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SUMMARY 

The separation of model samples of vinyl chloride-vinyl acet+e ~opo&m~rs 
by thin-layer chromatography was investigated. MoQel samples witi_v@yf ace@&, 
contents rauging from 6 to 28 o/O (w/w) were prepan+ by cop$ymeri+i~n cqried out 
to low degrees of conversion to ensure high homogeneity of chknical c+uposi&oa 
No separation was achieved in simple solvents: the sample4 either mig@ed with the 
solvent front or remained at the start. Reasonable separations of samples cqn@ining 
10-28 % of vinyl acetate were attained with the mixed solvent 1,2-dichIoraethane~- 
tetrahydrofuran (lOO:l-5.5), while samples contaking 645% of vinyl a&&e were 
separated by isacratic elution with l&dichlofoethaue-tctrahydFofura&-heptzme 
(100:3:30). Gradient elutioe gzve reasc&bfe sep~r&ions with ,vinyL -acetate -in the 
range O-28 % contents using as the solve&t methyl ethyl &etone+~,~+ichlokethane_ 
carbon tetrachioride: It was shown with fractions of copolymers with various mok& 
ular weights that the molecular weight does not affect the sepamtkn under tb~ 
experimental conditions adopted_ 

JINTRODUCEION 

3 

The thin-layer chromatography (TLC) of polymers has recently e&&enced 
considerable advances. Numerous polymers and copolymers have been succes@Uy 
separated by TLC according to diEerences in mokculat weight, che@ckI composition 
or chain structure’. The advantages of TLC are its relative experimental sj.mpEcjty 
and its rapidity. In the semi-quantitative and quantitative evaluation of r&u&s, the 
chromatograms of the sample being analysed are usually ;compared with .th+e of. 
standard samples. TLC is a very suitable and rapid checking methad in the industrial 

l To whom correspondence should be addressed. 
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production of. important polymers 
employed_ 

and copolymers, but so far has seldom been 

During the synthesis of the important random copolymer vinyl chloride- 
vinyl acetate (VC-VAc), a product with a relatively broad distribution of chemical 
composition is formed owing to the changing composition of the comonomer mixture, 
which is caused by the more rapid consumption of vinyl chloride in copolymerizations 
carried out to high degrees of conversion. The distribution of chemical composition 
of this copolymer considerably affects its applicability in the plastics industry, but 
has been determined only seldom and with difhculty. Review# with extensive 
bibliographies do not mention the application of TLC for this copolymer. 

The separation of polymers by TLC is based on the different rates of migration 
of the individual components with respect to their different retentions by the station- 
ary phase during development. The action of the stationary phase, which retards the 
m@ation of the sample, can be expressed by various mechanisms with contributions 
of molecular interactions. 

In adsorption, the interaction between the sample molecules and the active 
sites of the stationary phase prevails. The solubility of the sample in a solvent retained 
by the stationary phase is of use in the phase-separation mechanism (this mechanism 
is sometimes described as extraction or precipitation). In the molecular-sieve mecha- 
nism, the exclusion of macromolecules by a porous material forming the stationary 
phase is preferred. In general, all of these mechanisms take place in the chromato- 
graphic separation. However, one of the separation mechanisms usually prevails, 
which can in principle he taken advantag of by the selection of suitable experimental 
conditions, i.e., of the type and activity of the adsorbent and the composition of the 
elution system. Considering the various types of gradients that occur in the thin layer 
as a result of the preferential sorption of some components of the eluent mixture, 
by evaporation from the layer, etc., the geometric arrangement of the experiment may 
have an important infIuence. 

With regard to the separation of VC-VAc copolymer according to its chemical 
composition, the prevailing adsorption mechanism is desirable, or the phase-sepa- 
ration mechanism with respect to the extent to which the solubilities of copolymers 
of different composition differ. The operation of the molecular-sieve -mechanism, 
which leads to separations exclusively according to the e&ctive dimensions of the 
macromolecules, is undesirable in the present case. The technique of gradient develop- 
ment is often applied in the TLC of copolymers and consists in the gradual change 
of the composition of the elution system in such a way as to attain optimal conditions 
of migration corresponding, e.g., to the polarities of the separated components. The 
aim of this study was to investigate the possible application of TLC to the charac- 
terization of the chemical composition or its distribution in VC-VAc copol_ymers 
and to establish the conditions for carrying out routine analyses. 

