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LIQUID CHROMATOGRAPHY OF SUGARS 
ON DlOL COLUMNS. DETECTION WITH 

CUPRAMMONIUM REAGENT 

M .  Abbou and A.-M. Siouffi 
Laboratoire de Chemie Appliquie e t  Ginie Chimique 

Rue H. Poincare F 1339 7 
Marseille Cedex 13. France 

ABSTRACT 

Post column r e a c t i o n  of sugars  with cuprammonium reagent  i s  

discussed.  Formation of t h e  complex involves t w o  molecules of  car-  
bohydrate and one molecule of C U ( N H ~ ) ~ ( H ~ O ) ~  2+ with t h e  r e s u l t  of 
a s h i f t  towards longer  wavelength i n  UV spectrum. 1 nanomole of f ruc-  

t o s e  i s  de tec ted ,  t h e  reac t ion  i s  simple, f a s t  allowing very short 
reac t ion  c o i l  which does not  increase  band broadening it thus  matches 
most of t h e  requirements i n  t h e  a n a l y s i s  of sugars  i n  food products. 
D i o l  bonded s i l i c a  i s  much l e s s  r e t e n t i v e  than amino bonded s i l i c a  
and cannot compete i n  t h e  separa t ion  of complex mixtures of  sugars  
b u t  i s  w e l l  s u i t e d  f o r  t h e  a n a l y s i s  of one reducing sugar a s  impor- 
t a n t  l o s s e s  occur w i t h  NHZ columns. Diol phase i s  wel l  adapted t o  
t h e  separa t ion  of  ol igosaccharides .  

The use of  HPLC a s  a means of  determining a l l  types of sugars  
h a s  g r e a t l y  increased f o r  t h e  l a s t  years .  Many types of packings 

(bare  s i l i c a ,  ion exchange with Na' or Ca2+ , a l k y l  o r  amino bonded 
s i l i ca)  a r e  a v a i l a b l e  and have been advocated (1). C l a s s i c a l  detec-  

t i o n  can be performed with r e f r a c t i v e  index or UV de tec tors .  With 
t h e  former the s e n s i t i v i t y  is rather l o w  and gradien t  e l u t i o n  i s  
impossible, t h e  l a t te r  operated a t  190 nm requi re  high p u r i t y  501- 
vents .  
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96 ABBOU AND SIOUFFI 

Pre or post column derivatization techniques are more popu- 
lar. Pre derivatieation changes the elution scheme and may produce 
artefacts. A great deal of work has been performed on post column 
reactors and a lot of derivatization procedures have been published. 
A complete survey of the literature is far beyond the scope of this 
paper. Vratny et a1 (2) carried out a comparative study of post co- 
lumn derivatization reagents and selected the p amino benzoic hydra- 
zide which exhibited the best sensitivity (10 9). Electrochemical 
detection may be used after derivatization : 2 cyano acetamide deriva- 
tives exhibit oxidative properties as emphasized by Honda ( 3 ) .  The 
ability of Copper I1 to complex with sugars is well knmwn and may 
be useful. Some interesting papers appeared such as the use of cu- 
prammonium hydroxide (4) in post column reaction and UV detection, 
coating of a silicagel with copper ammonia solution (5) and notic- 
eable LCEC detection of reducing sugars by copper phenanthroline 
reagent which is reduced by the solute (6). Claimed sensitivity are 
450 ng, 12 ng and 0.2 ng respectively. The first technique looks 
simpler but is not widely used wing to the complexity of the reac- 
tion (2). With the advent of more sophisticated instrumentation we 
re investigated the applicability of cuprammonium reagent. Moreover 
this paper deals with some separations performed with diol packing 
which is less common than amino bonded silica in carbohydrate sepa- 
rations. 

-8 

MATERIAL AND METHODS 

Reagent 

A stock solution is prepared from either copper sulfate or 
copper hydroxide. 25 g of CuS04, 2 H20 are dissolved in 500 ml of 
distilled water and 500 ml of concentrated (26 %) ammonia are pou- 
red while thoroughly mixing. Working solution is prepared by ad- 
ding 100 ml of stock solution to 250 ml ammonia and 650 ml of dis- 
tilled water. The solution is filtered with 0.45 p m  HA Millipore 
filter and degassed by Helium bubbling. The stock solution is sta- 
ble for many weeks. To prevent any change stock solution and wor- 
king solutions are stored in glass bottles wrapped in Aluminium 
foils. 

