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INTRODC’CTION 

The advent of thin-layer adsorbents precoated on flexible supports profoundly 
influenced the use of thin-layer chromatography as a tool in separations chemist@. 
Simplifying the manual manipulations and eliminatin g some variables common to 
hand coating of glass plates encouraged the use of TLC in a wider range of areas. 
As a result of this, a number of articles have been published during the past year des- 
cribing applications of flexible, precoated silica gel sheet&22. 

The intent of this paper is to provide general technical data to help the analyst 
to select experimental conditions and to interpret results obtained when using 
flexible, precoated ahrtimz sheets* *. The sheets described consist of a IOO p layer of 
alumina bound to a poly-(ethylene terephthalate) film support by the incorporation 
of a small amount of poly-(vinyl alcohol) as a binder. These sheets are commercially 
available from Distillation Products Industries, Division of Eastman Kodak Com- 
pany, and can be obtained with or without an inorganic fluorescent indicator (lead 
manganese activated calcium silicate). In addition to the general information, the 
authors have compared data on the separation of various classes of compounds on 
coated glass plates with coated, flexible sheets. 

ESPERINESTAL 

Adsovbmt $H 
The most significant single property of aluminum oxide as a thin-layer adsor- 

bent is its inherent alkaline nature. Therefore, aluminum oxide complements silica gel 
(an acidic medium) as a chromatographic adsorbent. Table I compares the pH of a 
25 o/o aqueous slurry of the adsorbent from a precoated alumina sheet with commer- 
cially available TLC grade aluminum o.xide adsorbents. 

While most literature separations utilize the basic properties of aluminum 
oxide, some very specialized applications can be found for acidic and neutral layers. 
It is possible to alter the nature and pH of the precoated adsorbent layer by dipping 
the sheet in an appropriate buffer solution. To obtain neutral layers of approximately 

* Communication No. 333, Distillation Products Industries. 
l l Eastman Chromagram sheet G&2 (alumina). 
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py. 7,‘:tfiis khi&wa$ @pped in’ q alcoholi& solution, of acetic a&l. The pketrkatment 
solution] w&s p$ep&ed by miti& 5 ‘ml 6,f 16 yO aqueous acetic acid with 345 ml of 
ethyl ak~~ol; A&dic layer+ of pH be+veen ‘5 wd 6. were. sirr+ly prepared. fn this 

; +se,,,’ the,,pktreatment solutien +as niade by .diskolved ~3.6 g of sodium acetate.,in 
‘. 70 ml, of, distilled wa!er a.@ adding x0.5 ml of ‘&&al acetic acid and xl.ilul&g to a 
total tiolvrrk ,of 350 ml with ethyl alcohol. In, both $retreatments, the, sheets were 
.di@$ed f&r’:5 rkin with&t .agitation: Once”rkmo,~ed from the s&i$ion,. the sh,&ets were * 
blotted de with &ti filter, paper and activated for 30 min ‘at x006. 8 

1:: ,’ In’;rirep+ng any pretre&ment orbuffer solution,, it was found necessary to use 
‘& ,rnbch #ethyl ‘alcohol: or: @her: polar brgknie solvent as possible. This reduces th,e 

:: ,char&s f6r. lsyer dtiag+ that may result;,Ghen .tstally aqueous solutions are tied. 
,A further :#Iiscus~ion &w be found’under %olvekt resistance”, 

‘.,., . ; Table Ijl qsts a~pCkimate’& ,+alues oM&wd for the Eastman !est dye&x- 
ttit$on ,$heets, that ‘were tireadjusted, !c the .pH values shown. 
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Adsorbeats for ‘TLC, ark usually supplied without specifications stating the! 
nature and the amount of impurities present. In analyses i.nveWing the separation 
of compounds that complex with m&al ions, Fe trake metal content, and in particular 
the iron eontent, of TLC grade adxbr~ts au adversely a&zct the &romat~graphic 
resolution. It is often possible to zwnuve these interfering ions by premigraw t-he 
plate ur sh eet in an acidic sovtaat system and then thoroughly drying it ta xemuve 
the excss acid prior to carryhg omt CauxmLat~@y. 
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Tmce metals in the precoatsd alumina layer, including the poly+i31yl altd& 
binder, were determined by emission spectrographic analysis. These were compared 

I with commercially kvailable TLC grade aluminum oxides. Zevels of most elements 
wer& minimal in the ahnnina layer removed from the flexible sheets. These data are 
shown. in Table III and tiay serve as a guide in determining the need for prewashiug. 

. 
TABLE 1x1 

lI%EFAL CON!isNEJS OF ALwMxNwM OXIIXC ALSS0REILNTS . 

(ExprM as parts per lptilon) . 

