
SUMMARY 

-Although the concept of reversed-phase thk-layer chromatography (TLC) is 
not new, the preparation and detailed characterization of chemically modified TLC 
plates have not been previously reported. In this smdy, detailed evaIu&ions of 
various organic&y &d&d TLC pi&es have been carried out Methyl, ethyl, hexyl, 
dodecyi, and octadecyl z&ykichIorosilanes have been used to form bonded layers 
of varying behavior. The nature of these layers has been examined using severai types 
of test dbmpounds in conjunction with b&h conventional iodine staining techniques 
and radioactive tracer techniques. By zse of these techniques the interactions of 2 
mtiber of different types of test molecules with the bonded polymeric fi!ms have 
been studied. From these studies, dodecyltrichlorosilane has been found to give chro- 
matographical~y preferred cuafings, along with a reversal in compound elation order. 
These- res~&s compare closely to rest&s obtained OQ octadecyl reversed-phase higb- 
pressure liquid chroetographic cohxnns. 

Akhough the concept of reversed-phase thin-layer chromatography (TLC) is 
not new, the preparation and detailed characterization of chemically modified TLC 
p&s have not beerr fully e xar&ed_ Previously, several authorsLd hzve reported 
on t&e use bf plates. impregnated with non-polar stationary phases. In these cases, 
solvent systems for this type of cbromatographq- are often saturated prior fo use with 
the s&x material used to impregnate the plate. 

The ad&Cage of banded coatings over physically coated phases ic well known 
!klii$i-pressure l5qtiTd chromatographk @23LC) usexS1 Sm%r advantages ex%st f6r 
TLC qe. fn addition, since the. bonded phases are not removed by solvents, an 
m$denti&d compound may be scraped from the plate, extra&e+ with an appropriate 
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this respetit_ &I initial sepa_ration may be designed using rev&sS+&e TLC and 
adapted to reversed-pha.fe EE3.C witi minimal: efEort. 

ti_ this study, organically modi%d TLC photo have been prepared from 
varying chainlength alkyhrichlorosilane monomers. The chromatographic be&vior 
of these bonded phase plates has been e+ned by both coavergiond iodine staining 
a& by ,&d&%+v=e ‘&XXX teeh&qSW. 

EXE’ERIMENTAL- 

Analtech 25CL~m silica gel G plates (Analtech, Newark, Del., U.S.A.) were 
used in all experiments. Prior to modification, each plate was dried at 110” for at 
least 2 h. All modifications were carried out in a glass reaction chamber (Fig. 1) which 
was also dried for 2 h at 110” before use. Two 5 x 20 cm piates were placed back to 
back in the reaction chamber and the chamber sealed while bein& maintained at 110”. 
The chamber was removed from the oven and a drying tube attached to exciude 
moisture. 

Fig. 1. Eteactioti vesseI for pxparing chemically bonded TLC platf~. 



After having removed the &amber and piates tiom the oven, the reactions 
we& carSed out usingthe fi3towSn~~prockiure: 5W mEor”s E 7: soZFXion of a pdcd 

alk3@rfcbEoroiZane monomer rh dry toluene were sloidy _&mm(iie_ at fGG drminj 

into the rextion chamber ad the chamber sealed. The solution was aHoR& to react 
for-10 &~atid drained from the chamber. The chamber and plates were subsequently 
rinsed twke with SOO-ml portions of dry toluene. Tfie plates were then rinsed with 
500 ml of water-satm+ed toluene (15 min), removed from the chamber and dried at 
110” for a minimum of::.2 h. 

The toluene used was analytical reagent grade obtained from Maliinckrodt 
(St. Louis, MO., U.S.A.) which was allowed to stand over activated molecular sieve 
(Union Carbide, New York, U.S.A.) for at least 4 days prior to use. Acetonitrile 
(distilled in glass) was obtained from Burdick & Jackson Labs. (Muskegon, Rich., 
U.S.A.). Methyltrichlorosilane, ethyltrichlorosikme, and octadecyltrichlorosilane 
were obtained from Aldrich (Milwaukee, Wise., U.S.A.)_ Hexyltrichlorosilane, and 
dodecyItrichloros&me were obtained from K & K Labs. (Plainview, NY., U.S.A.) 
and PCR (Gainesviile, Fia., U.S.A.), respectively. All silane monomers were used in 
;he condition received. The i&&d [7JSC&o-hydroxybeazoic acid was obtained from 
New England Nuclear (Boston, Mass., U.S.A.). 