Apparatus and Materials 

The schematic of the apparatus is displayed on Fig 1. 
HPLC was carried out with a Hitachi 655 A. 11 Liquid Chromatograph 
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I IP 

97 
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Fig 1 : Instrumental s e t  up for  postcolumn detection 
ET : eluent tank ; HP : high pressure pump : I P  : injection 
port  ; CC : chromatographic column : RT : reagent tank ; 
RP : reagent pump : M P  : mixing device : RC : reaction co i l  ; 
UV : UV detector ; R : recorder ; 

equipped with a s i x  port Rheodyne 7125 injection valve. Post column 
reactor i s  an Hitachi 655. A. 13. 
Separations were car r ied  out on Hibar columns (250 x 4 mm) packed 
with Lichrosorb 
ment  i s  available from Merck France (Nogent/Marne F ) .  

through which the reagent is added by the 655 A. 13 pump. 
The reaction mixture i s  then led t o  a capi l la ry  c o i l  of 0 . 2 5  nun i .d .  

made out of PTFE. 

Detection is  performed with a variable wavelength UV photometer 
Absorbance spectra were recorded with a Beckman 2 A. 

NHZ 5 pm or  Lichrospher Diol 5 rm. The whole equip- 

Effluent from the ana ly t ica l  column i s  led t o  a mixing device 

Chemicals 

Acetonitri le i s  Lichrosolv grade. Water i s  d i s t i l l e d  over 

Sugar standards were available from Merck. (Darmstadt FRG) 
potassium bichromate. 

RESULTS AND DISCUSSION 

In aqueaus solutions Copper I1 w i l l  complex with ammonia up 

t o  the formation of LCu (NH3)4 (H20)*] 2+ a s  addition of the f i f t h  
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98 ABBOU AND SIOUFFI 

100% 75 25 0% c u  
Mole Mole 

Fig 2 : Job ' s  p lo t  of recorded absorbance with the variation of r e l a t i -  
ve proportions of reagents. Solvent acetonitrile/water : 
80/20 : vol/vol. 

and s ix th  molecule of NH3 is  d i f f i c u l t  ( 7 ) .  The UV spectrum of t h i s  
complex exhib i t s  a ra ther  broad peak with a maximum a t  247 nm as  
previously described (4).when complexation with sugar occurs a s h i f t  
towards longer wavelengths i s  n0ticed.X maic i s  s l i gh t ly  d i f fe ren t  
with the involved sugar and Table I l is ts  the observed data with 
some solutes.  In te res t ing  differences are noticed. Among the disac- 
charides Lactose w i l l  be more eas i ly  detected than saccharose a s  the 
absorbance is much higher. 
I t  may be supposed t h a t  one o r  t w o  molecules of carbohydrate w i l l  
replace one o r  two ammonia moieties i n  the complex. 

By variation of the r e l a t ive  proportions of sugar and reagent and 
checking a t  max of the sugar-cuprammonium complex according t o  
the Job's method ( 8 )  it is  possible t o  determine the sugar/reagant 
r a t io .  Data from Fig 2. c lear ly  indicates t ha t  tivo molecules of 
carbohydrate are involved with glucose 

The r a t e  of formation of the complex i s  very f a s t .  We recorded the 
area of the peak when reagent and glucose are mixed i n  reaction c o i l  
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SUGARS ON DIOL COLUMNS 99 

of v a r i a b l e  length.  The constancy of  t h e  observed area  shows t h a t  
t h e  t i m e  of r e a c t i o n  i s  very s h o r t  thus  permit t ing a s h o r t  reac t ion  

c o i l .  To prevent  any loss of  e f f i c i e n c y  a 20  c m  c a p i l l a r y  pipe was 
se lec ted .  I n  t h e  same way an increase  i n  temperature does not  increa-  
se t h e  are+ of t h e  observed peak. 
N o  d r a s t i c  requirement i s  needed exept  a high ammonia concentrat ion 
t o  prevent  microprec ip i ta t ion  of copper salts. 

SELECTION O F  CHROMATOGRAPHIC CONDITIONS 

A ma:< l i s t e d  i n  Table I could not  be used i n  de tec t ion  a s  

Xcomplex - A r e a g e n t  must be emphasieed. A t  315 nm t h e  reagent  

cuprammonium reagent  is absorbing and t h e  d i f fe rence  

has  no absorpt ion and t h i s  wavelength i s  s u i t a b l e .  
Addition of t h e  reagent  y i e l d s  a d i l u t i o n  which c o n t r i b u t e s  

t o  band broadening. By keeping cons tan t  the t o t a l  flow r a t e  r e s i -  
dence t i m e  i n  t h e  c a p i l l a r y  reac t ion  c o i l  w i l l  remain constant  and 
peak a r e a  w i l l  be s t r i c t l y  r e l a t e d  t o  t h e  amount of de tec ted  solu- 
tes. Fig 3 shows v a r i a t i o n  of peak he ight  and peak a r e a  versus  t h e  
r a t i o  reagent/mobile phase flow ra te . .Peak  a r e a  remains cons tan t  
i n d i c a t i n g  t h a t  t h e  amount of formed and de tec ted  complex is constant  

whereas peak h e i g h t  decreases  when reagent  flow r a t e  is increas ing .  
For t h e  sake of dctectiDn a maximum peak h e i g h t  is needed and mini- 
mum reagent  flow rate of  0.25 ml.min-’ was se lec ted .  

