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Applications of  crown ethers and cryptands in anMyficM chemi~ry have been 
e x ~ n ~ v d y  developed [1], one of the most impo~ant  being in high-performance fiquid 
chromatography (HPLC) for the separation of ionic speNes [2]. Some low-molec~ar-  
w~ght  crown ~he r~  e.g., dibenzo-24-crown-~ were used as packed column ~at ionary 
phases by Li ~,4] for the separation of Ncohol~ phenols, amines, aromatic compounds 
and hafides. Fine et aL [5] prepared and characterized open-tubular columns coated 
with three types of  po ly~rown ethe0, poly(~n~benzo-15~rown-5) ,  ~ n ~ m e t h ~ -  
sila- 17-crown-6 and ~nylmeth~si la-  14-crown-5. Zagorevskaya and KovMeva [6] used 
dibenzo- 18~rown-6 and dini~odibenzo- 18-crown-6 as gas chromatographic station- 
ary phases coated on a carbon sieve for the separation of paraffinic and aromatic 
hydrocarbons. More recenfl~ Rouse et aL [~ synthesized an oligo ~ t h ~ e n e  
oxide)-substituted p~ysi loxane and 18-crown-6-substituted polysiloxane as open- 
tubular column ~at ionary phases and compared them with Carbowax 20M. In our 
pre~ous  work ~], two kinds of crown ethe~ were used as capi~ary c ~ u m n  ~at ionary 
phases. 

In this work, 3-allylbenzo-15-crown-5~ubsfitu~d polysiloxane was synthefized 
and coa~d  on fused-silica capillary columns. The retention beha~our  was ~ u d ~ d  and 
compared those of three columns coated with low-molecMa~w~ght  crown ethe~. The 
crown ethers investigated are shown in Fig. 1. 

EXPE~MENTAL 

Model SP-2305 and SP-3700 gas chromatographs (Bering AnMyticM In- 
~rument  Fa~ory ,  Bering, C N n ~  eq~pped  with flame ~Nza t ion  d ~ e c t o ~  were used 
for evMuation of retention beha~our .  Glass capillary c~umns  smticM~ coated with 
dibenzo-24-crown-8 were prepared as desc6bed p re~ou~y  [8]. Fusedmihca c a ~ a r y  
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Fig. 1. St ructure  of  crown ether  s t a t ionary  phases  studied.  A = PAB15C5S; B - DB24C8. 

c~umns (0.25 mm LD.) (Yongnian Optic~ Fib~ Fa~ory, Heb~, China) were purged 
with dry ni~ogen at 250°C for 2 h before coating, then filled with a solution of 
p~y~rown ~heO ~ationary phase in dichlorom~hane and sealed at one end, 
evaporating the solvent under vacuum at 35°C from the other end. After solvent 
evaporation, the c~umn was dried with dry nitrogen at room ~mperature for 1 h, then 
connected to the gas chromatograph and conditioned at 180°C. Allylbenzo-l~ 
crown-5 and dibenzo-24mrown-8 were obtained from the Depa~ment of En~ron- 
mental Science, Wuhan University (Wuhan, China). Poly(meth~hydrosiloxan~ 
(PHMS) was obtained from the Second BeOing Chemicals Factory (BeOing, China). 
All other chemica~ used for synthesis or charac~fization purpose were of an~ytic~- 
reagent grade. Benzo-15mrown-~subsfitu~d ~rown) p~ysiloxane was synthes~ed 
from aH~benzo-15~rown-5 and PHMS by a procedure fimilar to that in the fiterature 
[~. 

R E S U L T S  A N D  D ~ C U S ~ O N  

Table I ~ves the charac~fistics of three fu~d-~l~a capillary columns coa~d 

T A B L E  I 

C H A R A C T E R I S T I C S  O F  T H E  C A P I L L A R Y  C O L U M N S  S T U D I E D  

C O u m n  C ~ u m n  d ~  ~ a f i o n ~ y  C ~ u m n  C ~ u m n  T ~ t  
No. ( ~ n ~ h  × I.D.) p h ~  e f f i d ~  ~ m p ~ u ~  ~ m p o u n d  

~ a ~ m )  CC) 

1 8.5 m × 0.25 m m  P A B I 5 C 5 S  2675 140 ~-C13 
2 15 m × ~ 2 5  m m  P A B I 5 C 5 S  3578 140 n - C , - O H  
3 l0  m x 0 2 5  m m  PAB15C5S 4705 150 n-C~ 
4 20 m x ~ 2 9  m m  ~ DB24C8 350 120 m C ~  
5 20 m × 0.22 m m  DSU30C10  2680 165 n-C13 
6 20 m x ~ 2 2  m m  S U I 5 C 5  2770 170 n-El3 

a PAB15C5S and  DB24C8,  ~ e  Hg .  1; DSU30C10  = 
3 ~ o w ~ l ~  SU15C5 = ~ n m d ~ I 5 ~ m w ~ 5 .  

b Glass  ~ h ~  c ~ u m n .  

