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INVESTIGATIONS ON THE MECHANISM AND SELECTWIT? OF CHRO- 
MATOGRAPHY ON THtN LAYERS OF POLYAMIDE 

II. COMPARISON OF POLYAMIDE AND CELLULOsE IMPREGNATED 
WITH FORMAMIDE USING MODERATELY POLAR DEVEiOPING SOL- 
VENTS 

A number of phenols was chromatographed on thin layers of polyamide and 
on formamide-impregnated paper using proton-donor and electron-donor solvents 
diluted \vith cyclohesane. The experimental results represented as &I ret-SW log X+ 
relationships. where Xs is the mole fraction of the polar solvent. confirm analogies 
bet\veen formamide and polyamide systems due to interactions of phenols uith the 
carbonyl groups in the stationary phase. The significant role of salvation in the mobile 
phase foutld for both systems is typical ofa liquid-liquid partition mechanism: some 
di~kences in chroliirtto~r3pllic behaviour are interpreted as the result of the solubility 
of formamide in more polar mobile phases and selective sorption of the polar com- 
ponent by polyamide. 

IXTRODUCTIOS 

Polyamide gels should have chemical properties comparable with those of 
formamide, which is frequently employed as a stationary phase in liquid-liquid parti- 

tion chromatography_ 
Comparison of the chromatographic results obtained for thin layers of poly- 

amide and for paper impregnated with formamide could be expected to elucidate some 
aspturts of sorption by polyamide_ especially for series of binary solvent mistures com- 
posed of a polar solvent and a non-polar diluent, as solvent composition etTects in 

these systems can be interpreted in terms of the salvation equilibria inuoIvedl-J. The 
peptide-like grouping present both in formamide and polyamide suggests that the 
mechanism ofsorption by the stationary phase might be expected to be similar in both 
instances. For instance. Martin and Husband” compared the RI.- values of phenols 
obtained for poIyamide-impregnated paper with those reported by Maclik and KubeS”_ 
who used paper impregnated with formamide, and found that the chromatographic 



7-10 H. SZUMltO. E. SOCZEWII+SKI 

rest&s were similar in both systems_ Further data that confirm the analogy between 
the two stationary phases have been reported by Grtiham~ and Graham and DaW! _ - 
who used cellulose impregnated with simple amides. including formamide. In their 
\\-ork, hoivever, the number of phenols and solvents that could be compared w~as 
iimited owing to the specific properties of formamide, especially its miscibility with 
more polar liquids. which precluded their ust : 1s developing solvents_ Therefore, more 
polar solutes_ such as di- and trihydrosybenzenes and nitrophenols. could not be 
separated in formamide systems o\ving to the Iow RF values.. In this respect, polyamide 
can be considered as a complementary stationary phase. because in polyamide systems 
the use of polar solvents or their mixtures is possible and even necessary in order to 
ensure the formation of a gel-like sorbent with a high afiinity for polar solutes_ Com- 
parison of both types ofchromatographic systems can therefore best be performed by 
using mised solvents with different polarities. 

ESPERlbIEKTAL 

Thin layers of pol~~nide (\VoeIm. Esclnvcge. G.F.R.) were prepared on glrtss 
plates using t 1 DesaFd-type spreader and activated as described in Part I”. The plates 
\vere developed in glass tanks by the ascending technique using hinxy solvent niistures, 
the dihting soivent $eing cylohesane: the polar components were of classes A and B 
in the classification of Pimentcl and McClelltln*“_ Paper strips (Whatman No. 4. 9 -_ 
50.5 cm) \vere impreznsted with 20% (v+) acetone solutions of form;mlide and con- 
tained w_ 03 1111 of formanGk per gram of dry paper. After spottins the phenols. the 
strips were transferred into glass tanks (7 2: 9 :;: 14 ~111) for descending development. 
srrturated with the vapour of the binary developin g solvents_ In both series ofesperi- 
merits. the spots \vere detected \vith bis-diazotized benzidine reagent after spraying 
with a saturated aqueous solution of sodium hydrogen carbonate”. 

RESULTS AED DISCUSSlOX 

the mo!e fraction of polar solvent. the phenols bein, m denoted bx ttbbre\ziations. as 
indicated in Table I. Tables II and 111 show the actual RI.. vrtlucs obtrked. 

For the polyamide systems investigated. the R-11 I'WSK~ log .i'., relationships kvere 
linear in most instances_ On the other hand. for formamide systems, the lines were 
usually curved. the slope increasin, ‘1 with increasing concentr;ition of the polar solvent. 
These curvilinear reirrtionships probably arise olving to the fact that the R,L- values of 
the SO!WM \vere generally higher for formamide systems_ so that cyclohesane cannot 
be considered as an “inert” diluent for many solutes and contributed to some estent 
to the extraction strength of the mobile phase (R&e :- 0 for the formttmide-cvclo- 
hesane system: compare the analogous situation for aqueous systems in ref_ 1. Fig. 
9B7, and ref. 12. Fig_ 8). This interpretation is substantiated by the curvilinear rela- 
tionship for 2,6-dimethylphenol shown in Fig. 1 (highest cur\‘e) and the linear rela- 
tionship for most of the strongly sorbed phenols shown in Figs_ 1 and 6. Steeper rela- 
tionships at high X:, values may also be due to the increased miscibility of the two 
Iiquid phases_ 