All compound detection, except for the labeled o-hydroxybenzoic acid was 
made using iodine vapor &king. Radioactive in siru counting experiments were 
carried out on a Var@ Berthold Model LB2723 radio scanner. 

Chemically m{dified TLC p&es were prepared by reacting various alkyl- 
trichlorosilanes with precoated silica gel plates. After modification, these plates were 
examined using a test series of compounds which are listed in Table I. Retention 
behavior, spot spreading, development time, and plate reproducibility were studied. 

Shown in Table I are tabulated retention data for each test compound on the 
various alkyltrichlorosilane-modified plates. These data were obtained with aceto- 
nitrii+O.Ol PI EZ&PQ, solution (40:60). All R,- data are mean values obtained from 
3-5 replicate plates for a particular alkyltrichlorosilane modification. RF values for 
each test compound were reduced as a Function of increasing hydrocarbon chain- 
length for the bonded phase, with the greatest relative reduction for the non-polar 
compounds. Also, as the bonded hydrocarbon chainlength was increased, increased 
separation between the test compounds was &served. The greatest seiectivity for the 
test solutes occurred on the dodecyl- and ocfadecyl-modified plates. These results 
are consistent with recently reported MPLC data on similar bonded phasesg. In that 
work, cohunns were prepared from ethyltrichlorosiiaue, hexyltrichlorosilane, dodecyl- 
trichlorosilaue and actadecykichlorosilane. Increased compound retention and 
selectivity w&e noted with the fonger chainlength (dodecyl and cctadecyl) bonded 
phases. . 

%mmarkd &I Table Zi are c&&ted values of adjusted spot wid~ths, IQ, 

relative spot broadening, s [where s = (IV/&) x rOOfi and overall plate development 



p3Zydro.xySenzoic acid 0.90 & 0.035 0.87 & 0.014 0.81 & 0.0% 0.82 4 O-021 0.79 & 0.015 
Methyl p-hydroxybenzoate 0.89 f 0.0 0.84 i 0.007 0.76 i 0.015 0.71 f OJx7 0.62 & 0.059 
Ethyl p-hydroxybenzoate 0.89 & 0.021 0.84 & 0.028 0.75 & O.Oi5 0.68 I 0.047 0.58 f 0.068 
Propyl_ehydroxybenzoate 0.88 f 0.028 0.83 f 0.035 0.71 5 0.012 0.61 & 0.026 0.51 f 0.072 

-_ - 

TABLE II 

VARLATION IN EFFICIENCY AS A FUNCTION OF BPNDED HYDROCARBON CHAfNLENGTH 
FOR VARIOUS ALKYLTRICHLOROSIIANE MODIFIED TLC PLATES 
Solvent system, acetonitril~_Oi M K&PO, (40x50)_ Ail data are rnea~l values obtained from 3 to 5 replicate 
plates per alkyltrichlorosilane modification. w = Relative spat width; s = (w/a,) x X0. 

Comporazd Varibcrs a!kyitr&JorosAne plates 

Methyl 

W s 

Ethyl ==wl Dodecyl Octadecyl 
_ 

W s W s W S W S 

&Iydroxybenzoic acid 0.15 16.7 0.13 14.9 0.12 14.8 0.12 14.6 0.16 20.3 
Methyl p-hydroxybenzoate (J-15 16.9 0.10 il.8 0.15 i9.7 0.12 16.7 0.14 22.6 
Ethyl p-hydroxybenzoate 0.15 16.9 0.13 15.5 O.i3 17.3 0.10 14.7 o.i4 24.1 
Procyl p-hydroxybcnzoate 0.15 is.2 O-i2 14.5 0.12 169 0.12 19.7 o-ii 23.5 

Run times 60-75 min 60-75 min 75-9Q min 90-105 min 120-150 min 

times. The plates which produced chrornatogaphica~y preferable spot shapes were 

those modified with either dodecyl or oc~~decykicklorosikme. The shorter chain- 

length coatings, methyl and ethyl, produced poorly-formed irregular spots. Alt’,ough 
the octadecyl-modified plates produced well-formed ~spots, the relative widths of 
these spots were increased ompared to spots~obtained wi&-simihr compomds on 
the dodecyl plates. These results are in good agreement with eEciency data reported 
for &n&r HPLC studies9 with the exception of the increased spot broadening in the 
case of the octadecyl plates. These differences are reconcilable in terms of long plate 
development time and poor solvent flow on the octadecy’r-nodified plates. These 
were not factors in the reported HPLC experiments. 

