHS equation re
lates [ri] to the viscosity average molecular weight, Mv: 

(4) 

Mahabadi and Alexandru 15 defined the MHS equation 
in terms of Mx and showed that, 

[ri] =kxM;=bKM; 
where b is given by 

()=CI w/fa/(1 +anyi +a>;cI W;l;)a 

(5) 

(6) 

From eq 5, for several samples of varying molecular 
weight, a In-In plot of [ri] vs Mx should have a linear 
slope assuming{) remains constant. The constant K = kxl {) 
can be calculated using eq 6. 

For polymers with the same polydispersity or having 
broad MWD, b, remains constant. 

The hydrodynamic average molecular weight, Mx, of 
PC22A was determined in THF using eq 3. The nu
merator of right hand side of the equation was eval
uated from normalized GPC chromatogram data. Cal
culated Mx along with the experimental [ri] were ap
plied to eq 5 for the determination of kx and ex from 
least square analysis. A In-In plot of[ri] vs. Mx for PC22A 
is shown in Figure 1, and ex is estimated by the slope. 
Using the GPC chromatogram and estimated ex, b, and 
subsequently K for each sample were determined. The 
different values of Mx, [ri], b, and Kare summarized in 
Table I. The average values of kx, ex, and K were estimated 
as 2.72x 10- 5 dlg- 1 , 0.738, and 4.90x 10- 5 dlg- 1 , re
spectively. The calculated values can be used to estab-
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Figure 1. Plot of ln[I/] vs. In Mx for poly(n-docosyl acrylate) in 
tetrahydrofuran (THF) at 35°C (Mw/M.>2.5). 

Table I. Intrinsic viscosity -Mx data for poly(n-docosyl acrylate) 
of broad molecular weight distribution in 

tetrahydrofuran (THF) at 35°C 

Mw/M. 10-s X Mx [1/]/dJ g- I [>• 10-s x Kb/dig- 1 

4.0 9.72 0.649 0.540 5.03 
5.6 6.40 0.587 0.575 4.73 
4.8 3.53 0.362 0.502 5.42 
3.3 2.52 0.211 0.553 4.92 
3.3 l.12 0.192 0.552 4.93 
2.6 0.49 0.068 0.582 4.67 

K=4.95x 10-s 

•[> calculated from eq 6 using ix=0.738. b K calculated from kx/f> 
using kx(av)=2.72x 10- 5 dlg- 1 • 

Table II. Intrinsic viscosities of poly(n-docosyl acrylate) 
in different solvents at 35°C 

Intrinsic viscosities ['1]/dlg- 1 

Xylene Toluene Benzene THF 

26.8 4.0 0.820 0.772 0.747 0.649 
20.3 5.6 0.728 0.698 0.659 0.587 
10.3 4.8 0.480 0.408 0.377 0.362 
6.3 3.3 0.273 0.254 0.227 0.211 
4.8 3.3 0.232 0.218 0.204 0.192 
2.6 2.6 0.091 0.083 0,078 0.068 

lish the relationship between [ri] and molecular weight 
of polydispersed PC22A. 

Intrinsic viscosities of PC22A in different solvents are 
presented in Table IL This can be seen as additional 
verification of molecular weight determination. The 
sequence of [ri] in different solvents are [ri]xylene> 
[riJ1oluene > [riJbenzene > [riJrnF' Intrinsic viscosities can be 
measured more accurately than averaged molecular 
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Figure 2. X-ray diffraction pattern of poly(n-docosyl acrylate). 

weights like Mn and M w· 

This work shows that the method of Mahabadi and 
Alexandru leads to good estimation of MHS constants 
from GPC and intrinsic viscosity data for PC22A and 
the averaging of a number of samples lead to more 
accurate estimation of molecular weights than the normal 
process which involves regression analysis of intrinsic 
viscosities of well characterized fractionated low dis
persed polymer samples. K and a determined in this 
work are valid for GPC measurements and molecular 
weight distribution of polydispersed PC22A. 
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The X-ray diffraction pattern of PC22A (Figure 2) 
shows a peak at about 20 = 22°C, which corresponds to 
a d value of 4.16 A. This corresponds to the value of 
several long chain acrylate and methacrylate comb-like 
polymers, 8 attributed to the Van der Walls contact of 
non bonded atoms. 1 7 Besides this peak, a very sharp 
peak at a very low angle (between 2-3°) is apparent. 
This indicates the presence of structures other than 
atomic contact structures17 in polydispersed comb-like 
PC22A. 
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