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SUMMARY 

A method, which involves thin-layer chromatography and densitometry, was 
developed for the qualitative and quantitative analysis of the diamine dihydro- 
chIorides, dicarboxylic acids, and w-amino acid hydrochlorides recovered from acid 
hydrolysed copolyamides prepared from diamine-diacid and/or w-amino acids (or 
their ladtams). Two different solvent, systems consisting of phenol-n-butanol-formic 
acid-water and phenol-formic acid-water were used. The qualitative analysis of 
the three homologous series was attained on the same chromatogram. For quantita- 
tive determination the methqd hs an average relative error in accuracy of &5%. 

A linear relationship between the R’M values [R’M = log(I/I.r Rp - I)] and 
the solute carbon numbers was observed. The deviation from linearity for the longer 
chain compounds might be caused by a gradient effect. The linearity between Rs 
values and the number of carbon atoms depended upon the experimental conditions. 

INTRODUCTION 

Several techniques including gas chromatography, DTA, and paper chromato- 
graphy ha& been reported for the analysis of copolyamides; however, they are either 
time comsuming or only give quantitative or qualitative information, but not both. 
For, example, gas chromatography1 is an excellent technique for the quantitative 
analysis of copolyamides, but al-amino acids which are the hydrolysis products of 
w-amino acid type copolyamides cannot be resolved, and further treatment of the 
acid hydrolysate (esterification, neutralisation, etc.) is required. 

The excellent resolving power, rapidity and simplicity of TLC makes it attrac- 
tive for the analysis of copolyamides. Copolyamides are hydrolysed with hydrochloric 
acid, and diamine. dihydrochlorides, dicarboxylic acids and w-amino carboxylic acid 
hydrochlorides are liberated according to the composition of the starting material. 
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Thin-layer chromatography methods have previously been described for the 
analysis of dicarboxylic acids by BRAUN AND GEENEN~ who separated the dicarboxy- 
lit acids from oxalic to sebacic acid on silica gel plates using an alcohol-water-ammonia 
( IOO: 12 : 16) solvent system. PETROWITZ AND PASTUSKA~ used two different solvent 
systems, viz. benzene-methanol-acetic acid (45 :8 :4) and benzene-dioxane-acetic 
acid (90 : 25 :4) and observed that the RF values and the number of methylene groups 
had a curved relationship. KNAPPE AND PISTERI~ also used TLC for the separation of 
dicarboxylic acids with several solvent mixtures. No thin-layer chromatographic res- 
olution of a homologous series of aliphatic diamines (or diamine dihydrochlorides) 
and w-amino acids (or their hydrochlorides) has been described previously. 

Only the qualitative analysis of some polyamides (6, 66, 610, II, 12, 6/66, and 
6/66/DCHM) by TLC has been reportedso where four solvent systems were used: 
benzene-methanol-acetic acid (90 : 16 : 8) ; benzene-dioxane-acetic acid (90 : 25 :4) ; 

ut-butanol-acetic acid-water (80 : 20 :20) ; and chloroform-methanol-25a/0 ammonia- 
water (45:45:7:3). 

The quantitative determination of each spot separated on the thin-layer chro- 
matogram can be carried out by,either direct densitometry6JJ on the plate or spectro- 
photometry0,’ of a solution of the elute extracted from the spot. The first method 
needs special apparatus and the second is complicated. 

The method described in this paper consists of the thin-layer chromatographic 
resolution of the polymer hydrolysates with are diamine dihydrochlorides, dicar- 
boxylic acids and m-amino acid hydrochlorides, and their quantitative determina- 
tion by densitometry on the thin-layer film scraped from the plate. The relation 
of the Rp values (or the derived values) and the number of carbon atoms for 
the homologous series was also reported here. 

EXPERIMENTAL 

Standards 
All diamine dihydrochlorides, dicarboxylic acids, and o-amino alkanoic acid 

hydrochlorides used in the experiment were commercial products of reagent grade 
or the corresponding polyamide hydrolysates. These were dissolved in 95o/o ethanol 
to give a 1% concentration, 

Acid hydrolysis 
About 50 mg of the copolyamide or polyamide sample were weighed into a glass 

tube, and 5 ml of 6 N HCl were added, The tube was then sealed and placed in an 
oven at 130~ for 24 11. After cooling, the seal was broken and the hydrolysate was 
evaporated on a steam bath and dried ipt vactio. The dried hydrolysate was dissolved 
in 95% ethanol, with or without the internal standards, to give a 1% concentration. 

Thin-layer chrontntogrtiphy 
Thin-layer plates (250 micron thick) were prepared according to the usual 

method, using “Wakogel” B-5 (silica gel for TLC, which contains about 5% calcium sul- 
phate) on 20 x 20 cm glass plates. The plates were activated at 120’ for I 11 and stor- 
ed over silica gel desiccant until used. The TLC plates were marked off in channels 
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s-10 mm in width every 20-25 mm to prevent the spots from spreading6 before 
development. 

For qualitative analysis about 5 ,~l of the solution were applied for each spot. 
after spotting the thin-layer plates were chromatographed until the solvent front 
ascended IO cm from the spotting point. System (A) phenol-+butanol-formic acid- 
water (5 : 2 : I : z), and system (B) phenol-formic acid-water (74 : I : 25) were employed. 

After chromatography the plates were sprayed with a o.z% solution of nin- 
hydrin in ethanol and heated at go0 for 15 min. After positioning the diamine dihy- 
drochlorides and w-amino acid hydrochlorides, the plates were sprayed again with a 
solution of BCG for detection of dicarboxylic acids. Duplicate runs were made for 
all RF values recorded in this study. RF value deviations were within &o.oz. 

