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ABSTRACT 

Amino-functionalized stationary phases derived from polybutadiene epoxide-coated silica possess a good stability in aqueous buffer 
solutions at different pH. Pressure.stability of the highly polymer-loaded support, separation of carbohydrates, purines and pyrimi- 
dines, and the influence of the pH of the eluent mixture on the retention behaviour of ionisable samples, such as substituted benzoic 
acids, are demonstrated. 

--- ___- 

INTRODUCTION 

-- _____ __-- 

EXPERIMENTAL 

In our last paper [l] we described different ways 
of synthesizing amino-functionalized stationary 
phases within our concept of heterogeneous poly- 
mer-analogous reactions of epoxidized polybuta- 
dienes and silicas [2-41. The aim of the present pa- 
per is to prove some characteristic properties of 
those amino-functionahzed stationary phases under 
conditions of high-performance liquid chromato- 

graphy. 

The following chromatographic equipment was 
used: an LC-6A pump, an SCL-6B system control- 
ler, an SPD-6AV UV spectrophotometric detector, 
an RID-6A differential refractometer and a C-R4A 
Chromatopac multifunctional data processor, all 
from Shimadzu. The chromatographic experiments 
were carried out at ambient temperature. The sol- 
vent acetonitrile was of UV grade. The test com- 
pounds were obtained from various chemical sup- 
pliers and were used as received. 

* For Part III, see ref. 1. 
*” Author deceased. 

Silica used was LiChrosorb Si 100 (Merck 9340,7 
pm, LC 100). The modification of the surface of LC 
100 with epoxidized PolyGl 110 (Chemische Werke 
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Hills) was carried out according to an optimized 
variant for the synthesis of polymer-modified sup- 
ports [4]. This procedure gave the following prod- 
uct: LC 100 P(EP0): 16.90% C, &,&BET) = 65 
m2 g- ‘. The reaction of epoxide groups on the sur- 
face of the composite LC 100 P(EP0) with ethylene 
diamine was carried out at 80°C as described in ref. 
1. 

The resulting material was LC 100 P(NH): 
19.54% C, 3.07% N, Os,,,.(BET) = 58 mz g-‘. LC 
100 P(NH) was used to fill a 250 x 4 mm I.D. 
column using a high-pressure, balanced-density 
slurry-packing technique [5,6]. The column was 
rinsed with 200 ml of methanol after packing, fol- 
lowed by rinsing with the elution mixture until 
equilibration was attained. The ion-exchange ca- 
pacities (IEC) of amino-functionalized stationary 
phases were determined by means of potentiometric 
titration in 1 M sodium chloride with 0.1 A4 hydro- 
chloric acid after washing with acetic acid (lo%), 
sodium hydrogencarbonate (lo%), water, metha- 
nol and diethyl ether and drying at room temper- 
ature. 

RESULTS AND DISCUSSION 

One of the advantages of polymer-modified sta- 
tionary phases in high-performance liquid chroma- 
tography (HPLC) is the combination of the proper- 
ties of the organic polymer (high pH stability, func- 
tionality) with those of the inorganic support (po- 
rosity, pressure stability). However, highly poly- 
mer-loaded materials could show some 
disadvantages of polymer packing materials, such 
as swelling in certain organic solvents and poor 
pressure stability. In our first attempt we tested the 
pressure stability of LC 100 P(NH), measuring the 
dependence of the column pressure on the chosen 
flow-rate. We found a linear relationship between 
column pressure and flow-rate in the investigated 
range (0.1-3 ml/min, p = 0.2-26 MPa). On increas- 
ing the flow-rate several times, the measured pres- 
sures remained on the same straight line, demon- 
strating the pressure stability and incompressibility 
of the highly polymer-loaded and amino-function- 
alized support. 

The separation, identification and quantitative 
determination of carbohydrates by liquid chroma- 
tography have received increasing attention in re- 
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cent years. Verzele et al. [7] published a critical re- 
view of some liquid chromatographic (LC) systems 
for the separation of sugars. Other reviews were 
published by, for example, Heyrand and Rinando 
[8], Robards and Whitelaw [9], Hicks [lo] and Ha- 
nai [l 11. Silica gels, derivatized with aminopropyl- 
or aminoethylaminopropyl-trialkoxysilanes are the 
most widely used stationary phases for carbohy- 
drate and sugar LC. These stationary phases sep- 
arate mono-, di- and trisaccharides with eluent 
compositions such as acetonitrile-water in the ratio 
80:20 or 75:25 [7]. We tried to separate some carbo- 
hydrates on our amino-functionalized stationary 
phase LC 100 P(NH) using acetonitrile-water in the 
ratio 75:25 as an eluent. Fig. 1 demonstrates the 
ability of the material to separate some mono- and 
disaccharides as well as other sugar derivatives. As 
expected, splitting of the peaks because of separa- 
tion of the anomers was not a problem with the 
amino-functionalized stationary phase. The com- 
parison of the k’ values in Fig. 2 demonstrates the 
possibility of separating groups of compounds 
(mono- from disaccharides, desoxy sugars from 
monosaccharides, ketohexose fructose from aldo- 
hexoses, aldopentoses from aldohexoses) as well as 
compounds within groups (for example separation 
of individual mono- or disaccharides). 

