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‘I-I-IIN-LAYER CHRO~IA’~OGI~APHY 

‘I‘lic multicompcw2n~ clx~xy plusticijzcrs and stabili;r.crs cominonly used in 
peIy(viny1 clilc~riclc) formulations iwo readily idcntificd by thin-layer clwomatograp1~y 
wl~cn a Ixt1anccd solvent system and CL chromogenic indicator are crnployed. A repre- 
scntntivc selection of conimcrcinlly available cposy ni:~terials, three commonly used 
ester Ih.sMzcrs ancl cstracts from knowi poly(vinyl clll~wiclc) conil~ouiicls have been 
csainiiiccl by tlic nbove niethocl. 

Only a few of tlw m:iny thin-layer cl~roniatograpliic (TLC) studies reportecl on 
the analysis of plasticizers usccl in vinyl conil~ou~icls have includccl epoxy plasti- 
cixcrr;l-J. TIE results obtninccl in thcsc studies were usually not adequate for identi- 
lication of cposy con~pouncls since tllesc studies wrc primarily aimed at dctcrmining 
other types of plasticizers. Rcccntly, two publications have nppcared in which epoxy 
plnsticizers have l~ccn studied in grcatcr cletnil. In tile first, V~x<rss~ examined alkyl 
epoxy stearates and tile cposidizccl triglyccricles of soybean and linseed oils, The 
triglycerides were cllronlatograpllecl on specially prepared layers composed of air- 
clriccl Silica Ccl G cquilibratecl for at lcast three clays in ttn atmosphere of CJZO/O 
rchtive 1wilidit.y before use, The clcveloping solvent: was clichloron~ethane saturated 
wit11 water. The cposidizcd nIky1 fatty cstcrs were eluted with benzcne-clicllloro- 
nlethanc (z : I) on Silica Cc1 G activatccl at IOOO, ‘I’llis system failed to fractionate the 
eposiclized triglycericles. In the seconcl report, RONIN used thick layers (500 ,u) of 
Silica Gel G ancl a solvent: misture of Iwsnne-efhcr-glacial acetic acid (70:40:3) to 
cllromatograph in number of cposiclizccl triglyccriclcs and alkyl fatty esters. Difficul- 
ties may be encountcrccl with this system if pllthalate, aclipnte or phosphate phsti- 
cizcrs are prcscnt since sonic of tlicsc ovcrhp some of the oposy fractions, 

Eposy stxhilizcrs which are usunlly low-molecular-wei6Ilt bispllenol A-epi- 
clllorol~yclrin polynws have not: been includecl in any of the above cited reporh. 
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WEATHERHEAD’ has fractionated a. number of epoxy resins, some of which were 
low-molecular-weight materials similar to those used as vinyl stabilizers and found 
tllat a double chloroform clcvelopn~cnt on Silica Gel G layers gave good separation 
of the contained components. 

For many years, our laboratory has characterized vinyl extracts by TLC using 
stanclard thickness, activated Silica Gel G layers and a solvent system obtained by 
moclification of the diclllorornetllane eluent suggested for plasticizers by BIXAUN~. 

The acldition of increasing amounts of 1,1,x-tricliloroctliane was found to give greater 
movement to and fractionation of tile epoxy additives. Tllcse separations were mainly 
clue to the inhibitor, I,+clioxane, wliicll is normally present at the 3% level in most 
commercial r,I,I-tric1~loroctl~mes. A 3 : I ratio of inliibitccl I,I,I-tricliloroetlianc to 
dicl~loromet1~anc proclucecl tile best epoxy movement with the least interference from 
other plasticizers that might bc present. A minor failing of this system was a fre- 
quently observed, wcalt sOlvent front attributable to tile clioxane. Although the front 
did not hinder the iclcntification of any of the materials studied, the system was 
moclificd by adclition of a small amount of methyl ethyl lietonc to smooth the dioxane 
front, This yielclccl modcratcly increased Xp values without disturbing tile quality 
of tile fractionationa. The increase in Rp values was, in fact, helpful since more 
fractions were now visible in several of tlie samples. 

A slurry containing a Z:I weight ratio of water to Silica Gel G (IS. ivlerck AG. 
Darmstaclt) was used to prcparc layers 250 to 300 ,U thick wllich were driecl I 11 at 
110’ in a forced air oven and cooled in a clesiccntor wllere stored until used. All 
samples were applied to the layers as 1% solutions in acetone with 2- and 5-&l 
disposable capillary pipets. A zo-,ug (24) sample size was used for all analyses cscept 
the triglycerides, in wllicll case a 50.,ug (5-pl) sample was used. All samples were used 
as obtained from the suppliers and are listed in Table I. 