~ G ~ n ~ d ~ -  or  ~ Y ~ e m ~ -  
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TABLE I1 

SELECTIVITIES AND POLARITIES OF THE CROWN ETHERS STUDIED 

X' = Benzen< Y' = bumnM; Z'  - ~penmnonm U ~ = n ~ o p m p a n m  S' - pyriNne. 

~ a f i o n a ~  McReyno~s  consmn~ (A~ b 
phase 

X' Y' Z '  U' S' Mean 

DB24C8 301 448 355 526 479 422 0.2340 
SU15C5 121 218 165 242 195 189 0.2730 
DSU30C10 82 116 128 213 166 141 0.2720 
PABI5C5S 198 390 196 371 434 318 0.2563 
SE-30" 15 44 53 64 41 43 0.2495 
PEG-20M ~ 322 536 368 572 510 461 0.2235 

" From re~ 9. 

with PAB15C5S and a glass capillary column coamd with dibenzo-24-crown-8, and 
two columns coated with SU15C5 and DSU30C10 for comparison. The resu~s 
indicate that the effidency of the Nass capillary column coated with DB24C8 is the 
lowesL and those of the fused-silica capillary columns with PAB 15C5S are the highest. 
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Fig, 2. ~ m  of ~ g  U a g ~ n ~  b ~ n g  p ~ m  mr (©) ~ c o h ~ s  m 140~C, ( • )  a~oho~  at 180~C, ( ~ ) Mkan~ at 
140~C and (A)  alkanes at 180°C on column 3. 
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This occurs m~nly because DB24C8 cannot form an even film on the wall of a glass 
capillary c~umn,  whereas PAB15C5S is a p~y~loxane p~ymer,  which can easily 
form a thin film on the wall of a fused-silva capil~ry c~umn.  Therefor ,  the use of 
a poly(crown etheO as a ~ationary phase in an open-tub~ar  c~umn ~ves a higher 
column effidency than a low-molec~a~w~ght  crown ether. 

The selectivity and p~af i ty  of PAB15C5S and DB24C8 are represen~d by 
McReynolds constants and b (the slope of the curve obtained when the logarithm of 
the a ~ u s ~ d  retention times of n-Mkanes are ~ o t ~ d  as a run , ion  of the number of 
carbon atomM. These p a r a m e ~  and average polarities are hsted in Table lI. These 
pa ram~e~  are also hsted for SU15C5, DSU30C10, SE-30 and PEG-20M for 
comparison. The average polarity of PAB15C5S is higher than that of SU15C5 and 
DSU30C10, but is lower than that of DB24C8 and PEG-20M. It ~ surprising that the 
average polarity of PVB15C5, which was used as ~ationary phase for ca~llary 
columns by Fine et aL {5], is much higher than that of PAB15C5S (526 for PVB15C5 
and 318 for PAB15C5S), and even higher than that of PEG-20M. 

Of the ~x ~ationary phases in Ta~e  II, SU15C5 and DSU30C10 have the 
highest b values, owing to the Mng ~kane chains, and therefore they are s ~ t a ~ e  for the 
separation of apolar compound~ On the other hand, PAB15C5S has a me~um 
h value, ~mi~r  to that of SE-30, so PA B 15C5S is suitable for the separation not only of 
apolar compounds but also of hydrox~ compounds owing to the high selecti~ty for 
akoh~s .  