EXPERIMENTAL 

Thin-iayer chromatography 
The silica ge!s used to prepare the thin layers were Kieselgel G (E. Merck, 

Darmstadt, G.F.R.) and KSK, 7-11 pm (U.S.S.R.) after treatment with hydro- 
chloric acid. The required amount of silica gel was mixed by vibration for 90 set with 
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3 parts by weight of d&i&d water (KieseE~ or witk&II~-~.tid-w~~ -I: 
(‘KS) -and appiied with a UnopIan ap$a~~tus@andon &+ntifkq L5nd&$kat 
Britzin). Glass plates of two sizes (10 X 20 and 5. x. 1Q cm> _wxxS u+d aS baks:after - 
washing with acezone aud dietbyl ether; the tbicti:of-ti.-appw’&$& x&e 
0.2 mm with the small plates and 0.3 mm with the Iarger plates. 7%~ co&e&~pIat& 
were activated in an oven at 1 1W for 30 min and stkd in a desicc&tck ‘;-- _ ;;:-! 

The sofutions~ of samples (OS % -w/v) -wccq kppliled- *: ++mtk -of :I& $ .@y . . 
means of a Hdton~microsyrin~. A weti-se&&&&mber (D&saga, .H$d&xqS 
G.F.R.) was used for development a-!%~ equilibration for tit Ieast 30 ‘min by. means of. 
a filte&pqeg e&t&g *e side and l-ear WafIs of tfie &a&&r: ! I. .-. : =.:‘; : ..:.- :- i 

The &rf3rnatogmms were developed b$ the assending te&niqu& -xt &o&k 
temperature. For gradient e&ion, another soEVent (or a r&ture df solvents of -jjiveti .* 
composition) was added contimxonsty to the starting solvent irk65 ehanber_ 3y_me&s 
of a Linear dosing pump. Perfect mixing of the sotvent in the devel?pment &bet .-. 
was achieved with an ekctromagnetic stirrfz -, .- ; _ 

The chromatographi~ spots were detected by spraying x&h a 3% soJZo* of 
potassium permanganate in concen?rated sxxlphuric acid or * -a~ 1% -s&&ion i3f i 
iodine in methanol using a glass atomirer, Whfxk’tbe former-reagent was:us&tbe 
plates were heated in an oven at fSO-NO” for.540 min. ‘. : .: = ~; .- :.-:--- : 

; . . . . . . ,.:- 
ScUnpes . . . 

The model samples of VC-VAc copolymers used w&e &&red bycapdym~~ 
i&ion carried out to low degrees of conversion to em their chemic& hotiogqei~~ ’ : 
as described in a previo-w papeS_ To check .the ei$zct of mole&z weight .oq .$_c 
TLC separations, some fractions of these &de1 cop&ners &at we& ‘&w. b$ 
preparative -gel-permeation chromatography (GE) and cbara&xize& by ma- GF- .-- 
method on the analytic4 scale were aIso u_s#. A poly(vinyE &&de) (PVC) -6%. - 
was obtained by precipitation fractionation -of commercial PVC (C&on;- &~LU&Z 

- _ .I ,- I 
i _ > .I _ 

TABLE I. 
. - .,-. ._ .. .:i_:-: 

CHARACTERISTKS OF THE SAMPLES OF FCiEYMERS AND COPWME@_~~ ’ 

SanpCe a”- x0-= hx/a Vinyl acerar~ conrent (o/o, w@j 

Copoiymers VC- VAc 
Cl 118 1.83 

6_m- _-: ,:.. 

c2 87 1.78 .75* ~., : -:, 

c3 70 2.03 10.04 .I. 
c4 69 -- 1.75 F5.18 
c5 71 1.51 2395.. .~ ; :+ I.. -. 
t-xi 67 1.78 .; 28.06 
PVC ia 

o . . _. _, . . ’ .:. ; 

PVAc iii 3.34 g(&.j ._ .. _I: :. =:- 
Fiacrkms of VC-VRc cop@nrers .. _. I. 

