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JOURNAL OF LIQUID CHROMATOGRAPHY, 9(6), 1367-1380 (1986) 

ATYPIC GEL PERMEATION CHROMATO- 
GRAPHY OF ALCOHOLS 

Christof Troltzsch 
Department o f  Chemistry 

Ernst Moritz Arndt University Greifswald 
2200 Greifswald 

German Democratic Republic 

ABSTRACT 

The elution behaviour of alcohol8 in the Prystems 
Bio Beads SX-8/dichloromethane and Sephadex LH-20/dl- 
chloromethane is investigated. On Bio Bead8 SX-8 the 
elution volumes are lower  than expected for normal GPC 
behaviour, which is perhaps due t o  hydrogen bonding in 
solution. On Sephadex LH-20 adaorption takes place by 
mane of hydrogen bonding, which can be used for very 
selective separations. 

INTRODUCTION 

In previoum publications (1,2) the separation of 
lower acyclic oligomerr of isoprene by gel permeation 
chromatography (GFC) was described, It could be ehown 
( 1 )  that there eldets a linaar relationahip between the 
logarithm of the molecular refraction ( which can 
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1368 TROLTZSCH 

be calculated from the increments found in literature) 
and the  e lu t ion  volumes V,. I n  t h i s  way a univereal 
ca l ibra t ion  is  given f o r  the  alkanes, elkenes, polyel- 
kenes and alkyl halides. When t rying t o  separate mix- 
tures  of isoprene oligomers and dimethyl octadienols 
from the homogeneously catalyzed telomerization o f  
isoprene (3 ,4 )  deviations were observed f o r  t h e  alco- 
hols ,  which are  described here and employed for sepa- 
rating them. Since a160 smaller molecules can advan- 
tageously be separated especially f o r  preparative pur- 
poses by means of  GPC, the knowledge of these f a c t s  
seems t o  be of common in te res t .  

EXPERIMENTAL 

The apparatus consisted of an eluent reservoir ,  a 
s intered g lass  f i l t e r ,  a micropump MC 300 with a pump 
head 2D (Mikrotechna Praha/CSSR), PTFE tubing, a 500 x 
15 mm o r  1000 x 15 mm glass  column (VEB Techniaches 
Glas Ilmenau/GDR) with home-made adapters and a di f -  
f e r e n t i a l  refractometer RIDK 101 (Laboratorni Pri- 
s t ro j e  Praha/CSSR). A l l  fu r ther  d e t a i l s  concerning the 
purif icat ion of dichloromethane and the f i l l ing  of  the 
column w i t h  Bio Beads SX-8 (Bio-Rad Laboratories, Rich- 
mond/USA) or Sephadex LH-20, par t i c l e  s i ze  0.025- 
0.100 mm (Pharmacia Pine Chemicals, Uppsala/Sweden), 
are  t o  be found i n  (1 ,2) .  The technique o f  recycling 
i s  described i n  ( 2 ) .  

The sam2les for analyt ical  separations (0.005- 
0.05 ml) were di rec t ly  introduced in to  the column 
through the i n l e t  tube. The flow veloci ty  was 55-60 
ml/h and the observed average number o f  theore t ica l  
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ATYPIC GPC OF ALCOHOLS 1369 

2 
pla tes  N = 16(>] f o r  pure substances with KD 

of about 1 was 2700, Vm was determined from Ve o f  iso- 

prene polymers and Vm + Vs from Ve of chloroform. The 
telnperature was 23 2 2OC. 

Some o f  the experiments with Sephadex LH-20 were 
made with a column using only the gravi ty  flow of the 
eluent (differenee i n  l e v e l  3 m max., v = 70-90 W h ,  
a-age H 2000-3000). In t h i 8  way it was found tha t  
the  bed o f  t he  column, which was connected t o  the pump 
(at about 2-3.10 Paecal), had been compressed con- 
s i d m b l y  . 