Fig. 2 shows the plots of log k' @apadty facto0 ~. bol ing p ~ n ~  of homOogous 
alkanes and ~ c o h ~  wich demon~rates the abov~menfioned explanation about the 
se~cfi~ty of PAB15C5S. The ~opes of the plots (Fig. 2) at the same ~mperature a ~  
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F~. 3. Chrommograms of(A) a~oho~ (n-C4 n-CT) and (B) crests on column I (PABI5C5S). (A) C~umn 
~mper~ure - 146°C; 1 = n-butane; 2 - n-heptan~; 3 = n-hexan~; 4 - n-hep~n~. (B) C~umn 
~mper~ure = 136.6°C; 1 = o-cres~; 2 - m~so~ 3 = p-cres~. 
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Fig. 4. Nots of  c d u m n  e f f i d ~ W  ~.  ~ l u m n  ~ m p ~ u m .  (@) CMumn 2; ( ~ )  c d u m n  3. 

~ g .  5. Plot of  log k' ~.  m d F ~ M  of  cMumn ~ m p ~ u m  ~ r  ~ t a n o l  on c ~ u m n  2. 
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F~.  6. G ~  ~ m m ~ o ~ a m  of ~Mkane  m ~ m ~  on ~ l u m n  3. C ~ u m n  ~ m p ~ u ~ :  100 C ~ r  2 min then 
~ o ~ a m m ~  to 300°C ~ ~ n .  l ~ e ~ M n  ~ m p ~ a m m :  3 ~ ° C .  
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fimilar, which means ~ PAB 15C5S ~ n a r y  phase has a simihr m s ~ n g  pow~.  
On the other hand, at the same boiling point, the ~ values of McohOs are higher than 
those of the co~espon~ng  Mkan~. This demon~ra~s  that crown e~e r  stationary 
phases undergo a spedM ~mmct ion  with Mcoh~s. A fund-s i lva  cap~lary c~umn 
coamd with PAB 15C5S is s ~ e  especially ~ r  the ~ p a r ~ i o n  of  phenol ;  e .g . ,  the 
cresol isom~s can be ~ p a r a ~ d  com~etely. Fig. 3 shows chrom~ograms ~ r  the 
~parat ion of pheno~ and ~coh~s .  

To ~st  the effe~ of mmp~atum on ~ e  column effidency, ~ e  height eq~vMent 
~ a theo~f ic~  ~ a ~  (HETP) was d ~ m ~ e d  ~ ~ f f e ~ n t  m m p ~ u ~ s  and a constant 
flow-ra~ o f ~ e  carr i~  gas. Fig. 4 ~ u ~ m m s  a ~ o t  o f H E T P  (k) ~. c~umn m m p ~ u ~  
(0 for n-octanol on the three po~@rown e ~ e 0  c a ~ a r y  c~umns.  It is ckar  that the 
c~umn effidency incma~s with incmafing ~ m p ~ u ~  and has a ma~mum v~ue at 
about 150°C, which is ~ g h ~  ~ a n  the tranfition m m p ~ u ~  O~cu~ed  beMw). This 
beha~our  is diffe~nt  ~om t h ~  of SU15C5 and DSU30C10 c~umns,  on which the 
~ o t  of HETP vs. t has a maximum [8]. As wi~  ~ h e r  ~o w n  ~her  c~umns,  PAB 15C5S 
c~umns also have a f i q ~ d q ~ d  ~an~tion m m p ~ u ~  p ~ n t  (Fi~ ~ ~ about 124°C. 

To ~ v ~ t i g a ~  the ~ m ~  ~ a ~ y  of the PAB15C5S capi~ary columns, an 
n-alkane m~tum was ~ p a r ~ e d  on c~umn 3, which was cros~finked with V4 
~ r a ( m e ~ n ~ y d o ~ a s i l o x a n ~  and DCUP O k u m ~  perioside), and ~ e  
chrom~ogram is shown in Fig. 6. The basdine dfi~ was 1.1 ' 10 -~ 2 A when the co ~m n  
m m p ~ a t u ~  was programmed ~om 100 to 300°C at &C/min. T h e ~ f o ~ ,  it can be 
concluded ~ a t  ~ e  fund-s i lva  capi~a~y c~umn co~ed  wi~  PAB 15C5S po~ess~  high 
• ~ m ~  sm~fi~ ,  and it is better than that of low-m~ec~a~w~ght  crown ether 
stationary phas~ and PEG~0M.  

F u s e d ~ a  cap~lary c~umns coated with PAB15C5S were used to ~param 
polar and apolar compounds, such as isom~s of cresol mono- and ~nitrotoluene, 
~ o h ~ o g e n ~ e d  benzenes and ~me~oxybenzene ,  and excdknt  ~ s ~  were ob- 
t~ned. 
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