CcJlumns: P[ = adswbent from I&s&an Chrsmagram shit’ti62 (aIumina) 
Columns: 2 = Supplier ‘A (acidic alumina) 
c&Ymlrs: 3 = supplier A‘ (neutral alumina) 
c&lwns: 4 = 
Columns: 3 = 

supplier A (b&c alumina) ., 
Supplier B (aluminum oxide G) 

Columns: 6 = Supplier B (aluminum oxide H) 
-, _-..’ 

eazumw Nlv. 
.L-- 

* I 3 3 .4- s 6 

* - = not detected. . 
. 

I 

Thin-layer chromatography on alumina a&o&ent involves primarily an ad- 
sorption mechanism. Therefore, it is necessary to remove adsorbed water (activate) 
before use. Activation,. at rood for 30 min produced uniformly good results with 
flexible sheets. Heating the sheets above EZO~ caused the support to curl. Tempera- 
tures above 130~ caused permanent discoloration of the adsorbent. 

I) 
Sokenk! u&s~anck 

The precoated alumina sheet may be used in’essentiahy all of the solvent sys- 
tems described in the thin-layer chromatographic literature. In the limited number 
of systems that, are extremely polar, the following oonsiderations may lead ‘to im- 
prove~I results. Water, because it softens the binder, can be replaced in most cases 
with some very polar organic solvent. Acetonitrile, dimethylformamide, dioxane, and 
most &ohols are useful substitutes. 
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and IX. spectroscopy and by other instrumental techniques. Solvents listed as 
g%oderate” were avoid&-for purposes of zone elution since the simulttieous remavai 
of the material responsible for d-&k solvent fronts might have interfered’. in subse- 
quent anaIyses. 

‘. 

thin-layer over other forms of chromatography. 
Table V compares the solvent travel rate of the precoated alumina sheets with that 
of standard ahnninum oxide layeti coated to a wet thickness of,zgo ~1 on glass plates. 
Solvcs~ chosen were of widely different polarities. The development methods were 
employed using activated Iayers. A b$tery jar lined with filter paper was ‘Nowed to 
stand for several hours to establish vapor equilibrium. Eastman Chromagram and 
A. H. Thomas sandwich chambers required no pre-equilibration since they equilibrate 
daring migration. Experiments were carried out at 25 YO relative humidity. 

. 
Supplier B basic 

(alumina powder ) (pH 9.5) 

.These’data are in general agreement with the conclusions of PORCXZG AND 

PCW~GESOVA~ who studied the effect of chamber width. They prefer.increasi.ug the 
width of the developing chamber as the polarity of the migrating solvent is increased. 
Due to differences i+ vapor pressure of mixed solvents, the choice of developing 
chamber used in our laboratory is still determined by empirical methods rather than 
poIa.rity considerations. 

Visualization reagents compatible with these sheets are typical of those em- 
ployed with glass TLC plates. ltodine vapor, U.V. light and the specific spray reagents 
(listed in Table VI) were use& Charring techniques involving corrosive reagents were, 
of course, precluded due to the presence of the organic binder. . 

It was often found advantageous to dip the flexible sheets in reagent solutions, 
particularly .when quantitation of the separated zones was anticipated. Dipping 
allowed a more uniform reagent application and provided greater penetration of the 
reagent than did spraying. Precautions outli-ned under ‘Solvent resistance” were 
considered when preparing visualization reagents. The least polar solvent in which 
the reagent was solubIe was selected to minimize possible diffusion of separated zones. 
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AEkaiaids 

Morphine sulfate 
1 Codeine 

Papaverine 

French’s Hue dye 
French’s Green dye 
French% Red dye 
FrencWs YcHow dye 

N-tt-Butyfacctaniiide~ 
lztbyl N-rr-butylcarbamate 
Ethyl hKtatc 
Di-Qtetr~drof[trfuryl~ adipate 
T&c&n 
Tricthyl citrate 
‘lXphcnyE phosphate 
Tricrcsyl phasphatc 

Eliethyl phthalatc 
LliluttyI phtF&tc 
DicthyE su&iaatc 
DicthyI scbacatc 

+ Bntyl scbacatc 
. 

Chbroforr&thyf acetate- UX. light, fresh iodol 
diethyIamine (@.x60 pIatinate 
PIus 4 @psi 

Acetonitrilowatcr- 
ammania (raw 10: raj 

None 

. 

Hexanmdhyl acetate 
pO(P: 10) 

Iodine vapors 

. 

Dih&cd IQ times for 
spotting; two multipIe 
cIutions 

o.$i 
a.52, a.02 

0.10, 0.0~ 

. o.m* 0.2f 

. . 
. . 

. 

0.52 

ago, a.02 

0.34, at3 
CLq, a.38 
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