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COMMENTS ON TIF NUMERICAL TPRATMENT OF CPC IATA

Taszl¢ Fizes
Pesearch Institute for the Plastics Industry

114 Hurgaria krt., Pudapest, 195C Bunqgary

ABSTRACT

The maanituvde of the errors introduced in the
calculated mclecular mass averaces is discussed in the
case of nel permeation chromatcerarhy (CPC). Tt was
shown, that neglecting the undetectable narts at hoth
tails of a chromatcqrar, where the intensity of the
curve is very small , results in serious errors. For
chromatograms with Gaussian shapes it was found, that
if the molecular masc limits of the calculations were
set at #35 (f is the standard deviation of the curve)
the numerically calcuvlated M and ™ valves deviate?
by 1 to 10 & from the theoretical ones . The errecrs
increased with increasina polydispersity and decrezcsed
as the number of data points increased, Wowever, there
was no significant difference in the results if the
number of data points was qreater than 20,

TMTRODUCTINN

Pecently Coover and Matzinaqer (1) puhlished their
admittedly surprising results on the effect of the
aumber of data points for the calculated molecular
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mass averages obtained from GPC chromatoarams, They

used curves of Gaussian shape generated by a romputer.
The molecular mass limits fcr the calculations were

set at #3¢ (S is the stamlard deviation of the curve)
and they used the generally accented methods and as-
sunptions to calculate the average mclecular masses.
They found that the differences in the numerically
calculated and the thecretical wvalues of the number-
and mass~-average molecular masses (Mjand Mp) was in-
creasing as the number cf the data noints increacsed.
For curves of high pclydispersity, this deviatiocn weas
always sianificant if the number of Aata opcints was
large. Both of these fencmena can be exvlained brv the
effect of the neclected parts of the curves on the

calculation of the My and Mp valves.

COMDPUTATINMNS

The calculations were performed cn a Hewlett Pac—
kard 9830 B desktop calculatcr,the program was written
in BASIC lanquage. For the sake cf convenience, curves
of Gaussian shane were used.as “thenretical” GPC chro-
matograms and a linear <calibration curve (Joaar itmic
molecuvlar mass versus eluticn volume) was chosen., In

this case the recul ting molecular =mass Aistribution

(MMD) will be loa normal:
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exp[—(ln M ~ln !\40)2/7'-72]

MMR (1n V) =

where M, is the mclecular mass at the maxjmum of the
lca normal MMD, and

S 1is the starderd deviation of the curve.

The theoretical moleculaer mass averages car he
readily calculated (analytically) from the varameters
of the log normal MMD (1) .Tn the numerical calculatien
of the ‘calculated’ M, and Mp the senerally accepted
methods and apprcximations were used (the =ame arc in
the parcer of Cooper and Matzirger). In order tc calcu-

late the Nn and M_ valueg, the curves were civided intc

m
equal elution vclume intervales (accordinag to the numr-
ber of data points). This implicitlv invclves twc as-
sunptions as follows.Rach fractior of the chromatcaram
is represented by a sincle molecular mass (Mi) and its
area is aoproximated by a rectangle. The height of a
rectangle (Hi) is the height of the chromatcaram at Mi
and the center of it is located 2t Mi. This also meens
that,on both sides of a GPC curve,the real mclecular
mass limits of the calculetions exceed the first ard
the last Mi values by the half of the interval between
the data poinfs. Neglecting this fact might cavse se-

rious errors in the determination of the molecular
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mass limits, especially if the number of dAata pcints
is small.

In this werk the thecretical GPC curves were an-
proximated by 5-50 ovoints and the real mclecular mass
limits were cet at +25, +35 and #4S resvectively. The
Mo values were chosen to be 10 and 100 thousand res-

pectively.

RESULTS AND DISCUSSICN

The effect of the mclecular mass limits on the
difference in the calculated and the theoretical mrole-
cular mass averacges is shcwn in Fiaure l.For a Caussi-
an chromatogram the heiqht of the curve at #7% is 13.5
% of the maximum, but at +3S it is only 1l.1 % ard at
+45 C.03 % cf that.Since the 1.1 % value is apprcxima-
tely equal to the detection limits in the practice cf
GPC measurements, for real chramatoarams there is ne¢
practical wav to extend the calculations to the tails
of the curves where this ratio i3 still smaller. This
also means that the Mn and Mm valves obtained from TPC
measurements are subijects of errors, and these werrors
increase with increasing polydispersity and decreasing
signal- to-noise ratio, Maturally, the shame of real

CGPC chranatograms is vsually not Caussian, and in rea-
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Number of data points = 50
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FICURE 1 Ccmvariscn c¢f the Thecoretical and the Cal-
culated Molecular Mass 2verages.Di fferences
{AMp and AMp ) versus Polvdisoersity (P)
for Different Molecular Mass Iimits
lity,the MMD curves do not extend to oplus ard mirus
infinity; however, &s the molyrerization reactiones are
statistical ones, we can assume that in mcst synthetic
polymer camples there is a significant amcunt of mcle-
cules which remains undetected at the tails cf CBC
chrematograms. The effect of these parts of the curves
on the calculated mcleculer mase averages mioht be
greater than the influerce of the number of the data
points. In their wcrk, Cooper and Matzinger always set

the first ard the last Mi values to 438 and by dcinc
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so they implicitely extended the real molecular mace
limits (by the half of the interval between the data
voints) as the number of poinrts decreased.

The ‘pure’ effect of the number of Aata ncints
on the calculated Mn and Mm values is shown in Fiqgure
2.These results are in good aoreement with the wecrk cof
Lambert (2) whe also found no further improvement in
the accuracy of the molecular mass averanes if the

number cf data points exceeded 20. Differences in the
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FIQIRE 2 Comparison of the Thecretical and the Cal-
culated Molecular Mass Averages.Di fferences
({ AMp and AMp ) versus Polydispersity (P)
for Different Numbers of Fata Points
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Mo values - as expected - had no influence on the re-
lative errors in the calculated molecular mass avera-

ges.

CONCLUSIONS

Undete ctable parts at the tails of CPC chromate-
grams, even where the height of the curve is smaller
than 1 % of the maximum, might sianificantly affect
the values of the calculated molecular mass averaaes.
The magnitude of these errcrs charnly increases with
decreasing sional-tc-ncise ratie. The ¥a valves chtai-
n2d fronm model calculations were foun? to he Thiocher
and the Mm values lcwer than the theoretical cnes.This
effect increased with increasina nolvdismersity, Ma-
turally, the maanitude ¢f errors Aalso demends on the

shane of the mclecular mass distribution.
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