5 

Column with gravi ty  f l o w  811 x 15 mm 
V m =  35.4 Ilrl. Vs = 64.5 m l  
Coluavl with pump 920 x 15 nun 
V m =  22.0 ml V8 = 82.4 nrl 

The d i s t r ibu t ion  coef f ic ien ts  &D of  t ab le s  2 and 3 were 
d e t d n e d  by a t  least three measurements by weighing 
the eluent and simultaneously using chloroform ae a re- 
ference eubstancre. They were i n  good agreement with the  
&D values found with gravi ty  f l o w .  The compression of 
the column bed did not influence the values of gD,  but 
has the advantage of increasing the peak capacity, 
which is proportional t o  V,. 

(in r e l a t i o n  t o  the % The mlecular ref rections 

sadim D l i n e )  were calculated w i t h  the following in- 
crements: C 2.418; H 1 . l  ; hydroxyl oxygen 1.525; 
I 13.9; double bond 1.733 ( 1 ) .  

f rom oligomer mixtures (5 )  by preparative GLC according 
t o  (2). The dimethyl octadienols were i so la ted  from 

The isoprene oligomers employed were i so l a t ed  
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1370 TROLTZSCH 

m m  1 

Ve ( m l )  on 437 x 15 mm Bio Beads SX-8 i n  CH2C12 

X) sample amount 

ml 

SquelEUU 
Hexadecane 
n-Decane 
n-Hexane 
Chloroform 

1 4 c t a d e c y l  iodide 
1 -Decyl iodide 
Tetramers of isoprene 
T r i m e r s  o f  isoprene 
Dimers of isoprene 
Mixture of  dimethyl octadienole 
l a u t a n o l  0.01 ml 

0.02 ml 
0.05 ml 
0.2 ml 

2-Eutanol 0.02 m l  
1 -Pentam1 
1 -Hexarm1 
1 -Heptanol 
1 -Decanol 
1 -Dodecanol 
1 -0ctadecanol 
E-3,7-Dimethyl-2,6-octadiene-l-ol 
3,7-Dimethyl-1,6-octadiene-3-01 
3,7-Dimethy1-7-octene-1-01 

vm 

33.3 
39-1 
44.0 
48.6 
53.2 
29.7 
37.5 
42.0 
36.7 
39.7 
43.7 
40.7 
45.9 
45.5 
44.5 
42.7 
4508 
44.3 
43.7 
42 07 
40.1 
39.5 
36.5 

Subst.6 40.6 
Subst 1 41 -2 
Subst . 9 40.7 
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ATYPIC GPC OF ALCOHOLS 1371 

TABLE2 

Elution volumes V, (ml) and dietribution coefficient8 

on 920 x 15 mm Sephadex LK-20 in Crr;lCl2 ve-vR 

mwof o m  
Squalane 
Hexadecane 
Decane 

vm 
Tetramers of isoprene 
Trimars of isoprene 
Dimere of isoprene 
1 -0t2tadscanol 
1 -Zbbee&nol 
l-DecaM1 
1-0cte.IWl 
Z-Ethyl-l-hexaIXOl 
1 -Heptenol 
1 -Hexam1 
2-Mathyl-2-butanol 
2-Pent am1 

2-Methyl-1-butanol 
1 -Pentem1 

2-Butanol 
2-Methyl-l-propaml 
I-Butanol 
2-Pr@paxu, 1 
1 -psopaml 

Nthgl-1 -butam1 

2-Yethyl-2-proparnl 

104.4 
39.5 
51.8 
64.4 
22 00 
49.5 
5501 
63.8 
95.5 
128.5 
143 
157.6 
141 *8 
171 .2 
179.8 
136.7 
155.3 
193 
188 
19688 
155.3 
167.4 
199.1 
21 0 
20 1 
235 

1 
0.21 2 
0.362 
0.51 4 
0 
0.334 
0.402 
0 507 
0,892 
1 0292 
1 *47 
1.646 
1.454 
1 ,811 
1.915 
1.392 
1,618 
2.08 
2.02 
2.12 
1.618 
1.765 
2.1 49 
2.28 
2.17 
2.59 
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1312 TROLTZSCH 

