This article was downloaded by:

On: 24 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

OURNAL OF Journal of Liquid Chromatography & Related Technologies
LI OU__ 1D : Publication details, including instructions for authors and subscription information:
CHR ‘ A http://www.informaworld.com/smpp/title~content=t713597273

Determination and Use of Cumulants of the Peak Broadening Function in

Steric Exclusion Chromatography

Matthias Griineberg®; Joachim Klein®

| @ Institut fiir Chemische Technologie, Technische Universitit Braunschweig, Braunschweig, Germany ®
Institut fiir Anorganische Chemie und Kernchemie, Technische Hochschule Darmstadt, Darmstadt,
Germany

Proparstsa & Anaktical Sap

Exfitess by
dack Cazes, Ph.D.

To cite this Article Griineberg, Matthias and Klein, Joachim(1980) 'Determination and Use of Cumulants of the Peak
Broadening Function in Steric Exclusion Chromatography’, Journal of Liquid Chromatography & Related Technologies,
3: 10, 1593 — 1615

To link to this Article: DOI: 10.1080/01483918008062800
URL: http://dx.doi.org/10.1080/01483918008062800

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with prinary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483918008062800
http://www.informaworld.com/terms-and-conditions-of-access.pdf

19: 06 24 January 2011

Downl oaded At:

JOURNAL OF LIQUID CHROMATOGRAPHY, 3(10), 1593-1615 (1980)

Determination and Use of Cumulants of the Peak Broadening

Function in Steric Exclusion Chromatography

Matthias Griineberg®’, Joachim Klein

Institut fiir Chemische Technologie, Technische Universitidt
Braunschweig, Hans-Sommer-Str. 10, D - 3300 Braunschweig,

Germany

Summary

A procedure is developed which allows to deduce from recycle
measurements the central moments and cumulants of the molecular
mass distribution of polymers and the broadening function by
the use of properties of statistical distributions. Results of

an experimental application of the method are presented.

Equations for the calculation cf true molecular mass averages
from the elution curve are extended for the cases of nonlinear

calibration curves and nonlinear broadening.
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1. Introduction and Theory

In steric exclusion chromatography (SEC) dispersion effects re-
sult in broadening of the elution curve and thereby in a
falsification of the calculated molecular mass averages. The
experimental determination of the peak broadening contribution
is therefore a prerequisit for any quantitative correction.
Experiments on dispersion effects can also be used to examine

theories of peak broadening.

While usually in chromatography the peak broadening function

is identical with the elution curve, in the case of the SEC of
synthetic polymers the determination of the broadening function
turns out to be much more difficult, Here, no standards with a
single molecular mass do exist, the broadening function is
always convoluted with the molecular mass distribution of the
sample under investigation. In the theory of SEC, the faltungs-

theorem is often named "Tung's eguation® (1) :
+ a0
F(V) = g G(V-y)W(y)dy 1.
o

where F(V) represents the normalized curve, G(V-y) the broadening
function and W(y) the corrected elution curve (i.e., the mole-

cular mass distribution, expressed in elution volumina).

Three procedures have been proposed for the determination of
parameters of the broadening function:

(1) T.2rovder and E.M.Rosen (2) determined central moments of

the broadening function by comparing the molecular mass averages

calculated from the uncorrected elution curve with the "true"
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molecular mass averages, which were determined by independent

methods.

The y. moment abou*t the origin cf a normalized distribution
CF (x) is defined by

-+
By = rx"?(x)dx 2.

4

H' is the area under the curve (= 1) and H'1 the center of
g

o
ravitcy.

Central moments are defined bv

o
= (% = ') (x)ex 3.
K fo-poe

where fL1 is zero,ﬁ 5 The variance andr¢3 is a measure ci zhe
skewness oI <he peak (s=rictily, the skewness is cdescribed :tv

3/2 N .
/ ). The nigher even central moments

L]

the carameter f‘34‘2 re
2 measure o the symmetric deviation of the distribuciocn from
a gauss-func+ion, the higher uneven central moments cc reline
the description of the skewness.

