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Note

Gas chromatographic separation of silylated derivatives of disaccharide mix-
tures on open tubufar glass capiliary columns

S. ADAM and W. G. JENNINGS™
Institur fiir Strchlentechrologie. Bundesforschungsanse=!: fiir Eraghrung. D-75 Karlsruke (G.F.R.:
(Receivad June 12th, 1975)

Although several workers have reported the gas chromatographic separations
of szlected disaccharides on packed columns (e.g., refs. [-3}. the re:ention charac-
teristics of the disaccharides determined by Haverkamp ef 2'.° indicaie that a clear
separation of these substances as components of a mixture woule require much
higher rasnlurion than ig normally artained wizh nm-L 2d g£as nhvz.rqatncr:,nh!ggg*_umns_

siiwe LUSAE QLRI LELERE o3 22001 iQRALY QLA j ot [135=340.

Larson ez al.? observed that. because of the tcmperature izmttaz::m: and long retention
times for disaccharides, liquid phase: of higher potarity were generally unssitable
tor disaccharide analysis, and the liguid phases of lower polarity did not provide
adeguate separation. This lateer objection might be resoived through the use of
columns of higher efficicncy and low polarity. Szafrancy er ¢f.: used an open tubular
glass capillary columu coated with SE-30 admixed with a fumed silicon diogide
{Silapox 101} to achieve the separation of mixtures of monosaccharide derivatives.
Dizdaroglu and Von Sonntag® reported the separation of silyfated derivatives of ths
radiolysis products of cellohiose (through €, compounds), ané Schomburg and
Husmanon' separated silvlated reaction products of gamsa-irradiatad glucose on
open tubular glass capifiary columns. In our work, concerned with the products of
the irradistion of saccharides, we have been unable to establish a satisiactory material
halance: there are tndications thut some {arger products may arise during this treat-

ent. We have therefore keen interested in developing 4 high-resolution analysis that
would include these larger compounds.

EXPEREMENTAL

Reagerts —

Anhydrous pyridine (reagent grade) and trimethylchlorosilane (TMCS) were
obtzined “rom E. Merck, Darmstadt, G.F.R. N,Q-Bis(trimethylsilyl)irifivoroacet-
amide (BSTFA) and methoxylamine hydrochloride (959%) were purchased from
Serva, Heidelberg, G.F.R. Sucrosz. celiobiose. trehalose, maltose and palatinose were
obtained from Serva. lactose and gentiobiose from Merck and melibiose from Fluka.
Buchs, Switzerland.

" Present address: Depaament of Food Science, Unfi' ersity of Californiz, Davis, Calif. 95616,
U.S.A.
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Derivaization

The m=thed used was esseatally that described by Laine and Sweeley®. A

desc
5%5-pl veluwe of an agucaus solution containing 18-° mole/l of each of the eight
disarchacces (sucrose. lactose, cellobioss, trehalose, malivse, gentiobiose, palatinoss
and melibiose} was placed in a Jdesiczator over phosphorus pentoxide and evaporated
to dryness. The dried sampiz (ca. [4 mg) was added to ¥ PTFE-capped vial containing
12 mg of marhoxylamirs hydrochloride dissoived in 33 =1 of pyridine and the mirture
was heated for 2 kb at 85°. Trimethylsilvt {TMS) derivatives were formed by acdciag
300 gl of BSTEA containing 427 of TMCS and heating for 135 min at 80~ Injections

atifized aliquets of this solution.

Guas chroxiatography

Separations were made with & Carlo Erba Fraktovap Aodel 2101 :< gas
chromatograph. fitted with 2 simple conceniric tube glass inlet spiitter and adapied
to a glass capillary column, 45 m ~ 0.25 mm [.D., coated with OV-10L (ref. 9).
Deadspace in the detector ceznection was minimized by carefully straightening
ca. 15 cm of the outlet end of the column zu: leading this section through 2 6 mm
G.o. | mm LD, heavy-walled glass capillary liner that filled the detectar column
connecticn: the glass capillary column terminated just below the quartz flame tip.

Anazlyses were isothermal at 272°, with the inlet and detector at 290°: ihe
carrier gas was helium ar an average linear velocity of 24 cm ez (0.9 mi/nin) as
measurad by propans injection. At tiiis temperature. the difference o reteniion times
between methane and propane is negiigible. The splitting ratio was [:460.

