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EFFECTS OF SOLVENT COMPOSITION AND 
TEMPERATURE ON THE NORMAL PHASE 

LIQUID CHROMATOGRAPHIC SEPARATION 
OF SUBSTITUTED PHENOLS 

C. Allen Chang* and Lihder T. Tan 
Department of Chemistry 

University of Texas at El Paso 
El Paso, Texas 79968 

ABSTRACT 

Temperature-dependent measurements o f  t h e  c a p a c i t y  f a c t o r s  
f o r  t h e  l i q u i d  chromatographic separa t i ons  o f  p o s i t i o n  isomers o f  
c r e s o l  and ch lorophenol  have been made a t  va r ious  c o n c e n t r a t i o n s  
o f  2-propanol i n  n-heptane u s i n g  an amino honded phase column. 
Extra-thermodynamic r e l a t i o n s h i p s ,  i.e. l i n e a r  f r e e  energy r e l a -  
t i o n s h i p  and l i n e a r  AH-pKa 
demonstrate t h a t  t h e  h a s i c  i n t e r a c t i o n  mode does no t  vary  w i t h  
t h e  s o l v e n t  composi t ion,  c o n s i s t e n t  w i t h  an e a r l i e r  r e p o r t  by S c o t t  
and Kucera. Hydrogen honding i n t e r a c t i o n  a t  t h e  m o l e c u l a r  l e v e l  i s  
proposed. 

r e l a t i o n s h i p s  a r e  a p p l i e d  t o  

I INTRODUCTION 

Recen t l y  we have demonst.rated t h a t  hy u s i n g  ext ra- therrno-  

dynamic r e l a t i o n s h i p s ,  i.e. l i n e a r  f r e e  energy r e l a t i o n s h i p  and 

l i n e a r  AH-pKh r e l a t i o n s h i p ,  a r e t e n t i o n  mode change has occu r red  

due t o  t h e  change o f  mobi le  phase composi t ion f o r  t h e  l i q u i d  ch ro -  

mat o (1 rap  h 

amino and 

c separat  

a diamine 

ons o f  seve ra l  s u b s t i t u t e d  a n i l i n e s  u s i n g  an 

honded phase columns(l,2). Th i s  i s  c o n s i s t e n t  

995 
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996 CHANG AND TAN 

w i t h  what has been s t a t e d  t h a t  f o r  t h e  s e p a r a t i o n  o f  p o l a r  c o w  

pounds, r e t e n t i o n  may be de te rm ined  by s p e c i f i c  s o l u t e - s t a t i o n a r y  

phase and s o l u t e - m o b i l e  phase i n t e r a c t . i o n s ,  e s p e c i a l l y  when h i g h  

c o n c e n t r a t i o n s  o f  p o l a r  e l u e n t  a r e  added ( 3 ) .  Our e x p e r i m e n t a l  

o b s e r v a t i o n  has f u r t h e r  l e d  us t o  propose p o s s i b l e  i n t e r a c t i o n  

modes a t  t h e  m o l e c u l a r  l e v e l  d u r i n g  t h e  r e t e n t i o n  p rocess .  T h i s  i s  

because a l i n e a r  r e l a t i o n s h i p  i s  observed between va lues  o f  pKb 

o f  a n i l i n e s  and - H, i .e. t h e  h i g h e r  t h e  -AH va lue ,  t h e  l o w e r  

t h e  pKb v a l u e  u s i n g  h i g h  pe rcen tage  (e.g. 25%) o f  2-propanol  i n  

n-heptane as m o b i l e  phase. Thus, t h e  i n t e r a c t i o n  i n v o l v i n q  

hydrogen bond inq  i s  proposed i n  F i g u r e  1. On t h e  o t h e r  hand. t h e  

i n v e r s e  r e l a t i o n s h i p  observed u s i n g  l ow  c o n c e n t r a t i o n  o f  

2-propanol  i n  n-heptane as e l u e n t  i m p l i e s  p o s s i b l e  hydrogen-  

bond ing  i n t e r a c t i o n  modes d e p i c t e d  i n  F i g u r e  2. These i n t e r a c -  

t i o n  modes a r e  proposed a l s o  based on t h e  f a c t s  t h a t  a l i p h a t i c  

amines a r e  more b a s i c  t h a n  a r o m a t i c  amines and N-H...O hydroqen 

bond inq  i s  s t r o n g e r  t h a n  N-H...N hydrogen bonding.  