1€ 2.UTLCn veoang

=r z<he case cf a linear relaticn pe=zwesn t

V ané the logarithm cf the mclecular mass

Provder and RoOsen calculated a relaticn between “he true K-:th
moleculzar mean Ek(: ané the unccrrected k-th molecu.ar mean

M, (@), describinc the zroaderinc functien by 2 Gram-Charlier-
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M, () N (ig) [k-220,04," 27"
x = exp E-(2k—3)D22H2/2J 2:1 21 =
N, o) IR SOt L'(k—nozl,‘zuz] m

k = 1,2,3, and 4 correspond to the number-, the weight-, the 2-

3/2) ("skewness") and A, =

and the Z+l-average, Ay = M,/ ({4, 4

(H44422)— 3 ("excess" of the broadening function). If the Gram-
Charlier-serie is truncated to an Edgeworth serie, A_ can be

5
set zero, A, = 10 A 2

= b
5 3 and Am O form=2 7.

If the central moments of the order > 2 are neglected, the
exponential term of eq. 5 remains. This equation for the case
of gaussian peak broadening has been deduced by S.T. Balke and

A.E. Hamiliec (3), too.

Eq. 5 can be used for the experimental determination of the
central moments of the broadening function, but also - knowing
these moments - for the correction of the molecular mass averages

which have been calculated from the elution curve.

A drawback of this procedure lies in its sensitivity zcwards

errors of the determined "true” molecular mass.

(2) L.H.Tung, J.C.Moore and G.W.Xnight (4) proposed another

orocedure for the determination of parameters of the peak
broadening. These authors cancel the chromatographic separation
of the polydisperse sample by flow reversal after it has reached

half of its elution volume. This way, at the column entrance
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the pure broadening function is obtained. This procedure implies
that the uneven central moments can be neglected. Besides this,
it can not be used with columns which can only be operated with

one direction of flow.

(3) J.L.Waters (5) proposed a third procedure, the recycle technique.
In this approach the variances of the elution curves of poly-
disperse samples are measured as a function of the number of

cycles, and the variance of the broadening function and of the
molecular mass distribution (exvressed in elution volumina) are
calculated. The fact i1s used that the variance (F 2) of the
broadening function of the whole run is the sum of the variances

of the broadening functions of the single runs, while for the

1/2) of

polydispersity broadening the standard deviations (f‘z
the runs do add (this is the fact the chromatographic separation
is based upon). The variance ¢f the elution curve resulting after
n runs (neglecting the extra-column broadening) is the sum of

the variances of the broadening function and the polydispersity-

broadening.

The variances of the peak broadening of one run, de, and the

polydispersity, sz, are obtained using the equation:

2
Hae/n" = Maa/n * Koy 6.

The_cumulant _approach

Rt b AN g S

The second central moment describes the whole broadening function
only in the case of pure gaussian broadening, which is only

a simplification of real chromatographic broadening (6).
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In the present work the recycling approach shall be extended
and generalized in order to get more informations about the

peak broadening without limitation to gaussian broadening.

One possibility for getting the whole peak broadening function
from recycle runs is the use of the charactéristic functions

of the elution curves. The characteristic function of the elution
curve after n cycles is the product of the characteristic function
of the n-fold extended molecular distribution function of one run
and the n-th power of the characteristic function of the peak

broadening of one run.

The numerical calculation of the characteristic functions and

the retransformation of the defolded functions, however, is
connected with great computational problems. Therefore in this
work only the much easier determination of statistical parameters
of the broadening- and molecular weight distribution function
will be dealt with. These parameters, the cumulants, are de-

duced from properties of the characteristic function.

Cumuiants of a distribution can be calculated from their central
moments, which are easily determined. The cumulants of lower

order are simply related to the moments as follows:

Ky = H'4 7

R, = H, 8

Ky, = H 4 9
2
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Cumulants behave additive with respect to the folding of two

statistical independent distributions (7).

If the cumulants of v. order of the polydispersity function are

named K vp’ the cumulants of the statistical broadening (dis=-

P
persion) K va’ and the cumulants of the resulting elution curve

K ve’ the cumulants of the elution curve after n cycles are the

sumofKUdand Kyp

K = K

Ve,n 11.

vp/n + Kud,n

K is the folding of the statistical broadening functions

vd,n
of the single runs:

K 12,

vdan =P Ky,

During n runs, the molecular mass distribution is extended by
the factor n. The cumulants of the molecular mass distribution

after n runs are:

- nV
K —nKUp,‘I 13.