Three vinyl compouncls of known formulations were prepared for TLC analysis 
(Table 11). Approxirmtcly I g of finely cut vinyl was cstracted overnight with 
mctlianol in 8 Soslilet apparatus. The extract was concentrated to yiclcl a solution 
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suitable for TLC annlysis of the cposy coilstitucnts, which, when a. 5-/A sample was 
used, gave spot si;r,es compr;iblc to tliosc produced by control solutions containing 
tlw plasticizers in the ratios of the compound formulations. 

.A solvent of citlicr 1,x,x-trichloroctlianc - dicl~loronietlinne (3 :I), or 1,x,1- 
tricl~loroctlia~~c-dicl;loron~etl~i~iic-rtlctl~yl ethyl ketone (75:25:2), was used to clcvelop 

tlic cllromntograr~is, Only r,I,I-tricliloroctllaiic inhihitccl witll 3”/0 r,44iosane was 
used since tlic prcscncc of r,~-cliosanc t\‘i\S ncccssnry for good sclxtmtions, Several 
major clicmical suppliers in tlic U.S.A. offer I,Lpclicxmc inliil~itecl I.I,r-tricliloro- 
ctlxuic (Table III), l’wo suppliers , Aldrich and I~astnlnn, Ilavc tllc type iI,IlCl amount 

ISIIIIIITI’.I> I,l, I-‘fl~ICIII.f:~IzOl~‘l’IIhSI1 USISL) I”011 TLC 
_-._I___-_ _..~-.__.._--.--__~_-__.--.--_._ -._-__---.-_ 

SIlp/Jlirl c~lfdo~g h’o. r ,.pDio.wrrc ( ‘;;,) 
-_.-I_-___- . . .._...^, _-._ - . ..--_.... -._--.----.-----..--_-.._---._---.._-.-_-- . .._. _-._ . . . _ .__.._... . ..- 

:\lclrich -1’.5470-4 _q ,O” 
Ensitmnn l’sCjl.3 3.0 (illSO l~OIltiliIlS Cl.L?s’%, .~rf:.-hLltiul(ll)” 
.hltcr \i’g*‘J 
I’islwr T-p_l1 ;::r: 

Mntl1csou, Colcrllirrl nntl l3cll I’S 1074 J,O’J 

inhibitor printccl on the container lalxzls. Otller suppliers mcrcly state the solvent is 
inhibited or stnbilizecl. The presence of I,+cliosanc in these products was confirmccl 
by gas-liquicl chromatogra]~llic and infrared spectroscopic ~csaminations. The cpanti- 
tativc cstimntions were Inaclc by infrared spectroscopy. The I,I,I-tricliloroetllanc 
from each of the five sources was founcl to be sntisfwtory for TLC: however, unless 
one wishes to analyze cncli new lot of solvent, it is prolxhly best to use one of tlic 
solvents with tlic inhibitor type ancl amount statccl on the lalxl, 

The clironintogrwns were clevelopecl a clistancc of 15 cm in n tank lined wit11 
solvent saturated liltcr-paper, After development, the cllromutogram was removecl 
from the tank, air-clriecl, ancl sprnyccl with 2 N sulfuric acid until just clamp. This 
was followecl by a light spray of 2.5% anisalclel~ycle in mctlxmol. Colored sliots wrc 
observccl after heating the plate I0 to 20 min at 120° in a forcecl air oven. 

The TLC separations obtainccl for a rcprcwntative number of commercially 
availnble (U.S.&) cpo.sy plasticizers and stnbilizers are sllown in Fig. I, The materials 
shown in the cliroInatograrn arc listcd in Table I with the cllrom~~togra~~l~ic data. All 
Rp values are the avcragc of ten detcrminntions, The clcscription of colors must lx 
considered approsimate since most of the colors will vary clcpncling upon tlie 
amount of heating the sample rcceivcs after spraying, 

Bia~iy of the samples wcrc readily iclcntifiecl by the fractionation pnttcrns ancl 
colors they yielded, In some cases, no rcaclily apparent variations in pattern or 
color were disccrnccl. For instance, no cliffcrences could Ix dctcctccl between samples 
of cposidized soybean oils obtninccl from several cliffcrent manufacturers. Therefore, 
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Fig, I. Scpamtion of epoxy pl nsticizcrs and stirbilizcrs by ‘1:fX. Solvent : 1, 1, r-triclilorocthnnc- 
tliclllororilctlinnc-mctliyl ethyl ltotonc (75:qj:a) ; tlcvclopiiicnt tlist:rncc: 15 cm: indicntors: (a) 
sulfuric acid, followccl by (LI) i~nisalclohydc. The numbers r&r to tlio conipounds liatccl in Tnbl~ 1. 