Elution volume8 Ve ( m l )  and distribution coefficients 

Ve-Vm on 920 x 15 mm Sephadex LH-20 in CH2C12 K 0 = 7  

=D Subs t a m e  ml 

5 2-3,7-Di1mthyl-2,6-0ctadiene-1-01 
6 E-3,7-Dimethyl-2,6-0ctadiene-l-ol 
7 2-2,7-D~ethyl-2,7-0ctadiene-l-ol 
8 6-2,7-Dimethyl-2,7-0ctadiene-l-o1 

1 3,7-Dhathyl-l, hctadiene-3-01 98.1 0,924 
2 3,7-Dimethyl- 1 ,7-0ctadiene-3-01 105 1-01 

4 2,6-Dimethyl-l,7-octadiene-3-01 117.6 1,160 
3 2,7-Dimethyl-1,7-octadiene-3-01 117.3 1.157 

29 
38 
441 
*36 

9 3,7-Dimethyl-3,6-octadiene-l-o1 
(presumably 2) 141.2 1.447 

10 3,7-Dimethyl-7-octene-l-o1 141.1 1.445 

28 
35 07 
40.7 
34 

samples of W E  Chemisches Kombinat &ltitz/GDH (sub- 
stances 1,5,6,9 and 10 of table 3 )  or products of the 
palladium catalyzed telomerization of isoprene (3,4) by 
means of preparative gas chromatography. In a gas chro- 
matograph Model 2868 (Varian Aerograph, Walnut Creek/ 
USA) 0.2 m l  portions of mixture were repeatedly sepa- 
rated on a commercial column, 15 m x 9.5 mm, filled 
uith 20% m-bis(m-phenoxyphenoxy) benzene (541% PMPE) 
an Chromaorb W 30160 mesh preparative grade in an iso- 
thermal way at 190°C (sample inlet 25OOC). 
From oubstances 1, 5 and 10, i.e.,/?-linalool, m r o l  
and citronellol reap., all by-product8 were re- 
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ATYPIC GPC OF ALCOHOLS 1373 

moved, whereas from geraniol 6 and 9 were isolated,  
6 being present i n  higher amounts and showing a longer 
re tent ion t ime .  Ident i f icat ions were based upon t h e i r  
I R  spectra, which were taken between KBr d i m e  and com- 
pared with known I R  epectra (3,6,7). The analysis o f  
the f ract ions of  the aeparation o f  the telomerization 
mixtures on the system Sephadex LH-20/dicNoromethane 
was made by capi l la ry  gas chromatography. I n  a 
chromatograph Chrom 4 (Leboratorni P r i s t ro j e  Praha/ 
CSSR) 0,5,ul por t iom wi th  a s p l i t t i n g  r a t i o  o f  about 
1 :90 were oeparated a t  1 5OoC on a metal cap i l la ry  
(5Om x 0.25 mm) coated with n i t r i l e  s i l i cone  o i l  OE 
4178 (20% solution i n  acetone). The ident i f ica t ion  o f  
peaks was i n  agreement w i t h  another invest igat ion ( 3 ) .  

FUSULTS AND DISCUSSION 

I n  the eystem Bio  Bead8 S X - 8 / C ~ C l Z  dimethyl octe- 
dienols are eluted a t  a longer distance before the 
isoprene dimers than could be expected on the basis o f  
the above-mentioned ca l ibra t ion  of  log R against V,, 

The incorporation o f  simple alcohols shows these de- 
viat ians  t o  increase with decreasing alkyl chain 
length. A reasonable explanation would be an increas- 
ing aseociation o f  alcohol8 wi th  decreasing alkyl  chain 
length due t o  hydrogen bondin@; i n  solution. This ex- 
planation is aupported by the obrervation tha t  the 
above-mentioned deviation w i l l  increase with increas- 
ing concentration of  n-butanol i n  the sample. 
Freearan and Angeles ( 8 )  used the same explanation i n  
an extensive invest igat ion and l i t e r a t u r e  retsearch on 
the system Styragel/CC14 f o r  methanol. 