From egs. 11 to 13, one gets the relation between the cumu-~
lants of the elution curve after n runs and the cumulants of

one run:

v
Rue,n_nkvp,1+nkvd,1 4.
It is convenient to transform this equation into:

V-1

Kve,n/n=n KVp,T +KV 4,1 15.

Plotting K /n against n V_1, one gets from the slope of the

ve,n

resulting linear relationship}{vp and from its ordinate

21
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}(vd 1 is obtained. For the cumulants of the order 1 to 3, the
’

moments about the origin resp. central moments can be set:

ﬂ l1e,n/n = Fltp,1 16.

Kae,n/m =0 Hop,1 * Pag,s : 7.
2

Hie,n/® =10 HKag1 * Kag,n 8.

Equation 16 is trivial; equation 17 corresponds to the relation-

ship deduced by Waters (eq. 6).

Using eqg. 15, the central moments of the broadening function
can be calculated and used for the determination of the corrected

molecular means (eg. 5).

From eq. 15, the cumulants and central moments of the molecular
mass distribution (expressed in elution volumina) can be cal-
culated too. Assuming a linear calibration curve in the range
of the elution curve investigated, one gets the cumulants of

the ln mass distribution (compare eq. 13):

L} 1
Fiinn = P1 * O3 Ky o 19.

= v
Kyt = P2 Kup v 20.

With help of standards whose cumulants of the ln molecular

mass distribution have been determined by the recycle tech-
nique, new columns can be calibrated. Using eg. 19 one gets a
relation between the center of gravity of the elution curve and
the corresponding molecular mass (the center of gravity of the

ln mass distribution), a calibration procedure which is much
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easier than an iterative technique (8). The cumulants of the
broadening function are the differences between the cumulants
of the elution curve and the cumulants of polydispersity cal-

culated by eq. 20.

One further application of the recycle equation 14 shall be
mentioned: With the help of this equation and eg. 5, one gets
a relationship showing the dependence of the correction factor

ﬁk(t)/ﬁk(ﬂﬂ) on the number of cycles,, n:

= a0 A
R (v R 1 ;tﬂ "™ 2 [(k-2)0,4, /21"
= exp [-(2k-3) p /2n] = -
M @) 2 B2 = i-m Pn 1/29m
k 1+ 5‘1\_:_.3 ('™ (g [tk=1)D 4, 7]

21.

D2 gives the slope of the calibration curve of a single run.
If the peak broadening is approximated by & gauss func<tion
only the exponential term remains. This ecguation has alreacdy

teen given by A.E.Hamiliec (9)

2. Experimental Part

The apslicability and the limits of the recvcle technicue for

cne determination of the cunulants ané central moments ¢ the
pclydispersity broadening andé the dispersion sheall be demen-

strated SV arn eXperimental examole.

"~
1
»
U
o
H
)
2]
o
o]
ot
(]
—
"y
tH
O
0
13
[¢%
[
3]
®

cr the enforcement ©f the recvcle measuraments <he method ¢

"alternate pumping " was used, which has been cevelopec by
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I.Duvdevani, J.A.Biesenberger and M.Tan (10). I+ has the ad-
vantage that during recycling the probes do not flow threough
the pumpheads and the injection system and that thereifore the

extra-column broadening remains small.

The column set consisted of four high-resclution polystyrene
gel columns from Toyo Soda Man. type TSK G30OCH6, G4CCOHS6 .,
G5000H6 and G6OOCHE which had 3/8 inch i.d. apé 2 £t lengxh
each. The c¢olumns were switched in such way, that each half oI
tne set had about the same distribution coefficient Zor each

nrobe (6000, 3000/5000,4000Q) .

For column switching a six-way-valve was instailec (Lazex). As
pump the high-pressure piston pump 6000A was used, as the in-
jection system the model U6K and as the detector the UV-photo-

meter 440 (wave length 254 nm) (all Instruments by Waters Ass.).

The column set was calibrated with 16 polystyrene standards of
narrow distribution in the range of molecular mass from 2x1O3

to 1.7x106. Destilled THF was used as a solvent.

For the recycle measurement an anionic polymerized PS-standard
from Waters Ass. was used. It had the batch number 25168 and the
molecular mass averages given by Waters..Ass. were ﬁV = 20.000
and Mw = 20.800.

