
Progress in high-speed liquid chromatography in the last few years has been 
due largely to improvements in colu~llrr tecbnotoa. In t!&s paper, we describe 2 si_mp!e 
azd inexpensive procedure for bondin g 211 aminoalky! srrbstituem to the surface of 
silica gel 2nd discuss the separations of carbohydrates on cohmms packed wit‘s this 
msterial. 

Aninoalkyl groups were chosen as chemically beaded stationary phase as 
amino-substituted anion-exchange resins have been successfuly 2ppfied to the sepa- 
ration of saccharides. Si!ica gel as a support has the advantage of being pressure 

st&le and readiiy available in suitable particle sizes and many difierent quallries. 
Although carbohydrate separations simi!ar to those we obtained with our 

packiin,o material have been previously reported, e.g., by Paknerz, Linden and Law- 
head’ 2nd slany others, neither the chemical nature of the bonded stationary phase 
used nor the preparation of the packings were discussed. 

The Guid chro~m2togr2phic system ~2s home made from commercially avaif- 

able compone&s. The solvent was contined in 2 reservoir 2nd stirred with a magnetic 
stirrer at room temperature to provide continous degassing. A W’aters Model 6G@3 
pilII!p (WatesASSOc., RfiIfOd, L _ %fsss_, U.S_A.) wz~ used to deliver xhe sotvent to the 

top of the glass column (250 1zm x 3 mm LD.). The c’bromatographic column vsras a 
I&-precision KPG-tube (fenaer Glaswerke, Mainz, G.F.R.) made of Duran 50 glass 

(Gebr. _MGlfer, Zurich, Sv&zerland). 
fnjections were made by syringe (Preckion SampIing Carp_, Eaton Rouge, 

La., U.S.II., Cat. No. 1 WOl) tbrongh an IX ire_Iet (Preccision Samphing Corp., Cat. 
BTO. $ZOI+%). 

An Rf detector (LDC 1107, Laboratory Data Control, Riviera Beach, FEa., 
U.S.A.) was used to mor.itor the eke& The chrom2to,gams were recorded oiz a 
WtW 1100 recorder (Brechbiihfer AG, Urdorf, Switzerfand). 

The silica geel used to prepare the pa&in, = material ~2s Lichrosphere SI 100, 
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a spherical silica witi z particle diameter of 5 pm and an average pore diameter of 
IO3 A (E. Merck, Darmstadt, G.F.R., Cat. No. 9316). Prior to the bonding reaction, 
the silica geel was conditioned to a relative humidity of I5 y/, by placing it over a saturat- 
ed solution of lithium chloride in a desiccator. 

%AminopropyltriethoxysiIane was obtained from Aldrich (Milwaukee, 
Wise., U.S.A., Cat. No. 1 t.339-5) and used as received. ToEuene was of anaIyticaL 
reagent sade, obtained from Merck (Cat. No. 8325). It was stored over moEecufar 
sieves. Acetone (ruferck) and methanol (Fluka, Buchs, Switzerland) were of analytical- 
reagent grade and were used without further purification. Acetonitrile was obtained 
from FIuka fpurum, Cat. No. 74X22), filtered through acidic and basic alumina 
(Woefm, Esehwege, G.F.R.) and distilled. The water used in the mobile phase was 
twice-distilled_ 

Pr2pcratim of rhe pnckirrg 
, 

The chemicalfy bonded stationary phase was prepared in the following manner. 
A 5-g amount of Lichrosphere SE 100 was pIaced in a 250-ml round-bottomed flask 
and ZOO ml of a 5% solution of aminopropyltriethoxysilane in toluene were added. 
The slurry was degassed by evacuating the reaction vessel. After 15 min, the vacuum 
was replaced with nitrogen and the ‘Zask was immersed in a water-bath at 90” for 
5 h. 

After the reaction, the slurry was cooled to room temperature, filtered over a 

glass frit 2nd w2shed at Ie2st five times with toluene. The packing was then rinsed with 
acetone, ~&hand and more acetone. The packing was then dried at room temper- 
amte by passing dry nitrogen through ir. 

A high-pressure slurry packing technique wits used to pack the @ass 
cofumn. fn order not to expose the giass tubes to the high filling pressure, the packing 
~2s c2irried out in 2 pressure vessel in which the pressure outside the column was 
equat to the filling pESSUFC 

A 1.5-g amount of packing was suspended in 5 mf of methanol and the slurry 
~‘2s phaced in the reservoir 2nd forced into the column. Usually, pumping for 2 h 

at 350 atm was sufEcient_ 

Fig. E shows the separation of ribose, rhamnose? xyfose* fructose and glucose. 
By increasing the acetonitrile content of the mobile phase, the resolution can be 
brought to almost any desired value. 

Fig. 2 shows the separation of ribose, arabinose, glLucose, saccharose, maltose, 
factose and maltotriose. As a further example for the application of such separations, 
Fig. 3 shows the chromatogram of Malt& 10, 2 solubie starch powder. 

A significant char2cteristic of his bonded phase is its versatility. With the same 
phase syste_m, not only neutral sugars, but also amina sugars acd poIy hydrlc aIcohols 
can be separated_ Fig. 4 shows the separation of f-aminoxy!ose, I-aminomaltose and 
I-aminolactose. By reducing the water content of the mobiIe phase, the amino sugars 
can also be separated from their correspondin, 0 neutral sugars. An example of a 
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Fig_ 3. Ciomatogra~ of MaItrin IO @&xbIe sfarch~ obfained using 25 % w=fer-acefonifriIe a~ mobik 
p&sS vfif-h a &xv progrunme. DPL-DW = clextrose polymers- 
Fig. 4. Separdion wing 20 % waferacetonioik as mebile phase at I.0 d/miil_ Pedcs: I = wafer; 
2 = L-aminoxyiose; 3 = l-aminomdtose; 4 = I-amkohcfose. 
Fig. 5. Separation using 20% wafer-acetonifde as mobik p&se zt 0.5 d~min. PC&S: I = water; 
2 = ethyle~ @ycd; 3 = g&~~rol; 4 = xylitoI; 5 = sorbifol. 
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separation of poIyhydtic akohols is shonm in Fig_ 5. Ethylene gIyco1, glycerol, 
xylitof arrd scrbiioi were wefi separated from each other. 

The bonding ofart zdkoxysitzoe to silica geE 2s described above is a polymer- 

k&ion rather '&rm asubstitution reaction. The zimoum ofsurfkewateronthe sika 
geI determines the degree ofpolymetizatioo. As the aminapropyIt~~thoxs~~~con- 
L&IS tlln%z reactive &es, crass-Enking orjanO linear polymerization reactions may 
cccrrr. The extent of these reactioas is diEknIt to corrtrot3. 

A tlrlcklayer of bonded phase may lead EO a low chromato~aphlcefficiency 
owifrgto stow solute diEusion. A t&n fayer, on the other hand, m2y remIt in a tow 

sampfecap2cc2tyaandpeaktaiIin,. 0 fnvestig2tionsinto the exxactnatrrreofthis chemiczil 

bondlngb2venotyetbeenm2de;~e~Eza~does,bowever,provideanexeeIIentme2ns 

of separating csbohydr&s. 