The methyl derixttives of phenol behave in an analogous manner in both 
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systems: the R:.. values increase in the order phenol -7: cresols c.: svlcnols and within 
groups ofisomeric phenols the isomers lvith a methyl goup in the ul-l/w-position haye 
higher values. The slopes of most alkylphenols are close to unity. in accordance with 

>those expected when 1 I 1 salvation complexes are assumed. 
The R-11 wrsus 10: X, relationships for halosenophenols in pol_vamidc and 

formamide systems are presented in Figs. 2 and 7. In both systems only rhr car-rho- 

derivatives had moderate RF values. their sequence in both instances being Lchloro- 

phenol -:: 2-bromophenol < 2-iodophenol. in accordance with the results obtained 
by Bark and GrahamI for polyamide-impregnated paper. The sorption thus decreases 
with increze in the steric shielding of the polar group by the ha!oo_en atom, which can 
form an internal hydrogen bond \vith the hydrosy! group_ Prrrsr-isomers of thehalogeno- 
phenols are sorbed much more strongly by both formamide and polyamide ((:I:. 3- 
chtoropheno! and 4-chloro-3-methylphenol. the Rr-_ values of Lvhich are similar to 
those of dihydroxybenzenes), which Bark and Graham 1:) attributed to stronger acidic 
properties of halogenophenols and to possible interactions between the halogen atoms 
and the imino groups of the polymer. For forrnamide systems, the R-11 WI-sus log Xs 

relationships are mostly curvilinear and steeper at higher concentrations of chloro- 

form_ 
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‘ABLE I 

,BSOLUTE VALUES OF SLOPES OF R.,, I’.\_ LOG Xx RELATIONSHIPS FOR PHENOLS 

Jobile pha~rr sokeats of classt~ B and AB diluted with qrlohesanc. Et = Ethyi: Bu : = butyl: i-Am ~7: isoamyl. 

‘hcnol 
-CWX>l 
~CWSOI 
-CKSl?I 
.3-?<>-IeIxJI 
_4-XJ+!IX~I 

.5-Xyknol 

_6-Xylcnoi 

_4-S_\-lcnol 

.5-XvlSIWi 

~r‘&iu-l~oi 

ksorcrinol 
Iydroqrrincne 
-hIethosyphcnoI 
kcinol (3.5di- 

h_viiroxyrolucnc) 
-~irrop11alol 

-Xminophmoi 
r-.-\minophmol 
-EaphthoI 
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-ChIorophcnol 
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In further experiments. the chromtitogrrtms were developed \vith mixtures of 
cyclohrsanc and diethyl ether (Fig. 3). The results obtained for alkylpl~cnols and some 
dihydrosy compounds are similar to those obraincd for ;Lcclone s:‘stemszS_ especially 
the sequence and slopes of the R-11 sws~~s lo, ‘x ;Y.% lines. the Rr-_ values grnrra!ly being 
lower_ 

The use of higher ethers (di-Iz-but-1 ether and diisoamyl ether) as developing 
solvents resulted, for polyamide systems, in tailing of the spots for many ofthe phenols 
so that the diagrams (Figs_ 4 and 5) represent only those solutes which gtlve satis- 
factori spots_ The diffuseness of spots for less polar solvents is probably caused b_\- a 
decreased diffusion rafe due to the weaker swelling of polyamide. On the other hand_ 
for formamide sysrzms, well defined spots and linear RJ~ wrsm log X7 relationships 
were obtained for most solutes (Figs_ 9 and 10): only for diethyl erher (Fig. 8) do the 
lines of less polar phenols have the shape of a hockey stick. which is charrlcteristic for 
cases when the solutes are extracted to ;I marked extent bv the diluting solvent’--‘-“‘. 

The results demonstrated that for solvent systems of moderate polariry. form- 
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amide and polyamide have analogous sorption properties and that in both instances 
sofwtion effects in the mobile phase are the governing process. as in other fiquid- 
liquid partition systems I_ Differences between polyamide and formamide systems are 
mostly due to interactions between the two phases_ In formamide systems. the two 
liquid phases are mutually saturated, but it is probably the sofubifity offormamide in 
the fess polar mobile phase that plays the more decisive role, especially at high con- 
centrations of the polar component in the mobile phase, which is then. in f&t, a 
ternary solvent. It should be pointed out that the mole fraction offormamide. owing 
to its low molar volume, is significantly greater than its sofubifity espressed as a 
volume percentage. On the other hand. polyamide is insoluble in the mobile phase: 
hoLyever_ the sofubifity of the solvents in polyamide is an important factor, and the 
properties of the gel are a complex function of the qualitative and quan&Itive compo- 
sition of the solvent. Furthermore. the gel cannot be considered to be homogeneous_ 
For fess polar solvents_ adsorption of solutes on the intertke betlveen the two phases 
should be taken into account. 

The results indicate that there is only ;I limited range of mised solvents that 
can be used for both formamide and polyamide systems. which are otherwise com- 
plementary as far as the polarity of the developing solvents is concerned_ Both systems 
have much in common; holvever. there are also important dikfrrences that can intro- 
duce dissimilarities in the hrhaviour of solutes chromatographed in polyamide and 
formamide systems. 
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