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MODIFICATION OF A GAS CHROMATO- 
GRAPH FOR CAPILLARY SUPERCRITICAL 

FLUID CHROMATOGRAPHY 

J. L. Hensley and H. M. McNair 
Chemistry Department 

Virginia Tech 
Blacksburg, Virginia 24061 

ABSTRACT 

M o d i f i c a t i o n  of a gas chromatograph f o r  o p e r a t i o n  w i t h  super- 
c r i t i c a l  f l u i d s  can be made i n  a s imp le  manner w i t h o u t  l o s i n g  t h e  
c a p a b i l i t y  f o r  conven t iona l  gas chromatography. Using r e a d i l y  a v a i l -  
a b l e  commercial equipment, s u p e r c r i t i c a l  f l u i d  chromatography on a 
l e v e l  p e r m i t t i n g  u s e f u l  a p p l i c a t i o n  can be per formed by many labo ra -  
t o r i e s .  A s imp le  analog ramp genera to r  i s  used t o  program t h e  p res -  
su re  o f  a s y r i n g e  pump. 
some of t h e  a n a l y t i c a l  r e s u l t s  obta ined.  

Th is  work w i l l  d e s c r i b e  such a system and 

INTRODUCTION 

S u p e r c r i t i c a l  f l u i d  chromatography has r e c e i v e d  r e c e n t  a t t e n t i o n  

due t o  i t s  a b i l i t y  t o  extend t h e  u s e f u l  range o f  c a p i l l a r y  chromatographic  

ana lys i s .  

power o f  a conven t iona l  l i q u i d  w i t h  a d i f f u s i v i t y  and v i s c o s i t y  s i m i l a r  

t o  a gas a l l o w s  t h e  a n a l y s i s  o f  n o n - v o l a t i l e .  t h e r m a l l y  l a b i l e  compounds 

(F ig .  1). The use of  a s u p e r c r i t i c a l  f l u i d  f o r  chromatographic  a n a l y s i s  

was f i r s t  desc r ibed  i n  t h e  l i t e r a t u r e  by K lesper  ( 1 )  i n  1961. 

o r i g i n a l  work u t i l i z i n g  packed columns exper ienced gradual  development 

d u r i n g  t h e  f o l l o w i n g  years and was developed by Gere e t  a l .  ( 2 )  u s i n g  t h e  

i n s t r u m e n t a t i o n  developed f o r  HPLC. T h e i r  work l e d  t o  t h e  development of 

The use of a s u p e r c r i t i c a l  f l u i d  which combines t h e  s o l v a t i n g  

T h i s  

1985 
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CHROMATOGRAPHIC PARAMFTFRS 

DIFFUSION 

(cm*/sec) (g/cm. sec) (g/cm3) 
COEFFICIENT V 1 SCOS I TY DENS I TY 

c c1r 

Figure 1. 
liquids and supercritical fluids. 

h comparison of the chromatographic parameters of gases, 

a commercial packed column SFC instrument and a resurgence of interest in 
the technique. The logical development of chromatographic analyses toward 
the use of wall-coated open tubular columns was applied to SFC by Novotny. 
Lee et al. ( 3 )  in the early 1980's. 
fused silica capillary columns coated with non-extractable polymeric phases 
allows the possibility for high efficiency separations (100,OOOt theoretical 
plates) of non-volatile and thermally labile compounds, while the use of 
smaller (25 um i.d.) columns allows very fast separations to be performed ( 4 )  

The use of small diameter (100 um i.d.) 

In order for a chromatographic method to become a useful analytical 
technique, the method must resolve the peaks of interest from the surround- 
in5 matrix in a reproducible manner within a reasonable time frame, while 
delivering a sufficient amount of material for detection to be made. The 
use of 100 micron i.d. capillary columns with supercritical fluid CO2 as 
a mobile phase has proven satisfactory in meeting these requirements in our 
laboratory. Our work has utilized commercially available equipment with 
minimal modification to achieve flame ionization detection with capillary 
SFC. 

