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I_ INTRODUCTlON 

This is the fourth and last rcvie\v in the series surveying ion-eschange chro- 
matography of the main classes of organic compounds and it is divided into the fol- 
lowing sections: aldehydes and ketones; ethers; alcohols and polyols: and saccharides. 
The survey deals mainly with the literature for the period 1961-1970 and, as in the 
previous reviews. biochemical aspects have not been dealt with but mainly the chem- 
ical aspects of the separation process are discussed. 

2. ALDEHYDES AND KETONES 

Aldehydes and ketones are not ionized in aqueous solutions, but ion exchangers, 
however. can be used to eff‘ect some useful separations of these compounds_ For this 
purpose, complex formation with the hydrogen sulphite form of anion-exchange 
resins is of possible use_ Salting-out chromatogrttphy or ditt‘erences in solubilities of 
individual compounds in aqueous-organic solutions are more advantageous separa- 
tion mechanisms_ 

Cxbonyl compounds are sorbed on rhe hydrogen sulphire form of strongly 
basic anion-eschrtrye resins with the formation of the corresponding complex U- 
hydrosysulphonic acids. These complexes are retained by the resin, in contrast to the 
non-complexed compounds_ Thus carbonyl compounds were separrired quanritarively 
from alcohols by sorption on a 550 :.: 9-S mm column of Amberlite IRA-400 



56 P_ JANDERA, J. CHURACEK 

(HSO,-) (0.12-030 mm)‘-‘_ The alcohols passed into the eftluent, while ketones were 
retained rind could be recovered by elution with hot water or a solution of carbonate 
and hydrogen carbonate_ 

Glyccraldehydc 3-phosphate was separated from inorganic phosphates on the 
hvdrosen sulphite form of anion-eschnn~e rcsinsJ. A similar approach has been also 
applied to the retention of higher aldehydes in wine?_ 

There are great dircrences in the stabilities of the hydrogen suiphitc complexes 
of individual carbonyl compounds_ Aromatic ketones. such as atictophenone and 
bcnzophcnonc_ do not form stable hydrogen sulphite complexes and are only slightly 
retained on anion-exchange columns in the hydrogen sulphite form when water is 
used as the mobile phase_ On the other hand_ cyclic ketones such as cyclohcxanonc 
and diketones such as diacctyl and acetylacctone arc sorbed relatively strongly and 
the use of elevated temperatures is recommended for splitting the complexes and 
fkilitating the elution of these ketones Lvith water_ u.+Unsaturatcd ketones such as 
mesityl oxide form strong complexes that are sorbed even from alcoholic solutions 
and cannot be split with hot water. These compounds_ however. could be completely 
recovered by elution \vith salt solutions’. 

Likexvise- differences esisr in thesorption ofaldehydes on the hydrogen sufphire 
form of anion exchangers. As a rule_ the complexes of aldehydes with the hydrogen 
sulphite form ofanion-exchange resins are more stable than those of ketones and their 
elution with hot water is usually not possibie. Formaldehyde. acetaldehyde. furfural, 
benzaldehyde. saIicyIaIdehyde, vtmillin. _ glvosal and other aldehydes are strongly 
retained by the resin_ 

It is possible to separate some atdehydes from ketones by selective elution of 
the ketones with hot water. foliowed by the recovery of aldehydes using solutions of 
salts (I X sodium chloride sodium carbonate-hydrogen carbonate). In this -way. it 
was possibIe to separate acetaldehgdc and furfural from acetone and methyl ethyl 
ketone on Amberlite IRA-400 (refs. 5 and 6)_ 

The complete separation of mixtures containins acetic acid. ethanol. furfurtd 
or acetaldehyde and acetone couid be accomplished. Acetic acid \vas sorbed on a 
column of Ambcrlite IRA-JO0 (HCO,-) (0_12-O-30 mm) whiIc the other compounds 
passed into the etlluent_ The acid was then recovered by elution with O-1 iI4 sodium 
carbonate solution- The etllucnt from the hydrogen carbonate column was passed 
through a column of the same resin in the hydrogen sulphite form_ The aIcoho1 wtls 
not retained and couId be determined pycnomctritally in the ettlucnt_ The carbonyl 
compounds were sorbed on the cotumn: acetone was eluted quantitatively with water 
at 75’ and_ finaIIy, the clution of furfural or acetaldehgde was effected with 1 M sodium 
chtoride solution at ambient temperature’_ 

The difkences in the sorption behaviour of the individual compounds have 
been utilized for a number of separations of ketones and aIdchydcs_ Thus, diacctone 
alcohol_ acetyiacetone and mesityl oxide were separated from each other on a 450 :-: 9 
mm column of Amberlite 1 RA-400 (HSO,-), 0. I Z-O.30 mm. by stepwise eIution with 
water at 40’ and 70’ and_ finally_ with I M sodium chloride solution at 20” (ret 2)_ 
The quantitative separation of a mixture of acetone and isopropyl w-r.-bury1 ketone 
was effected on the same Amberlite cotumn by elution of acetone with water at 60’ 
and subsequent elution of the other ketone with I N sodium chloride solution’_ 

Stepwise or gradient eIution with sodium or potassium hydrogen sulphite 
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solution of increasing concentration has brought about a marked improvement in 
the separation of carbonyl compounds on the hydrogen sulphite fork of anion- 
exchange resins. The presence of hydrogen sulphite stabilizes the volatile compounds, 
and those which tend to polymerize or oxidize readily, as the hydrogen sulphite 
complexes. M icromolar amounts of I-hydrosy-2-propanone, lactaldehyde, pyruvic acid 
and pyruvaldehyde have been completely separated from each other by this method, 
using Dowts I-X10(200-400 mesh) in 9.5 x 600 mm columns_ The elutibn was carried 
out at Z4j with 0. I _ 0.2,0_4.O.S and I.6 IV hydrogen sulphite solutions applied succes- 
sively. The peaks were symmetrical, reproducibleand sharp. in contrast to theasymmet- 
ric, irregular and broad elution curves obtained when sodium carbonate-hydrogen 

carbonate solutions were used for elution- It has also been possible to separate acet- 
ttidehyde and formaldehyde on ;t similar co1un11P. 

Christof?‘erson’-‘” achieved eflicient separations of mistures containing acet- 
aldehyde. formaldehyde, furfural, 5hydrosymethylfurfural, wnillin. pyruvic acid 
and pyruvaldehyde on Do\ves I-XS (HSO,-) resin_ A 150-300 mesh resin bead size 
gave a better resolution than coarser particles. Usin g a 410 1: 1 i mm column packed 

with this resin, the quantitative separation of the tirst five compounds ~~1s achieved 
by elution of acetaldehyde and formaldehyde with 0.1 AP sodium hydrogen suiphite. 
then 0.4 M sodium hydrogen sulphite eluted 5-hydrosymethylfurfural and furfural_ 
FinttllyT the most strongly sorbed compound. vanillin. was recovered ivith OS M 
sodium hydrogen sulphite in lo-20 I!.;, ethanol 9_ This method has been successf-ully 
appiied to the determination ofcarbonyl compounds in suiphite spent liquor. Fig. I 
S~ONS the elution positions of seven aldehydes in an industrial sample in chromato- 
graphy on ;tn Si x 1 I mm column of Dowes I-XS (HSO,-), 100-300 mesh. In this 
run, the above method was modified in that the elution with 0.2 M sodium hydrogen 
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Fig. 1. Chrornarography ofctirbonyl compounds in sulphite spent liquor on an anion-cschring~ resin 
in the hydrogen sulphite form. t I) Acetaldehyde: (2) fornmldchyde: (3) pyruvic acid: (4) pyruvalde- 
hyde: (5) 5-h~dros~mrth~lt‘ur~ur~l: (6) furfural; (7) vanillin. Ion eschangcr: Do\ves I-XS (HS03-). 
700-300 mesh. Column dimensions: Sl :-: 1 I mm_ Mobile phase: 1. O.-I df NnHSO,: 11, 03 dl 
NnHSO, in 207: ethanol. Flow-rate: 0.66-0.67 mI~crn’-min. Temprtraturcr ambient. Detection: UV 
photometry and colorimctry in the ettiucnt Ii-xtions. Fraction size: 19 ml. c = concentration 
(~rnioles~l): I’ = volume of eluate (nil)_ 
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TABLE 1 
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CAPACITY RATIOS OF CARBONYL COMPOUNDS IN SALTING-OUT CHROMATO- 
GRAPHY 

C~~rion-e_~ci~mr resiln- 
Do\ves 50-53 Acetone 

Methyl ethyl ketone 
Mtethpl propyl ketone 

Do\ws 50-SS Acetone 
~Methyl ethyl ketone 
Methyl propyl ketone 

Aniberlite CG-I 20 Acetone 
Mcth_vl eth:I ketone 
hIethyl propyl ketone 

rl,tiorrc,_~-~~rml. WSiflS 
Do\ves I -X4_ Acetone 

100-it10 mtzsh Xcetoin 
Dincetyl 
1.5Hesmedione 
Dirtcetone ~ilcoho1 
Xleth_vl ethyl ketone 
C\-clopenmloIlc 

25Pentmediont‘ 
L&P~ntttnedione 
hiethyl isopropyl ketone 
klethyl propel ketone 
Diethyl ketone 
Cyclobesanone 

Dowes I-_xs, FormaIdeh_vde 
ztw-m~ 111csh XcetalLirh~Lte 

Acetone 
Acetoin 
Dirtcetyl 
2.5Hesmedione 
Diacetone alcohol 
Propiomldehydc 
hIethyl ethyl ketone 
Cyclopentanone 
1.3-Penmnedione 
2.4-Penmnedione 
Xlethyl isopropyl ketone 
Butyr.lIdehyde 
Methyl prop!1 ketone 
Diethyl ketone 
Cycloheszlnone 

Xmberlite CG-100 Acetone 
Methyl ethyl ketone 
Methyl prop!1 ketone 

___.._.__ 

I-53 
I .s9 
‘55 
1.01 
IA1 
1.96 
I .O5 
I _4’{ 
1.95 

- zs9 
- 4-43 
- 6.59 
- 2.15 
- 3.60 
- 5.98 
1.47 2.14 
1-1s 3.a 
3.10 4.93 

0.57 1 .O’ I.31 
0-55 1.06 1_3Y 
o.ss l-46 I s9 
0.73 1.41 1.17 
0.61 1.30 2.04 
0.53 1.60 Z-41 
I _09 1.96 2.95 
126 Z-49 32s 
124 i_- 1 ?O 3-30 
1.2-l ,_-I1 3% 
1.39 z-77 4.32 
1.27 Z-70 3.32 
1.67 3_OY 4.89 
1.05 O_Y3 I .GO 
OS0 0.9s 1.22 
0.70 0.93 1.53 
0.76 0.96 1.3s 
1.25 2.06 3.20 
I _06 1.37 2.56 
0.75 1.36 2.31 
1.37 1.5‘6 1.50 
12s ‘_OO 3.02 
1.70 11.59 4.01 
1.9’ -. 7 59 4.49 
1 .YO 2.73 4.3-l 
Z-12 359 5-76 
1.s7 1-42 5_Sl 
2.5 I 4.56 7.5’ 
2.51 4.X 7.16 
3.09 5.17 KG1 
0.34 0.49 O-75 
0.73 1.05 1.97 
I.49 2.55 4.16 

3x4 5.17 10.0 - 
650 9.71 2Z.S - 

II.1 1 IS.9 --- - 
3.16 4.47 S.60 - 
5.64 s-73 - - 

IO.3 
z.so 137:k &s 1 
4-74 7.2-l 19-4 - 
S-6’ 13.5 - - 

- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
-- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
-_ 
- 

2.5s 1.56 s-07 
2.5s 424 733 
3.45 5.69 12.3 
5.15 13-3 30.S 
s.ss 12.7 - 
Xl0 IL3 14-O 
624 13.9 30-S 
7.78 I%3 - 
7.1s 14s - 

10.1 17.6 - 
115 31.1 - 
I I.3 33.0 - 
11.7 - - 
0.9s 0.Y7 o.ss 
1.52 2.1s 2.92 
3-00 6.12 10.9 
2.91 6.13 l0.S 
1.60 S.50 13-9 
6.57 2.4 - 
7-31 22.5 - 
4.5s 7.70 - 
s.21 21.1 - 
KS3 - - 

12s - - 
12.9 11s - 
16.5 - - 
- - - 

19.6 - - 
19.6 - - 
- - - 

I _-I3 3-67 - 
-I.52 - - 

- - -_ 
-_-. 
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A 

P 400 BOO 1200 1600 2000 2400 ' 

Fig_ 2. Separation of ;1 seven-component mixture of carbony compounds by salting-out chron~~to- 

graph_\-_ (1) Fonnldehyde: (2) acetaldehyde: (3) acetone: (4) propionoldehyde: (5) methyl ethyl 
ketone: (6) bury-ldehyde; (7) nlethyl propyl ketone. ion eschsnger: Dowes 1-M (SOt’-), ZOO-WO 
mesh. Cohunn dinxnsionsr I IO cm ): Z.3 cnG_ Mobile phase: ammonium sutphnte solution: (I) S-0 
AI: (11) LO Al: (111) I.0 M_ Flow-rate: 0.35 cmjmin. Temperature: ttmbicnt. Detwtion: colorimetr> 
in f=vaions after reaction with bichronwte. A = absorbtlnce of Cr(ll I): I’ = v0lume of clunlc‘ (ml). 

The two stcrcoisomers of 2-~~crtyl-5-cthyl-~,5-dil~ydrosy-4-p~-opionylcyclo- 
penta-Z-en-1-one were SepilrtltCd 011 ;I 50 :-; 3, cm column of Do\vcs AC l-X2 
(CH,COO-), 200400 mesh, using a gl-adient elution system with 0.1 and 0.05 M 
aqueous sodium acetate solutions’D. 

Specially prepat-cd resins, malogous to Dowes 50-XS und Dowcs 1 -XS except 
for a lower capacity, were tested”. This decreased capacity is supposed to diminish 
the relative importance of the attraction of the functional groups in the resin for di- 
poles and to increase the &cct of dispersion forces. Consequently: the sorption of 
organic non-electrolytes from aqueous solutions should increase_ On the other hand, 
if the capacity is too low, the swcllin, ‘v of the resin is restricted to such an extent that 
ditl-usion in the resin is considerably limited. In agreement with these considcmtions. 
the sorption rose to a rnasimum and then decreased \vith further decrensc in the 
cttpacity of the resins, Furthermore, the die-erences in the distribution ratios of any 
two organic compounds were grester for cation esclianscrs of low cupncities than t-01 

the fully sulphonated resins. Capacities lower than Z mcquiv.jg arc to be avoided- 
otherwise severe tailing em occur owing to the limited diffusion rate. 

Higher carbony compounds. such as hesanonc--. 3 hcptanont-2 and ocracone-2, 
have only limited solubility in water_ An attempt \v’;ts nmdc to apply salting-out chro- 
mato~r:tphy to the separation of these compounds’s_ Mcthmolic-aqueous solutions 
of salts were tested as possible salting-out clucnts, and the less soluble salts (nxtgnc- 
sium sulphate and sodium itectittc) were found to be the most powerful s:lltirts-out 
agents. The salting-out process in partialiy non-aqueous solvents is much nlorc COM- 

plicated than the saltingout ehronlatogritph:., of water-soluble non-elcctrol~~tes in 
wtax_ There is ;t strong indication that the solubilizing ctl-cct of the organic constit- 
uent of the eluent is more powerful than the salting-out efiect of the salt. 111 SOllle 

instances, even salting-in was noted_ 
Chromatography with mixed or~tlnie-aqueous solvents as the mobile phase is 

superior to s&in%-out chrornatosraphy for the separation ofwntcr-insoluble cm-bony1 
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compounds on columns of ion-exchange resins. Methanol, ethanol. acetic acid and 
pro&mol-2 of various concentrations were tested as the elutiq agents for methyl 

wbutyl, methyl n-smyl and methyl n-hesyl ketones”. As expected. the eluting strength 
of the.organic solvents studied increased with increasing hydrocarbon chain-Ien&, 

i_e_, from methanol to propanol-2. The differences in the elution volumes of the three 
ketones were maximal in methanol and decreased through ethanol and acetic acid to 
propanol-2. Thus, methanol proved to be the best diEerentinting eiution agent_ The 

results of these esperiments are summarized in Table 2, together with the data for 
some other ketones in meth:mol’9. 