I n  o r d e r  t o  examine t h e  v a l i d i t y  o f  t h e  s t u d y  and t o  

unders tand  more about  t h e  r e t e n t i o n  a t  t h e  m o l e c u l a r  l e v e  , we 

now r e p o r t  t h e  e f f e c t  o f  s o l v e n t  c o m p o s i t i o n  and t e m p e r a t u r e  on 

t h e  normal phase l i q u i d  ch romatog raph ic  s e p a r a t i o n  o f  s e v e r a l  

s u b s t i t u t e d  pheno ls  u s i n q  an amino bonded phase column w i t h  

2-propanol  i n  n-heptane as e l u e n t .  Ex t ra - the rmodynamic  r e l a -  

t i o n s h i p s  a r e  a g a i n  a p p l i e d .  It s h o u l d  be n o t e d  t h a t  s e v e r a l  

r e p o r t s  have appeared b e f o r e  t h i s  s t u d y  c o n c e r n i n g  t h e  s e p a r a t i o n  

o f  a l k y l p h e n o l s  u s i n g  s e v e r a l  d i f f e r e n t  columns (4,5,6). 
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SEPARATION OF SUBSTITUTED PHENOLS 997 

I 
//////////////////,///// 

Si l ica 

1. FIGURE 1. Proposed t i-bonding i n t e r a c t i o n  o f  a n i l i n e  w i t h  

t h e  amino bonded phase a t  h i g h  2-propanol c o n c e n t r a t i o n  i n  n- 

heptane e l u e n t .  

.. 
i"' 

.. 
NH2 

I 

2. FIGURE 2. Proposed H-bonding i n t e r a c t i o n  o f  a n i l i n e  w i t h  

t h e  amino bonded phase a t  low 2-propanol c o n c e n t r a t i o n  i n  n- 

heptane e luen t .  
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998 CHANG AND TAN 

However, t h e  e f f e c t s  o f  temperature on t h e  s e p a r a t i o n  have not  

been i n c l  uded. 

E XPEK IMENTAL 

A. Apparatus and Reaqents 

A F l i c r o m e r i t i c s  (Norcross, GA., USA) model 7500 l i q u i d  ch ro -  

matography system was used. 

model 750 s o l v e n t  d e l i v e r y  system, a model 752 t e r n a r y  s o l v e n t  

mixer ,  a model 731 column compartment w i t h  a u n i v e r s a l  sample 

i n j e c t o r  and a v a r i a b l e  temperature c o n t r o l l e r  f r o m  ambient t o  

1511°C. and a model 786 v a r i a b l e  wavelenqth (200-6OOnm) d e t e c t o r  

w i t h  a deuter ium lamp. A Waters ( M i l f o r d ,  MA., USA) HPLC system 

equipped w i t h  two model 6000 A s o l v e n t  d e l i v e r y  systems, a model 

660 s o l v e n t  programmer and a model 440 absorbance d e t e c t o r  

(254nm) was a l s o  used. 

Th is  system was equipped w i t h  a 

Pressure-Lok s e r i e s  C-160 ( P r e c i s i o n  Samplinq Corp.. LA., 

USA) 10 p l  and 25 111 sy r inqes  were used. Chromatoqrams were 

recorded w i t h  a L i n e a r  model 555 s inq le -channe l  reco rde r .  

Amino bonded phase, Rosil-NH2, was purchased f rom A l l t e c h  

Associates ( D e e r f i e l d ,  IL., LISA). A l l  o t h e r  chemicals  were 

reagent grade and ob ta ined  f rom va r ious  sources. 

R .  Column Packing 

The columns were packed by u s i n g  an up - f l ow  method w i t h  a 

M i c r o m e r i t i c s  Model 705 s t i r r e d - s l u r r y  Column packer. Carbon 

t e t r a c h l o r i d e  was used as t h e  s o l v e n t  f o r  column packing. 

Re fo re  packing, t h e  bonded phases were d i spe rsed  i n  t h e  

s o l v e n t  and t r e a t e d  by an u l t r a s o n i c  v i b r a t o r  f o r  1 minu te  so 
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SEPARATION OF SUBSTITUTED PHENOLS 999 

t h a t  a we l l -m ixed  suspension was formed (7 ) .  The procedures f o r  

column pack ing  were desc r ibed  i n  a p rev ious  p u b l i c a t i o n  (8). 

C .  Chromatographic Procedures 

Re fo re  t h e  s e p a r a t i o n  exper iments,  t h e  columns were washed by 

1% ?-propano1 i n  n-heptane. A f l o w  r a t e  o f  1 ml/min. was used 

f o r  t h e  washing process. A f t e r  washing 12 hours, t h e  column was 

a l l o w e d  t o  s tand f o r  another  12 hours. The process was repeated 

3-4 t imes.  A f t e r  p r e - e q u i l i b r i u m  was achieved, a f l o w  r a t e  o f  2 

m l  / m i  n. was used. The temperature-dependent measurements o f  

c a p a c i t y  f a c t o r  ( k )  were per formed s t a r t i n g  w i t h  a l ower  p o l a r  

m o d i f i e r  c o n c e n t r a t i o n  and t h e n  p r o g r e s s i n g  t o  h i g h e r  p o l a r  

m o d i f i e r  concen t ra t i ons .  A d d i t i o n a l  washing w i t h  a f l o w  r a t e  o f  

