Notes to the Editor

(5) Although crystallite sizes, size
distributions and paracrystalline lattice
distortions remain constant, the
d.t.a. curve shifts to higher tempera-
tures and becomes sharper on anneal-
ing. This can be explained only by as-
suming that the average surface free
energy 0, decreases and that the dis-
tribution of the (0},/Dg ) values nar-
tows on annealing.

(6) The melting process starts pre-
ferentially at locations, where lamellae
end, thus creating unprotected lateral
and fold surfaces with high g} values.
This confirms the published'' mecha-
nism of increasing long period and

lamellae thickness during annealing
and heating.
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We have previously suggested a new
linear graphical method with several
advantages for the determination of
copolymerization constants'. By
this method, the straight line:

(1

with introduction of the new variables

y=ax+b

= and g = A 2)
Yt+x ytx
is transformed into the straight line
g=df+d 3
by the application of which the
parameters
a=d +b and b=b'y 4

can be determined from the data points
with better reliability than by the appli-
cation of the original equation (1).

In the above relations, v is an appro-
priately chosen constant. In copoly-
merization systems, the most feasible
procedure proved to be*~% to choose
the vy value so as to obtain experimen-
tal points in the most extended and at
the same time most symmetrical ar-
rangement; then from the determining
equation:

fm=1—fu
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)

we have

Y=VXmXM

(where the lowest f and x values are de-
noted by f,, and x,,, and the highest by
fur and xpy, respectively).

Our choice of the auxiliary para-
meter, ¥ may be governed, however. by
other principles as well, e.g. by the re
quirement of obtaining a more uniform
error distribution by the transformation,
in order to increase the reliability of
evaluation. This is possible if the stan-
dard deviation of measurement can be
given in a simple form, e.g. as an explicit
function of the independent variable.

In such a case, for the determining
equation we have:

(6)

o(gm) = olgm) @)
i.e. the v value must be chosen so that
the transformation yields identical
standard deviations (o) for data
measured at the lowest and highest in-
depentdent variables.

In this Note we deal with the speci-
fic, though not unique case when the
standard deviation of the data is inver-
sely proportional to the value of the
independent variable. This is the case
for osmometric and viscometric mole-
cular weight determinations when
(m/c) versus (ngp/c) data are extrapola-
ted to zero concentration. The stan-
dard deviations of the osmotic pressure
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Figure 1 Measured y = nsp/c values as a

function of x = ¢ concentration. The stars
denote the average of 30 measurements.
Broken lines are calculated scatter curves

o(m) and of the specific viscosity (nsp)
are nearly constant. Using the symbols
Y =m/c vs. ngp/c and x = ¢ as in equa-
tion (1), we have o(y) = o(m)/x vs.
0(nsp)/x and a(y) is inversely propor-
tional to x: o(y) = 1/x. According to
this treatment:

o(y) l/x
0(g)= — -~ —
rtx rtx

®)

in other words, the determining equa-
tion (7) of y auxilliary parameter is
then:

1/xp,

Y tXm

1/xpr
Yt xy

®



Table 1 Viscosity measurement on PVC solutions

x=c t y = nsp/c G
{g/di) {sec) (g/d1)=1 F {g/dl)~2
0 36.903 - — —
0.05 38.792 1.023 0.2 4.09
0.10 40.810 1.058 0.5 5.29
0.15 42910 1.085 1.0 7.23
0.20 45.038 1.102 20 11.02
0.25 47.352 1.132 5.0 22.64

Table 2 Average and standard deviation of intrinsic viscosity and slope, calculated from

30 measurements

inl

olln] a

ola)

(g/di)-1 (g/d1)—? (g/di)~2 (g/d1)-2
Based on diagram ngp/c vs. ¢ 1.002 0.059 0.524 0.28
By the transformation proposed 1.003 0.041 0.517 0.17

from which we have:

(10)

Calculation with negative values can be
avoided by replacing y by the positive
a:

Y= (X +xp1)

A= —y =X, txy (1)
Using this expression and after multi-
plication by —1 the final form of the
proposed transformed straight line can
be written as

G=AF+B (12)
where
x
F= __f: -
a-—x
and
Y
G=-g= (13)
a-—x
and the parameters are:
a=4-B and b=Ba (14)

The method proposed is illustrated
by an example of viscometric molecular
weight determination. A large number
of viscometric measurements were
carried out on a PVC sample in tetrahy-
drofuran solution at 25°C, using an
Ubbelohde viscosimeter. A Hungarian
made industrial suspension PVC sample
(Ongrovil S 470) was used (with K = 70,
M, =54 400, M,, = 97 200, determined
by g.p.c.). The results are collected in

Table 1. The notation in the Table is:
x = ¢, the concentration of the solution,
[ is the average of the flow time, each
from 30 measurements; F'and G are
transformed variables calculated accor-
ding to equation (13) with a = 0.3 g/dl.

In Figure 1, the y = ngp/c values
were plotted, as usual, against concen-
tration. In addition to average values,
the standard deviation also calculated
from the 30 time measurements has
been indicated at each point. The
dashed lines were calculated with the
standard deviation of all time
measurements.

In Figure 2 the same experimental
data are plotted using the proposed
transformation. It may be stated that
the transformation was effective and
the distribution of scatter has been
more uniform (identical at the two ex-
treme experimental values). This en-
sures consideration of the different
points with practically identical weight
in the determination of parameter
values.

The intercept b (the [nlvalue of in-
trinsic viscosity) and the slope a deter-
mined from Figures 1 and 2, as well as
their standard deviations are given in
Table 2. In Table 2 it is seen that the
intrinsic viscosity and the slope show
lower standard deviation with the pro-
posed transformation than in the usual
plot. By using the usual plot we have
to double the number of measurements
to achieve a similar improvement.

CONCLUSIONS

In the determination of the average
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Figure 2 Transformed G vs. F plot of the
measurement presented in Figure 1 (o =
0.3 g/dl)

molecular weight of polymers, extrapo-
lation to zero concentration is custo-
marily carried out with data whose stan-
dard deviation increases with a decrease
in concentration. The reliability of the
determination can be considerably im-
proved by replacing the extrapolation
of the usual equation y =ax + b (e.g.
nfc vs. ¢ when osmotic pressure or
Nsp/c vs. ¢ when viscosity is measured)
with extrapolation of the linear trans-
formation G = AF + B, where F =
x/(a—x).G=y/(a —x)and e =Xx,, +
xp (index m and M denote the lowest
and highest values of the independent
variable (e.g. concentration), respec-
tively). The suggested transformation
results in approximately uniform error
distribution and renders extrapolation
feasible. Reliability of the parameters
is improved to an extent that could be
attained only by doubling the number
of measurements.
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