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Abstract The analyses of the composition of a binary

mixture composed of two kinds of industrial complicated

materials have great importance for formulation in practice.

The present paper provides a quantitative size exclusion

chromatography (SEC) method based on the principle of

absolute quantification of SEC to solve the problem. The

conventional data treatment procedure for the differential

refractive index (DRI) signal of SECH(V) is improved first

by dividing it with the injected sample weight and leads to a

novel defined weight normalized distributionHw(V) and its

integral Iw(V). These two distributions reflect the response

constant of the sample in addition to the conventional nor-
malized distribution F(V). The difference of the average

response constants of the composing components provides

a sensitive method to compute the composition of their

mixture from its Hw(V) or Iw(V). The method was applied

to mixtures of a kind of industrial asphalt and paraffin

diluents as an example, and successful results are obtained.

Keywords SEC data treatment, composition of binary

mixture

1 Introduction

Since the binary mixture composed of two kinds of indus-

trial complicated materials is directly related to composi-

tion designs and properties of the mixture in practice,

crucial attention has been paid to the analysis of the com-

position of the mixture. When the molecular weights of

the two materials differ greatly, size exclusion chromato-

graphy (SEC) can be used to estimate the composition of

the mixture. When the peaks of two components overlap,

however, it is difficult to judge the compositions of the

mixture in general. Based on our previous principle of

absolute quantification of SEC [1–5] and modification

of conventional SEC data treatment procedure, a quant-

itative SEC method was provided to solve the problem in

the present work. In this case, the composition of the

mixture can be calculated accurately.

According to the conventional SEC data treatment pro-

cedure, the differential refractive index (DRI) signal of

SEC is first subtracted with its baseline and then integrate

the signal peak H(V) covering the desired elution volume

between V0 and Vs to calculate the total area of the chro-

matogram A,

A~

ðVS

V0

H(V )dV ð1Þ

Afterwards, the normalized distribution F(V) of the sam-

ple is calculated by dividing H(V) with A

F (V )~
H(V )ÐVS

V0
H(V )dV

~
H(V )

A
ð2Þ

ð
F (V )dV~1

Because of the separation mechanism of SEC, the

experimental F(V) may be considered as the normalized

molecular weight distribution of the sample. Further-

more, different average molecular weights of the sample

can be calculated based on the predetermined calibration

relation M(VR) between molecular weight and retention

volume of SEC columns. This quantitative calculation

method has been widely accepted and used in commercial

conventional software. This method is based on the fact

that the output signals are proportional to the solution
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concentration in the DRI flow cell

H(V )~Kc(V ) ð3Þ

where K is a proportional constant independent of elution

volume and molecular weight.

ð
H(V )dV~

ð
Kc(V )dV~K

ð
c(V )dV ð4Þ

Therefore, normalized distribution F(V) is equal to nor-

malized mass distribution of the sample.

F (V )~
H(V )ÐVe

V0
H(V )dV

~
Kc(V )

K
Ð
c(V )dV

~
c(V )Ð
c(V )dV

ð5Þ

It should be noted that the proportional constants K in

the numerator and denominator are cancelled while cal-

culating F(V). This means that treating the SEC data in

such a way as a relative method can only provide informa-

tion of the relative content at different elution volumes

after sample separation, which includes an assumption

that the proportional constant is invariable.

According to the principle of absolute quantification of

SEC [1–5], the relation between the output signal H(V) of

DRI and concentration is

H(V )~k n Vð Þ{n0½ �~k
dn

dc

� �
c(V ) ð6Þ

where n(V) and n0 are the refractive index of the solution

in the flow cell and the refractive index of the solvent in

the reference cell, respectively, and k is an instrumental

constant. The difference between the refractive index of

the solution and solvent at a certain elution volumeVmay

be replaced by the product of refractive index increment of

solution dn/dc and the solution concentration c(V) in the

flow cell. Due to the existence of dispersion effect of col-

umns, the solution concentration c(V) in the flow cell is far

lower than that of the injected sample cinj during the SEC

separation. When integrating Eq. (6) covering the whole

range of elution volumes of the chromatogram, then

ð
V

H(V )dV~k
dn

dc

ð
V

c(V )dV ð7Þ

The left side of Eq. (7) is the total areaAof the chromatogram,

ð
V

H(V )dV~A ð8Þ

while the right integral is the injected mass of the sample winjð
V

c(V )dV~cinjVinj~winj ð9Þ

Therefore, the proportional constant in Eq. (2) should be

K~
A

winj

~k
dn

dc

� �
ð10Þ

The proportional constant K is termed as the response

constant and only depends on the specific refractive index

increment (SRII) dn/dc of the sample, since k is a real

instrument constant. With this principle, the dn/dc of a

single sample can be obtained by measuring K [1]. Thus,

composition and composition distribution of copolymers

[2–5] and the preferential solvation parameter of solvated

polymers [6] were studied by using the structural additiv-

ity principle of SRII for the single sample.