C3a 99 1s lips -. : : ; ., 
C3d 75 1.45 tmx 

59 - I.70 EO_g_ -:I ..- ‘: .: 

z 129 1.34 15_J&‘1 -. ‘._ 

c4c 80. f.50 fS.18 :.: ‘~, ::. - .. : I ,; ., ( 
C4f 51 I.61 E5.18 .__ -. -.-_ -.__-;;. 

_ . 

‘. 
_. 
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Geon Co., Tokyo, Japan) in the system tetrahydrofuran (THF)-water and char- 
acterized earlier’. The sample of poly(vinyl acetate) (PVAc) was prepared by poly- 
mer+ation of vinyl acetate and characterized by a GPC method as described else- 
where3. The most important data on the samples used are given in Table I. 

sohY?n~s 
The following solvents of analytical-reagent or pure grade were used in all 

experiments : acetone, cyclohexanone (CHX), carbon tetrachloride, chloroform, di- 
ethyl ether, methyl ethyl ketone (MEK) and methanol (Lachema, Bmo, Czechoslo- 
vakia); cyclohexane and n-heptane (LOBA-Chemie, Vienna, Austria); and 1,2- 
dichioroethane (DCE) (PPH-Polski Odczynniky Chemiczne, Gliwice, Poland). THF 
(VEB Laborchemie, Apolda, G.D.R.) was distilled with copper(I) chloride and 
potassium hydroxide before use. 

RESULTS AND DISCUSSlON 

In the jelection of solvents and non-solvents for the separation of copolymers 
by TLC, it is necessary to take into account the solubility of the copolymer and the 
solubility of both--bomopolymers. The choice of solvents for PVC and PVAc or for 
the copolymer VC-VAc is relatively limited. Several readily available solvents that 
differ in their dielectric constants were chosen (Table II). 

TABLE II 

SOLVENTS AND NON-SOLVENTS OF PVC AND PVAc HOMOPOLYMERS AND VC-VAc 
COPOLYMER 

Solvent Non-solvent Dielectric constant Solvent strength paratneteti, 
&o, 

Acetone 
Methyl ethyl ketone 
Cyclohexanone 
1,2-Dichloroethane 
Tetrahydrofuran 
chlorofornl 
Carbon tetrachloride 

Meihanol 
Cyclohexane 
n-HeDtane 

20.7 
19 
18.3 
9-11 

:-;-$.* 
2.2 

33 
2.0 
1.9 

0.56 
0.51 
- 
0.49 
0.45 
0.40 
0.18 
0.95 

Some mixtures of solvents of high elution power (THF, MEK or acetone) 
with a solvent of low elution power (chloroform, carbon tetrachloride, DCE) should 
permit the iequired separations. Another method is to increase the concentration of 
a non-solvent in a good solvent. Both polar and non-polar non-solvents (methanol 
and n-heptane) were used and the results are given in Tables III and IV. In the first 
instance, a very rapid change in R, values occurred at a critical concentration, 
indicating the precipitation of polymers and copolymer. Virtually no interactions.of 
separated polymers with the sorbent occur here, owing to the high polarity of the 
non-solvent. Moreover, the RF values increased at a low concentration of methanol _ - 
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in THF in comparison with neat THF. On the application of a .non-polar non- 
solvent, rr-heptane, the RP values of I?VC and C6 samples changed conG~~~~fy 

with increasing _con@t of n-heptane, but the separation was ouly slightly sensitive 
to the copolymer composition for vinyl acetate contents in thk range O-30%. 