200 pl of a 600 ppm solution were Llnjected.

The effective flow rate was determined using a 10 ml volumetric

flask. For preventing systematical errors from evaporation, the

o



19: 06 24 January 2011

Downl oaded At:

CUMULANTS OF THE PEAK BROADENING FUNCTION 1603
opening of the flask was sealed with a plastic foil which was

penetrated at the start of the measurement.

The flow rate determined this way was 1.02 ml/min.

2.2. Evaluation

A slight change of the amount of the amount of UV=-visible traces
in the solvent during the recycle run could not be prevented.
This effect caused steps in the baseline after switching of the
columns and a slight linear baseline drift. The steps had to

be kept separate from the sample peak; the same holds for peaks

caused by contaminations of the sample.

The measurement was evaluated only up to the fourth recycle run.
Further runs resulted in superposition of the sample peak and
baseline steps; besides, after four runs the dilution of the
sample on the column was too high to give the stability of the

baseline relative to peak height required.

The recorded elution curves were digitalized with the help of

a pencil follower. The starting— and endpoints of the elution
curve were considered to be points on a linear baseline. For

the calculations the region of the elution curve was used in

which the curve deviated visibly from the baseline (maximal
baseline error: 0.5 percent of the maximal peak height). The

ratio between the range of the elution curve used and the variance
of the curve calculated was greater 20:1, so the range seems to

be chosen brocad enough. . -
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The 2nd to 4th central moments and the centers of gravity of

the peaks were calculated using a FORTRAN program. The cumulants
calculated from the central moments were divided by the number

of cycles n (table 1) and plotted against nv-l (fig.1-3). By linear

regression the cumulants of the polydispersity and the dispersion

broadening were calculated (table 2}.

While the 2nd central moments measured deviate only slightly
from the regression line, the higher cumulants scatter heavily:
the regression lines calculated from these cumulants show a

high degree of uncertainity.

Table 1 : 2nd to 4th cumulants of the recycle run

Run "(Ze,n/n Be,n/n R4e,n/n
ml2 ml3 ml4
1 0.6220 0.2249 0.4876
2 0-.8120 0.2864 0.1094
3 1.0671 0.5382 0.0336
4 1.2704 0.6261 -1.1580
lzln
Im?

Figure 1. 2nd Central Moment.
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laln
(mid)

-o—®

o
-

Figure 2. 3rd Central Moment.

x,/n ‘.
fmi

] ! e |
20 &0 60 80 n3

Figure 3. 4th Central Moment.

Table 2 : Cumulants of dispersion and polydispersity,
determined with eq. 15

RZ R3 K4

ml2 ml3 ml4
dispersion 0.3928 0.2058 0.4817
polydispersity 0.2200 0.0284 -0.0254

The strong scattering of the higher cumulants results from the
higher influence of experimental errors. It has been shown that
the central moments calculated depend heavily on the exact mea-
surement of the peak flanks (11,12), i.e. on the relative base-

line error.
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The variances of the curves were calculated from the tangents
at the turning-points of the elution curves, too, assuming a
gaussian distribution. The variances calculated this way deviate
strongly from the value calculated numerically, the latter mostly
being higher. This effect might be based on deviations from a
gaussian curve, but the differences found (up to 20 percent) are

considerably higher than expected.

The following measures can improve the determination of the poly-
dispersity and the dispersion functions by the recycle technigue:
- The absolute and relative constancy of the baseline should
be improved. If theta-solvents are used, the concentration

effects are minimized (13) and higher concentrations can
be used.

- Even the molecular mass distribution of anionic polyme?i—
zed standards may be improved considerably by preparative
fractionation (14); this would result in a smaller range
of the elution curve necessary for evaluation and in
stronger flanks.

- A statistical distribution can be described by other para-
meters than by its moments resp. cumulants. Some alternative
techniques like laplace transform are less susceptible to
baseline errors than the moment method (15) and might be
better suited for an exact determination of the molecular

mass.

Altogether the results of the recycle measurements quoted here
do not yet satisfy high precision requirements, but the method

as such can be developed further and seems promising.
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The application of the theory of statistical distributions, as

done in this work, gives a better understanding of the chromato-
graphic separation of polydisperse samples during recycle runs.