If the injected solute is a complicated mixture, the res-

ponse constant K in Eq. (10) represents the average SRII

of the solute. After separation by SEC columns, the solute

eluted at different elution volumes has different SRII.

Under these circumstances, one may define a mass nor-

malized distribution Hw(V) and an integral distribution

Iw(V) by dividing H(V) and I(V) with the mass of the

injected solute winj, i.e., response distribution of DRI for

injected unit mass

Hw(V )~
H(V )

winj

ð11Þ

Iw(V )~

ðV
V0

Hw(V )dV ð12Þ

Since the contributions of detector response and column

separation are simultaneously reflected by these two distri-

butions, they provide more information about the injected

solute. For example, the end value of integral distribution

Iw(Vend) includes contributions of the main peak and sepa-

rated low molecular impurities in the sample, while at the

end of elution volumes of main peak Vs, Iw(Vs) reflects the

sample itself. Therefore, the content of impurities can be

calculated from the difference of Iw(Vend) and Iw(Vs).

Im purity(%)~
Iw(Vend){Iw(Vs)

Iw(Vend)
|100 ð13Þ

If Hw(V) is divided by Iw(Vs), it leads to an identical

normalized distribution F(V) defined by Eq. (2) as

F (V )~
H(V )Ð
H(V )dV

~
Hw(V )ÐV

S

V0
Hw(V )dV

~
Hw(V )

Iw VSð Þ ð14Þ

From this, the conventional calculation of average

molecular weight can be performed.

There exists a special application for the mass normal-

ized DRI response distribution and integral distribution.

They may be used to measure the composition of a poly-

mer mixture or a binary mixture composed of two kinds of

complicated materials. For a mixtureM composed of two

kinds of complicated materials S and D in the absence of

special reaction between components, its mass normalized

DRI response distribution should be
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Hw,M(V )~wDHw,D(V )z(1{wD)Hw,S ð15Þ
where wD is weight fraction of D in the mixtureM,Hw,D(V)

and Hw,S(V) are the mass normalized DRI response distri-

bution of the individual components D and S, respectively.

According to this relationship, with the principle of least

squares deviation, D2(V) can be calculated as follows:

D2 Vð Þ~ Hw,M(V ){ wDHw,D(V )z 1{wDð ÞHw,s(V )½ �½ �2 ð16Þ
When the sum of deviation

sum wDð Þ~
X
V

D2 wDð Þ ð17Þ

becomes a minimum, the weight fraction wD in the mixture

M can be obtained.

In this work, in order to examine the applicability of the

above principle, the analyses of SEC were investigated for

commercial asphalt (AH-70, denoted as S), two kinds of

industrial paraffinic diluents with similar structure

(denoted as D1 and D2, respectively) and their mixtures

(D1S and D2S). Size exclusion chromatography (SEC)

was performed at room temperature (25uC) on a Waters

515 SEC equipped with a Wyatt Optilab rEX refractive

index detector. The columns were STYRAGEL HR3,

HR4 and HR5 (3006 7.8 mm) from Waters. HPLC

grade THF was used as eluent at a flow rate of 1 mL/

min. THF and solution of samples were filtered over a

filter with pore size of 0.45 mm (Nylon, Millex-HN

13 mm Syringes Filters, Millipore, US). The experimental

Hw(V) and Iw(V) are shown in Fig. 1 and Fig. 2, respect-

ively. The composition of the mixture and contents of

individual samples calculated by a simple Mathcad data

treatment procedure (shown in Fig. 3) are listed in

Fig. 1 The SEC signal per unit weight Hw(V) of asphalt (S), diluents(D1 and D2) and their mixtures

Fig. 2 The integral distribution per unit weight Iw(V) of asphalt (S), diluents(D1 and D2) and their mixtures

Fig. 3 sum(wD)-wD dependence for sample D2S3
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Table 1. It can be seen that the composition of the mixture

can be precisely measured by this modified SEC data

treatment procedure. In the authors’ opinion, this proced-

ure not only has universality, but may also have usages in

many other areas.
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Table 1 The results of determination of the composition of binary mixture of S and D by quantitative SEC

samples winj/mg Iw(Vend) Iw(Vs) impurity/% wD Feed

weighing

wD SEC

determined

min(Sum/D2)

single

component

D1 1.408 9.03E–05 8.78E–05 2.8 1 – –

D2 1.243 9.71E–05 9.39E–05 3.3 1 – –

S 1.144 1.82E–04 1.71E–04 6.3 0 – –

mixture D1S1 0.967 1.27EV04 1.20E–04 5.7 0.4 0.393 5.55E–08

D1S2 0.634 1.55E–04 1.45E–04 6.2 0.33 0.262 1.21EV07

D1S3 0.678 1.39E–04 1.32E–04 5.0 0.65 0.598 1.02E–07

D2S1 0.992 1.53E–04 1.47E–04 4.3 0.4 0.387 7.99E–09

D2S2 0.7 1.64E–04 1.53E–04 6.9 0.35 0.262 4.20E–08

D2S3 0.833 1.31E–04 1.25E–04 4.6 0.69 0.636 3.02E–08
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