Based on these data, conditions could be chosen which allowed the quantitative 

separation of seven of the ketones studied. A 53.5 cm :-: 2.28 cm’ column packed with 

Dowes SO-XS (H’), X0-4CO mesh. WIS used for the separation and stepwise elution 
1x1s performed \vith 1. 5. S and 16 M methanol (Fin =_ 3). Acetophenone. which was 
not included in the misture. would have been eluted between the pe:ks of methyl II- 

hcsyl and methyl wheptyl ketones. partially overlap1 ms the former”. t- 

ApH 

1.00 

II80 

O-6 0 

O-40 

c.20 

Ethanolic solutions have also been used for septuxtions of some carbonyl 
compounds_ on both cation- and anion-exchange resins. Good results were achieved 
\vith resins with very fine particle diameters. Table 3 lists the Jictribution coellicients 
of some aldehydes and ketones on the strongly acidic cation-exchange resin Dowes 
50-XS (Li+, Na+ and K+), 14-17 ,~m. Distribution coellicients on the anion-eschange 
resin Technicon T,C (SOa2-), S-14,~m~ are also given_ An elevated temperature has 
a beneficial effect on the sharpness of the elution curves. but the use of excessive tem- 
p;_rrltures is to be avoided because of the poorer selectivity and possible thermal 
decomposition of certain compoundszo_ 
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The potassium form of the resin gave a better separation of formaldehyde, 
glycolaldehyde and glyceraldehyde than the lithium form_ The lithium form of the 

resin, on the other hand. is preferable for the more complex separations of mixtures 
cont:&_Gng polyois and sugars in addition to the lower carbonyl compounds_ 

When the sulphate form of the TsC resin was used. a complete separation of 
formaldehyde. glycolaldehyde, glyceraldehyde, dihydrosyacetone and some other 
polyols and sugars could be achieved on LL 2 x 1130 mm column by elution with 92% 

ethanol at 40”. This indicates the usefulness of chromatography on both cation- and 
anion-exchange resins in aqueous-ethanolic media”. 

A good separation of #-3-keto steroids was obtained on columns of partially 

esterified Amberlite I RC-50 by using ethanol-methanol-water ( 15 : 5 I 1) as the mobile 
phase- The components were eiuted. as in the above experiment with ketones. in order 
of decreasing polarity”. 

Thin layers. 200.~1 thick on S x S in. glass plates, were prepared from the 
strongly basic quaternary ammonium anion-exchange resin Amberlite CG-400 (Cl-). 
ZOO-4C0 mesh”. Starch binder was used to prepare consistent layers. The utility of 
these layers for the separation of various ketones was tested using aqueous-organic 
deveIopin_e solutions_ Other ionic forms (bromide, iodide and sulphate) brought about 
no improvement in the separation_ as compared with the chloride form. RF values 

for eight ketones are compared in Table 4 for methanol and acetone solutions of 
different concentration as the mobile phase. Based on the data in Table 4, separations 
were possibte of binary mixtures invoivinS almost all combinations of these eight 

ketones_ Table 5 surveys the separations achieved together \vith the composition of 
the mobile phase which \vas used in each case to achieve these separations_ The 

TABLE -I 

Rt_ VALUES OF VARIOUS KETONES OS AMBERLITE CG-400 AXION-EXCHANGE 
THIN LAYERS 

ta) RF d- from: tb) RI- of rezw_ 
..~ 

A-u_ h-crurrc ~Ifcrl~m~ul curmwrrcIrim f Jr) _-Ic-crwrr cunccmmriurr 

(.\I) 

i2.0 14.0 17.0 IY.0 “.O 6.0 $.(I 
.__~_ _ ---.-..-___-~~.. 

1 Phenyl-2-propanone (a) O-4’ 0.53 0-6s 0.7’ O-76 O-66 0_75 
lb) 0.32 0.45 0.59 0.61 0.6s O.-W 0.6 1 

z $‘-Mlerhyhcetophcnonc la) 0.37 O-45 0.71) 0-7-I l).Si 0.5s 0.73 
(b) 027 O-40 0.60 0.M IX75 O./Z 0.63 

3 rru~~~-Phen~I-3-buten-2-one (a) 0.25 0.35 0.59 0.63 0.69 0.57 0.57 
Lb) O-15 0.26 0.47 0.52 0.61 0.37 0.0-I 

4 I-Phen\lI-l.3-but;medione (;t) 0.13 021 0.X O-42 O-60 0.37 055 
lb) 0.06 O-16 0.31 0.33 05’ o-33 0.3Y 

5 Hesanophenone la) 0.15 027 0.55 0.64 OS3 0-1s 0.57 
(6) 0.09 0.20 0.50 0.51 0.76 0.00 0.30 

6 PhenyI 2-thienyl ketone (a) 0.11 O-17 0.35 0.35 0.5s k 0.76 0.56 
lb) 0.04 0.11 0.30 0.31 0.50 0.14 0.36 

7 4’-Phenylncetophcnone la) 0.05 o-15 0.34 0.3s 0.59 0.21 O-46 
(b) 0.00 0.06 0.25 0.29 0.51 0.13 0.33 

s 2-Tridecanone (a) 0.07 0.20 0.70 OS5 1.0 0.16 0.77 
lb) 0.01 0.12 0.57 0.73 0.90 0.00 0.0s 

-- ___._.____ -___ -.. . -. ____...__.__~.--._ _. .__ 
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TABLE S 

MOBILE PHASES GIVING RELIABLE SEPARATIONS OF PAIRS OF KETONES IN CHRO- 
MATOGRAPHY ON AMBERLITE CG-400 ANION-EXCHANGE THIN LAYERS 

hretone Mctl~mrol Acetorle 
nli_TrIu~*- concemration ( M) conce~ttmtion (&I) 

*_2 
_~.._._~___.~_ 

- - 
1-3 14 
1-4 14 or 19 
1-5 14 
I-6 I4 or I9 
l-7 14 or 19 
1-s ‘14 
2-3 22 
2-4 14 or 19 
2-S 14 
2-6 14 or 19 
2-7 14 or 19 
2-s 14 
3-4 14 or 19 
3-5 22 
3-6 14 or 19 
3-7 14 or 19 
3-S 19 or 22 
4-5 19 
4-6 6 
4-7 6 
4-s I9 
5-6 14 or 19 
5-7 i-l or 19 
S-S ‘2 
6-7 - - 

6-s 19 
7-S 19 

_ 
- See Fable 4 for identification of ketones_ 

numbers of the ketones in Table 5 are as in Table 4. Some ternary mi.utures were also 
resolved, e.g.. that of 4’-methylacetophenone, zz-uzzs-4phenyl-3-buten-Z-one and 3’- 
phenylacetophenone by development with 14 M methanol. Similarly, 19 IW methanol 
could be used for the separation of hesanophenone, phenyl 2-thienyl ketone and 2-- 
tridecanone”. 

Ion-eschange papers containin, m the same an-ion-eschano_e resin have also been 
used successfully for separations of ketones involved in experiments with anion- 
eschanze thin 1ayerP. The major difference is the presence of the cellulose matrix in 
the paper instead of a relatively small percentage of starch binder in layers. In both 
instances, the separation is based on a partition process. The occurrence of inter- 
actions between cellulose and the solutes results in RF values on paper that differ from 
those on thin layers when developing asents of the same composition are used in both 
techniques. 

Table 6 lists RF values for eight ketones when developed with methanol of 
different molarity on Amberlite SB-2 (Cl-) paper. Ketones with molecular weights 
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T-ABLE 6 

& VALUES OF KETONES ON AMBERLITE SB-:! ANION-EXCHANGE PAPER (CONTAIN- 
ING AMBERLITE IRA-400) IN METHANOL SOLUTIONS OF VARIOUS CONCEN- 
TRATIONS 

(a) RF of front: tb) RF of rear_ 
-.~-..-.-.--._-._.----__ _.._... _____- __________.._.___. .____..._ .._.._.._-- -._- -. .._. ..- - - 

h%rom= dierlrcrrrui cum-cmrufion ( iti/ _____________.-._ ___.~.__.-_-_ ._.-._-..-~-.. .-.- 
o_o 6.0 x0 IO.0 I’.0 14.0 16.0 is.0 2Ofl 

- _-~_-._.____~ _____... 

Phenyl-2-propanone (a) 0.33 O-45 0.52 O-61 0.64 OS0 OS6 O_SS O-97 
t b) 0.24 0.32 O-41 OAS 0.54 0.69 0.73 OS0 OS3 

3’-ivlethyktcetophenone la) 0.17 0.31 0.39 O-40 0.60 0.69 0.74 0.53 0.93 
tb) 0.10 0.1s 0.30 0.33 0.45 0.62 0.67 0.76 OS3 

rrafrs-l-Phcnyi-3-butcn-2-one (a) 0.12 O-71 0.25 0.36 0.49 0.63 0.76 O_SI OS9 
tb) O.tM 0.09 0.17 0.21 0.34 0.51 054 0.69 0.7s 

I-PhenyI-1,3-butanedione (a) 0.07 0.09 0. IO 0.19 0.2s’ 0.53 0.5S 0.67 0.77 
(6) 040 0.00 o&l 0.0s 0.16 0.35 O-46 0.5-l 0.65 

Hcxnnophc‘nonc la) O-00 0.04 O-05 0.09 0.40 O-50 0.61 O-74 0.92 
(b) 0.00 0.00 0.00 0.00 O-OS 0.37 0.4-l 0.64 o.so 

PhenyI Lthienyl ketone (a) O-03 0.03 O-06 0-I 1 0.3 OX OA6 055 0.65 
tb) 0.00 0.00 0.00 0.00 0.14 0.X 0.3 O-47 0.58 

4’-Phenyhtc~tophcnone (a) 0.00 0.04 0.05 0.06 0.12 0.26 0.3s 0.52 0.6s 
tb) 0.00 0.00 0.00 0.00 .O_OO 0.00 0.2s O-40 0.60 

Z-Trideeanone (aI 0.00 0.01 0.01 O-01 O-05 0.19 036 0354 0.56 

(bI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.23 0.59 
__ ___._ __._ ~_. ~~._..._.. 

T.;\BLE 7 

p-HydroxybenzaIdehyde 0.07 0.7 I 
2-S-Dih~dros~hmzldeh~de 0.w 0.61 
2.5DihydroxybenzaIdehyde o.tn 0.57 

3.4DihydroxybenzaIdehyde 0.02 0.4’ 

2-Hydroxy-3-methoxybenzaldehyde 
(o-vanillinj 0.6-I OS4 

Vanillin 0.20 0.75 
Veratraldehyde 0.45 0.87 
Syringttldehyde O_lO O-74 
Coniferyl aldehyde 0.08 0.7 1 
Cinnamaidehydc - O-92 
Hydroxymethylfurfuml 0.0s 0.6s 
5ForrnyIvanilIin 0.16 0.40 
ICarboxylvanillin 0.03 0.26 
24-Dihydroxyacetophenone 0.1s 0.6s 
Acetovanillone 0.20 0-7s 
Acetosyringone 0.34 0.75 
2.4Dihydroxypropiophenone -0.30 0.73 
3.4Dihydroxypropiophenone 0.06 0.55 
_MaItol O-42 0-s 1 
-._ ----..-- -...._ - _.__.-- __ ._ _ ~~~.. _ 

RF VALUES OF ARO\lATlC XLDEHYDES AND KETONES ON AXIBERLITE SB-’ XNiO% 

EXCHASGE PAPER 

SoIr-ent A- cyclohexane-ethgt acetate-acetic acid (5~1 :I I. Solvent B: rr-butanoI-wuer-acetic acid 
tb:ZrI ,. 
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less than 120 xvere too volatile to be suitable for paper chromatography_ Table 6 indi- 
cates that each ketone can be separated from all others, except for 4’-phenylaceto- 
phenone and tridecanone. which cannot be separated from one another at any methrr- 
no1 concentration”. 

Table 7 lists the R, values of various aromatic aldehydes and ketones on Am- 
berlite SB-2 paper containing Amberlite IRA-4C0 (Cl-) anion-eschange resin in the 
chloride form”. TN-O solvents were tested as the mobile phase: (A) cpclohessne-ethyl 
acetate-acetic acid (5:l :I) and (B) zz-butanol-water-acetic acid (6:311). An R, dif- 
ference of about 0.05 was required for both solvez;ts in order to permit the seprtratio? 
of individual compounds_ With this criterion_ separations can be found from Table 7 
which can be achieved by ~neans of this technique- 

3. ETHERS 

Ethers. like esters? hydrocarbons. :~lco1~ols and carbonyl co~npounds. arc not 
ionized in aqueous solutions_ As no useful comples formation is known \vith this class 
of compounds. two separation mechanisms can be used for their chrom:lto~raph~ on 
ion eschangers: salting-out etkrs or differences in solubilities in ~tcll!eoLIs--Or~3!1ic 
solutions_ 

Sargent and Riemx? applied salting-out chrom~~to~rrapll~ to the separation of 
aliphatic and polyglycol ethers_ The cation-exchange resin Do\\-es 50-X4_ ZOC-4CO 
mesh. gave more etticierit separations than anion eschangers or cation-eschangc 
resins \vith ;I higher deg-ee of cross-linking. Ammonium sulphate solution \\‘;is found 
to be ;I suitable eluent !-or ethers_ as for car-bony1 compounds_ The capacity ratios of 
15 ethers and ethylene gl_\-col on this resin are sho\~n in Table S for various ammonium 
sulphate concentrations. Based on the data in Table S. conditions could be chosen for 
the separation of severs1 mixtures containing 0.05 mmole or less ofeach ether dissolved 
in I ml of \\--ater_ For esa~nplc. the separation ofethylenc = _ ~*lvcnl and foou-ethers (Nos. 
2. ?_ 9 and I2 in Table S) NXS carricc! out an ;I 12.0 cm ‘.. 3.9 cm’ column by step\vise 
elution \vith X0_ 2.0 and 0.5 ,\I ammonium sulphate solution. Fig_ 4 sho\vs as an es- 
ample the sepacuion of a scvcn-component misture ofct1irr.s on 3 14-O cm - X9 cm’ 
column of this resin \vith 2.0. 2.0. I .O and 0.0 I M ammoniimi sulphate solutions used 
gradually as the eluents”. The lo\\- solubility of the aliphatic ethers in aqueous solu- 
tions causes diiliculties in the chrom-.ltofraphic procedure_ This technique. ho\vever_ 
would be useful for separtitions of high-boilin, 0 hydrosy ethers. for which gas-liquid 
partition chromato~r~lph~ is not as etktive as with volatile ethers. 

In esperiments on the chromatography ofethers in aqlzeous-or~az?ic solutions. 
acetic acid wxs chosen as the organic solvent because it does not interfere in the osidu- 
tion Lvith bichromate used for the convenient determination of small amounts of 
ethers in effluent fractions. Dowes 50-S4 cation exchanger_ ZOO-4C0 mesh. with :I IOU 
degree of cross-linking. has proved to be a convenient resin for these separations_ as 
in the srtltin_r-out chromatography of ethers_ The capacity ratios of eight ethers in 
solutions containing various amounts of acetic acid arc presented in Table 9 (ref. 16)_ 
The results indicate that the branched-chain ethers are eluted before the corresponding 
straight-chain isomers, owin g to their srenter solubility in aqueous solvents. Ethers 

with longer chains, such as diisoamyl, di-zz-amyl and di-zz-hesyl ethers. gave elution 
curves of a form which indicated that most of these large molecules were excluded 
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TABLE S 

CAPACITY RATIOS OF ETHERS IN SALTING-OUT CHROMATOGRAPHY Ot’! THE 
CATION-EXCHANGE RESIN DOWEX 50-X4 (NH,‘). ZOO-400 MESH 
__--- __ - 
No. Stmcttira~ fornxda of ctlrrr Capacity ratios for amnrotriunt dpliate c~hrcnts 

I 
2 

3 

4 

5 

6 

7 
s 
9 

10 
II 
12 

I3 

14 
15 
16 
- 

HO-C-C-OH 
HO-C-C-O-C-C-OH 
C-O-C-C-OH 

c-c 
1 \ 

0 0 
~\ / 

c-c 
C-C-O-C-C-OH 

OH 

C-O-C-&- 

?H i OH 

C-&C-O-C-&C 
c-o-c-c-o-c ; 
C-C-O-C-C-O-C-C-OH 
c-c-o-c-c 
C-C-C-C-O-C-C-OH 
c-c-o-c-c-o-c-c-o-c-c 
C C 

\ / 
c-o-c 

/ 
C 

\ 
C 

c-c-c-o-c-c-c 
c-c-c-c-o-c-c-o-c-c-c-c 
c-c-c-c-o-c-c-c-c 
C-C-OH 

1.32 1.60 
I.37 2.11 
I.34 2.41 

2.0 111 3.0 M 

I-_96 -- 2.37 
3.40 5.30 
3_YO 6.25 

4.0 M 

2.9s 

5.84 
10.0 

0.0 iv 
..- 
1.32 
1.33 
1.46 

l-69 3.52 6.63 IX.4 

1.41 2.86 5s 11.5 

74 7 _ _ 

23.7 

1.90 

I.44 

1.37 2.81 5.72 11.3 245 1.3s 

1.32 3-10 6.81 15.s 37-7 I-33 
1.36 ‘j-36 7.10 16.1 38.9 1.11 
I-37 .3_ss 9.20 23-9 67-7 l-41 
165 4_52 II-4 - - 1.70 
2.50 7-2s 70.9 - - 2.50 
I.54 6.24 13.0 - - 1.70 

-6.96 

12.1 
- 
-_ 

2.25 

- - 2.04 

3.1-l 
5.33 
6.90 
1.36 

.- - 
_. - 
3.40 5-0s 

.- 

-- 
- 
- 

7.75 

3.14 
5.33 
690 
I-49 

Fig_4_ Separation of a seven-component mixture of ethers by salting-out chromatography_ The 
numbers of the compounds are as in Table 5. Ion exchanger: Dowex SO-X4 (NH,+). ~Ooo--1OO mesh- 
Column dimensions: 14.0 cm :-: 3.90 cm’. Mobile phase: ammonium sulphater I. 3.0 M; I!. 2.0 91: 
III. 1.0 M; IV. 0.01 b% Flow-rate: 0.7 cmimin_ Tempemture: ambient_ Detection: calorimetry in 
fractions after oxidation with bichromate_ _-I = absorbance; V = volume of eluate (I). 
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TABLE Y 

CAPACITY RATIOS OF ETHERS ON DOWEX 50-X4 (Hi), 200-400 MESH 

Ether Cnrrccrrtrntion of ucctic mid ( M) 
---. -.--- __- -.-.____. 