It allows the calibration of column sets for higher central moments
of dispersion without the need for the determination of different

molecular mass averages by independent methods.

2.3, Determination of the molecular mass averages and the cumu-

leants of the logarithmic mass distribution

With the help of the calibration standards, the lnM—Ve-relation-
ship of the column set was determined in four approach steps,
following a graphical procedure which in principle has been des-

cribed by W.Ring and W.Holtrup (8).

The molecular mass averages of =he szandazd used for the re-
cvcle run were calculated under various assumptions. Tirss

the digitalized calibration curve in the rance cf the elution

vacm of fourtnh order ‘table 3.

o

curve was appreximated sy a pc

Zeczuse the molecular mass averages M., ﬁz’ and ?2_, cescribe

"-mass averacges mayr be used seside M. =< c.ve
& setter dascription ¢of <he low mclecular mass zar:t (comp. (1€)).

Jrey are delined by the eguations

r
[
NN
~
Z
4
]
]
L
<
.y
~
S
I3
[ 9]
"y
n
~
[ 8]

-

Eﬁ - = f(T/M(V) ) T(V) Qv /‘f(T/%(V} [ A B A 23,
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Tne ecuation oI Rosen and Provder for the corractigon of nroadening
(eg. 2) can be used with kx = C resz. -1.

Tor a correction of the molecular mass averages using eg. 3 iz

is necessary to calculate the molecular mass averaces under <he
assumztion of a linear calibration curve. As will be discussecd
lazer, calculating the linear regression it is useigl o cive
special welight to the range oi the calibratien curve whrch givsas

2 nigh contribution tc the molecular mass averages Thereloze,

the calipration curve was weighted w2l the neight ¢ =<hz eluozicn

curve.

Tws cerrections ¢f the molecular mass averacges wers carr.ed cuz,
no<h using eg. 5. The £firs«t cne assumed & gaussian troacdaniig;
Zcr zthe second correckion the 2rd and 4th cumuliants ¢ zne

Sroadening function were useé too f(takle 3).

Although the probe under investigation elutes in the low mcle-
cular mass, nonlinear rance of the column se%, it is scen

from table 3 that <he nonlinearizy does nct aifsct the zzl-

culated molecular mass averages to a greater extent. This is dus o

the narrow distribution of the standard.

The correc=ion ¢©f <he mclecular mass averaces fcr Ziscerzicn,
however, has a s=ronger eifect, especially on Mw/xv - . o Wisza

-

chne high-resolution columns used, the influence oI

of nigher order on the calculated molecular mass averasas sesms =2

negligizle. Their influence will be nigher £fzr orozes oI nicne:

melecular weight and under =he ccondizions of fast ST2.
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The values of ¥ and EN calculaced deviazs ratzier strencly fzom
the values given by the manuiactorer. This Zact might be atzri-
buted to an inaccurate construction c¢f the calibrartion curve

at its nonlinear edge. Bowever, some standards measured in =he

linear range show such deviations, too. So, the reason for zhe

discrepancy might be an inexact measuremenzt of %Zhe "true" mole-

cular mass averages (comp. (17)).

The high resoclution of the column set used makes a dewerminaticn
of the broadening, which is based ¢n the comparison ci "true"
ﬁw/ﬁN and the values calculated Irom the SEC measurements guise
inexact. In fact, in the present case, ?&t:?/ﬁ&(:) > *%ﬂ“”/yg“”

so that a calculation basec on ec. I gives & negatave valde Zor

the dispersion.

Finally, the cumulants of the ln-molecular mass distribution
shall be calculated with the help of eqg. 19 and 20. The
ordinate and the slope of the weighted regression line of the
calibration curve in the range of the elution curve are

D1 = 24.52 and D2 = - 0.2310 ml—1, respectively; the center

of gravity is at the elution volume of 63.51 ml. The cumulants

calculated are listed in table 4.

Table 4 : Cumulants of the ln-molecular mass distribucion

Ry @ 9-852

-2
Koy @ 1-174 % 10
Ky 1-3-501 x 1078

Kyimy 2=7-229 x 10
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3. Refinements of the correction equation

Equation 5, given by Rosen and Provder, allows a simple correction
of the molecular mass averages calculated from the elution curve.
This equation, however, is based upon some simplifications. The
extension on some more realistic cases will be discussed here.