Instrumentation 

For reference in the following discussion Figure 2 shows a schematic 
of the SFC chromatograph. 
purity. 
with some grades and vendors of CO2. 

The source of C02 should be carefully chosen for 
Initially, we encountered problems with a high background level 

This is t o  be expected since methane 
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i s  a known contaminant  o f  COT. 

a b l e  F I O  response, o n l y  t h e  bes t  grades o f  COP a v a i l a b l e  shou ld  be used. 

The use o f  scrubber  pre-columns has been advocated t o  remove i m p u r i t i e s  

from t h e  CO2 b u t  i n  t h e  case o f  methane, s i l i c a  g e l  and m o l e c u l a r  s i e v e  

columns have no r e a l  u t i l i t y .  

Coleman Ins t rumen t  grade CO2. Matheson (Oorsey, MO) o r  t h e  new SFC grade 

C02 which has r e c e n t l y  been marketed by S c o t t  S p e c i a l t y  Gases ( P l u m s t e a d v i l l e .  

PA).  The use of a h i g h  p ressu re  2 m ic ron  i n l e t  f i l t e r  i n l i n e  on t h e  COP 
d e l i v e r y  l i n e  serves t o  p reven t  p a r t i c u l a t e  contaminants  f rom reach ing  

t h e  pump. 

S ince  methane, o f  course, has an apprec i -  

Our b e s t  r e s u l t s  have been o b t a i n e d  by u s i n g  

To s a t i s f y  t h e  pumping requi rements o f  c a p i l l a r y  SFC t h e  uLC pump 

f rom ISCO. (L inco ln ,  NE) was chosen. I n  s e l e c t i n g  a pump f o r  c a p i l l a r y  

SFC, p u l s e  f r e e  o p e r a t i o n  i s  i m p o r t a n t  f o r  t h e  low f l o w  r a t e s  (100 t o  

200 u l / m i n )  used. 

s y r i n g e  t y p e  HPLC pump. One advantage o f  t h e  uLC 500 i s  i t s  dua l  mode 

o f  d e l i v e r y  by e i t h e r  cons tan t  f l o w  o r  by c o n s t a n t  pressure.  

t o  p r o v i d e  f o r  s o l v e n t  d e l i v e r y  by c o n t r o l l i n g  p ressu re  r a t h e r  than  f l o w  

r a t e  i s  ex t reme ly  advantageous f o r  c a p i l l a r y  a p p l i c a t i o n s .  

t i o n a l  a i d  access p o r t s  a r e  p r o v i d e d  on t h e  pump c o n t r o l l e r  t o  p r o v i d e  

e x t e r n a l  c o n t r o l  c a p a b i l i t y  o f  p ressu re  o r  f l o w  r a t e .  S ince t h e  s o l v e n t  

power o f  a s u p e r c r i t i c a l  f l u i d  i s  p r o p o r t i o n a l  t o  i t s  d e n s i t y  wh ich  i n  t u r n  

i s  p r o p o r t i o n a l  t o  i t s  pressure, m a n i p u l a t i o n  o f  t h e  p ressu re  can a f f e c t  

t h e  a n a l y s i s  i n  a manner analagous t o  s o l v e n t  programming. T h i s  c o n t r o l  

could,  o f  course, be performed by u s i n g  a m ic rop rocesso r  f o r  a generated 

p ressu re  p r o f i l e ,  b u t  acceptable r e s u l t s  can be achieved v e r y  economica l l y  

by a s imp le  analog e l e c t r o n i c  ramp generator .  

b i n a t i o n  w i t h  t h e  uLC 500 was used by ou r  l a b  f o r  t h e  a p p l i c a t i o n s  p res -  

en ted  here. 