0.0 I.0 24 4-o 6.0 
_____-- ~______._. 

Diisopropyl ether 3.51 3.11 z.ss 2.13 1.30 
Di-rz-propyl ether 4.94 4.16 3.37 3_os 1.65 

Ethyl fr-butyl ether 5.25 4.19 3.60 2.4s I.69 
Di-fr-butyl ether 12.5 9.36 6Sl 3.90 1.83 

Anisole 15.2 11.6 Y.OY 5.36 3.05 
Diphenyl ether -- - 545 19.2 6.65 

Diisoamyl ether - _ 17s -.- 
Di-many1 ether - - _. - 3_03 

from the resin and appeared almost immediately after the eftluent volume equalled 
the interstitial volume. Tailing for a large volume of eftluent then occurred. probably 
owing to the slow diffusion of the molecules which diffused inside the resin and were 
trapped there. This behaviour was observed for concentrations of acetic acid less than 
6 &I with the atnyl ethers. while di-Iz-hesyl ether behaved in this manner even in 6 M 
acetic acid. Attempts to separate these three ethers also failed when cation exchangers 
were used with a smaller degree of cross-linking_ such as Doles 50-X?, as well as 
with a phenolic matrix-type resin (Duolite S-30) and :I -‘snake cape”. resin (Retardion 
1 l-AS)_ However. the separation of the six remainin g lower ethers was pqssible- with 
the esception of di-n-propyl ether and ethyl iz-butyl ether. which showed very similar 
solubility characteristics. A clear-cut separation of a five-component mixture of ethers 
achieved on a 102 cm I-: 228 cm2 column of Dowes 50-X3, 200-400 mesh. is shown 
in Fi_r. 5. The concentration of acetic acid was gaduall~ increased from 2.0 M 

.a 

300 400 500 600 700 

Fig. 5. Separation of a five-component mixture of ethers in acetic acid medium. (1) Diisopropyi 
ether: (2) ethyl rz-butyl ether; (3) di-n-butyl ether; (4) nnisole: (5) diphenyl ether. Ion eschtlnger: 
Dowvex 50-X4 (H+). Zoo100 mesh_ Column dimensions: 102 cm :-: 7.2s crnL_ Mobile phnser acetic 
acid: I, 2.0 AI; II, 6.0 ~1.2; 111. 8.0 III. Flow-rate: O.ZS cmjmin. Detection: calorimetry in fixrions 
after oxidation with bichromate. A = absorbance; V = volume of eluttte (ml). 
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through 6.0 M to S-0 M during the elation. Di-n-propyl ether could have been included 
in the separation esperiment instead of ethyl Iz-butyl ether, but it would have overlap- 
ped the peak of diisopropyl etheP_ 

1. ALCOHOLS ASD POLYOLS 

Gas chromatography (GC) is the method ofchoice for the separation of volatile 
louver alcohols_ CC of the trimethylsilyl ethers or acetates of polyols offers distinct 

advantages in terms of speed and sensitivity over chromatography on ion-exchange 
resics_ However, ion-exchange methods are useful for the analysis of unknown mis- 
tures as solute peaks can be collected for identification by other methods. The other 
:tdvant;tges over GC methods are that many other substances which are present in 
hydrolyzates from material of- biological origin and in various technical liquors do not 
interfere. and that direct separations can be performed without the need to prepare 
:?ny derivatives. 

The sorption of aliphatic ttIcohols on ion-esch:mge resim increases \vith in- 
crexsin_e molecular lveight, as the matrix attraction forces become more important 

than the salting-out of the organic molecules from the inner solution in the resin par- 
ticIes_ This sorption increase stops and a decrease is observed when the molecular size 
esceecis a certain limit. where ditTusion in the inrerior of the parricles becomes steri- 
ctllly hindered by thecross-linkage_ A decrease in the degree of cross-linking of a resin 

results in an increase i!z the sorption’7-30_ 

It has been found. on the orher hand, that the sorption of polyok from aqueous 
solutions decreases with inerezsing number of hydrosxl groups (with increasing 
polarity), e-g_ in the order glycol > glycerol > sorbitoP_ 

The uptake of an alcohol depends OL the ionic form of rhe ion-eschanse resin, 
as cm be seen in Fi_rs_ 6 and 7 (ref_ X3)_ This sorption behaviour is essentially the same 
as that of- other clztsses of non-polar compounds. 

The differences in sorption behaviour in aqueous solutions have been utilized 

Fig_ 6. Distribution cur\-es of ethanol for Dowex 50 cation-exchange rein in various ionic fornls. 
The rno!ar ratio of ethanol in the --innerem sohnion. A-,. is plotted as a function of the molar r,ltio of 
ethanol in the -‘outei‘ sohnion, _x-_ Ionic form of resin: <2. l-i+ ; A,. Na+; 0, K+_ 



ION-EXCHANGE CHROMATOGRAPHY OF VARIOUS ORGANIC COMPOUNDS 7! 

by sgveral Lvorkers to etkt sepmxtions of alcohols on ion-eschangr resins Lvith \vriter 
as the eluent. This approach \v;ls introduced by Wheaton and Bau~lla~l~‘. who sepa- 

rrttetl sucrose. glycerol. trierhvlenc ~l~col m-d phenol rsasonably well, in ddition to 
:i nuniher of t\vo-component mistures. 

Glycer01 \vas sepal-atlted fro111 sugar alc01101s 011 a 240 :: 1.5 Cl11 colLllllIl packed 

with Dowes SO--X12 (H’), 100-200 11lrsh_ by elution \vith \clter at 60.’ (.ret‘. 33)_ A 
pure &xrol fraction \vas obtained, while crythritol and sorbitol were only incom- 
pletely resolved from each other and their fractions also contained trace ;iniounts of 
sylitol. Another fraction containins ethylene ~lycol and propylene glycol \Gis also 
obtained. A resin with a louver degree ofcross-linking, Doxves SO-_XS, gave ;I resolution 
similar to that \vith Do\ves 50-X12. 

Colun~x of Do\ves 50-X!? rend MU-2 (a Russian sulphonated polystyrene 
cation eschmger) \vith 12 y;, cross-linking \vere used for the separation of sorbitol_ 
sylitol, er_vthritol_ ,-I_ ~1 vcerol_ rthvlene rrlvcol and I_?-propanedio! in niistures in about -_ 
34-36 h using the same elution technique (water at 60’)“J_ The hydrogen form tit- the 
resins z-ave the best resolution_ Using the calcium form of the resin, the order ofeiution 
\vas chtqed; sylitol is sorbed selectively on the calcium form and is elutrd ~1s the last 
compound. The &sorption ofpolyols from the calcium form \vith mxter as the eluent 
is do\\- and the etliciency of separation is low. However. two analytical methods have 
been developed that are useful for the control of industrial hydrolytic processes \vith 
sugars and polyok First, small admistures ofsylitoi can be separated !i-oni glycol on 

the hydrogen form 01-u cation eschanger. while tin the other hand s~lltlll SIllOLIiltS o!‘ 

glvcol in sylitol can be resolved on the calcium form of a eation-eschunge resin”‘. 
Anion-esehany resins have also been used for separtltions of alcohols and 

polyols with wtter as the eluent. Good separations of a mistwe containing giycol. 
4veerol and sorbito1 were obtained on a column of Do\ves 
cegin3*_ 

Z (CIO,-) anion-eschange 
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The use of a column of the strongly basic anion-exchange resin Dowes 1-X4 
(OH-) with water as the eluent effected the separation of sylitol, arabinitol, galactitol, 
ribitoi, glucitot, mannitol and maItito1. The elution of the maltitol could be accererated 

by using O-25 A4 ammonium carbonate solution for elution instead of wate?“. 
Small and BremelJ7 studied the use of anion-exchange resins in the form of 

amphophilic anions of hisher saturated carboxylic acids as a means of increasing the 
sorption affinity of less polar orrranic compounds for the resin. On this ionic form of 
the resin, additional interaction forces occur between the orgmic compounds and the 
hydrocarbon chains of the counter ions, in addition to the interactions of compounds 
with the resin matrix and the water-structure promoting eflects. The increased sorption 
afhnity of the less polar compounds can bring about an improvement in the separation 
of these compounds- As with the ion-eschange resins in the conventional ionic forms_ 

the separation efficiency can be sigtificantl_v influenced by an appropriate choice of 
temperature_ 

It was possible to effect an almost complete separation ofa mistureofpropylene 
&co1 and wr-r_-butanol and satisfactory separations of ethanol from n-propanol and 
ethylene gIyco1 from Iz-propanol by eiutton with vvater at 70’ on Dowex 1 -X 1 cohtmns 
in the amphophilic anionic form. These compounds showed no resolution when the 
chloride form of the resin was used under these conditions-“. 

Saltins-out chromatographv Gves a significant improvement in the e0iciency - = 
of many separations of alcohols and glycols in mixtures compared with elution with 
water. For example. elution with water resulted in no separation of a misture of di- 

ethytene giycoi and dipropyIene glycol on a 70-cm column of Dokves I-XS (SO,‘-). 
200-300 mesh, whereas elution with 3-O 11.2 ammonium sulphate resulted in a quantita- 
tive separation using a column only 10 cm long: diethylene glycol emerged from the 
column bet-ore dipropylene ~iyco13”. Similarly. complete separation of methanol. 
ethanol and propanol-I was possible by elution with 3-O M ammonium sulphate solu- 
tion using a 25.7 cm ‘-: 2.25 cm1 column packed with Dowes I-X4 (SO,‘-) anion- 
exchange resin, 200-300 mesh, while this separation faited when water was used as the 
mobile phase. In order to accelerate the elution of propanol-I_ this alcohol was eluted 
with water instead of the salt soIution, after ethanol had been etutedB. 

The capacity ratios for various alcohols on the anion-eschanse (Dovves I-XS) 
and cation-exchange (Dowes 50-XS) resins in solutions containing various amounts 
of ammonium sulphate are siven in Table IO_ 

A 32 cm :-: 228 cm’ column packed with Dowes I-X8 (SOa2-)_ 200-400 mesh. 
allowed the complete -separation of nine alcohols: glycerol. methanol. propylene 
glycoI_ ethanol, isopropanol. wrr.-butanol, xc_-butanol, wbutanol and wamyl alcohol. 
The separation was carried out in I 2 h by stepwise elution with ammonium sulphate 
solutions of sequentially decreasing concentration (4-O. 2.5. 2-O and 0-I M)_ Water 
couId be used for the elution of the most strongly retained compound. ,z-amyi alcohol. 
but the elution is accelerated considerably by usin, a 1.0 M acetic acid as the eluent. 
This separation is shown in Fiz_ 8_ Straight-chain primary alcohols higher than w 
amyl alcohol are sorbed strongly on the resin and would require excessively long 
elution times n-Propanol and isobutanol. which were not included in the separation 
experiment, would be eluted with their eiution maxima very close to those of w-t_- 
butano1 and wbutano1. respectively, under these experimental conditions39_ 

The use of mixed aqueous-organic solutions instead of water as the mobile 
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TABLE 10 

73 

CAPACITY RATIOS FOR VARIOUS ALCOHOLS AND RESINS IN SOLUTIONS OF 
AMMONlUM SULPHATE 

--__-- 

rllcohoI ihWK I-A3 Do u-e\- m-XJ’ 
._._________. ._________.__ .._----.- ----..- ..- -- . --. .---.. 

rlmmnim~ mlplmr co~rcrnrrurio~i ( Al) Atmm~rriiu~~ sulpliolc~ concmrrurio~r 

_-- -___ .-...-_.--._---_-_.-_.-_ EL..-._. .~_.____ ..-._ 

._.._____ ___________________.-__-_ ..-- _____.-!!I?- 
0.0 0.1 1.0 2.0 3.0 4.0 0.0 I.0 ?_(I 3.0 

G Iycerot 0.427 0.453 0.473 0.622 OS43 1_!6 O-556 0.635 0.655 0_901 I.20 
Propylene glyzol 0.477 0.647 0.740 1.29 2.21 3.S3 0.644 OX56 1.08 1.77 3.07 
Methanol 0.507 0.670 O.YO‘a I .I5 1.65 2.33 0.839 0.950 1.13 1.50 2.29 
Ethanol O-673 O&I3 l-12 2.00 x72 - 0839 I.OS 1.46 7.46 4.57 
Isopropmol 0.753 1.02 I.53 3.45 7.76 - 0_7* 1.21 1.61 3.5s x.34 
rc,rr_-Butnnol 0.4s3 \ 1.19 1.96 5.12 13.4 -- 0.662 120 1.YO 4.7s 11.9 
rr-Propanol 12s I-71 2.57 5.45 12.3 - I-03 1.62 2-35 5.01 - 
srr_-Butsnol 1.56 1.26 3.70 0.30 26.5 - 1.07 1.73 2.SS 7.4s - 
lsobutanol 7.57 3.34 5.17 12-3 -- -. I.33 7.x 3.35 s-74 - 

Jr-Butmol l.37 3.52 5.67 13-X -1 - 1.78 2.17 3.53 S.G - 
rr-AmyI alcohol 6-63 11.0 - -- - -- 2.69 5.03 s-33 - - 

.-. ~.~ ._ ~. 

0.0 
0 250 500 750 V 

Fig. Y_ Separation ofa nine-component alcohol misture by salting-out chrornatogrrtphy_ (1) Glycerol: 
(2) methanol: (3) propylene glycol: (3) erhnnolr (5) isopropnnolr (6) rerr.-butnnol: (7) sw.-butanol: 
(S) mbutanol; (9) wamyl alcohol. Ion exchmger: Dower I-XS (SO,‘-‘). 200-400 mesh. Colunm 
dimensions: 32.0 cm >: 2.7S an’. Mobile phase: 1. A.0 df; II. 2.5 M: III. 2.0 df: IV. 0.1 Mamma- 
nium sulphnte: V. 1.0 AI acetic acid_ Flow-rate: 0.6 crn/min. Detection: calorimetry in frxtions 
after oxidation with bichromate. .-I = absorbance: F = volume of eluate (ml). 

phase is another means of improvin g separations. This method sives better results 
than salting-out chromatography_ especially if the less polar higher aliphatic t~lcohols 
are to be separated. The separation is based essentially on the ditferences in solubilities 
in the outer solution and the solution in the resin phase, which has a different composi- 
tion. Mattisson and SamuelsonJ” studied the sorption of glycol, glycero!. sorbitol and 
mannitol between cation-exchange resins (Dowex 50-X3 and Dowes 50-X?) and aque- 
ous ethanolic solutions_ It was found that the ethanol concentration has LL 

predominating influence upon the rate of uptake_ The equilibrium uptake increases 
considerably with increase in the ethanol concentration, but also the nature of the 
counter ion and the degree of cross-linking have an ett‘ecr which is explained by the 
differences in swelling- At higher water concentrations_ the lithium form of the resin 
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is a more ettictive sorbent than the potassium form. but the opposite holds true at low 
water cokentrations (to 0_6’j:,)_ 

The order of sorption atfinities of the polyols studied (sorbitoi z=- mannitol > 

glycerol =_ glycoi) is the reverse of that with wtter. Moreover, the separation factors 
diKer much more in aqueous-ethanolic solutions than in pure \vater and an increase 
in the ethanol concentration causes an increase in the separation factor so that it is 

advantageous to use high ethanol concentrations. The rate ofdiKusion (and the attain- 
ment of equilibrium) is very slow in an almost water-free medium, which is a consid- 
erabfe disadvantage and- for practical chromatoyaphic work the ethanol concentra- 

tion must not be too high_ 

Glycol, glycerol and sorbitoi could be separated easily on a column con- 
taining Dowes 50 (Na’) by elution \vith 95 7,; ethanol_ GlycoI and glycerol appear as 
sharp peaks and sorbitol, which is bound much more strongly, appears as a broad 

band of low concentration. After the elution of glycol and glycerol_ sorbitol can be 

displaced quickly using \vater”. 
Elution with aqueous ethanol has been used for the chromutographic sep:rrrt- 

rion of complcs mixtures of polyols on ion-achange resins. A number of polyols 

were separated on the fine-mesh cation-exchange resin Dowes SOW-XS ; Li+). I4- 17 

fall_ Some mistures containing polyols together \vith other compounds (sugars) \vere 
better resolved on an anion-eschanse resin in -the sulphate for111~‘. 

The distribution coetticients on the sulphate form of anion-exchange resins 
increase \vith increase in the number of hydrosyl groups in the solutes, as \vith the 

potttssium form of sulphonated cation-exchange resins. The elution keliaviour of 
kdividual isomeric sugar tiIcohols_ however. may differ to ;! considerable extent on 
both ion-eschange resins- For esnmple, rhe order of elution of mnnnitol and glucitol 

is reversed on the sulphttte form of an anion eschanger compared with the potassium 
form of a cation eschanger- No simple rule seems to apply to the order of elution of 
ditkrcnt isomers_ Most of the nlditols have loa-er distribution coetlicients than the 

corresponding aldoses. 
For illustration_ the valuesiofthe volume distribution coetticients of alditols on 

Do\ves 5OW-XS (Li’_ I%’ and’ I<‘)_ ICC 17,11111. and 011 a strongly basic anion- 
cschttnge resin Technicon T,B (SOzz-)_ 1%17rlm_ are listed in Table I 1 for various 
ethanol concentrations tit 75. (ref. 3 1 1. 