The first simplification lies in the assumption of a linear cali-
bration curve (eq. 4). Especially with samples having a broad
molecular mass distribution, this approach may lead to greater
deviations from the real molecular mass average than the un-

corrected average.

A.E.Hamiliec (9) has extended the calculations of Rosen and
Provder for the case of a nonlinear calibration curve. The re-
sulting equation, however, seems not to be solvable analytically

One therefore has to be contented with an iterative arproach.

A refinement of the linear approach has been used in the ex-
perimental part: the points of the digitalized calibration curv
were weighted with the corresponding height of the elution
curve and then a linear regression in the elution range was

applied.

This approach can be refined further, if one includes the fact.
that calculating the moments about the origin of the molecular
mass distribution, whose ratios comprise the molecular means
(eq. 24), different parts of the elution curve (and therefore
of the calibration curve too) contribute to the result to a
different extent. This fact can be considered in an iterative

way by calculating the moments about the origin of the (un-
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corrected) molecular mass distribution using respective specifi-

cally weighted linear regressions of the calibration curve (eg.24) .

M =M1/ k-2 24

One gets the weighting factcrsby taking the molecular weight
which is attached to a point of the calibration curve to the
power of the respective moments about the origin of the mole-

cular mass distribution.

The resulting slopes of the linear regression are used for the
correction of the molecular means, too. If D, . is the slope
of the regression line which is attached to the higher moments

about the origin, and D the corresponding slope attached

2,k-2
to the moments about the origin of the lower order, one gets
from the calculations of Rosen and Provden the following extens:ion

of equation 5

2, 2 T A -3
3 .. exslix-20°p.0s /2200 - 2o, 0=y [imezicoo o, ST
..k\_) - -:,..-4 o= - . = o, L -~ <
— T o= 2
7 g expl(k=1) D5 /210 s o P
M_‘ ) L - - =t - b &@Yad
" e K 2P2 e nZy G Dm0y gy T
% second simplificazion of ecguation 3 lies in zhe assumstich,

That =he respective cumulants of the brcadening Iunction ars
censtant 1n =he range of zhe elution curve. Iscecially =he nlzners
cxmulants cf the broadening Iunction, however, Zzgend rasher
s«rencly cn the elution wolume (£). This nonconszanc

cumulants of dispersion, 00, nhas lts greatest Lnilyuence Lrn inhe

n:

zasz 2% oroad meclecular mass distrisuticons.
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Mean central moments c¢f dispersicn can be calculazed wi=h zhe

el

oy

-
c

eguations given tv Rosen andéd Provéer (1% :

4¢]

Hae 7 Hagy)Wiviey ¢
-
_ +~ a0 - ol
Fie = ) Hiamwmady = 3 § Hoe W ywiney o,
) —
, e
- 3y, _fi,f‘zd("”“(-")cv
hoad -
Fic 7 HaeWWivigy = 8§ do. sy ey a -t
- ~u
[ g A
T P _&,HZC'(Y)-” yley = SH. _/( Hogly)wivics

The rroklem cf these eguations lies in the Zact, zhat Wi{v) is

~ne zrue mclecular mass 4distTriiuticn exTresssd L oeluTlch
veluminal, which normally 1§ not xnswn. The mean central moments

can be calculated in an iterative way: In the first step, the
elution curve is taken as the true molecular mass distribution
and Rp(y) in the elution range is approximated by polynom
series in such way, that from the integrals of eg. 26. - 27.
sums of moments about the origin of the elution curve are ob-

tained.

The moments about the origin are easily calculated from the

central moments of the curve (7).

The calculated mean central moments are used for the calculation
of new moments about the origin of the approximated molecular
mass distribution (in elution volumina) and the iteration can

be carried on.
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Conclusions

It is thus possible to get the cumulants of the peak broadening
function with the help of the recycle technique and to cal-
culate the corrected molecular mass averades also in case that
e elution volume / molecular mass relationship is nonlinear
or that the dependence of the cumulants on the elution volume

can not be neglected.

The numerical correction of the whole elution curve, using cumu-
lants of order higher 2 and taking into consideration non-
constant broadening, poses much higher difficulties. Even for
the simpler case of a gaussian constant broadening a numerical
calculation of the true molecular mass distribution shows

considerable practical problems (19).
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