TABLE III 

TLC OF PVC, PVAc AND VC-VAc COPOLYMER SAMPLES WITH THE ELUTION SYSTEM 
THF-METHANOL (KIESELGEL G) 

THF to CH,OK ratio RF 

PVC C6 PVAC 

2O:l 0.86 0.88 0.84 
205 0.90 1.00 0.90 
20:7 0.90 0.90 0.90 
2O:lO 0.90 0.90 0.90 
20: 12 1.00 1.00 1.00 
20:1.5 0 1.00 0.92 
200r16.5 0 0.90 030 
20:17 0 -0 0.90 
1:20 0. 0 0.90 
5:20 0 0 0.90 

15:20 - - - 0 0 0.90 

TABLE IV t 

TLC OF PVC, PVAc AND VC-VAc COPOLYMER SAMPLES WITH THEELUTION SYSTEM 
THF-n-HEPTANE (KIESELGEL G) 

THF to heptme ratio RF 

PVC C6 PVAc 

5:l 0.86 0.86 0.50 ‘. 
5:2 0.72 0.72 0 
5:2.3 0.72 0.66 0 
5:2.5 0.74 0.64 0 
65 0.60 0.48 0 

The development was further carried out with THF-DCE. We have not found 
in the literature any data that permit the quantitative expression of the thermcdynamic 
quality of DCE in relation to the polymers and copolymers studied, but it can :_be 
judged that it is a thermodynamically poor soivent for both PVC and PVAc. Ak 
follows from tabular data5, DCE dissolves reasonably well low-molecular-wei&t 
PVC, but only poorly high-molecular-weight PVC and partially PVAc (in a mixture 
with ethanol). The TLC results using THF-DCE given in Table V show that with 
appropriate proportions of the two components the separation of the samples studied 
was successful. 

Further experiments (in contrast to the previous preliminwy experiments) 
were carried out on large plates. The change in experimental conditions led to certain 
changes in RF at the compositions of THF-DCE mixture used. The results obtained 
under these conditions are summarized in Table VI-. 

’ . 
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TABLE V 

TLC OF PVC, PVAc AND VC-VAc COPOLYMER SAMPLES WITH THE ELUTION SYSTEM 
THFDCE (RIESELGEL G) 

TffF co DCE ratio RF 

I:5 
2:s 
3:s 
4:s 
5: 5 
OS:20 
I:20 
a:20 
2:20 
3:tO 

PVC c-6 PVAc 

0:90 ii’iz 0.90 i:iz 

0 

0.18 0.90 
0.90 0.86 0.94 
0.80 0.80 0.86 
0.88 0.44 0.10 
0.92 0.51 0.10 
0.90 0.72 0.10 
0.90 0.64 0.20 
0.88 0.84 0.10 

Table VI shows that an effective separation of VC-VAe copolymers according 
to the vinyl acetate content occurs with DCE to THF ratios ranging from 1OO:l to 
100:5.5. With increasing concentration of THF in the mixture, also samples with 
higher vinyl acetate contents are gradually released from the start, but the separation 
of samples containing 6-15 oA of vinyl acetate is less efficient. The elution system used 
obviously has a high elutingq)ower, so that the samples with a low content of vinyl 
acetate migrate with the so!vent front and the separation becomes ineffective. To 
decrease the eluting power of system, n-heptane (the non-solvent of low polar&j 
was added as a third component_ Prior to this, the binary system DCE-n-heptane 

TABLE VI 

TLC OF VC-VAc COPOLYMERS AND PVC AND PVAc HOMOPOLYMERS WITH THE 
ELLJTION SYSTEM THF-DCE (KIESELGEL G) 

THF co DCE ratio RF 

PVC CI c2 c3 cs’ cs C6 PVAC 

1:lGo 0.93 0.85 0.17 
1S:loO 0.90 0.85 0.46 
2:lOO 0.92 0.87 0.35 
2.5: 100 0.97 0.92 0.94 0.87 0.37 
2.7:lOO 0.88 0.85 0.84 0.83 0.40 
2.8:100 0.91 0.81 0.82 0.82 0.43 
3:1ca 0.96 0.90 0.61 
3.3: 100 0.88 0.85 0.81 
3S:lOu 0.91 0.87 0.82 
3.7: loo 0.95 0.87 0.85 
4: 100 092 0.81 0.77 
4.3:100 0.91 0.89 
4.7:loo 0.95 0.87 
5:lCO 0.95 0.89 
5.2:lOo 0.93 0.85 
5.3:loO 0.91 0.86 
5.5:100 0.97 0.89 