A number of valuabie separations were achieved on Technicon T,B (SO,‘- 1 
resin_ Thus. ;L good separation of _ glvcerol. ervthritol. sylitol. wabinitol, glucitol. 
gI_aIactitol and mannitol from each other and from arnbinose, sylose. mannose. &K- 
tose and glucose was achieved on ;I 6 :I S52 mm column of this resin by elution with 
S6Ti.i ethsno1 at 755’. Most of the solutes Lvere separated quantitatively from each 
other under the conditions used. and only the elution curve of @lctitol overlapped 
with those ofmannose and mannitol. The analysis required about 1 1 IL The separation 
of the three overlapping compounds could be improved by using a longer colt111m and 
a more concentrated ethanol solution. on account of the separation time”. 

More rapid separations of some sugar alcohols were possible by means of this 
technique_ and Fig_ 9 shows an example of such a separation of five alditols_ The total 

time of eltttion was Iess than 2 h, using S6 x, ethanol for elution at 90” and a column 
of dimensions 650 1-1’ Z mm The flow-rate used was about seven times higher than 
that in the former esperiment with a more complex misture. it can be seen that the 
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-I-ABLE II 

VOLUME DISTRIBUTION COEFFIClENTS ON DOWEX 50W-XS (Li’. N:t+ AND K’) AND 
ON TECHNICON T,B lSO,‘-) IN ETHANOL OF VARIOUS CONCENTRATIONS AT 75’ 

ReCtt .4ltfitol Etlu~trul cortccvrtruti~ttr ( “,) 
_.~ .-. ~. -__ .._........ 

10.71) 

furvt’s correspondin g to svlitol and arabinirol sho\ved some overlapping_ which had _ 
no serious inAucncc on the ewlutltion of the chronitttogrmn for quantilative purposes_ 

The distribution coelticients of pol~ols decrease with increase in lenqm-mm. 
and the rlution curves m-e sharper and the colun~n pressure drop decreases_ The sepa- 
ration factors ho\vever are less ftivourable at high tenlperatures and this distidvaurnge 
niav have great practical importance in pkinning the separtiGons_ For estiniplc. rhe 
elution bands of ribitol and arabinirol overlapped seriously at 93’-‘_ \\hereas an csccl- 
lent separation \\‘;ls achieved at 40. (ref_ 42). 

The method described has proved to be useful for the dcrcrniina~ion ofgI-lucirol_ 
mannitol and other tllditols in the presence of saccharkdes in various commercial food 
productsJ3_ AlditOlS and sugars are em-axed ivith water. the extract is dissolved in 
ethanol and a chromato~l_rtlpllic run is carried out on :t strongly basic anion-cschange 
resin (Technicon T5B or T$I) in the sulphate form. Alditols and monosaccharides in 
the eluate are derermined automatkAy in ;I Technicon AutoAnrllyzer using rhe pcrio- 
dare and orcinol method. 

Shema and RianarP separared higher aliphatic alcohols by steplvise elurion 
with acetic acid solutions_ The elution data of the higher tdcohols in acetic acid solu- 

Cons ofditlerent concentrations are listed in Table 12 for f\vo cation- snd tii-0 ttnion- 
eschsne resins. Dowes 50 was chosen for the separation bccilllse it takes up the higher 
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alcohols less strongly than doss Dowes 1_ The SS degree of cross-linking was chosen 
because of its geater dimensional stability_ as there is little diE&xce between Dowes 
50-X4 and 5%XS in terms of selectivity and shape of the elution peaks. 

A mirture of six higher aliphatic alcohols (rmr.-amyl alcohol_ rr-amyl alcohol. 
n-hcsmol. wheptanol. Iz-octanol and n-nonanol) 1~1s completely separated on ;I 

colunm packed with Do\ves XLXS (H’ ). 200-400 mesh. The elution uxs started with 
1-O XI acetic acid_ then the acid concentration was increased to 2.0 A! and the sepxt- 
tion was completed with 3-O M acetic acid in order to obtain both separation and rapid 
elution of the remainins components (Fis_ lo)_ The separation of the alcohols h$her 
than nonanol Wed on DoLves SO-,%, SC-X4 and 50-X? because of the severe spread- 
ins of the lonser-chain alcohols4~_ 

The separation ofhon~ologous ttliphatic alcohols by partition chroIuatogmph~ 
on the macroporous cation-exchange resin Aniberlyst 15 has not been as successful 
~1s 0G conventional gel-type resins”. 

Polyhydrosy compounds containing vicinal hydt-osy groups are kno\vn to 
form nepatively charred borate complexes. This led ZiIl CY al-Ah to cstend the anion- 
exchange chromatography of the borate complexes of supars to the analysis of sugm- 

alcohols_ They separated a mixture of mannitol, dulcitol and sorbitol on an I 1 cm Y 

OS5 cm’ column of the strongly basic Dowes 1, CU. 300 mesh. by elution of the first 
two components with 0.015 M potassiunl tetraborate solution_ follo\ved by the elution 
of mannitol with 0.030 M potassium tetraborate solution. 
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Fig_~lO_ Separxion of ;L sh-component misturc- of hi&x~aliphatic akohols on a cation-exchange 
resin in acetic acid medium. (1) fur.-Am!1 alcohol: (3) n-amyl alcohol: (3) II-hexanol: (4) rr-heptanol: 
(5) I[-octanoi: (6) u-nonanot. Ion exchanger: Dowes SO-XS (Hi), 200-400 mesh. Column dimensions: 
39.0 cm :-: 1.B cm’_ hlobile phase: I, 1 AI: II_ 2 Jfr III. 3 AZ acetic acid. Flow-rate: 0.45 cm/min. 
Drwctionr colorimcrry in fractions (bichromate method). A = absorbance; I’ = volume of eluatc 
(nit)_ 

The borate method has been applied successfully to the analyses of glycols_ 
For example, a misture containin g diethykne gI_vcol_ ethylene gIycol, I,?-propylene 
$ycol, the IIZL’SO- and the @isomers of25butylene glycol, and glycerol \vas separated 
on zt 20 cm x 22s cm’ column packed with Dow-es I-XS (BOj-)_ 2CO-3CO mesh_ 
using 0.02 IV boras solution as the mobile phase. Under these conditions, z satis- 
factory separation of the glycok 1~;~s achieved, except for propylene glyco1 and IIZLWJ- 

2_3-butvlent glycol_ which could be resolved_ hoLyever_ in another run on LL 76-5 cm :-: 
2.2S cn? column of the same resin with O-925 151 sodium borate solution ;ts the eluent. 
In this run, a ciear-cut separation into four peaks was obtained_ Diethylene gIyco1 \V;LS 
eluted first foilo\ved by ethyleneglycol, then a mixture of propylene $ycol and glycerol 
was eluted as one common band and, finally, nr~_~-~~-2.3-bntyiene glycol and c/./-2.3- 
butylene gtycol were eluted. It can be seen that both runs are complementary. The 
time required for the analysis, when run simultaneously, 1vz.t~ 10 hJ7-JS_ 

The separation of ;L nine-component mixture of polyols has been reported by 
Spenceti9 usins a 60 :-;. OS cm coIt.mm of De Acidite FF anion-eschan~e resin (3-5 T,, 
cross-linked: size <ZOO mesh) by elution w-ith two borate but&a-s (O-IS and 0.36 IV 
boric acid adjusted to pH 9 with triethylamine) t?t 35’. This separation is sho\vn in 
Fig_ 11. The effect of temperature on the separation was particuhtrly marked: at 25’. 
the tttiinity of the polyoi-borate complexes for the resin is decreased so that many of 
the polyol peaks overlap, while at 45; the poIyols are so strongly bound to the resin 
that the time required for etution is impractical- At 35.‘. only mannitol and galactitol 
overlap. When the Ices commonly occurring polyols rhamnitol and fucitol m-e included 
in the mixture, they overlap with arabinitol and $.tcitoI. respectively_ The method has 
been applied to the analysis of human urine”. 

The cation-exchange paper AmberIite SA-I (Na’) has been used for the sep- 
aration of higher normai aliphatic aIcohoIs from n-heptanol to n-dodecanol by de- 
velopment with aqueous orgnic solvents. Acetic acid (S-0 112) could be used as the 
developing solution, but methanol was preferred because it did not produce the very 
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Fig_ 1 I. Separation of a nine-component misturc of pol_vols bx anion-cschnngc chromatography of 
their borate complexes. (1) Glycerol: (2) threitol: (3) crythritol: (4) xytitol: (5) nrabinitol: (6) ribitoi: 
(7) glucitol; (S) gaixtitol: (9) mnnnitol. Ion eschnnger: De-Acidite FF (BO,-), 3-5% cross-linked, 
-I 100 mesh. Column dimensions: 60 :-: O.Scm_ Mobile phase: 1. O_IS ;\1; II. 0.36 Jf boric acid 
adjusted to pH 9 xvith triethylamine: II xvas changed for I after the elution of ribitol. Flow-rate: 15 

ml,,h_ Temperature: 25-._ Dettvtion: pcriodtltc oxidation folIo\ved by the calorimetric determination 
of fornmldchyde in fractions_ Fraction size: 5 ml. .+I = absorbance: 11’ == frxtion ncmber. 

faint trailing that was observed \vith acetic acid_ The RF values decreased \vith in- 
creasing chain length of the alcohol and increased with increasing concentration 
of the organic solvent in the dmvlopin gz solution- Development ofa misture of all sis 

alcohols with 75.0 y;; methanol yielded a separation of all except the C7 and C, alcohols_ 
The spots were detected with vanadium ‘osinttte or with potassium pet-nxtngttnate in 
0.1 IV sulphuric acid. This separation is ft rat-e ext~nple of the p:tper chrom:tto~r~tphic 
sep:tration of uncombined tnonohydric ttl~ohols withottt the preparation of deriv- 
ative?“. 

5. SACCHARIDES 

The ion-esch:tnge behaviottt- and sepamtion of carbosylic sttgar itcids is 
discussed in the review dealin g with cat-bosylic acids. The separation of neutral 
saccharides only will be described here. 

Sugars contain a number of very ~vettkly acidic alcoholic grottps and this very 
slightly acidic character may account. at least partly, for the sorption of sugars on the 
free (hydrosyl) form of strongly basic anion-eschange resins 51_ This sorption_ however. 
is often accompanied by conversion reactions of the individual sugars. which in many 

instances prevent the use of the hydrosyl form of anion-exchange resins for the cht-o- 
matogrsphy of sugars_ 

The difkt-ences in non-ionicsorption ofindividual sttg:trs on ion-eschange resins 
enable sotne useful separations to be carried out. An increase in the number of 
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hydrosyl croups brings about :I marked decrease in allinity for the resin and the 
h&her the number of hydrosyl youps in the sugar, the more the aqueous phase is 
preferred_ This means that monosaccharides have higher distribution coefficients than 
the disaccharides_ Disaccharides are more strongly sorbed than trisnccharides, which 
are. on the other hand, retained more than tetrasxcharides. etc. 

The substitution of a hydrosyl group by an alkyl group causes a decrease in 
polarity and alkyl sugars have hi_gher distribution coefficients than the correspondins 
non-alkylated sugars. As would be espected- the distribution coeflicients increase with 
an increase in the number of alkyl groups present and. if the number of alkyl groups 
remains constant_ with an increase in the length of the alLyI chains”-53. This behwiour 
occurs with various ionic forms of both cation and anion exchangers_ The degree of 
cross-linking of the resin used is of gent importance. as steric esclusion nx~y control 
the sorption to ZL certain estent, mainly \vith sxcharides of higher molecular weights. 
It-strongly polar substituents, such ~LS halogen aoms _ are incorporated in the structure 
of a sacchtLride_ interactions \vith the functional groups of the resin (c-g.. quaternary 
ammonium groups in anion-eschange resins) may alter the sorption ordeP’_ 

A few simple separations of saccharides could kc cikcted usins the hydrosyl 
form of anion-eschange resins_ but the possibility of undesired conversions of the 
sugars has to be kept in mind \vhen planning such 21 separation. The distribution coef- 
licients are higher on this form than on other ionic forms ofaniotl-escli:Lnge resins_ 

which confirms that both non-ionic and ion-exchange interactions take plxe on the 
hydrosyl form_ The elution sequence of the individual saccharides from anion-es- 
charye columns in the hydrosyl form is thus controlled not only by rhe differences in 
the non-polar attractive forces with the resin mtLtrir_ hut slso by the dit?-erences in 
acidity of the various hydrosyl groups of carbohydrxtes5’. 

Several reducing sugars were septirared from non-reducing sugars by chroma- 
tog-rrtphv on a column of Amberlite IRA-400 (OH-) or Dowes 1 (OH- ). The non- 
reducing sugars passed into the etlluent. \vhile the reducin, _ I- sugars \vei-e retained. The 
elution of the retained carbohydrates \v:ts xcelerated by using solutions of acetic 
acid_ sodium phosphate or sodium chloride_ By this method_ = ~*lucose \vas resolved 
from sorbitol t~nct methyl-c:-w$ucopxranoside in mistures containing dilkent con- 
centratio& of 4ucose54_ 

Separatiks of various glycosides were achieved on Do\ves I-X? (OH-).. 
Dowes 3-XS (OH-) and De Acidite FF (OH-) anion-exchange resins. Furanosides 
are sorbed more strongly th-an pyrtlnosides_ and ii-anomers than cc-anomers. Rapid 
separations of mistures containing anomeric c&D- and yf-u-~-alactopvr~Lnosides together 
with K-D- and t;-D-galactofurtmosidts. mixtures containin, ~7 C-D- and i;-u-glucopyrano- 
sides and-cc-D- and p-@ucofuranosides. and mixtures containing g!ycerol_ I-O-K-D- 
and ~-O-~-D-~1ucosvl~lvcero1s were achieved with water as the eluent_ Mistures of _ -- 
methyl-f~-D-~IucopfTrtnoside and c:-D-gnlnctopyranoside wei-e p:trtiaIly separ:Lted55, 

and so were mistures containin g anomeric methyl-6-drosy-_ methyl-6-chloro+ 
deosy- and methyl-r+ and -$-glucopyranosides”. Dowes 1 nnd De Acidite yielded 
better results than Dowes 2 (ref_ 55)_ 

The K- or $-anomeric mistures of the above glucopyranosides \t-ere also sepa- 
rated on Dowes I-X? (Cl-)_ but the slution order was different from that observed on 
Dowes l-X2 (OH-)“_ 

Some sugars are known to form compleses \sith carbon dioside, but no siglifi- 
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cant differences were noted in the sorption behaviour of sugars on anion-eschange 
columns (De Acidite. 3.5 y.<, cross-linked, <ZOO mesh) in the chloride, carbonate and 
hydrogen carbonate forms. This indicates that no carbonate-sugar complesine occurs 
on the column, apparently owing to the instability of these compleses in solutions that 
are not strongly alkaline- The carbonate form of this resin packed in ;I 100 x Z cm 
column w:s used for the separation of ratlinose. sucrose and C)-gIucose“‘_ By elution 
with water, separation was achieved within 36 h. Although L-arabinose could be 
separated from wsylose, D-ribose and wlysose. the last three pentoses could not be 
separated. 

The use of cation-eschane resins (Doives 5OW) together \vith Water as the 
mobile phase resulted in a better separation of saccharides than when anion es- 
changers were used_ A column packed with Dowes 5OW-X4 (Age). 3C-1CO mesh. 
was used t-or the separation of glucose from fructose_ \vith a recovery of about 
90 ‘Y,,,(ret-_ 57)_ Xylose and arabinose \\-ere separated on Delves 3OW-XS (cU’+), 50-100 
mesh5s_ 

The successful separation has been reported of a misture containing sucrose_ 
raffinose and glucose on a Z :-: 100 cm column of Do\ves SOW-X7 (Li’). 200400 
mesh_ \vith water 3s rhe eluent”. Clean separations of mistures containing rtitiinose. 
mellibiose and glucose and those containing maltose. lactose and galactose were achie- 

- vcd by this method_ A nwlber of 0-alkylated sus:lrs and hydrolyzates of polysaccha- 
rides ha\-e also been t-rrtctionr~ted’“-“9. 

Sau~ldcrs”” introduced :L method for the separation of sugars- on the cation- 
cschtmge rain Do\ve.s 5OW-X4 (K’)_ 200400 mesh. using xctter as the eluent. A 
large number of saccharides were separated by this method. irtcl~~din~ooli~ost~ccht~rides. 
hesoses_ pentoses. acemls. methyl-c:-o-glycosides and other sugar derivatives. with 
recoveries of greater than 95 ‘!;,_ The resin column \vas used continuousl_v in the ana!y- 
ses for 1 Z months \vith no loss of resolution_ Amines A-10 cation-eschange resin \vith 
tine particles is recommended l-or sharp resolution_ The method has been applied to 
analyses of tho sugars of white beans, green coffee beans and other typical plant 

Ill susirs _ 
The use of non-complesin, 0 salt solutions as the eluting agents has been 

reported only rarely. In this ase. salting-out etkcts control the distribution ot- 
saccharides betwecn the resin and the esterna! solution_ 

The chloride and sulphate forms of Do\ves I anion-eschan~e resin have been 
used for the chromato~raphic fractionation of some polysaccharide mistul-es”‘. 
Glycogrn is only \veakly sorbed on these resins and can be eluted with 0.1 N sodimm 
sulphate solution. \vhile the more acidic pectin is sorbed quantitatively and ;I more 
concentrated eluent (1 X sodium sulphate solution) has to be used for its recovery. 