MD 
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2,o Octadecyl iodide 

n 
1-Decono I ' 
Dimethyl- f +H '2-IkDecane 

octadienols \ 
\ , s 5 ]  1-Heptonol + 

1-Hexanol + 
+ Hexone 

l - P e n t a n o l +  \ 
Butanols  W 

1.3 I 

35 4 0  m l  50 ve 

FIGUBE 1 
and Ve on 437 x 15 mm ".I, Correlations between log 

Bio Beade SX-8 i n  C%Cl,. 14, Iq and I2 mean tetramers,  
t r imers  and dinere o f  isoprene, resp. 

I n  contrast  t o  the system Bio Beads SX=8/%Cl2 more 
advantageous s e l e c t i v i t y  r e l a t ions  a r e  t o  be expected 
with the system Sephadex L H - 2 O / 9 C l 2 .  
Jouotra e t  al. ( 9 )  noticed " tha t  on Sephadex LH-20 i n  
CHClq solutione substances con ta idng  carboxyl groups 
or hydroxyl groups a re  retarded r e l a t i v e  t o  the aorre- 
sponding sub8tances not containing these group8". 
Brooks e t  al. (10) observed the  same i n  benzene on a 
conversion product o f  Sephadex LEI-20 bearing hydroxyl 
anB e the r  gnu- and they found that by addi t ion  of 
alcohol t o  the eluent t h i s  e f f ec t  is eliminated, They 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
0
2
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



ATYPIC GPC OF ALCOHOLS 1375 

write: "..it appea r s tha t  a hydrogen bonding e f f ec t  is 
operating with the ge l  acting exclusively as the basic 
compound" . 
Detarmann and Walter ( 1  1 )  found an increased a f f i n i t y  
of phenols t o  a solution o f  polyethylene glycol, when 
compared with a solution o f  dextran . It seems t o  be 
in te res t ing  tha t  the adeorption o f  phenol on Sephadex 
LH-20 is  eliminated by an ether  l i k e  monoethyl-diglycol 
e ther  a s  eluent (12 ) .  A l l  e f f ec t s  seem t o  indicate  
tha t  oxygen atoms o f  e ther  favour the formation o f  
hydrogen bonds, S t r eu l i  (13) found indications f o r  the 
adsorption o f  phenol by hydrogen bonding on Sephadex 
LH-20 even i n  methanol a s  an eluent. When comparing 
the eluents methanol, dimethyl formamide, THF and 
ace tan i t r i l e  (14)  he noticed a par t icu lar ly  high ad- 
sorption o f  methanol, benzyl alcohol, phenols and 
aromatic Garboxylic acids i n  the l a t t e r .  
Adsorption of phenals due t o  hydrogen bonding was 
also observed by Determann and Lampert ( 1 5 )  i n  
n-butanol, by Concin e t  a l .  (16) aven i n  dioxane and by 
Jahnels e t  al. (17) i n  CHC13. It should be noticed 
tha t  the adsorption of aromatic compounds from alcohols 
PB eluent8 was the starting point o f  the investigations 
i n  a l l  publications c i ted  and not the attempt t o  
separate pompounds having hydrolryl groups. 

Barth e t  al. (18) developed a group eeparation by 
means of a stepwiee gradient WC13, CHCl? + methanol, 
CHCl + "€IF, i n  which hydrocarbons, alcohols, phenols, 
polyhydroxy compound8 and f a t t y  acids are  e luted i n  
the order mentioned; the a l C O h O l 6  being en bloc iao- 
la ted  a f t e r  the alkanes. Their r eeu l t s  a r e  in te res t ing  
i n  that h$iroperoxidee were more strongly adsorbed than 
lllcohols of comparable molar mas8 

3 
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12\ 4- 
Decane 

OH + + x - OH 

1 

1.0 2,o 
KD 

FIGURE 2 

Correlation between log 

Sephadex IJ lrx)  i n  CH2C12. Nos.of substance8 cf ,  Table 3 

and gD on 920 x 15 mm % 

All observations summarized it is not astonishing 
tha t  i n  the system Sephadex L H - 2 O / C 3 C l 2  the dimethyl 
octadienole t o  be separated were eluted long a f t e r  the 
isoprene oligomers which were eluted via typ ica l  GFC. 
To study t h i s  e f f ec t  i n  d e t a i l  a number of well-known 
alcohols were included in to  the investigation. 
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ATYPIC GPC OF ALCOHOLS 1311 