The e&ct of hydrocarbon chainlength on chromatographic perform%nce was 
fiuither investigated Icn terms of spot distribution. Shown ih fig. Z-are in s&z radk- 
active. scans of [7-“C&u-h$iroxybenic acid obtained on the v&ous akyki- 
chlorosilane-modi plates. These data are in cIose agreement with the test mixture 
data-obtained by cotiventional iodine staining t&tiques as previously discussed. 

Base@ on the above results, dodecykri&lorosikme-m&?Sed p&s were-f&md 
To be chromatographicaIiy preferable since they provrded t&z best over& perfkmance 
in terms of compound retention and kpot fntegGt$. Also, the- dodecyf~ $&es had 
reasonable development times of a&r&imately 75-90 nin- z$t -ambient temperature- 

-. 
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Fig. 2. Elect of bonded hydrocarbon chairilengtb on Spot distribution. (a> Unmodified silica G plate, 
(b) methyl-mod&d silica G plate, (c) dodecyt-modified silica G plate, (d) octzdecyl-modified siiica 
G plate. Solvent systems: (a) acetic acid-chloroform (5:95), (b-d) acetonitrile-O.01 M K&PO4 
(4050). Test solute: a-hydrrxybenroic acid. 

Additional dodecykmodified plates were prepared and evaluated using several 
diRerent test mixtures. Correlation sttidies between separations obtained on C, 
reversed-phase TLC plates and CIB reversed-phase HPLC columns were made. The 

Cl8 coiumns were prepared by an ipr sitzl method using 200 m?i of dry toluene to 
establish controlled pre-reaction conditions. The complete details of preparation 
have been previously +esxibed’“-ll. 

Summarized in Tables I&-i@ are the results of these corrdation studies. All 

TLC RF ar,d HPLC k’ data are mean values obtained from at least triplicate determi- 
nations. Accompanying representative chromatograms of these d&a appear in 

TAB’& m 
COMPARISON OF TLC AND HPJ_.C REVERSED-PHASE SEPARATIONS FOR VARLOUS 
HOMOLOGS OF p-HYDROXYBENZOIC ACID ESTERS 
MobiIe phase, acetonitrile4.01 M KH2poI (4350). TLC: dod~~tic~omsilane-modified plates; 
XPLC: octadecyltrichiorosikme-mod&d packing. Figares in parentheses imiiczte elution order. 

TLC (RF) HPLC (P) 

p-Hydro_xyhenzoic acid 0.82 (I) 0.37 (I) 
Me&y1 p-h,vdroxybazoate 0.72 (2) 1.25 (2) 
Ethyl p-hydxoxy-benzoate 0.68 (3) I.75 (3) 
Propyi p-hydroxybenzoate 0.61 (4) 2-54 w 
Butyl &ydroxj+enzoate 0.56 (5) 3.84 (5) 
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COMPAIUSON OF -%LC AND HPLC F&VERSED-P&WE SEPARAtiONS FOR SZLECZD 
AROMATiC ALCOHOLS .- 
Mob& p&se, acetxiitrik-O.Ol M (NH&CO, f4&60). TLC: &decyiticbkros&&~xuodi&& pfates; 
HPLC: o&xiecyItrichlorosil~e-mod&xi packing. F&-es irs parsntiw k&c&e efutio~~ofdder. 