Xylan-rich hemicelluloses \vere subjected to chromttro~~-~lphic fractionation on 
Dowes l-X2 anion-eschange resino3_ While elution with \Klter and aqueous salt solu- 
tions did not al\\ays give a sharp separation_ the elution pattern chanted significantly 
when the elution w;fs carried out in the presence of 7 &I urea. The addition of urea 
should eliminrite the etkrs of secondary binding forces to the resin. 

An oli~os:lcchsride misture, containing I-kestose and nystcge. ~1s separated 
by chromatography on an ion-eschange column of Dowes SOW-S4 using 0.2 :!,; benzo- 
ate (pH 7.3) as the eluting ryenth4. 

Pure h-0-sulphate esters of u-glucose. u-palactose. N-acet~l-I,-glucosailiine 
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and N-acet_vl-D-St~Itlctosamine were obtained by the fractionation of the prod- 
ucts of the direct sulphonation of the corresponding monosaccharides. using Dowes 

1 anion-cschangc resin at 10” with a continuous gradient of sulphuric acid”. 
Oli~osaccharidcs from chitin hydrolyzates wet-c separated into fractions by 

chromatography on a 54 :?: 3.6 cni column of Dowes SO-X4 (Ha ). usinS continuous 
non-linear gadient elution lvith an increasing concentration of hydrochloric acid6h. 

Vers mood results were obtained bv partition chromatog-aphy of saccharides - 2 
in nGscd aqueous-organic solutions_ Sugtws that arc strongly polar solutes have a 
grcartr affinit_v for the solution inside the resin where the \v\‘tltcr concentration is higher 
compared with that in the esternal solution_ Interaction forces betlvcerr the resin atid 
the polar solutes arc also important, hoxcver. and even the interactions Eet\veen sugars 
and counter ions have some etTecth7-bs. The sorption behaviour and possibilities for 
the separation of sustrs have been studied in aqueous cthar;ol solutions_ It is likely 
thai other systems. such as aqueous acetone solutions_ can be also used. 

The chromatography of sugars on ion-exchange resins in aqueous ethanol 
solutions has been studied by Sanmclson and co-\vorkcrs \vith renmrktlble results. 
They found that the distribution cocfticients of sugars on ion eschangers increase lvith 
increase in the concentration of ethanolh9. but the order of elution from individual 
resim is unaffected by the ethanol concentration. On the other hand. an increase in 
the ethmol concentration results in a broadening of the clution bands. At lo\\ ethanol 
concentrations_ diftitsion inside the resin p:wticles is f:lcilit:tted \vhile the linlited dif- 
fusion tit high ethrtnol concentmtions often cmses broad overlapping curves_ For this 
reason_ it is inzportant to avoid cscessive ethanol concentrations. A small resin particle 
size and an adequate flo\v-rate are decisive for accelemtin, ‘1 the diffusion and the rate 
of sorption so that satisfkctory sepamtions can be achieved’*_ 

The elution order of sugars in aqueous ethanol solutions is opposite to that in 
pure water and the distribution coetlicients \vould therefore be espected to increase 
\vith an increase in the number of hydrosyl groups. Thus_ monosaccharides are eluted 
ahead of the disaccharides_ and higher otigosaccharides then follo\x-_ 

Pentoses have lower distribution coefficients than hesoses. but the sorption of 
saccharides would decrease when non-polar goups such as methyl are present. The 
deosy sugars derived from hesoses (l-deosygalactose. _ T-deosv&cose_ rhamnose tmd 
fucosc) have distribution coeflicients that are louver th:m th% of the pentores. As 
cspected. digitososc (3_6-dideosgribohcsosc) has a lower distribution cocfiicient than 
the monodeosyhesoses. 

Fructose and other ketohesoscs are more soluble in ethanol and should be 
eIuted ahead of aIdohesoses_ The order or cIution of the sugars within each group 
(r-g.. for the pentoses) is very difficult to predict and shouId be determined esperi- 
mentali_v”_ 

It was possible to separate satisfactorily a mixture of the monosaccharide 
ghtcose. the disaccharide sucrose, the trisaccharide r&inose. the tetrasaccharide sta- 
chyose and the pcntasaccharide verbascose using a 10 x 540 mm column of the anion 
eschan_eer Dowcs I-XS (SOz’-)_ 45-75 .rrrn_ A suitable choice of the ethanol concen- 
tration is decisive for the separation_ In 65 t$‘, ethanol_ it was possible to separate glu- 
case, raffinose and stachyose, but sucrose could not be resolved from $ucosc and 
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raffinose. The separation of these three saccharides could be achieved in 74::;; ethanol. 
but an excessive broadening of the efution curves of stachyose and vcrbascose occur- 
red_ For this reason, stepwise efution should be used for tfle separation of mistures 
containins all five saccharides. Gfucosc and sucrose were separated in 74’1:; ethanol. 
then the concentration was decreased to 65:?/,‘, for the efution of the three remaining 
saccharides. The elution curves of the fast two ofigosaccharides were considerably 
broadened even with this lower ethanol concentration- flowtverh9-72_ It was possible 
to separate quantitatively other saccharides. sucfl as glucose from cellobiosc lactose 
or mttftose, using 741:;: ethanol as the efuenthy_ 

Individml differences exist bet\veen the sorption of various niono-_ cti- and tri- 
saccharides md can ke used for the separation of these sugars_ Using Do\ses I-XS 
(45-75 yml. it was possible to separate SOI~C monosaccharides from each other. 
Syfose_ mxbinose and nxmnose are held less strongly than gIucose nnd cm be sepa- 
rated easily as a _rroup by elution with 74::;: ethanol”_ Similarly. the trisaccfmride 
mefezitose could be separated from ratKl:osei’_ 

The use of tine particles (S- 13 and 1 C- 15 ,mn) of Dowes I -XS rrllolved the sefm 
ration of sugars from \vood hydrolymtes in about 150 min. Autonlated analysis of 
the column ettluent was performed usin g ;1 three-climnel flow-through photometer 
after reaction \vith anthrone (625 nm) and aniline (35 111n)‘~. 

The separation of sacch:lrides \v:ts markedly improved \vben the nxxxoporous 
anion eschan~er Dowes 21 I( (SO,‘-) with fine particles ( 15-40 pm) nxs used. 2- 
Deosy-n-glucose. arabinose. glucose. sucrose. inelezitose and ralfinose could be 
separated quantitatively by efution \vith 74‘.I ethanol. With the small resin particles. 
tfle fo\ver rate of diffusion inside the resin beads does not of&et the advanttyes of 
higher separtltion factors at higher ethanol COI?Ce~itT;~tiO~is_ A _ threat iniproveinent in 
the separation of monosacchtlrides is achieved \vhen the concentration of ethanol is 
increxed to YS ‘I.’ ‘ IL ,.- A complete separation of arabinose. syfose. minnose. gaftictose 
and glucose could he :Ichicved under these conditions”-“_ Further. ribose- arabinose_ 
.xvlose. IIIWII~OSC_ gafactose and glucose \vere separated aud determined in hycfrofyzates 
f&n \vood and wood pulp’“. 

As the use of finer particles is connected \vith an increased pressure drop XTOSS 
the colunx~. the operation technique has to be adapted to hisher pressure require- 
ments. The pressure drop m-as increased by the irregulnr particle shape of tfle crushed 
resin used in the experiments described_ A furtfler improvement in resolution and speed 
of anafvsis could be cspected with even snx~ller particles_ To avoid an escessive pres- 

sure drop across the cofunm. the possibilities \vere studied of using colu~m~s packed 
\vith a rnisture ofequhl volumes of very finely crushed particles of Do\ves 21 K (I-16 
itrn) zm_i the inert CeIite 545. The inlprovenient resultin 5 17oni this colunin pricking 
X.EG, however_ not very significant. It seems probable that Cefite has a negative et?-ect 
on the separation owing to the decreased cofiunn capacity and. consequently, the 
lower resolution po\x--er of the column”. 

A more attractive method for the improvement of separation is to use incrensed 
temperatures, Lvhich results in fess broadening of the elution curves owing to a~: in- 
creased rate of diffusion inside the resin particles_ Using efution \vith SS “i; ethanol at 
47’_ a marked improvement resulted fn the separation of 
arabinose, sylose, rnannose, slfactose and glucose. A further 
tained at 60’ (ret: 77). 

the monosaccharides 
improvement \v:ts ob- 
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When columns packed with irregular crushed particles of Dowex 21 K (I-16 

bum) without the addition of Celite were tested_ a high pressure drop occurred in the 
column even at very low flow-rates. When this column was started. very broad elution 
curves were observed but after several months very sharp etution curves resulted. On 

a 6 :-: 440 mm column of this resin. it was possible to separate quantitatively a mixture 
containing twelve monosaccharides (digitoxoseY 2-deosyribose, 2-deosy&xtose. 
rhamnose, fucose, ribose. Iysose_ arabinose, sylose. mannose.. ralactose and glucose) 
by elution with S6% ethanol at 75” (ref_ 71)_ 

Better column packings could be obtained by using a spherical macroporous 
resin. Sharp separations of various monosaccharides present in hydroIyzates from 
wood and wood pulp were obtained usin s Technicon T4 (SO,‘-)_ particle size IO-35 
;rm_ with Y9pg or 91::{, ethanol as the eluent_‘I 

The macroporous spherical anion-eschanse resin Technicon T,B with a smal- 
ler particle diameter (3-17~tm) packed in ;I 6 :-: 950 mm column wxs used for the 
automated chromatography of saccharides. The eluate from the column was analyzed 
automatically by the orcinol method \vith ;I Technicon AutoAnalyzer. By elution 
with 94:.L ethanol at 75’_ it was possible to separate very complicated mistures. 
Thus_ ;L misture of ten monosxchsrides was separated in about 34 h. and. under the 
came conditions_ t\velve sugar derivatives_ three pentoses and one deosy sugar \vere 
separated from each other (Fie. I?)_ Both the separation of sugar derivatives and the 

separation of the monosaccharides from each other \vus much more effective in this 
run than in the experiment \vith the Technicon T4 resin. which has a lower capacity 
and coarser particles_ Consequently_ less favorable separation factors and broader 
elution bands resulted with the Technicon Ta resin’s. Table 13 $ves separation factors 

34 

0 1000 2000 L 

Fig_ IZ. Separdrion oTmonosrtcchnridcs and sugr dcrkxtivrli 16-70:~~) in aqueous ethanol mtviium 
on an anion-exchange resin. The numbers of the compounds srpamted are 9s in TabIe 13. Ion- 
exchange resin: Technicon T5B (SO,‘-). 3-179n. Column dimensions: 6 >: 950 nxn. Mobile phase: 
Y-l:; ethanol_ Flow-rate: 3-5 ml:cn~‘-min_ Temperature: 75.‘_ Detection: Technicon AutoA~~al_vz~r. 
orcinol method. c == concentration (arbitrary units): I’ := volume of &ate (ml). 
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TABLE 13 

s5 

SEPARATION FACTORS RELATIVE TO FUCOSE IN 94;.:, ETHANOL 1’:: BY WEIGHT) 
,____ .._______..__- .__.__ . .__-- -..---- ---.--------__.- ------- _- 

LVO. CO~~lpOtld Tcchnicm Tixlrrticon 

T. GB 

1 
2 
3 
4 
5 
6 
7 
s 
9 

IO 
11 
12 
13 
11 
IS 
16 
17 
IS 
19 
10 
21 
21 
‘3 
2-l 
‘5 
76 
17 
7s 
219 
30 
3 1 
32 
33 
34 

_. 

Z-3.4.6-Tara-O-methyl-~-glucose 0.02 0.01 
2,3.6-Tri-C-methyl-o-glucose 0.03 - 

Methyl 2.3-di-0-methyl-fi-D-glucopyr.inoside 0.04 0.01 
2.3-Di-O-ethyl-o-glucose 
2.3-Di-O-methyl-D-glucose 
3.6-Di-O-methyl-D-glucose 
Methyl-4-0-methyl-p-D-glucopymnoside 
D-Digitososc 
Methyl ~;-L-rtr~binop_vmnoside 
Methyl 4o-lr~binop~r,tnoside 
Methyl rf-o-sylopyr~nosidc 
LDeosv-o-ribose 
Mcth>-1 fl-m-x~lopg-anw&iic 

X-O-EthyI-D-gIucose 
Ethyl ~-o-glucop~mnaside 
Methyl rc-D-~~lactop~r~llosicie 

3-O-Benzyl-D-g~uosc 

~letI:~l-tc-D-niann~~P~~tt~~~si~c 
Methyl cc-r,-glucop~mnosidc 
2-Deos?r-t,-~~lactosc 
2-0-Methyl-D-glucose 
j-o-hteth~I-D-glucoSe 

Xlethvl ,~-t,-glucop~r~nosijr 

4-O-Metll~l-D-~lucosr 

t_-Rhamnose 
l-Deosv-u-glucose 
L-Fucose 
u-Ribose 
6-0-Xleth~l-o-glucose 
3-O-H~dros\-ethyl-u_gl~Icose 
l>-Lysose 
u-Ambinosc 
D-xytOX 

6-0-H~dros~eth~l-n-glucose 

0.05 
0.07 
0.0s 
0.0s 
0.1 1 
0.17 
0.17 
0.23 
0.23 
030 
0.33 
OAO 
O-46 
OSi) 
0.57 
0% 
0.63 
0.70 
0.77 
0.77 
0.7s 
o.sz 
O.S6 
1 .oo 
1.27 
1.26 
1.33 
1 is 
2:,; 
2.74 
27 

- 
- 
0.07 
- 

0.10 
0.11 
-. 

0.2-I 
0.21 
- 
0.3 1 

0;16 
- 

0.57 
0.63 
0.6s 
0.77 
- 
_.. 

!).S’ 
O.S? 
I .oo 
- 
1.7s 
_- 

1.93 
2.30 
3.W 
3.19 

of various monosaccharides and sugttr derivatives on both resins under the csperi- 
mental conditions used for the chronxltographic runiS_ 

The distribution coefficients of sugar derivatives are controlled by rules sinGlttr 
to those for sugars. As might be expected. ~111 of the derivatives studied a-e eluted 
ahead of the sugar from which they are derived_ Not only etherification of sugars. but 
also conversion into glycosides_ results in ;I decrease in the distribution coefficients. 
As a rule. the distribution coefficient increases with a decrease in the number of sub- 
stituents. As espected. the methyl ethers exhibit hisher distribution coefficients than 
the less polar ethyl ethers_ Hydrosyethyl derivatives a~-e retained more strongly than 
the methylated sugars because no hydrosyl groups disappear during this substitution. 
An ethyl$ycoside appears ahead of the corresponding methylglycoside. and the glyco- 
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sides derived from pentoses exhibit lower distribution coelfcients thtm those from 
he.vosesis_ 

The esperimtntal conditions used made it possible to obtain good separations 
:tt high flow-rates even with solutes \vhose distribution fktors differ by only lo’;./,. 
which means that the separation of a large number of sugars and sugar derivatives 
can he achieved. In genetxl. the conditions for a quantitative separation are better with 
less substituted derivatives than with those which contain several substituents’“_ 

With tiner mesh size ( IO-15 f#rn) Technicon T,B (SO,‘-) resin_ it wzs possible 
to separate quantitatively microgrrun amounts of various monosaccharides in columns 
with :t sm:tll inner di:tmtter_ using the orcinol method for the determination of sug:m 
in the eluate_ The complete separation of rhtlmnose_ ribose_ arabinose. sylose. man- 
nose. galactose and glucose \vas accomplished in 150 min on a 650 ‘-1 Z mm I.D. 
column bv elution \vith S6 ‘I,{, ethanol at :t flow-rate of O-43 ml!min with a pressure drop 
of 60 ;tt111’? 

Using Technicon T,B resin ( IO- 15 rrm). separations were possible of mixtures 
containing v:lrious sacchru%ts_ deosy sugars and alditols. Thus an almost complete 
separation of a 16component mixture could be achieved on ;I 915 _: 6 mm I.D. 
column by elution xirh S9::;; ethanol at 7S.5’ in about I6 h (ref. 42). 

With the anion exchanger Technicon T,C (SO,‘-). 10-I 7 elm (capacity 4.2 
tncqttiv.~_p). separations of misturcs containin, o various mono-. di- and trisaccharides 
have been reported_Thedistribution coeflicients of various mono-. di- and trisacchxides 
on this resin are siven in Table II at various tempertltures and eth:inoI concentrx- 

-l--ABLE II 

VOLUME DISTRIBUTIOS COEFFICIEXTS 01= XlOSO-_ DI- .-\XD TRISXCCH.-\RIDES OS 
ION-EXCHASGE RESISS XT V.1RIOUS TEMPERATURES XXI) ETHANOL COXCES- 
TRATIOSS 

ErOH Ethanol. 