only one snmplc was includecl ns an esaniplc. Also, since linseed and soybean oils 
contain the smie unsaturated fatty acids; chic, linoleic and linolcnic, lout in different 
ratios, the TLC fractionations of the cposidized triglycerides were quite similar. 
Only the relative hmclnnccs of some of the fractions were different, It was not 
l~ossiblc to distinguish bctwecn the cposy stcnratc and epoxy tallate of a given 
alcol~ol. This was espectccl. since tall oil fatty acids arc mainly cornposcd of chic acid 
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Fig. 2. SCpRPiltiOll of extracts from known poly(viny1 chlorlclc) forniulntions by TLC. Solvent: 
I,I, I-trichloroctlli~nc-clicliloro~ii~tli~~ll~-~~tliyl ethyl kctonc (75:25 :z) : clcvclopnlcnt clistnncc: 
r5 cm ; indicatora: (a) sulfuric acid, followccl by (b) rrnisnldoliyclc. I -- Control niixturc of cli(zu 
utliylhcxvl)lllitli~l~tc, cli(2-cthvllicsyl)t~~clnl;o flncl 24thyJlicxyl opxy talli\tCT: 2 = oxtract from 
formulation A; 3 = control niisturc of tri(z-cthyllicxyl)trinicllitntc nncl qiosiclizccl soybet~n oil: 
b+ = cxirnct from fortnulntion 13: 5 - control tnixturc of tli(a-cthvllicsyl) phtlinlatc? and epoxy 
rosin; G 3 extract from fornlulntim C. The forrnulntions A, 13, nntl c corrcspontl to those in Tatlc 
II, 



and the product upon eposiclation is an clwsy stearatc. The butyl cpc1sy tallate was 
easily differcntiatccl from the octyl esters by the lower RF values of the butyl frac- 
tions, The butyl ester of epesidizecl linseed fatty acid exhibitecl fractions similar to 
those of the butyl cposy tallntc but containccl an aclclitionul component thnt pcr- 
mittcd identification. 

Several epoxy stnbilizcrs wcrc csaminccl. Rlost are viscous, low-molccular- 
weight polymers of bisplienol A-el~icllloroliydriii and contain a large quantitv of 
the cliglyciclyl ether of bisphcnol A. Tlirec samples reprcscnting the cliffcrcnt frachon- 
ation pnttcrns found were included in the sample group. One of thcsc samples, Mark 
224, containccl several uncharacteristic components incl’icnting it might 132 ;I blencl of 
stabilizers. 

Three commonly cncounterccl ester plasticizers; cli(z-ctl~yllicsyl)~,htii~~l:~tc, 
cli(z-ethylliesyl)azclate ancl tri(z-ctl~ylliesyl)trimcilitatc wcrc usccl to provicle a 
rmxsure of the Xl,1 rclntionsliips to be ol~tainccl for ester types when using these 
solvent systems, The cstcrs wcrc founcl to be well.separatccl from the epoxy fractions. 
This was clcmonstratcd 1~51 the TLC results for cstracts from tile known vinyl for- 
mulations shown in Fig. 2. The estracts were cllromatograpl~ccl bcsiclc control 
mistures of the plasticizers in the same ratios as misecl into the vinyl compouncls. 
Agreement htwcen the estrwts ancl control mistures was good. Thcsc systems, 
and hence most solvent systems capable of fractionating epoxides, will also fractionate 
portions of some polyester plasticizers. For this reason. one may experience difficulties 
when characterizing the epoxy portion of certain eposy-polyester mixtures. 

The sulfuric acid-anisalclcliycle indicator functions very well with the com- 
pounds esaminecl. It is not a good indicator for phosphates. An indicator such as 
phosl~liomolybclic acid, a cliazonium reagent, or antimony pentacliloriclc is required 
when phosphates are encountered. 

CONCI.USlONS 

A TLC method caprLl3le of identifying tiic cposy plasticizers and stabilizers 
usccl in poly(viny1 chloriclc) formulations has hen dcscrilxd. This method functionccl 
well when appliccl to estrncts from known vinyl coml~cxmcls. 

The author thanks Mr. F, J. MAUHDR for formulating the vinyl compounds 
and the General Tire ancl Rubber Company for permission to publish this work, 