0.02 0 0 
0 0 0 
0.03 0 0 
0.09 0 0 

0 
0 

0.27 0.07 0 
0.32 0.08 0 
0.35 0.09 0 
0.37 0.11 0 
0.45 0.12 0 

::: 
0.20 
0.31 0” 

0.65 0.28 0 
0.70 0.37 0 
0.56 0.25 0 
0.57 0.32 0 
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TABLE VII 
.. 

TLC OF VC-VAc COPOLYMERS AND PVC AND PVAc HOMOPOLYMERS WITH THE 
ELUTION SYSl-EMS DCE-n-HEFT’ANE AND DCE-IZ-KEPTANE-THF (KIESELGEL G) 

DCE to n-heptme to THF ratio RF 

PVC CI c2 c3 c4 PVAC 

100:1:0 1.00 1.00 (o.z)- 0 
100:2-lo:o 1.00 (0.5) 0 0 
100:20:0 (0.5) 0 0 0 
100:30:0 0 
100:30: 1 1.00 (:.*I PO.,, 

0 
0 0 

10&30:3 0.97 0.95 0.78 0.42 0.13 0 
100:30:4 0.94 0.92 0.76 0.57 022 0 

* Parentheses indicate that the sample exhibited stronger spreading along the path. 

was tested. The results obtained with these elution systems are summarized in 
Table VII. 

Development with the system DCE-n-heptane-THF (10&30:4) proved suit- 
able for separation of the VC-VAc copolymers according to the content of vinyl 
acetate in the range 6-15 y0 (w/w). Separations of VC-VAc copolymers containing 
6-15 % and 15-28 % of vinyl acetate are shown in Fig. 1. 

(1) (b) 

00 

0 
0 

O 0 

0 
0 

. 
. . . - 0 

NC c4 CS C6 WAC 

Fig. 1. Separation of VC-VAc ccpolymers accord& to their composition by isocratic elution. 
<a) Vinyl acetate content 6-15x: elution system DCE-n-heptan+THF (100:30:4); (b) vinyl acetate 
content U-28%; elution system DCE-THF (1OO:SS). (Kieselgel G plates, 10 x ZOcm). 

To ascertain the effect of molecular weight on the separation, fractions of 
copolymer C3 and C4 were employed; The RF values found (see Table VIII) co&rmed 
that the molecular weight does not afkct the separation under the given conditions 
within the limits of eicperimental error, Le., that VC-VAc copolymer can be separated 
with the elution system according to the content of vinyl acetate. 

The possibility of the application of the gradient elution technique was tested 
with the solvent system DCE-MEK-carbon tetrachloride. The starting solvent in the 
separations was always 6 ml of DCE-carbon tetrachloride (1: 1) and 6 ml of the mixture 



88 J. JANCA ef al. 

TABLE VII1 

EFFECT OF MOLECULAR WEIGHT ON TLC OF VC-VAc COPOLYMERS WITH THE 
ELUTXON SYSIEM THF-DCE (KIESELGEL G) 

THF fo DC’JZ ratio 

2.5:100 
3.5:100 

& 

C3a 

0.90 

C3d 

0.91 

C3f 
0.90 

C4a 

0.81 

c4c C4f 

0.82 0.82 

Fig. 2. Separation of VC-VAc copoIymers by gradient elution: 1 = Cl; 2 = C6; 3 = C5; 4 = C4; 
~=C~;~=CZ;~.=C~;~=PVC;~=PVAC. 

DCE-MEK.(5:2) was gradually added (0.24 ml/min) during development. The small 
plates were used for this experiment. The results obtained on KSK are shown in Fig. 2. 

The results presented show that the separation-df VC-VAc copolymers with 
various vinyl acetate contents by TLC is possible and that several solvent systems are 
suitable for this separation. 
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