SENSIBILITY LIN- 

Four c a l i b r a t i o n  curves a r e  displayed on Fig 4. Peak h e i g h t  
i s  p l o t t e d  t o  eva lua te  t h e  s e n s i t i v i t y  as one could quickly have 
a glance on it on a recorder  char t .  L i n e a r i t y  is e x c e l l e n t  through 

t h e  range checked. The average l i m i t  of  de tec t ion  is 2 n moles which 

means about 300-400 ng detected.  
The l i m i t  is  much h igher  than the coated s i l i ca  and t h e  e lec t roche-  
mical d e t e c t i o n  quoted above (4,5). I t  must be pointed o u t  t h a t  
coa t ing  of  s i l ica  is not  very reproducible  and no da ta  on t h e  l i E e  
t i m e  i s  given. I t  i s  obv$ous t h a t  e lectrochemical  de tec t ion  i s  b e t t e r  
and work i s  i n  progress  i n  t h e  labora tory  with t h i s  device. However 
e lectrochemical  d e t e c t i o n  needs very low noise  and t h e  pimp used i n  

t h e  post column r e a c t o r  device is not  pu lse less .  Improvement i n  th i s  
a r e a  i s  needed. This de tec t ion  l i m i t  l i es  within t h e  range of t h a t  

previously publ ished by G r i m b l e  and thus  represents  what can be hoped 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
3
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



100 

Table I 

Carbohydrate 

Xylose 

Ribose 

Arabinose 

Fructose 

Sorbose 

Glucose 

Saccharose 

Lactose 

100 L 

90 - 
- 

8 0 - *  * * * * * * * * *  * *  
- 70 - 

6 0 -  + 

5 0  - - 
40 - + 
30 - + 
20 - 
1 0 -  

+ 
+ + 

+ 

+ + 

0 -  ' 8 ' ' 

concentration 

~ o - ~ M  

~ o - ~ M  

~ o - ~ M  

5.10-h 

5.10-f 

2. 

5. loe3# 

5. 

70 

60 

50 

-40 

-30 
__ 
0 

Xmax. (nml 

270 

270 

265 

255 

255 

258 

273 

260 

SUGARS ON DIOL COLUMNS 

Absorbance 

0.350 

0.350 

0.450 

0.600 

0.600 

0.700 

0.410 

1.200 

U.V. Absorbance Data of some cuprammonium sugar complexes. Solutions 
in Acetonitrile/water mixture 80/20 vol/vol. 

Fig 3 : Peak area and peak height versus the ratio of reagent and 
mobile phase flow rates. 
Dr = reagent flow rate 
Dm = mobile phase flow rate 
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SUGARS ON DlOL COLUMNS 101 

88 t- 

0 9 13 17 21 2.5 

Fig 4 : P l o t  of peak he ight  versus  amount of i n j e c t e d  s o l u t e s  
s: Fructose : + : XylOSe ; p: Glucose : 0 :  Sucrose 

with commercially a v a i l a b l e  equipment. I t  can match m o s t  of t h e  an;- 

l y t i c a l  problems encountered. 

COMPARISON O F  NH2 AND DIOL BONDED SILICA 

Cuprammonium reagent  i s  u s e f u l  with e i t h e r  reducing or non 
reducing sugars .  The amino bonded s i l i c a  packing with a reversed 
phase type so lvent  Acetoni t r i le /water  has  gained wide acceptance 
i n  sugar  a n a l y s i s  b u t  t h i s  packing cannot be used successfu l ly  

w i t h  reducing sugar  owing t o  the formation of S c h i f f ' s  base.  Im- 

p o r t a n t  losses of s o l u t e  occur a s  demonstrated by Brons and Olie- 
mann (9). Fig  5 d i s p l a y s  t h e  chromatograms of  a s tandard carbohy- 
d r a t e  mixture performed w i t h  amino and d i o l  bonded s i l i c a  w i t h  an 
a c e t o n i t r i l e  water mixture as e luent .  I t  is  evidenced t h a t  t h e  
d i o l  packing is much less r e t e n t i v e  (k' a r e  roughly divided by two) 
and l e s s  s e l e c t i v e  than the amino packing. A n  increase  of the ace- 
t o n i t r i l e  conten t  does not  improve t h e  separa t ion .  I t  i s  w i l l  known 
t h a t  sugars  are only s l i g h t l y  so luble  i n  a c e t o n i t r i l e  and many pro- 
blems a r e  enco:+ntered due t o  t h i s  s o l u b i l i t y .  Our d a t a  are c o n s i s t e n t  
with the above quoted work (9) but  it may be pointed o u t  t h a t  t h e  
r e p r o d u c i b i l i t y  of  k '  on d i o l  phases is dependent on bonding proce- 
dure.  S l i g h t  amount of polymeric material s i g n i f i c a n t l y  changes re -  
t e n t i o n .  Nevertheless  t h e  d i o l  bonded s i l ica  is p a r t i c u l a r l y  wel l  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
3
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