- ~. 
Compound Retention .&a 

TLC (&.J HPLC (k’) 

PElaql 0.59 (I j 1.11 (1) 
p-cm: 0.55 (2) 1.49 (2 and 3) 
nr-cresol 0.54 (32 I.49 (2 and 3) 
o-CX%l 0.51 (4j I.57 (4) 

TABLE V 

COMPARISON OF TLC AND HPLC XEVERSED-FHASE SEPARATIONS FOR VARIOUS- 
AROh%ATIC AMINES 
Mobile phase, aceConitri!e-0.01 M (NH&CC~ (40:6Oj. TLC: dodecyltichiorosimodi&d plates; 
HPLC: cctaderyl~ch~crosiIane_m~~~ p.acking. Figures in paren*& indic&e elution order. 

Compound Retection u’atu 

TLC (RF) HPLC (U,, 

Aniline 
,+TO~uidke 
3-Cbloroaniliue 
o_Tolidine 

0.73 (1) 1.32 (1) 
O-70 (2) 1.96 (2) 
0.69 (3) 2.28 (3) 
o&u (4) 2.50 (4) 

TABLE VI 

COl’&=ARJSON OF TLC AND IIPLC REVERSED-PHASE SEPARATIONS FOR VkIOUS 
AROMATIC AMINES 
Mobile phase, acetonitriI~.01 M (NH&(303 (30:70). TLC: dodecyltricblorosikme-mod&d plates; 
HPLC: o&adecyltiblorosila~e-mod&d packing. Figures in pze&beses indicate e%.ion order. 

Retentiorz &&a 

TLC f RF) HPLC [K) 

Anike 
p-ToIuidine 
Zi-Cblomaniline 
u-‘lolidine : 

0.60 (1) 1.90 (ij 
0.52 (2) 3.23 (2) 
0.41 4.16 (3) (3) 
0.32 (4) 5.71 (4) 

Figs. 3a-d. En each case, good agreement between TLC and HPLC results was 
observed. In all comparative studies, the same mobile p&s& and- solvent system 
czmpusitiuns were used to carry out both H??LC and TLC sep&ratiuns. ti those cases 
where good resuirrtiun of-the test M components was obtaiqed using the dodecyi- 
mudified plattis, concmrentiy good separations were obskmed using the t+adecjl 
cokim as shown ixz Figs; 3a and 3d. When little ot tit5 sepetion betwe&~the various 
Let cumpounds was -ubsxved by TLC, accu&p~ykg p&r or 00. &z@.&&io& 6s 
obtain& by EipLC as shown in Fig. 3b. 2&o by ehtiging the TLC k&e& system _ 

_. 
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composition resofuticm cdd be either enhanced or decreased; similar changes in 
the EIFLC mobile phase cumposifion resulted in improved or reduced compotmd 
separ;sfidn as shown by comparing Figs. 3c and 3d. 

: In each comparative study , good agreemert~ between c&mm and TLC data 
was obtined; Changks i~1 compound type (Le. acid or base) and mobile phase com- 
posifions rksakd in caxwrent changes in separ&ion by both fechniques. These 



REFERENCES 

I I). C. Ma&w and H. K. Mangofd, J. Am. C?iE Che+ Sac., 37 (1960) 576. 
2 H. P. Kauhann znd Z M&us, Fetre, Sei&w, Arrstrkhm., 62 (1960) 10L4. 
3 N. Pelick, T. L. Wilson, M. E. Miller and E M. Angeioni, J. Amer. Oii Chem. Sac., 42 (;165) 393. 
4 M. M. Pzulose, J. Chromatogr., 21 (1966) 141. 
5 M. M.-Cbakmb&__, D. Bha~ and A. G&a, J. Chromafogr..; 22 (i966) 84. 
6 M. W. Roomi, M. R Subbaram &d R. T. Acfiaya, J. Chromcto,or., 24 (1966) 93. 
7 J. J. KirIdami, L Chromutogr. ScL, 9 .(I971) 206. 
3 R. E. hbjors, Amer. Lab., 4 (1972) 27. 
9 R. K. Gilpin, J. A. Korpi and C. A. Janicki, Ad. C/rent_, 47 (1974) 1498. 

10 R. !Z_ Gilpin. D, J. f3.rdlo and C. k Jticki. 1st Ckemicd Congress of rhe Not-& American 
Gxuinent, Mexico Cify, Dec. 197.5. 

11 R. K. Gilpin, D. J. C&mill0 and C. A. Janicki, L _Chrbm&gr., 121 (1976) 13. 