S-XdW-d? Duwm- 30 I I ‘AX_ I-f- Ii pm T~dtrrit-rm T,C‘! S02’- ). IO- 17 _wrr 

Arxhinosc 
Grtfaclose 
5Idt0sc 
CcIlobi~~sr 
Tut-anose 
Palatinosr 
Sacchtlrose 
Cimribiosc. 
tllctose 
Trehalose 
Me!izitose 
bleiibioss 
Raffinose 

- -. 
6.6 27. I 
(J- _. 

- d =-: decomposition. 

_. 
s-2” ,, M”,, 

EIOH_ EIOH_ 
75 --. 

/z 

Li- ivu- Li- .vcr- 

7.1 3_6 2.3 1.9 
3.1 5.5 xl 7.4 
3-5 S.6 4.7 i 3-6 

V-5 5.0 15.3 
33 7.5 5.5 - 
1.0 VA 5-5 

5.7 6.7 5.9 V-7 
1-s I x7 6.7 -- 
5.2 12.6 7.0 10. I 
5-7 V-6 s.1 
6-4 11.5 10.2 -- 
7.5 22.0 10.7 37.1 

IIS 76.4 -- -- 

SS” ifP., 

&H. EIOFI. 
X”.. 

BON_ 
7-i ‘)(I Y(I . 

Li- 

1.6 IS 3s) 
I.4 ’ v 5.3 
6.5 L6 ! 0.V 

4. 7 1 I.6 
3.3 7.6 

__ 4-l 
s.s 1.4 10.6 

_ 7-7 203 
VA 4.4 IO.2 

11-s 6.3 15.6 
6.6 IV.3 

16.7 5.8 11.9 
._ 5.4 -- 

SW, X?‘,, 

EIOH. EfOH. 
73 -- 75. 

1.5 b.0 

s-4 11.7 
70.4 37.-t 
11.3 ZV_S 

_- 
_ 

1 VA 55.1 
-. 

IV.3 35.1 

- 

29.2 45.7 
.- -_ 



10%EXCHANGE CHROMATOGRAPHY OF VARIOUS ORGANIC COMPOUNDS s7 

tions. A tnistitre containing eight_lllonosacchtlrides (Ihreose, O-deosyglucose, talose, 

sylose, allosc, gulose, galactose and glucose) was completely separated oil a 4 I-:: 550 
nun column of the Technicon T&J (SO,‘-) resin. 1+--l 7 pm, using SS :?:, ethanol as the 

eluent at 75” (ref_ YO). 
Using longer columns of this resin and louver ethanol concentrations. ;1 mixture 

containing eleven mono- and trisaccharides (rhamnose, ribose, arabinose, sylose, tnan- 
nose, galactose, turanose, palatinose, tnelibiose, melizirose and t-atlinose) UYLS corn- 

pletely separaated in about 10 h_ A 4 x 1X0 mm cohmn was used and the elution 
was carried out with 70:‘; ethanol at 90’, the pressure drop across the column being 
00 ;ttm. The low ethanol concentration mtde possible the elution of the oli~osacchn- 
rides in 3 reasonrrble time_ but some resolution was sacrificed. Thus, ~iucosc codd not 
be separated from turanose under rhe esperimental conditions useris’_ 

An :Iqueous ethanol Conmm;Mon of 70:‘,; is too 10~~ for scpatxtions of 

con~plicttted mistures in \vhich mono- ad disaccharides m-e involved. This c~hanoi 
concentratiotl UXS. however. suitable for the complete septttxtiotl of the oligosaccha- 
rides in the glucose-cellohesaose series_ Another e.stttnple of the separation of tlli.\- 
tures containing mono-. di-, tri- and higher oligosaccharidrs is the separation of 
tnycinose, syiose, cellobiose. mtltotriose. planteose. nystose and stachyose on ;I 
3 I-; 550 nun column packed with Technicon T5C (SO,‘-) resin ( 14 17 cltn) by elution 
kvith 70 I!;, ethanols”. 

Ci~r~~maro~t-~~pi~~ on a 4.7 _, 605 nun coiutm packed \vith Technicon T,C 
(SOaL-) resin (10-I 7 [(tn) has been used for the :tutotn;ttic dctctminatiou of rile carbo- 
hydrate composition in rayon pulp. alkali cellulose mid ra_voti_ Afrcr hytroi_vsis and 
neutraliz:ttion~ elution with SS >,; ethmioi rcsulred in the separation of laevo~iucosm 
(pyranose form). iaevogiucosan (furatiose form). arttbinose. sylose. frucrose. mannose 
and glucoses’_ 

Jonsson and StltnuelsotP” studied the possibilities of usin g strongly basic anion 
eschan~ers \virh a more polar resin tn:ttri.s for the sepamlion of sugars in aqueou\; 
ethmmi media_ Cross-linked de.stmn_ containing qitatet-nary anitiioniutn groups. 
holds the sugars more strongly than do sty-me-divinylbcnzcne resins because of the 
hither ionic conccntt-tttion inside the styme-divinylbenzene resins. The order of ciu- 

rion, together \\-i-ith the intlitence of the ethanol concentration_ on the destrttti :uiion 
eschanser at-e the satiit’ :I?; with the polystyrene resin . and can he seen the from results 
in Table 15. 

As \virh styene-divinylhenzene anion-e.schange resins. the sulphare form of 
the dcstrttn anion eschanget- yielded much y-eater sepsration factors than the chloride 
form_ _4n interesting esception, \vhich can be used to advmtage in certain pracricttl 
rtnalyses_ is the separation of sylose from mannose_ \vhich is mot-e fnvorsbie \vith the 
chloride form of the anion eschan~et-. As ;I rule. the distribution cocllicients of sugars 
are much louver on rhe chloride fotm than on the sulphate form but the chloride form 
of the destrnn anion eschanget-_ however_ can he used for certain separ:ttiotls_ It \v;ts 
possible to sepm-ate completely _ _ a tntsfure ot tnonosacchttrtdes (rhamnose. t-those_ 
sylose- nxtnnose and glucose) on an 890 :..I h-0 nun column in less than 3 h by elution 
with 95 y::c, ethanol at 90’ (ret._ S3). 

Thesulphure form of the eschan~et- is to be preferred in tllost other itlst:ltlces_ 

Four pet-noses (ribose, iysose, arrtbinose and syiose) \vet-e separated on ;tn SGO K 6.0 nun 
column of the destran anion eschmgcr (5-30 !mi) in the sulphare form in less th:m 
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TABLE 15 

VOLUME DISTRIBUTION COEFFICIENTS ON QAE-SEPHADEX ANION-EXCHANGER 
Ii\: 95f/, ETHANOL AT DIFFERENT TEMPERATURES 

Values in parentheses refer to experiments in 92.4% e than& A == low cross-linking. 10-40rrm: 
B -2 higher cross-linking. 5-30~1~~ 

75’ 

-- IO.71 
I.4 (1.3) 

Digitosose 
2-Deo.xvribosc 
2-D~w.xyg&~rosc 
Rhanlnosr 
2-Deo.x~glucose 
Fucose 
Ribose 
Lyxose 
Xrabinose 
XxIOSt 

Fructose 
i\lannosc 
Tqatose 
Sorbose 
GilhiXOSC 

Glucosr 

---- 
75 .. 

---- .-___ -.- ._-_--. _ ._ _-.___. 
YO” 97’ 

-.. .-. . . . A!!_ 
11o1 

OS 
I.8 
3-7 
4-s 

- 

4-I 
6.9 
9.7 

10.5 
i-f.0 
14-6 
15.2 
16.7 
16.9 

73.0 

29.7 

0.7 
IA 
3-I 
4-o 
4-l 
3-Y 
6.5 
7-Y 
S.Y 

115 
12-I 
11.1 
1x1 
f x7 

IS.! 

‘7 0 I_ 

0.4 
0.7 

1.4 
IA 
1.6 

.- - 
_-. _ 

5-4 - 
5.1 (4.3) 

.- 
6-Y (6-t) 
5.7 (7.1) 

.._ -- 
Y-3 (7.9) 
- -_ 

3.6 
- 
- 
5-s 
6-Y 
7-s 
9.9 

10.6 
IO_7 
11.1 
I I-5 
IS.3 
is.3 

3.7 
- 
- 

4.5, 

17-t 
I-l.3 

2.0 
- 

‘T -_ 
2-Y 

3.7 
- 

1.1 

4.4 

J h using the same eluting agent as in the experiment with the chloride form_ Under 
the same conditions, a misture of monosxcharides (rhamnose- ribose_ tlrabinose- 
svIose_ mannose. galactose and $ucose) couid be separated in less than 7 h. The 
separation of sylose from mannose was, ho\vever_ less effective than that obtained 
by using anion-eschanse resins with a styrene-divinylbenzene matrix- On the other 
hand. the separations of twabinose from sylose and of @actose from glucose \\-ere 
better on the destran anion exchanger_ At 65”_ ;f successful separation of fructose from 
&Giise could be achieved on an S90 :.- 4.3 mm column of the sulphate form of des- 
wan anion exchanger by eIution with 95 7;; ethanol, while the separation of these ke- 
toses failed on styrene-divinylbenzene anion exchangers- It is obvious that chronwto- 
grzlphy on a destran anion exchanger can bc rmployed. in some instances, ~1s a wluable 
complementary method to that on sty-ene-divinylbenzene anion exchangerP_ 

When columns of stprene-divinylbenzene cation eschangers are used for chro- 
matography in aqueous-organic media, saccharides are most strongly sorbed on the 
potassium form of the resin_ Use of the sodium form results in lower distribution coed- 
fkients and the sorption is the least with the lithium form of the resin. This indicates 

that the interaction forces between the ions inside the resin and the sugar molecules 
have a marked influence upon the sorbtlbility- In most instances_ an increased number 
of hydrosyl groups in the susr results in an increased distribution coekkient, as with 
the sulphate form of anion-exchange resins_ Among the individual sugars within each 
group_ the order of elution w;ts reversed with some species_ This reversal of the order 
of elution occurred in several instances even when the counter ion of the cation- 

exchange resin was changed. For ail sugars and a11 ionic forms of the resin. the dis- 
tribution coeficients decreased with increase in temperature and increased with in- 
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crease in the concentration of ethanol. An increase in temperature resulted in 3 
considerable sharpening of the efution curves_ Table 14 gives the distribution coeffi- 
cients of some sugars on diff-erent ionic forms of the cation-eschange resin”‘. 

The separation of deosy sugars on the lithium form of the resin is superior to 
that on the potassium form in terms of etliciency and speed of operation. A misture 
of digitosose. 2-deoxyribose, 2-deosygfucose and 2-deosygfactose was completely 
separated on ;I 460 :-: 6 mm column of the strongly acidic cation eschanser Amberlite 
IR-120 (Lie), 3-17 ,wi, by efution with 92_4!J.;, ethanol at 75”. Under the same condi- 
tions. a mixture of seven monosaccharides (rhamnose. 2-deosygfucose, syfose. a-a- 
binose, tagatose, glucose and gafactose) was separated quantitatively in 5 h. Of 
these sugu-s. rhmnnose and Z-deosygfucose cannot be separated dn anion-escfxmge 
resins in the sufphate form. The separation of syfose and trtgatose or affose and aftrose 
is feasible on the lithium form of the cation exchanger. \vflife it fails on the sufphate 
form of the anion exchanger_ 

Chromatogapfly on the lithium form of the cation exchanger has been used 
for the separation of complex mixtures of mono- and disaccharides. A nine-compo- 
nent mixture of micro~mm amounts of rhamnose. syfose. mannost. gafactose. maf- 
tose, sucrose, lactose, tt-efxtfose and mefibiose was qunntitativeIy separated on a 
2-6 :-: 1225 mm column of Dowcs 5OW-XS (Li?). 14-17,1cm_ by elution with SS:?,; 
etfxmof at 75’. The pressure drop \vas about 40 atm tmd the septwation required about 
5 11. The result is shown in Fig. 13 (ref. S I )_ 

This system can be useful in the analysis of various types of foods containins 
maltose. sucrose and lactose. Separations on the sufphate form of anion-eschange 

I- 

1 

al 

5 

Fig. 13. Separation of mono- and disaccharides in aqueous ethanol mediuni on :I arion-cschangs 
rain. t 1) Rlmnnosp 7 .rrg: (1) sylose. 20rrg: (3) nwnnose. 70rrg:: (4) y$wosr. 10jrg: (5) nx~ltosc. 
100yg: (6) sucrose. lOO.“g: (7) lactose. LOOpg: (8) trehttlose. 100pg: (9) nxlibiusr. IOOrrg. Ion- 
exchange resin: Dowes -FON’-XS (Lie)_ 14-17 pm_ Column dimensions: 2.6 :.’ 1225 mm. blohils 
phase: SSY-i ethtlnol. Flow-rater 5.2 ml;cm’-min_ Temperature: 73’. Detection: Technicon Xuta- 
Analyzer. orcinol mrthod. c = concentration (arbitrary units): I’ = volume of&late lml). 

8 9 
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resins suffer_ howzvcr, from the great disadvantage that these important disaccharides 
cannot be sspxated from each other without serious overlttppin$‘_ 

The quantitative separation of _elucose, cellobiose, isomaltose, gentianose. I- 
kestose_ plttnteose, nystose, cellohesaose and stachyose on 3 4 7: 1050 mm column 
packed with Dowes SOW-XS (Li’), 17-24,~m, with SSyi ethanol as the eluent is an 
example of the septlration of complex mixtures containing mono-, di- and higher oli- 
~osaccharides’“_ 2 

In some: separations. the sodium form offers certain advantages over the 
lithium form of the resin_ Paltttinose and turanose. which cannot bc distinguished from 
each other on the lithium form. can be well separated on the sodium form of a cation 
rschangeroron the sulphate form ofnn anion eschanger- The sodium form can resolve 
cellobiose and maltose. whereas serious overlapping occurs on the other ionic forms_ 

The potassium form of the cation exchanger yields broad elution curves and 
h&h elution volumes and thus ot’fers no advantages over the other types of resin_ At 
low ethanol concentrations. the potassium form could be used for some simple sepa- 
rations_ such as thttt of lactose from sucrose_ 

The distribution coetkicnts of some saccharides on the sulphatc and lithium 
forms of resins are compared in Table 16. 

The separation of tztgatose and fructose could not br achieved on rhc nnion 
exchanger, while it was easily achieved on the cation-eschangc resin. On the other 
hand_ mannose cannot be septlrated from glucose on the cation eschangers_ in con- 
trast to the sulphate form of the anion exchangers. 

Both methods are complementary_ The main advantage of the use of cation 
es&angers is in analpsis of the coimno~l disacchrlrides_ deosy sugars and ketoseSs’_ 
The sulphrrte form of zlnion-exchange resins is recommended in y-oup separations of 
monosaccharides 1-rotn higher sttccharides. With complcs mkturcs. it is often ncces- 
sar)- to re-chromzttograph some bands obtained from the lithium form of the resin 
either on the cation eschnngzer in the sodium form or on the anion esch:u~ger in the 
rulphate form_ With mixtures containin, o se\-era1 monosrlcchnridcs \vhich are tn he 
determined. it may be preferable to start \vith the anion cschtmger in the ~ulphatc 
form and rc-chromaro~raph approprit~te fractions containing disxch:wides on the 

lithium or sodkmi form of the cation eschange?‘. 
Chromtttography of multicomponent mixtures of saccharides in aqueous 

ethanol solutions usdIy requires about 7 h of column operation_ The need to use 
high temperatures and ethanol concentrations leads to dilticultits o\ving to rhc rapid 
eshaustion of the AutoAnalyzer tubins_ In addition- the solubility ofpoIysacch:~rides 
in ~tlcohol dccrelscs as the degree of polyi~erization incrtxses. thus limiting the ust 

of the aqueous ethanol chromatopraphic system to lower saccharides only_ 

Borate ions react with sustlrs to produce negatively charged sugar-borate 
compleses and the differences in the strengths of the sugar-borate compleses formed 
can be used for the separation of su=. “‘irs on strong anion es&angers \vith borate solu- 
tions as the eluents, as for the separation of hydrosy and supr acids or poI_vols. 