Densitometry 
Densitometry was used for the quantitative analysis. After checking the com- 

ponents of diamine dihydrochlorides and o-amino acid hydrochlorides in the copoly- 
amide, the appropriate internal standards of homologues (e.g., for copolyamide 6/66: 
hexamethylenediamine dihydrochloride and E-amino caproic acid hydrochloride were 

I the hydrolysis products, and octamethylenediamine dihydrochloride and y-amino-n- 
butyric acid hydrochloride were selected as standards) were blended with the copo- 
lyamide hydrolysate in ethanol and TLC was performed with system A or B. 

The dried plate was sprayed with o.z% ninhydrin solution in ethanol and heat- 
ed at 90” for 15 min. In order to ensure accuracy and reproducibility in this method, 
the spraying procedure must be standarised by using the same volume of spray for 
each plate, spraying evenly and thoroughly. The plate was then sprayed with a 5% 
solution of polyvinyl chloride in tetrahydrofuran and dried under an infrared light. 
This silica gel layer reinforced with polyvinyl chloride film was scraped from the 
plate and cut into long, narrow strips of z cm width along the channel in the di- 
rection of the solvent flow. The strips were suspended in a vessel saturated with water 
vapour at 50” for 15 min. Densitometric scanning was started after this conditioning. 
A Shimadzu spectrophotometer, Model QR-50, equipped with paper chromatogra- 
phic stage8 was used at a wavelength of 560 rnp. The absorbance of each spot was 
read at intervals of I mm of the strip and plotted as absorbance ZIS. the distance from 
the starting point. The standard solutions were prepared by dissolving I-IO mg of 

the diamine dihydrochloride and/or the m-amino acid hydrochloride analysed and 
5 mg of the internal standards of them in IO ml of ethanol. A calibration graph was 
constructed by plotting the ratio of the peak areas VS. the ratio of the amount of the 
component and the internal standard. For analysis of copolyamide IO mg of the 

acid hydrolysate and 5 mg of the internal standards were dissolved in IO ml of etha- 
nol. About 5 ,ul of each solution were spotted on the plate. 

RESULTS AND DISCUSSION 

Qualitative analysis 

Representative RF values and Rs values of standard diamine dihydrochlorides, 
dicarboxylic acids and w-amino acid hydrochiorides are shown in Tables I and II. 
The identification of the components in the copolyamide should be possible from the 
RF values, or by the thin-layer chromatography of the acid hydrolysate together 
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TABLE III 

LINEAR RELATIONS HIPS BETWEEN RF VALUE AND CARBON NUMBER IN THIN-LAYER CHROMATO- 

GRAPHY OF ALIPHATIC DIAMINE DIHYDROCHLORIDES, DICARBOXYLIC ACIDS AND W-AMINO ACID 

HYDROCHLORIDES 

R&Z = log(x/Rp - 1); li!‘&g = log(1/1.1 Rp - I). 

Function Diamine - 2 HCZ Dicavboxylic acid w-Amino acid n HCZ 

A B A a‘ A -* 9 

log Rp-C.N.” Curve” Cp-Cec, Curve Curve 
(G-C,,) G-C,, (C,-C,*) $2; (C,-C,,) E:S:* 

RF-log C.N. C,-c;,a Curve c,-C,, C,-C, c,-c, C&, ) 
GrG, 

Rp-C.N. c,-C” t 

gym) y&f c c 
r 0 4- 10 q-co C&,, 

R&og (C.N. 
co-cl0 Gl-c*, 

of methylenc 
group) - - c,-c,, G-C, G-C,, G-Co r\ /. 

%-%a 
RM-C.N. c’ -c C&L # 

cz-c”,’ c$)-C” 
CrG G-C, c,-c, c,-co. 

R’M-C.N. G-C,, C!rC” C,-Go G-C, G-C, 

a C.N. refers to the number of carbon atoms. 
b There is a curved relation between C2 and Cra. 
O There are two linear relationships ; the first between C, and C,, and the second between 

C, ancl C,,. 
d There is a linear relationship between C, and C,,. 

TABLE IV 

COPOLYAMIDE ANALYSIS 

Accuracy 

- 

Synthetic 
mixture 

Concentration (mg) Rel. ewor 
-(%) 

A dded Found 

Nylon 6 
Nylon 66 

Nylon 3 6 
Nylon 66 

Nylon 6 
Nylon 66 

Precision 

10.0 11.1 $-II.0 

40.0 41.0 -I- 2.5 

20.0 20.8 -t- 4.0 
30.0 29.0 - 3.3 

30.0 28.5 - 5.0 
20.0 20.6 + 3.0 

y0 66 in the synthetic mixture of Nylon 6 and Nylon 66 
(50/50, w/w 

:: 51.5 
47-o 

C. 45.4 
d 50.6 
e. 48.0 

48.5 
2.3 
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The data presented in Table IV indicate that the method had a maximum 
relative error of about II %, and a standard deviation s of &- 2.3% for the analysis of 
Nylon 66 in the 500/O copolymer range. 

The reaction between the amino group in an amino acid and ninhydrin in paper 
chromatography is not quantitative and the stability of the coloured spots on the 
chromatograms is affected by the humidity in atmospheref’, the temperature and the 
time of heatingIs, and the pH of the solute solution 17. The coloured spots have been 
stabilised by steam conditioning 19. The stabilisation of the coloured spots in .our 
experiment was attained by the uniform heating at go0 for 15 min and the water 
vapour conditioning. 
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