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SUMMARY

The separation of linear oligocarbonates has been carried
out by the type of functionality, namely the number and natu-
re of terminal chloroanhydride and hydroxyl groups. The ana-
lysis was performed with the aid of a novel variant of HPLC -
"separation in a critical region" (SCR), on the boundary of
the exclusion .and adsorption separation modes. The SCR method
is characterised by practically complete disappearance of se-
paration by molecular masses (sizes) while chromatograms ob-
tained in the critical region give information only on the
types of functionality of oligomers under study. The critical
point for the oligocarbonates has been found on silicas "Si-
lasorb 600" and "Lichrosphere Si 500" in a binary solvent car-
bon tetrachloride-chloroform. An effect of pore size on the
retention volumes of macromolecules of different functionali-
ty under critical conditions is discussed.

INTRODUCTION

In the behaviour of reactive oligomers the important role
is played both by the nature and number of their functional
groups which are characterized by the functionality type dis-
tribution (FTD) (ENTELIS et al. 1973).

Liquid chromatography methods are usually used for the ex-
perimental determination of FTD (relative contents of the mac-
romolecules with various number and types of functional gro-
ups). However, almest in all cases theseparation by the func-
tienality is accompanied by separation according to molecular
masses which complicates the processing of the obtained chro-
matograms.

We have recently proposed and substantiated experimentally
(GORSHKOV et al. 1983, 1985a,b) a new method for chromatogra-
phy of macromolecules -~ a separation in the critical region
(SCR), which permits one to solve the problem of FTD determi~
nation for telechelic polymers. The essence of the method con-
sists in that in the critical point of coil - adsorbed coil
transition, the dependence of the retention volumes on macro-
molecule sizes vanishes and separation is determined by other
factors, e.g. by the number and types of terminal functional
groups.
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In the present work the SCR method has been applied to the
determining FTD for oligocarbonates. A possibility of optimi-
zatien of chromatographic separation with respect to functio-
nality types due to a change in the size of adsorbent pores is
discussed.

EXPERIMENTAL

Oligocarbonates with the following repeated units have been
studied:

{o-@—C(CH3)2-©-o-C(0)}n

The samples studied contained bifunctional macromolecules
(n~10) with different functionality:

cloc -[——]- cocl (1)
HO -[———]- coci (2)

HO -F———I1- oH (3)

Silasorb 600 (pores diameter D < 100 A) and Lichrosphere Si
500 (D = 500 A) were used as adsorbents; binary solvent CCl , -
CHCl3 served as a mobile phase. However, CCl4 is a bad sol-

vent for poly(carbonates) which causes certain difficdlties
in creating critical conditions since the “critical" composi-
tion of a binary solvent is near the solubility limits of the
sample.

The experiment was carried out on a SP-8700 liquid chroma-
tograph and the results were treated on a SP-4100 integrator.

RESULTS AND DISCUSSION

Several fractionsof the sample containing only macromolecu-
les of type 1 of different molecular masses were preliminary
collected at the exclusion mode (100% of CHCl,, Silasorb). An
addition of CCl4 to CHCl3 made it possible to~ find the criti-

cal point ( 17% of CHCl, in CCl,, Silasorb).

However, only macrom3lecules® of type 1 are eluted within a
detectable range of retention volumes upon separation in the
critical region of the oligomers with all three types of func-
tionality while molecules of tvpes 2 and 3 are adsorbed "irre-
versibly"” (Fig la). To overcome this obstacle, it is possible
to increase the solvent polarity, i.e. to pass to the exclu-
sive mode. But in this case the separation of molecules by
their size leads to overlapping of zones with different func-
tionalities which makes it impossible to determine FTD.

In such a situation the simpliest way to optimize the sepa-
ration by functional types under the critical conditions is to
change the size of stationary phase pores. As follows from the
theory developed (os lattice and Gauss chains, the distributi-
on coefficients Ky for non-, mono- and bifunctional molecu-
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Fig.1. Effect of po-
re size of stationa-
ry phase on retenti-
ClOC~COoCl on volume scale of
oligocarbonate func-
tional molecules.
(eluent CCl4—CHCl3,

u=1l ml/min, sample
volume 10 ul, UV,co-

b lumn 250x4 mm)
a-Silasorb 600, 17%
CHCl3;

b-Lichrosphere Si500,
30% CHCl3.
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R
les under critical conditions have the form (GORSHKOV et al.
1982; GORBUNOV and SKVORTSOV 1984):

Kéo) = 1
Kéi) = 1+ 2Da (exp(0-8) - 1)
k{®) = (k{2 R> D
2
<g7 = 1+ (exp(8gm 8- gERplexe( 84 B)-1)°

R <D
where Qf— @C is the difference between interaction energies

of the terminal (functional) and middle units with the adsor-
bent surface, a- is the value of the order of segment size,
D is the pore size, R is the macrcmolecule size.

As is seen from expressions. the greater the pore size,the
smallerKd and, hence, Vi For molecules containing ClOC- gro-

ups, @f = @c’ and in terms of equations they may be attribu-

ted to "nonfunctional" (type 1) and "mono-" and "bifunctional®
molecules (type 2,3) with respect to -OH,

When R > D for the bifunctional molecules the terminal gro-
ups are ststistically independent. When R < D it is necessary
to take into account a correlation in the disposal of chain
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ends. It should be noted that, in wide por?E)R < D contrary
to narrow ones R > D, scme dependence of Kd on the macromo-
lecules size R is observed.

Since the pore size affects the scale Vi of the functional

molecules, the use of wide porous Lichrosphere Si 500 permit-
ted us to separate oligocarbonates by functional types in cri-
tical region within an optimum range of V, values, Fig. 1b.
Other possibilities for optimization o$ the separation of
functional macromolecules under critical conditions consist
in regulating the difference gf- 9] due to specific inter-
actions of the functional groups wifh the mobile phase, mo-
dification of the adsorbent which changes its selectivity with
respect to terminal and chain units, or modification of func-
tional groups themselves in the analysed oligomer.
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