A t  t h e  p resen t  t i m e  t h i s  requ i remen t  i s  b e s t  met by a 

T h i s  a b i l i t y  

As an add i -  

A ramp genera to r  i n  com- 

For  sample i n t r o d u c t i o n  an HPLC s u b m i c r o l i t e r  f i x e d  l oop  i n j e c t i o n  

v a l v e  was used. Two va l ves  were evaluated,  t h e  f i r s t  was a MACS 500 0.5 u l  

v a l v e  f rom EM Science (Gibbstown. NJ) and t h e  second was a Va lco  (Houston, 

T X )  0.1 u l  model CI4W. Both va l ves  gave e x c e l l e n t  r e s u l t s  and were t e s t e d  

w i t h  CO2 a t  p ressu res  up t o  5000 p s i  w i t h o u t  l eaks  o r  r o t o r  f a i l u r e .  

F o l l o w i n g  t h e  i n j e c t i o n  v a l v e  an i n l e t  s p l i t t e r  designed f o r  SFC by 

S c i e n t i f i c  Glass and Eng ineer ing  (Aus t i n ,  TX) was i n s t a l l e d  t o  f u r t h e r  

reduce t h e  sample s i z e  and band w id th .  A Perkin-Elmer (Norwalk. 

CT)  Sigma 2000 gas chromatograph equipped w i t h  f lame i o n i z a t i o n  d e t e c t o r s  

was used f o r  c o n t r o l l i n g  t h e  temperature o f  t h e  c a p i l l a r y  column and f o r  

sample d e t e c t i o n .  

ment p r o v i d e  easy access f o r  t h e  i n j e c t i o n  v a l v e  and i n l e t  s p l i t t e r  w h i l e  

The a u x i l l a r y  i n l e t  p o r t s  on  t h e  s i d e  o f  t h e  i n s t r u -  
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a l l o w i n g  t h e  gas chromatographic  i n l e t s  on t h e  f r o n t  o f  t h e  i n s t r u m e n t  t o  

be r e t a i n e d  f o r  use w i t h o u t  t h e  n e c e s s i t y  f o r  removal o f  t.he i n l e t s  o r  

f o r  t h e  d r i l l i n g  o f  ho les  th rough  t h e  oven w a l l .  

I n t e r f a c i n g  t h e  a n a l y t i c a l  column t o  t h e  f l ame i o n i z a t i o n  d e t e c t o r  

was accomplished by t h e  use o f  an SGE g lass  l i n e d  c a p i l l a r y  b u t t  con- 

n e c t o r  l i n k i n g  t h e  100 um a n a l y t i c a l  column t o  t h e  10 um x 4 cm r e s t r i c t o r ,  

which i s  t hen  f e d  i n t o  t h e  d e t e c t o r  i n  t h e  normal manner. A l though  r e p o r t s  

of s p i k i n g  and ways t o  a v o i d  o r  c o r r e c t  f o r  i t  have been r e p o r t e d  due t o  

t h e  decompression o f  CO2 i n  t h e  FID's  (5.6), no s p i k i n g  was observed w i t h  

t h e  10 m ic ron  r e s t r i c t o r  w h i l e  s p i k i n g  was observed w i t h  t h e  5 urn r e s t r i c -  

t o r  i n  t h e  p ressu re  r e g i o n  o f  3000-5000 p s i .  

r e s t r i c t o r  was used f o r  these a p p l i c a t i o n s .  Data c o l l e c t i o n  was performed 

by a Perkin-Elmer (Norwalk. CT)  LCI-100 i n t e g r a t o r  and a Perk in-Elmer 3600 

Data s t a t i o n .  

For  t h i s  reason t h e  10 um 

A p p l i c a t i o n s  

The major  need f o r  SFC a p p l i c a t i o n s  i s  f o r  t h e  a n a l y s i s  o f  samples 

n o t  amenable t o  c a p i l l a r y  GC, t h a t  i s  samples t h a t  a r e  e i t h e r  n o n - v o l a t i l e  

o r  t h e r m a l l y  l a b i l e .  The use o f  f used  s i l i c a  columns m in im izes  a d s o r p t i o n  

w h i l e  t h e  f lame i o n i z a t i o n  d e t e c t o r  p rov ides  a lmost  u n i v e r s a l  response f o r  

o rgan ic  compounds. The column used f o r  a l l  t h e  f o l l o w i n g  a p p l i c a t i o n s  was 

a 10 me te r  x 100 um i.d. fused s i l i c a  column f rom Po lym ic ro  Technologies 