Except 1-octadecaml the % values a re  a l l  la rger  than 
one and indieate adsorption, which is prac t ica l ly  only 
due t o  wdrogen bonding. On the other hand there is  a 
cer ta in  course of  the KD values c lear ly  recognizable 
i n  the order of primary s t r a igh t  chain alcohols, which 
can be explained wi th  a smaller surface o f  the ad- 
sorbent being available t o  the la rger  alcohol mole- 
cules than t o  the smaller ones. 

A second explanation, which does not exclude the 
first one, would be hydrophobic in te rac t ion  w i t h  the 
eluant, which inoreases wi th  the s ize  of  the molecules 
o f  these alcohols. If hydrophobic in te rac t ion  i n  hydrous 
systems is  thought of being so important i n  t h i s  con- 
nection (15,19,20), it should be paid due a t t en t ion  i n  
anhydrous systems, too .  

f irst  explanation tha t  the separation o f  the alcohols 
proceed8 strongly according t o  t h e i r  spec i f ic  s t ructure  

Therefore it is intereet ing and emphasizing the 

50 100 ml 

AR I 

I c 
C 

I I 

I D i m e r s  

"m o f  I s o p r e n e  

FIGURE 5 
Separation of  0.04 m l  o f  a mixture o f  oligomers o f  iso- 
prene and dimethyl octadienols on 920 x 15 mm Sephadex 
LH-20 i n  C # 2 C l 2 ,  v = 54.5 ml /h .  Sens i t iv i ty  of  the R I  
detector E = 4. Nos. of  subetances cf. Table 3 .  
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1378 TROLTZSCH 

AR I 

50 100 m l  Ve 
I 

Tr imers  Dimers 

of isoprene 

FIGURE 4 
Separation o f  0.225 ml of a mixture o f  oligomers o f  
isoprene and dimethyl octadienols. v = 42.8 ml/h. 
E = 4 up t o  the first fraction = rubst. 2 ,  afterward6 
E = 8.  The horizontal lines mean fractiona, the first 
m b e r  means the dominating substance. Noo. of sub- 
rtancea c f .  Table 3.  

A R I  

2 3 5 TIME 6hr 

100 123,2 150 ml V, 

1 1 I I 

L 

FIGURE 5 
Separation o f  0.02 m l  geraniol (rubst.6) end 0.003 m l  
nerol (oubst.5) by one recycling step. v = 49,,3 ml/h, 
E = 2.  R means recycling (involving some baseline s h i f t )  
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ATYPIC GPC OF ALCOHOLS 1379 

i n  auch a way tha t  at first t e r t i a r y  alcohols, then 
secondary and a t  las t  primary ones a r e  eluted. In  t h i s  
way from simple mixtures of telomerization the eepa- 
r a t ion  of  pure dimethyl octadienols (Fig.?) and from 
more domplex mixtures a group separation into t e r t i a r y ,  
secondary and primary dimethyl octadienols (Fig.4) W i l l  
be possible. 
Both with the saturated primary alcohols and the  prima- 
r y  dimethyl octadienola the  remaining a lkyl  or alkenyl 
group had, an unexpectedly s t rong  influence on the  
e lu t ion  behaviour so tha t  even the E,Z isomere nerol 
and geraniol could be separated a f t e r  a s ingle  re- 
cycling s tep  (Fig.5). 

I want t o  thank Prof.Dr. W.Gaube f o r  leaving t h i s  
f i e l d  o f  work, Dr. R.Berger f o r  useful discussions and 
him and VIE3 Chemisehea Kombinat bdiltitz f o r  the samples 
and not a t  l a s t  a l l  thoee a l l  over the  world who eent 
r ep r in t s  t o  me. 
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