As the stability of the sugar-borate compleses is greatly dependent on the pH 
and the concentration of the borate ions in the mobile phase. appropriate control of 
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TABLE 16 

VOLUME DlSTRlBUTlON COEFFICIENTS OF SOME SACCHARIDES AT 75” 

3.1 
3-s 

10.1 
s-9 
6.6 

11.5 
16.6 
16.6 
‘3.4 
x.1 
70,E 
16.4 
10.7 
13.5 
9.8 
7.3 
4s 
6.3 
3-Y 
0.53 

11.6 
35s 7.3 
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such as the non-reducing sugars sucrose and trehalose. which possess no adjacent 

ck=hydroxyI groups, have only ;t slight tttlinity for an anion eschan~eP_ 
Ceilobiose, mahose, Iactose and nielibiose are reducing sugars and can have 

adjacent ci&ydrosyI groups through n~utarotation and can therefore form borate 
complexes thought to be highIy ionised. In fact. the reducing disxcharides show a 

z w.xter affinitv for the e_xchanger than do sucrose and trehaloseSh_ 
Compounds that contain t-L-hydrosyl g-oups in a pyrtinose rins form coni- 

pleses \\-hich eshibit only ;I \\-et& attinity for 9 strongIy basic anion eschanger. The af- 
finity for the eschmser of the borate complexes formed by the I,&disaccharides mal- 

tose, lactose and cellobiose, which cannot form furtmose isomers, is notch less than 

the attinity of the monosaccharides that can form furanose structures_ Ratlinose tdso 
cannot form ;L furanoid structure and has only ;t slightlv ‘rreater attinity than su- - z 
crest?‘_ Melibiose and sentiobiose. owing 10 their I.&Iinkage7 are capable of fortnirlg 
;I furanose isomer ar.d the zltlinity of their borate compleses for the eschanger parallels 
that of the monosaccIlarid~h. The greater aliinity of rnrlibiose compared \vith that 
of gentiobiose may be attributed to the presence of an additional pair of ci.v-hydrosyl 

I “roups on the gaiactose portion of melibiose’“. 
It is assumed that theaccunndtltion ofhydrosyl groups in the vicinity ofthe re- 

ducing carbon atom is the main factor in the formation of rhe borate complexes ofthe 
ketoses, such as fructose rend accounts fm- their great xtlinity fc>r the ion cschan@h_ 

The case of nzutm-omtion ofa sugar is also a tkror that COLIIJ alli-CL the rate 
of reaction of a borate cornplss with rhc rschanger. and it appears signikuir rIl%t 

tlmor~g the n~onosxchxidcss the sugars that have the highest nmtxotation constttnts 

are the OIWS rhat arc eluted most easily and that these constants correspond roughl~ 
with the elurion or&r of the pentoses ;md hCsosrliSL’_ 

Thr separrkm technique using borate medium \vas Jcvelopcd by Khym atid 

ZiIIS5-s” in 195 I _ They reported the scpartltion of fructose_ g_alactos;c anlI glLlcose on :1 

0.85 cm’ I-: I I cm column packed ivith Dolvcs I. w. X0 mesh. by elution of the first 
two sugars with 0.015 ill sodium borate soIution and of SIucose \\-ith 0.03 AI sodium 

bar-rte soiutiolP_ L 
If mannose is present in this niisturc_ it is eluted in one band together \vilh 

frucrosc_ However, nl;inrx~sc an J fructose an be separated 011 Ihr smnc colruiui \vith 

;! lower pH and ;I lower borate concenrrrttion used for Ihe elution of mtnnost (0.05 ~1.1 
boricacid -:- O_CL!3 M potassiunl tetrrtborate)_Theelution offructose is then performed 
xvith 0.015 dl potassium tetraborate solutions”_ 

Some pentoses (ribose. m-abinose and sylose) could be srpsrated under the 
same conditions ~1s the hesoses (elution with 0.015 M potassium tetraborate solution). 
but I better separtttion XIS achieved by elution of ribose and artlbinose at ;i lower pH 
(O-OS M boric acid L- O.CC4 M potassium tetraboctte) foIlowed by rhc clution of 
s>--lose with 0.03 tll potassium tetrnborate soIutionsh_ 

The separation of more comples tnistures containing pentoscs and hesoses 
(ribose_ fructose, rirabinose, galactose, sylose and ~Iucose) employing the smne condi- 

Cons iIs those used for the separtlrion of fructost’, + --lklctose and glucose has been 
reportep’h In this case, the elution bands of fructose and arabinose and those of g- 
lactose and sylose overlapped ahnost comptetely, but the individual sugars could be 
ditlkrentiated and determined quantitatively by usin, n ;1 combination of the orcinol 
and mthrone methods for the analysis of the fractions. 
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The disaccharides are eluted ahead ofthe monosaccharides. Mistures ofsucrose, 

fructose and glucose (after an incomplete hydrolysis of sucrose) could be easily 

separated using stepwise elution with 0.005, 0.015, 0.02 and 0.03 A;I potassiuni tetra- 
borate soIutionsh. The separation of the disxchurides sucrose and nmltose could be 
accomplished by ;t single elution with 0.005 M potassium tetraborate solution_ In 

this caseT maltose is retained more strongly on the coluinn. 
The hydrolytic products of melezitose were sepm-sted on the s;me colunm by 

stcpwist elution with 0.015 M potassium tetraboratr solution (melezitose, follo\vcd 

by an elution band containing both turanose and fructose) and 0.03 M potassium 
tetrtlborate solution (glucose)_ Turanose could be separated from fructose by cluting 
the tirst compound tvith 0. I AI boric acid and the fructose with 0.1 M potassium tetrtt- 
hoi-ate solution’“. 

Sedoheptulosan \v:‘:~s sepmxted from sedoheptulose using sttfnvise elution \vith 
0.015 and 0.1 M potassium tetraborate solutiotP_ Similarly, the products formed 
during the acid treatment of 1.7~rmhydro-[;-u-altroheptulopyranose \vcre scptwated 
on the sanw column as in the previous esperiments: 0.01 !\f potassium tetraborate 

solution elutcd 1_7-atil~_vdi-r~-~-u-t~ltt-~~l~cptiilofiirai~osc and 2.7-anli\-Jro-~~-~~-;~Itro- 
hrptulop~ranose as two separated bands, and 0.1 $1 potassium tett-aborate solution 
then eluted :L mixture of u-tlltrohcptulose and 5-( I_?-dihydroryethyl)-24urfuralde- 
hydc in a single peal?‘. 

A distinct disadvantage of the method of Kli~3ii and Zill \\‘its that althoii~h sni:ill 
colunins \vere used_ the elution volunies of the liioiiosacclit?ricirs \\-ere very large_ 

making the separation \-erx lengthy (requiring up to 60 Ii). Therefore_ HalEn”” 
nmdilied this method by elutin, cr at a higher ionic strength. As an csaniple, a nii.sture 
of 111;111110se. t-11c0sc _ g:ilactose and gl~tcosc \\‘a~ separated on a 0.6 -: 150 an colunm 

of Do~ves 2-M (IQ-). 100400 mesh_ by ;i single elution using 0.01 J/ borax in 
O-10 32 sodium lr?;drog~n carbonate solution. The resolution NXS coniplcte :mJ the 
elution volunxs \\-ere considerably louver km in the method of Khym and ZilL If 
gI-al:uzturonic and glucuronic acids \vet-e present in the misturc, they could br srparatcd 
each from the other by elution \virh 0.03 32 sodium tt‘traborate in 0.6 Jf sodium hy- 
drogcn carbonate solution after the ~~ppcmxnce of the last neutral iiionostlcch:lride 
(gl11c0se)s”. 

Pm-P separated sugars and sugu- phosphates on ;t column of the strongl_v 
basic anion-eschrme resin De Acidite FF (BOA-) usin, tv gradient clution \vith borate 
butt&-s containing sodium chloridel its concentration being gradually changed. 

Siniilurly. Syanianai~da, Staples mid Block” used elution lvirh 3 solution ad- 
justed to pH S.0 and containin g a constant borate concentr:nion upon ivhich \vas 
superimposed a smooth positive chloride ion concentration grr~dirnt. This procedure 
reduced the time required for the separation by :I fucror of at least three over the 
method of Khym and ZilL but the resolution of individutll su2ar.s ren~ainrd largely 

iiicon~plete. 
This method has been applied to the scpararion and determination of sugars 

in acid hydt-olyztttes ofsoil”. A 600 ?.: 6 nlnl column packed ivith Bio-Rad AG I-SS 
(BO>-) anion-eschanze resin has been used in connection \virh grmdicnr elution using 
0.1 AI sodiwn borate (pH S-0) in the cluent \vith tlsodi~u~~ichloridrfrtldient.Thes~~~_;~~s 

wre cluted in the order t-lmnnosc, mannose. fucose, artlbinose. gilactose, .svlose and 

“lucose, with recoveries of about 90 y.;._ - 
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Some phosphate esters ofsugars_ _ ~~lucosc and lactic and pvruvic acids in glycol- - _ 
ysis intermediates were quantitatively separated, identified and rccovcrcd by anion- 
cschange chromatography on 3 30 x 1 cm cohmm packed with Bio-Rad AG 1-X4. 

200-X0 mesh”. Gradient elution was performed usin f anm~onitmi chloride Sc~lLitiL>Iis, 

COlitiIlLdl~ incrctisin g in concentration and containir :g sutkicnt alkaline borate to 
ensure complesing of the sugar phosphates. 

The Technicon sueat- chl-c~m~lto~r~lpli~ system is based on a colurn~~ p:lckcci 

with the sphericat strong& basic :tnion-cschan~e resin Chromobeads S (20 Sam) and 
cvtldirnt clution \vith borate butkr-sodimn chloride solution_ The grrtdient of grad- = 
ually increasing chloride concentration and pH is formed in a nine-chamlzer Autogrttd 
apparatus_ The elution is carried out at 45 at a pressure of X0-4X p_s.i. and the 
tlmcwtit of sugars in the eluate is determined autoni:tticttlly by the orcinoi method 
usins ;t Technicon Auto_Analyzer_ Sharp separations were obtained. As ;III esa~nple_ ;I 

I+component misttrre containin E furfurxl. hvdrc~svmeth~lfL[rf~r~[l_ trehalosc. cello- 
hiosc_ maltose_ rhamnose_ lactose_ rihose_ mannose_ fructose_ arahinose_ g:dactose_ 
sylose and ~iucose \cLs separated in about 5.5 h”:. 

A fised chloride iorz concentration in the eluent can result in :L sharper sepal-i- 
rior. of sugar misturil; than elution with chloride ion concentrmion grndiients. if- tbc 
ten~perrtttn-e is suitably adjusted. For esa~nplc. ;t mistwe of mannosc. arahinox 
&wosc_ sylose ad $~co~c \v;ts srpacttcd on :L 0.6 70 a11 cc~tLIIllI1 Of‘ Dowes 

I-_XS lE05- )_ X-10~rIii_ by elution \vith :Ln elurr~t containing 524 8 ofsodium ~hloridcr 
per Iitre of the sodium lxxxte butkr of pH Y-0. An increase in temptxxture from 40 

to (Iti- resulted in an improved separation ofmannose_ arabinose _ gnlactose :inci sylose. 
\vhiIe the sepnration of glucose tiom sviosc \x-as impaired at hi&r lcnipcr;if~~res_ For 

this reason_ ;tftrr the elution of sylose_ hot-ate butt& \vithout sodium chloride \ws 
used tix- eIution instead of the soditmi chloride solution f-or a period of about I5 min. 
This \vas suf1icicnt tY>r the sompiste resolution of gl~~cosc and sylosc \\hcn 
\yorking ;Lt 50-55 _ The elution of _ *~Iucose could rhen be accclerraed by using the 
initHtI cirxnt. I3y this method_ thr five-component su gar misture could be scpar;ttcd 
quantitativtiy in about h h**_ 

Similarly, Green ‘j found that the c&ii-ct of increasin g the so1~11iiI1 temper;iture 
\v;ls to shif-t the eluted bands to longer elution times_ while simlII~;lI:coLl~l~ enhancing 
resoturion- LittIe f-urrher advantage, ho\vever_ could be gained brt\veen 55 ad 70 _ 

It must be taken into accomit that trrinsformarion of certain reducing disac- 
charides tfacrose, maltose and cellobiose) may occur during chl-l~mato~rapil~ in 
borate medium under alkaline conditions_ c’__y__ lactulosr is formed from lactose. These 
isomer:ttion rexctiorx m-e promoted by higher temperaturesqh_ 

The use of chloride ions in the elucnt can he dispensed \vith_ and a solution 
of borate bulk-s ofchanging pH tmd,or concentration is a suitable eluent_ 

I&&try used a combination of increasing pH (from 7 to 10) and increasing 
borate couccntr;ltion (L~sLI~II~ from 0. I-0.2 to 0.6 :\I) ti>r the elution of sugars at an 
elevated temperature (53 I_ This system represented a major dcveIopmrnt in separa- 
tion of- saccharides xxi allowed quantitative analyses of multicomponent misturcs 
of mono-_ di- and rrisaccharidss in 4-6 IL It 1~1s possibk to scpartttc almost quantita- 
tively an IS-component misture (containing Z aldehydes and 15 saccharides) in about 
6 h on a 3 :- 700 mm colunm packed with Technicon stron g anion eschanper_ S y,, 
cross-linked. 5-40_~m size. This separation is shown in Fig. 14. 
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Stcpxvisc elution with borate bufi‘ers increasing both in borate concentration 
and pi-i is used in the JEOL system for automated sc~g;tr analysisq“_ 

Greenq’ developed an automated carbohydrate an:dyzer based on a slightly dif- 
ferent procedure_ In thissystem- 15sug:lr-bor:ttecolllpleses wrcelutcd from theanion- 
exchange column is about 12 h. The eluate \vas monitored in a through-fo\v colori- 
meter after reaction with phenol in sulphuric acid. 

Ohms CI af_‘“” reported the chromatogmphic separation of neutrtll sugars 

(stlcri>se. r;ttiinose, ccllobiose, maltose. lactose_ ribose_ rhamnose_ mannose. fructose_ 
arabinosc_ glttctosc ;tnd glucose) in a synthetic misture in about 7.5 11 on a strongly 
basic anion-eschan~e resin_ Becknun 1 -S_ usin, 0 instrttmentation and nwthodology 

similar to th:tt of Greeny5_ 
JolIev -tnd. Freemanl“* developed ;m ttutomated hi@-pressure carbohydrate _ c 

analyzer consisting of ;t hated. high-pressure anion-eschany2 column (OK! --.: 150 
cm)_ made of stainless steel_ filled with 6-I Z-!/m Do\\-es I-XS (or Amincs A-27) resin I 
;m einent gadient-making device: a detection system consistins of ;L reaction co1~1nm 

containing glass beads_ in \vhich the colun~~~ eftluent. 5”s phenol rind concentrated 
sulphuric acid a-e mised: and ;I calorimeter to measure the absorbance of the reaction 
misture at 4SO rind 490 mil 102.103 Ia this svstem_ a measured volume ( l-2 ml) ofstan- _ _ _ 

dard or berated phgiological fluid \\-ils introduced at the top of the chrom~~ta~raphic 
column via :I sis-port injection vaIve_ Elution of SLI gars \vas accomplished in 10 h at 
tin eluent flo\v-rate of I_ I4 mI.,‘min by increasing the buffer concentration linearly ~IX~III 

(I_029 &f sodit1111 tctrabor:lrc-(l.C.l~i ~11 boric acid to 0.147 ill sodium tctraborate-O-25_:. 
31 boric acid_ The pH of the eluent NXS 5.5-5.6 during the clution and the column was 

operated LL: 55’ and a pressure of lOOO-2OCO p.s_i_ The CO~LII~I~ \v;ts regenerated for 
the next run b! strippins the resin for 1 h \vith the most concentrated butI&- and then 

equilibrating the resin for 3 h \vith the dilute butI~er’“‘~‘“‘. 
Using this system_ itbout 40-50 peaks of carbohydrates or carbnhvdrate-iike 

mtlterisl ttppeared in :I typical urine chromatogrrtm. and ;I number of these could be 
tentatively identified by co-chI-‘~mtltoSrtlpli~ \vith standards (suet-OSC_ rttllinose. N- 
acet_vlglucosamine_ maltose_ lactose_ ribose_ fructose_ artlbinose. f~~cose. galactose. 
sylose. -mrmnoheptuIose_ ~ltrcose and &cose- I-phosphnte). Gas chi-c~riiatofr~tphic 
identification of the trimethylsilyl derivatives of sugars has also been used’“‘. 

Another useful identitication method is the determination of the absorbance 
ratio ofthesLl(phrIricacid-phenol-elrltlte retlction mixture at4SOand190 nm. Pen&es 
eshibit greater absorbacce at 4SO nm than ilt 490 nm. whereas hesoses have approsi- 
mrttely the si\me absorbance at each w:lvelength_ The lower detection limit for sugars 
is approsimatety 1 pg_ Sugars. such as glucose, can be anaivzcd quantitatively \vith :I 
satisfactory accurticg of I&O_O35 itmole over ;i range of sample ;mIounts from 0.5 to 1 
;~molel”l-‘M_ 

Compounds other than simple sugars are also separated in the chromato- 
a=raphic apparatus and additional detection systems can be used for identification and 
&tntiration. The compounds that form complexes with borate include both rtliphatic 
and aromatic hydrosy and keto acids_ 3s ~~11 as vitamins and polysttcchnrides. Sugars 
and some of their derixltives- ho\vever_ can be metwn-ed without interference from 
these other compounds. 

The possibiIity has been outlined of usin, * modern computer techniques in 
which the chromatogaphic data from severtt1 :wtomated ttnalyzers are fed to a small 
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on-line digital computePh. This chromato~raphic data handling system can signiki- 
cantly it&ease the -usefulness of the auto&ted carbohydrate analyzer_ It is possible 
that high-pressure anion-exchange chromatographic analysis may become a valmble 
tool in the clinical investigation of inherited disorders of carbohydrate metabolism 
by allowing the qmntitation of many different sug:irs*“‘_ 

Using tlution at a lower pH (about 7). the possible isomerization of su~ws 
during malysis in alkaline borate solutions is eliminated_ As the pH is decreased. R 
buft’er of louver ionic strew& and consequently lower but&ring capacity, is required 
for the elution. In order to increase the amount of ionizable borate at LOW pH and. at 
the sanie time. to obtain 9 hi@er capacity buffer, a system has been introduced’“” 
that contains an tdcol~ol u4iich forms ionized complex anions with berates. 