(Phoenix, A Z )  which was coated w i t h  OV-1701 a f t e r  carbowax d e a c t i v a t i o n  

and then  c r o s s l i n k e d  w i t h  azo-t-butane acco rd ing  t o  procedures desc r ibed  

e a r l i e r  (7 ) .  Columns prepared i n  t h i s  manner have been e x t e n s i v e l y  used 

i n  o u r  l a b o r a t o r y  w i t h  SFC w i t h o u t  phase l o s s  as shown by a r e d u c t i o n  i n  

k' values. 

A sample o f  Gulfwax p a r a f f i n  i s  shown i n  F ig .  3. W i t h i n  12 m inu tes  

t h e  sample has been s a t i s f a c t o r y  separated a t  a temperature o f  100°C by 

s t a r t i n g  a t  2000 p s i  and p ressu re  programming a t  125 ps i /min.  The tem- 

p e r a t u r e  used i n  t h i s  example w i l l  be used i n  a l l  succeeding a p p l i c a t i o n s  

s i n c e  i n  t h i s  r e g i o n  t h e  p ressu re -dens i t y  i so the rm i s  n e a r l y  l i n e a r  f o r  

Cop. 

The s e p a r a t i o n  shown i n  F i .  4 i s  e a s i l y  made. 

The s u r f a c t a n t ,  T r i t o n  X-100, has been analyzed e x t e n s i v e l y  by SFC. 

A g r e a t  dea l  o f  i n t e r e s t  has been generated i n  SFC due t o  t h e  tech-  

n iques a b i l i t y  t o  handle some po lymer i c  m a t e r i a l s .  I n  F ig .  5. a com- 

m e r c i a l  p o l y d i m e t h y l  s i l o x a n e  f l u i d  i n  methy lene c h l o r i d e  i s  analyzed. 

A s t a r t i n g  p ressu re  o f  1000 p s i  i s  used t o  i n c r e a s e  r e s o l u t i o n  i n  t h e  

e a r l y  p a r t  o f  t h e  sample. Fig. 6 shows another  p o l y d i m e t h y l  s i l o x a n e .  
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I n  t h i s  case t h e  sample i s  a gas chromatographic  s t a t i o n a r y  phase, SF-96. 

The l a s t  chromatogram, 

OV-235. i s  shown i n  F ig .  7. T h i s  phase i s  a v i n y l  m o d i f i e d  v e r s i o n  o f  

OV-225, a 50% phenyl-methyl,  50% cyanopropylmethy l  p o l y s i  loxane. Fig. 8 

shows a separa t i on  o f  f a t t y  a c i d s  w i th  carbon numbers o f  C 10-C 24. 

t h i s  case, t h e  sample was analyzed a t  100°C w i t h  t h e  l a s t  peak o u t  i n  15 

minutes. 

ano the r  gas chromatographic  s t a t i o n a r y  phase, 

I n  

CONCLUSION 

The i n s t r u m e n t a t i o n  needed t o  pe r fo rm SFC i s  n o t  e x o t i c  o r  un ique  t o  
these  a p p l i c a t i o n s .  Many l a b o r a t o r i s  can pe r fo rm u s e f u l  analyses u s i n g  

s u p e r c r i t i c a l  f l u i d  chromatography w i t h  a minimum e x p e n d i t u r e  f o r  a d d i t i o n a l  

equipment. Fused s i l i c a  c a p i l l a r y  columns p r o v i d e  t h e  p o t e n t i a l  f o r  a 

ma jo r  improvement i n  r e s o l u t i o n  ove r  packed SFC columns and t h e  F ID  g i v e s  

a u n i v e r s a l  means o f  d e t e c t i o n  f o r  o r g a n i c  compounds w i t h  an e a s i l y  c a l i -  

b r a t e d  response. 
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