RESULTS AND DISCUSSION

Fig. | shows a typicai chromacogram of the reaction mixture from the eight
disacchardes. The early peiks immediately fohiowing the solvent peak represent
fructose and glucosc and appear in every anchy s including that of sucrose; they
prabably result from a small degree of sucrose hydreivsis that occurs during the
drying step. Each of the reducing sugars (lactose, ci abiose. maliose, gentiobiose
and melibiose but not paiz-i-ase) gives rise to twa peaks. one large and one small.
These peaks probably repui.at the sivz and auré forms of the oxiae. In Fig. |, the
minor derivative of ceffobiose. representing approximately 1% of the celiobiose,
co-chromatographs with trehalose and is evident as an asymmetric leading edge on
the rehalose peak. Similacly. the minoer fracticn or gentiobiose appears as an asym-
metric leading edge on the paiatinose peak. ¥ have been unable o achte‘te tmiproved
resofution of these overlapping pairs on the OV-101 column. The separation betwee.n
& pair of peaks is generally improved by lowering the ccfumn tempera-mre“’. but this
is not universally teue. It has been reported!’. Jor exampie. that the ratio of the reten-
‘ion times of is'oocmnr; and n-heptane has a positive temperature d&pc’fﬁ_&’@nce- ia-
creasing from {.13 to 1.25 as the temperature is incr.eased from G o "0 in 2 nylon
:apillary coated with dinonyl phthalate. Neither zsotherm:ﬂ_ operation at other
:emperatures (250. 260, 280, 290°) nor temperature programming separated the co-

hromatographing disacch.sride derivatives as well as did the 272“':=,Othermal oper-
ition. This may relate to the chseriation of Foore’. who argiusd taat 2 capillary
stocity should exhibit an optimum

column operated at or above its optimum gas .
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Fig. 1. Chromatogram of £ i (splitting catio [:460; of TMS and MO-TMS derivatives of a disac-
charide mixture on an open tubular glass capiffary enlumn, 45 m ~ 025 mm [.D., coated with OV~
101 z2nd operated isothermaliy at 372°. Peaks: I, sucrose TMS; 2, factose MO-TMS: 3, celiobiose
MO-TMS: 22, [aotose MO-TMS; 3a, celfabicss MO-THS: 4, trehalose TMS: 5, maliose MO-TRIS;
Sa, maltose XG-TLES: 6, zantiobiase MO-TMS: 6z, geatiobiose MO-TMS; 7, pzlatinose MO-
TLAS: &, melibiose RO-THS; Sa. melibiose MO-THME. In each instance, the 2" foffowing a number
denotes the minor MO-TAS dorivativa,

temperature that would give the maximum resolution for a particular pair of solutes.
It is doubtful whether the resolution of these pairs on this column can be further
improved.

Tablzl shows the Kovdrs retention indices of each of the components separated,

TABLE L

KOVATS PETENTION INDICES (f; OF TRIMETHYLSILYL DERIVATIVES OF DISAC-
CHARIDFES AND OF DISACCHARIDE METHYL OXIMES (MQ) ONW OV-101 AT 272°

Peak Ne” Component I

1 Sucrose THMS 2750
2 Eactose MO-TMS. major 279G
K Cellcbiose MC-TMS, nuajor 2800
3a Lactose RMO-THS, minor 2816
3a Cellobiose MO-TAIS, minor 2835
4 Trehalose THS 2840
s Mazitose MO-TMS, major 2845
Sa Maltose MO-TMS, minor 286S
& Genpticbiose MO-TMS. major 2938

6z Gezntiobiose MC-TMS, minor 2850
7 Palatinose MO-TMS 2960
8 Melibiose MO-THS, major 2280
Sa Melibiogse MO-TMS, minor 3016

" See Fig. [.
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as determined on the OV-101 open tubular giass capiliary column at 272°. The values
were determu_led on the individual disaccharides (which' also established the assign-
menis st_mwn in Fig. 1), and re-measured as components of the more complex mixture;
interaction between componen:s of the mixture (which would affect the Kovdt;
indices) was not evident.

Because of the relatively low polarity of OV-101, retention (and analysis) times
are relatively short, yet the resolution obtained with the open tubular glas; capiliary
columa is sufficiently high to aford good separations in most instances. Columns of
this type. which are capable of routine use at 300° and occasional exposure to
temperatures as high as 340°. are particularly suited to the analysis of these higher
boiling compounds.
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