One of the drawbacks of aminopropyl-deriva- 
tized silica gel phases is the rather short life expec- 
tancy due to the self-hydrolysis of the basic materi- 
al. Some reports on the hydrolytic stability of ami- 
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Fig. 1. Separation of rhamnose (l), arabinose (2), fructose (3), 
sorbitol(4), glucose (5), saccharose (6) and maltose (7). Column, 
LC 100 P(NH), 7 pm, 250 x 4 mm I.D.; eluent, acetonitrile- 
water (75:25); flow-rate, 1 ml/min; refractive index detector; 5- 
mg sample in 2 ml of eluent; dosier volume, 20 ~1. 
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Fig. 2. Comparison of k’ values of lyxose (1), xylose (2), arabi- 
nose (3), fructose (4), mannose (5), glucose (6), galactose (7), 
rhamnose (8), fucose (9), sorbitol (lo), mannitol(1 I), saccharose 
(12), lactose (13) and maltose (14). Conditions as in Fig. 1. 
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Fig. 3. Comparison of the stability of amino-functionalized sta- 
tionary phases in aqueous buffer solutions at room temperature 
(10 days). cl = Kieselgel60 (Merck, d = 0.04-0.063 mm), mod- 
ified with aminoethylaminopropyl-triethoxysilane (Wacker, GF 
94). Starting material: 7.1% C, 2.31% N, IEC = I .65 mmol/g; 
after 10 days at pH 2: 4.5% C, 1.38% N; after 10 days at pH 12: 
4.8% C, 1.35% N. 0 = Kieselgel 60, modified with epoxidized 
polybutadiene and functionalized with ethylene diamine [I]. 
Starting material: 18.21% C, 2.38% N, IEC = 1.68 mmol/g; 
after 10 days at pH 2: 16.10% C, 2.10% N; after 10 days at pH 
12: 18.02% C, 2.35% N. 0 = Kieselgel60, modified with epoxi- 
dized polybutadiene and functionalized with ethylene diamine 
[l]. Starting material: 13.26% C, 1.05% N, IEC = 0.75 mmol/g; 
after 10 days at pH 2: 12.12% C, 0.88% N; after 10 days at pH 
12: 13.10% C, 1.03% N. 
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Fig. 4. Dependence of the retention behavior of phenol (I), 4- 
hydroxybenzoic acid (2) and 2,4-dihydroxybenzoic acid (3) on 
the pH of the eluent mixture. Column, LC 100 P(NH), 7 Frn, 250 
x 4 mm I.D.; eluent, phosphate buffer pH 4-6, (I = O.l)-aceto- 

nitrile (80:20); flow-rate. 1 ml/min; UV detection at 280 mu. 

no-functionalized stationary phases and reversed- 
phase materials are given in refs. 12 and 13. In con- 
trast to aminosilane-modified silicas amino-func- 
tionalized stationary phase based on silicas 
modified with expoxidized polybutadienes possess 
good stability in aqueous buffer solutions at differ- 
ent pH values (Fig. 3). 

As is well known, the pH of the buffer solution 
used as a mobile phase in ion-exchange chromato- 
graphy influences the retention behavior of ioniz- 
able solutes. Fig. 4 demonstrates the increasing res- 
olution of three ionizable samples with decreasing 
pH value of the mobile phase in the pH range 6-4. 
The order phenol, 4-hydroxybenzoic acid, 2,4-di- 
hydroxybenzoic acid shows that the higher the pos- 
sibility of ionization of the test solute, the more 
changes in the pH value of the eluent mixture influ- 
ence the retention behavior. These results are in 
good agreement with those obtained by Heinemann 
et aZ. [14] on similar stationary phases. 

Previously we demonstrated the possibility of 
separating some xanthine derivatives on columns 
filled with a new polyhydroxy-functionalized sta- 
tionary phase derived from poly(butadiene)epox- 
ide-modified silica [15]. We obtained a good sep- 
aration of the test solutes caffeine, theophylline and 
1,3-dimethyl-4-amino-S-formylaminouracil. Be- 
cause of the strong tendency for xanthine or hypo- 
xanthine to form hydrogen bonds, the system was 
not suitable for separating these samples in an ac- 
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Fig. 5. Separation of caffeine (l), xanthine (2) and hypoxanthine 
(3). Column, LC 100 P(NH), 7 pm, 250 x 4 mm I.D.; eluent, 
phosphate buffer pH 5 (I = O.l)-acetonitrile (80:20); flow-rate, 1 
ml/min; UV detection at 280 nm. 

ceptable time. As shown in Fig. 5, separation of 
caffeine, xanthine and hypoxanthine was achieved 
on LC 100 P(NH) at pH 5 with good efficiency. An 
important property of purines and pyrimidines is 
their ability to undergo tautomerization, affecting 
the chromatographic behavior of those compounds. 
In addition, the acid-base character of those mole- 
cules plays an important role in their chromato- 
graphic behavior. 
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