A borate elmion but&x- containing an organic solvent (5C :!.I ethanol) WIS first 
used for sugar malysis by Nakanuu-a and X401.1 ‘Lo” Ethanol. of course. does not form _ 
borate complexes_ Walborg ct NI.“‘” emploved an eltlting butter consisting of 0.4 :\\I 
boric acid. 1.0 M glycero!, 0.050 Af sodiuni chloride and 0.5 ml of toluene per litre. 
adjusted to pH 6.80 \\-ith sodium hydroxide. Usins this eluent. sood separations of 
sugar mistures \vith high resolution \\‘ere possible. Sub-micromole amounts of rhn- 
nose. nmmose, fucose_ @lctose and glucose were quantitatively separated in about 
40 h on a 0.6 :-. 155 cm column of Do\ves 2-SS (ZOO-400 niesh)L”S_ The elution \v:ls 
performed at 50 ot ;L &xv-rate of3.0 ml& The ru_gars in fractions of the eluate \vere 
analyzed by measuring the absorbance at 365 nm of the reaction misture after the 
addition of aniline dissolved in acetic and orthophosphoric acids. This system is 
compatible with eluents that co&in giycerol”O_ 

The use of ;I resin with a lower desl-ec of cross-linkage and :I hi&er porosit_\:, 
IAwes I-54. allowed the att:Mwnt of eschmye equilibrium at increased rates and 
geatlv improved the chromrlto~nipfiic behaviour of the di- and trisxcharides. This 
made possible an cstension of Walborg’s method to hi&er molecular \veight sxcha- 
rides. The flo\v-rate could be incremed three-fold in cornparison with that reported 
previously. With a 0.6 :-: 150 nun column of Do\ves 1-X-l (200400 mesh). elution 
with a but%- composed ofO.4 :\I boric acid, 1.0 &I glyzerol. 0.035 M sodium chloride_ 
0.1 If,, Brij-35 SP (pol~os~eth_vlcne(13) Itturyl ether) and 0.5 ml of toluene per litre. 
adjusted to pH h-70_ at 60’ resulted in ;I food separation ofmistures containing nmno- 
and higher saccharides. A IO-component mistwe containin, 0 sucrose. lacrose. rhani- 
nose. nxmnose, fucose_ ribose, g-alactose. glucose. fructose and sorbose \ws separated 
coniplerely in about 2-t h. A higher resolution of di- snd rrisaccharidcs \v;is possible 
\vhen :I buffer containing 0.3 IV boric acid. 0.6 ~tf gl?;cerol. 0.1 ‘!,,‘, Brij-35 SP and 0.5 
nil of toluene per litre. zdjusted to pH 6.70. 1~3s used for the elution at 40”. Using this 
system the complete separation of sucrose. cellobiose. maltose_ lactose :md rhmnnose 
L\‘:IS possible”‘. 

It is obvious that the scptwation of more comples mistures can be improved by 
progrmuninp the conlpositioll of the elating solvent duri!lg the elution. Mixtures of 
oligosaccharides \vere separttted and determined using a 0-G ‘.; 65 an anion-eschringe 
column of Chromobeuds S (20 i 1 ;(m)_ Boric acid-glycerol, boric acid-+cerol- 
sodium chloride and sodium terraborate solutions \vere used in ;I nine-chtunber Auto- 
grad apptmtus to form a but$er yxdient. A colorirnetric determination of the sacchu- 
rides NTIS performed after reaction \vith c~steine-h~drcliloric acid reagent in sul- 
phuric acid- Sucrose, ralfinose. maltose_ stachyose. wrbascose and an unidentified 
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saccharidewereseparated and determined in tissues from healthy and infixted plants”‘. 

Glycerol in the eluting buffer may intcrfkrc with the calorimetric aswy in the 
Wafborg-Lantz method”‘. as it contains primary hydros_vl groups that at-c subject to 
oxidation- and for this reason, Z__i-butanediol was substituted for gfgxxol in the bulk 
systemrx3_ 

A two-buffer stepwise cltttion system, ittilizing a 0.6 .I SS cm colunm of Do\~ts 
f-X4 (-400 mesh) operated at elevated tcmperat ures. yielded an improved sepacltion 
of comples saccharide misturcs as compared with the origin:!1 Walhorg-Lnntz system. 
The elution was besun at 40 with ;I huffcr of pH 7.0. containing 0. IS ;lI hnric acid. 
0.5 M Z__i-butanediof. 0.1 “,, Rrij-35 and 0 f . . . . CU- ~C~ILICIE~ ;__‘r fitre_ At an efllucnt 
volume of itbout 230 ml_ the rcmaini- _g s!@:!rs wcrc cfutcd \vith ‘1 hufkr of- pH 7.0 
composed of 0.X III boric acid. I ‘. df 2.3~hittancdiol_ 0. I ‘I., Brij-1%: and 0.5 ml 01‘ 
tofuene per fitre. changing thl* .twriiting tcmpcr;iturc to 60 (ref. I 13). 

This system_ L. .-_-__ ~qwise cfution willi two boratc- 2.3~hulancdic~. hutkrs at 
neutral pH_ has t?ecn automated hy cmpfa~ing the Hitachi Pa-kin-Efnwr \I& +I 03-t- 
03 Iiquid chromatograph. Amincx A-14. it J”.. cross-linked anicm-cwh:inge I; <in C$ 
20 rtm particle diamrter_ was used packed in 0.4 * I(!0 cm columns. The clution \\;I< 
performed under the same conditions us descrihcd ;tho~e. csccpt thitt higher tl(w _ri~-c~ 

(20 mf;h) could be used with a column hack-prcssttrc of 15-3 atm. The :!naly?;is 5.“ 
the column eftluent \V:LS performed by continuous monitoring at 3 IO. 365 anti 290 I!111 

of the cofour formed h_v reaction with aniline-acetic scid-ortliopltosplil~ri~ acid rc- 
agent. This reagent has the advantages ofgrcittcr stability compared with the phenol 
sufphuric acid and orcinof reagents_ The ratio of the abwrhances at 3h5 and 390 nm 
has been utilized ;IS :L qualitative tool to distinguish hctwecn classes of saccharides. 

c’__y._ between aldopentoscs. nldo- and ketohesoses. L -md (,-dcos~afdol~csoscs’*~_ 
Table 17 gives the retention times of various sxcharides studied in this systcnl. 

The separation can tre achieved ofany pair of saccharides \~hosc retention times ditiiir 
by as much as 30 min. The precision of anafysis is about ::-5 “,; and the resolution 
is comparable wit11 those xvith tfle systems af’ Green”‘, Ohms (*r NI_‘~~ and ticsfcr*‘. 

As an esariipfe. the separation of an I l-component mixture cont:tining mefezitosc. 
raflinose_ maltose, rhanmose, fysose_ ribose- m:mnose_ fucose, fructose_ gafactosc and 
glucose can be achieved in &out I I I;“‘. 

Another procedure has been reported for the automated dctcrmination of 
hesoscsin theeinuentsfrom Dopes I coiumns in borate medium. involving the mcasurc- 
ment of the fluorescence of the derivatives produced by reaction of 5-hydrosy-lz- 
terralone with hesoses in concentrated sulphuric acid. The high sensitivity of this 

method allowed determinations of ttmounts of -~20!rg of hesoses”‘. Solms and 
Deuefl16 prepared 3 special resin containing covaIently bound borate groups and stud- 
ied the possibilities of septlratin g sugar mixtures on this resin_ utilizing specific 
interactions between the saccharides and the fwctiontlf groups of the resin. Water. 
aqueous ethanol and hydrochloric acid solutions were employed as the eluents. This 
method gave no advantages over chromatography on the borate’form of the strongly 
basic anion-exchange resin_ It was possible to achieve a partial separation of binary 

mistures containing gafactose and ribose, and arttbinose and ribose_ on :I OS :I IO cm 
cohtmn packed with this resin’16_ 

The formation of compfeses of saccharides \vith IiydrocTen sulphite ions has 2 
been utiIized by several workers for the chromatog-aphic sep:trt!tion of sugars on 
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TABLE 17 

RETENTION TIMES OF SACCHARIDES IN AUTORIATED ANION-EXCHANCE SYSTEM 

Stepwise dution with t\vo borate-2,3-butnncdiol buffers on an Amines A-14 (X~/rn) c0111n1n. 

OA :-: 100 cm. Temprrnturesr 40’ and 60’. The retention times were cdcuhted on rcphxtc samples 

containing saccharidcr present in the following 3moums: 0.300 ,~rmote of mckzitosc, 0.500 f~niole of 
rdlinosc, 0.320 t~niole of maltotriose, 0.30 j~molc of sttlchyosc~ 2.0 rrmoies of rhanmose. 1.5 ynoks 
of I_v.sosc. 1 .O _vnolc of mannosc. I .5 yrmoks of fucosc __ 1 O:m~olc~ ofarabinose. 2.5 .wnoIcs ofsylosc. 
12-X ~rnwks of sorbasc zmd 2-5 ~rmoIcs of glucose_ The vnlues for sucrose_ cellobiose. maltose_ Isctosc. 
ribosc. fructose :lnd galactosc \vere calculated using four dillixent smnplc hlds. varying bet\veen 0.1 
and 5.O~ruiolc of each saccharide (as rnonosrtccharidc~_ 

stl-on$y basic ~~iliotl-e.~cll;~tlge colimws il? tllc hyiro~en sulphitt forIll. Ketosrs do 
not form stable complexes nitli liydro~en sulpliite ions_ uhile r&loses yield stab!e t:- 
osysull~lionic acids, and these t\vo groups can be septirtlted on the liydrogeil sulphitc 
forin of anion-exchange resins. < 

Samuelson and Sjiistriini I I7 sepamted ;I mistime 01. fructose. glucose aid nixi?- 

nose and of fmctose_ sylose and mannose cm ;i 150 1. 9 nun columr~ packet! Ivitli 
strongly basic Amberlitc l RA-4CO (HSO,-)_ O_ 12-0.30 ninl_ The sorption of sugars 
was much greater from aqueous ethanol than from water. Step\visr elutioti with 99.5 y’,, 
ethanol_ 95 y,,‘, ethanol and \vater \vas used and the sugxs \vere elated in the order 
fructose, glucose and mannose_ 

Adtlcki :md Su$w:wails could not achieve separations by elution with nlethsnol 
or ethanol. Using step\vise elution \vith 75!,‘,;; n-propsnol aid \vater2 they succeeded 
in obtaining the preparative separations of moIiostlccharidic and disaccharidic aldoses 
from ketoses on a 1 :s: 30 cm column of Amberlite ! RA-4GO (HSO,-). O-1-0-L: mm _ 
The presence of rl-propanol infuences the stabilities of the sugar-hydrogen sulphite 
c~n~plescs. It was possible_ fortsttn~ple, to separate binary mistures offructose and glu- 
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case, fructose. and maltose, ltlctulose and lactose. and rhamnose and sylose**~. 
Chromatogxtphy on a hydrogen sttlphite column has been used for the prepa- 

rative separation of sugztrs in mixtures after epimerizstion of aldoses The less com- 
mon epimerizstion products (D-threopentulose, L-erythropentulose, D-iysohesulose 
and D-glucoheptuiose) could be thus separated from their parent compounds. Not 
only the separation of ketoses from aldoses was possible by this method_ but also the 
preparation of chromatogrttphically pure wfructose. D-glucose and t>-@tctose from 
commercial products’“. 

The.chromatogrztphy of su gars on QAE-Sephades (SO,‘-) in miscd aqueous 
ethtlnol medium is discttssed together with separations on polystyrene-divinylbenzene 
ion-eschange resins_ The distribution coelticients of various sugars on this eschtlnger 
in 95’.?:, ethanol are given in Table 15 (ref_ S3)_ 

Chrotmttography on Seph;tdes ion exchangers is useful for the separation of 
various poIysaccharides_ As an example. Barker (‘I CI/_““ fractionated soil polysaccha- 
rides of bacterial origin on ;I 3.4 ;-: 45 cm column of DEAE-Sephades A-30, using ;I 
continuous linea- ionic strength gradient from 0 to 1 AI sodium chloride in :I phosphate 
buffer St pH 6 (rcf_ iZO)_ 

Chromrtto_rrrtphy on a 0.9 .i 5s cm column of DEAE-Sephtxdes A-25. using 
elution with ;L linear gradient (O-0-4 M) of sodium chloride_ resulted in good sepsra- 
tion of three monoglucosiduronates (estrone-3-glucqsiduronate, l-/r;-estradiol-3- 
czlucosiduronzlte and i?+estradiol-l7-glucosiduronste). This procedure has proved -_ 
to be of particuku- value in the study of estrogen ~lucosidtn-onate metabolism”‘. 

DE_4E-cellulose columns can be used for the efiicient chromato~r~tphic frac- 
tionation of polysaccharide mistures_ At about pH 6_ neutral polysttccharides arc 
not sorbed or are only weakly sorbed by DEAE-cellulose (Cl- or SO,‘-). and can be 
readily eiuted at the same pH by using buffers of increasing strength or dilute hydro- 
chloric acid_ Acidic polgsaccharides such as pectic acid are sorbed readily at neutt-al 
and weakly acid pH_ but can be eluted onl\- by increasing the pH. The neutral poIy- 
saccharides m-e stron$y sorbed on DEAE-cellulose (OH-) and can be fractionated by 
elution with sodium hydroxide solutions. gradually increasing in concenrrtttion”‘. 

Whettt starch destrttn was separated into three fractions by chromtttogtxphy 
on 9 column of DEAE-cellulose (OH-) using stepwise tIution with water. O-01_ 0.05 
and 0.1 N sodium hydroside solution_ A misture of sugar beet rtntban and pectic acid 
NXS separated on a column of DEAE-cellulose ( POA3- ). Arttban was eluted gradually 
with 0.02.5,0_05_0_1 and O-25 M sodium phosphate solution at pH 6.1. \vhile gradient 
elution with sodium hydroside concentration changing from 0.01 to 0.5 :V \vas used 
for pectic acid_ Both araban and pectic acid appeared in the etiluent clearly resolved 
into severa further peaks. Usins the same eIution technique_ sugar beet pectic acid 
was further fractionated_ Wheat pentosan was separated from serum albtmlin on 
DEAE-cellulose (POa3-j bv stepwise elution with 0.005 M sodium phosphate buffer 
(pH S). The proteins remailed sorbed on the column under these conditions and could 
be recovered at a lower pH and higher ionic strength by subsequent elution with 0.01 
M sodium phosphate buffer (pH 6) and a solution O-1 M in sodium chloride and 0.05 
kf in sodium dihydrophosphate”‘_ 
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The fractionation effect was increased when DEAE-celIulose (BO,-) and elu- 
tion with sodium borate of increasing strength was used. Using this method, cold 
water-soluble wheat flour polysaccharides could be fractionated. Elution with water 
yielded a fraction of pentosan composed of sylose and arabinose only. and 0.01 M 
borate eluted a main pentosan fraction, containing small aniounts of @nctose and 
“spots” of protein_ The fraction eluted with O-1 M borate consisted of about 5Oj:;‘, 
protein_ 20:,‘.:, pentosan and 30 2; hesosan. Finally, a fraction of hesosttn composed 
of only glucose was eluted with 0.5 11~2 borate solution”‘. 

When ;I column of DEAE-cellulose (OH-) was used for the chromato~raphr 
ofthe hen~icelluloses from black spruce. elution with water and 2 Xummonium acetate 
solution did not separate the sylan and mannan components- Elution Lvith 7 M aque- 
ous urea minimized hydrogen bonding between polysaccharides and cellulose and 
yielded :I fraction free from syiose. By subsequent use of mmnonium acetate in 7 41 
urea_ mainly sylose polymers wei-e eluted”3-“3_ 

Five diKerent polys~lccharides (hylluronic acid_ chondroitinsulphuric acid A. 
heparin, $-heparin and :t polysaccharidic by-product obtained during heparin prepa- 
ration) \vere chromatographed on :l 10 :-: 1 cm colu~nn of ECTEOLA-cellulose. For 
Uood separrttions. it was necessary to \\-or-k at an acidic pH. The column \vas eluted 
ztepwise with buffers of increasing chloride concentration (equimolar amounts of 
sodium chloride and hydrochloric acid. 0. I. 05 0_7_ I_ I_ 1.4 and 2.5 M). Hyaluronic 
acid, chondroitinsulphuric acid and heparin had very different affinities for ECTEOLA- 
cellulose. \vhich allo\\-ed their separation. Polysaccharidic by-product could be 
separated into four distinct fractions. Similar results were obtained \vhen a constant 
concentration of O-05 M hydrochloric acid ~1s used in a11 steps. while the chloride 
concentration mx regulated by increasing the amount ofsodium chioride in the eluent. 
AI1 sepru-ations were performed 3t O-5’ jrcf_ IX)_ 

6. SUXI~IXRY 

A systematic survey of applications of ion-eschange chromatoyrtlpli~ in the 
anal+s of aldehydes- ketones_ ethers, tdcoI~ols_ polyols tmd saccharides is @en. 
The main part is concerned \vith the separation of ssccharides on anion-cschm~ge 
resins in the borate and hydrogen sulphite forms. and the separation of saccharides. 
aldehydes. ketones. ethers and alcohols bx saltins-out and solubilization chromato- 
graphs on ion-eschange columns. Other ion-eschange chronxttogaphic methods. the 
sorption behaviour of the compounds on ion-eschange resins and chronxltopraphy 

on ion-exchange papers rind thin layers are also covered. The survey deals mainly 
lx-ith the literature for the period 1962-1970. 
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