102 ABBOU AND SIOUFFI 

1 

4 

Fig 5 : Separation of a mixture of standard carbohydrates 
a) column 250 x 4 mm packed with NH2 bonded silica dp = 5 p n  

b) column 2 5 0  x 4 nun packed with Diol bonded silica d = 5 p - m  P 
Mobile phase acetonitrile/water 80/20 

Dm : 1.0 ml/min : Dr : 0.25 ml/min 
Detection UV 315 nm 0.01 A U F S 
1 : Ribose : 2 : Xylose : 3 : Arabinose : 4 : Fructose : 
5 : Glucose : 6 : Galactose : 7 : Sucrose : 8 : Lactose. 

suited for  quantitation of one particular sugar - especially redu- 
cing - in a more or less complex matrix. Some examples are given 
below. 

Applications 

Quantitation of fructose in instant coffee or chicory is very 
easily performed by direct injection of a diluted solution as demons- 
trated in chromatogram of Fig 6. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
3
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



SUGARS ON DIOL COLUMNS 103 

chicoyr 

! 
instant 

coffee 

I 
Fig 6 : Quantitation of fructose in coffee drinks 

Column Diol bonded silica 250 x 4 mm d = 5p-m 
Mobile phase acetonitrile/water 80/20 
D~ = 1.5 ml/min 
Dr = 0.25 ml/min 
Detection 315 nm 0.02 A U F S 

P 

No clean up of the sample is neeessary, provided a precalum 
is fitted to the analytical column, and the cuprammonium post column 
detection is well within the range of the amount of material. 

SQparation of rhamnose, acetyl glucosamine, acetyl galac- 
tosamine,glucose and galactose in biological fluid is excellent 
on NH2 column (Fig 7) but can only be used for qualitative pur- 
poses. The dosage of each solute performed on either NH2 or Diol 
columns exhibits very significant differences particularly for 
glucose and galactose. It is clear that the loss of these sugars 
on NH2 is important which does not occur with diol phase. To avoid 
misunderstanding the analysis were carried out with column of iden- 
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104 ABBOU AND SlOUFFI 

4 4 

h 

4 

i 

2 

Fig 7 : Separation of mixture of sugars and related compounds in 
biological fluid. 
Column NH2 bonded silica 250 x 4 mm d 
Mobile phase acetonitrile/water 80/20  

D, = 1.0 ml/min : Dr = 0.25 ml/min 
Detection 315 nm 0.01 A U F S 

1 : Rhamnose : 2 : Acetylglucosamine : 3 : Acetylgalactosamine : 
4 : Glucose : 5 : Galactose. 
b : Glucose on NH2 column 
c : Glucose on Diol column (250 x 4 mm : d = 5 m) 
d : Acetylglucosamine on NHZ 
e : Acetylglucosamine on Diol. 

= 5 p m  
P 

P 
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SUGARS ON DIOL COLUMNS 105 

2 

Fig 8 : Separation of Malt0 oligosaccharides 
Column : Diol bonded silica 250 x 4 nun d 
Detection UV 315 nm 0 .02  A U F S 
1 : Glucose ; 2 : Maltose : 3 : Maltotriose : 4 : Maltotetrose : 
5 : Maltopentose ; 6 : Maltohexose : I : Maltoheptose. 
a) standard mixture 
b) reaction with amylase. 

= 5 p m  
P 
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106 ABBOU AND SIOUFFI 

t i ca l  performances and t h e  r e t e n t i o n  w a s  kept  rather similar accor- 
d ing  t o  t h e  work of Martin and Guichon (10). 

In  order  t o  check t h e  a b i l i t y  of d i o l  phase t o  separa te  some 
carbohydrates  we c a r r i e d  o u t  t h e  separa t ion  of malto o l i g o  sacchari-  
des .  The chromatogram o f  F ig  %shows t h e  e x c e l l e n t  separa t ion  of 
such compounds. Peak t a i l i n g  increases  w i t h  t h e  molecular weight b u t  
t h e  s e l e c t i v i t y  i s  e x c e l l e n t  and permits t o  use h.p.1.c. t o  check t h e  
k i n e t i c s  of enzymatic reac t ion  ofciamylase with malto pentose (F ig  8 b ) .  
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