2 ml /min 

p o l a r  m o d i f i e r  was changed. 

f o r  H hours was per formed when t h e  c o n c e n t r a t i o n  o f  

The s e p a r a t i o n  o f  a m i x t u r e  o f  0-, m-, and p-isomers o f  c r e s o l  

and ch lornphenol  was p re - tes ted .  Depending on t h e  s e p a r a t i o n  

c o n d i t i o n ,  s o l u t e  m ix tu res  were prepared so  t h a t  o v e r l a p p i n q  peaks 

d i d  not. occur  and qood r e s o l u t i o n s  ( R )  were ob ta ined  ( i . e .  R > 

1 .O) 

I n  each separa t i on ,  s o l u t e  m ix tu res  were prepared u s i n g  t h e  

e l u e n t .  The c o n c e n t r a t i o n  o f  each s o l u t e  was ca. 1-2 mg/ml. An 

amount o f  S p l  o f  t h e  s o l u t e  m i x t u r e  was i n j e c t e d  i n t o  t h e  system. 

A back pressure l e s s  than  1000 p s i  was u s u a l l y  observed th roughou t  

t h e  experiment. 

A11 data p o i n t s  were c o l l e c t e d  by ave rag ing  more t h a n  t h r e e  

r e p r o d u c i b l e  separa t i ons  and t r e a t e d  w i t h  normal s t a t i s t i c a l  me- 

thods.  p-Xylene o r  benzene was used t o  determine t f o r  each column. 
0 
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1000 CHANG AND TAN 

I t  i s  necessary t o  p o i n t  ou t  t h a t  t h e  temperature-dependent 

measurements were performed by a very c a r e f u l  c o n t r o l  o f  tem- 

pe ra tu re .  Genera l l y ,  t h e  mob i l e  phase was preheated b e f o r e  i t  

en te red  i n t o  t h e  column. Wi th  t h e  p r e - h e a t - e q u i l i b r a t e d  s o l v e n t  

i n  t h e  column and a d d i t i o n a l  h e a t i n g  o f  t h e  column body, i t  was 

found t h a t  t h e  temperature was f a i r l y  un i fo rm.  Two observa t i ons  

suppor ted t h i s  conclus ion.  F i r s t ,  t h e  temperatures i n  t h e  h e a t e r  

measured by a thermometer and by a t h i n  w i r e  prohe (Kane-May 

Measuring Inst rument ,  Inc.  Albuquerque, N M )  around t h e  t u b i n g  and 

around t h e  column were w i t h i n  t O . l 0 C .  Secondly, t h e  chroma- 

tograms ob ta ined  under t h e  s e t  temperature were r e p r o d u c i b l e  t o  

w i t h i n  21% i n  terms o f  c a p a c i t y  f a c t o r s  c a l c u l a t e d  f o r  each peak. 

RESULTS AND D I S C U S S I O N  -- 

I .  E l u t i o n  Sequence. 

The r e t e n t i o n  o f  t h e  p o s i t i o n  isomers o f  c r e s o l  and 

ch lorophenol  i n  t h e  amino column f o l l o w s  t h e  i n c r e a s i n g  o rde r :  

p < m < o f o r  ch lorophenol  and o < m - p f o r  c r e s o l  (Tab le  I ) .  

I n  genera l ,  ch lorophenols  always e l u t e  l a t e r  t h a n  c reso ls .  T h i s  

i s  a t t r i b u t e d  t o  t h e  presence o f  t h e  c h l o r i n e  atom on ch lo rophe-  

no1 which serve as a second s i t e  f o r  both hydrogen bonding and 

d i p o l e - d i p o l e  i n t e r a c t i o n s .  

ch lorophenols  due t o  t h e  presence o f  c h l o r i n e  atoms c e r t a i n l y  a r e  

a l s o  very s i g n i f i c a n t .  

The r e s u l t i n g  low pKa values f o r  

Two o t h e r  obse rva t i ons  a re  a l s o  apparent. F i r s t ,  o -c reso l  

e l u t e s  f a s t e r  t han  t h e  m- and para- isomers because t h e  s t e r i c  
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SEPARATION OF SUBSTITUTED PHENOLS 1001 

T a b l e  I .  Log  k and -AH ( K c a l )  Va lues  f o r  t h e  S e p a r a t i o n  o f  

C h l o r o p h e n o l  and C r e s o l  Isomers  U s i n g  An Amino Bonded 

Phase Column A t  Varous 2-Propano l  Compos i t i on . *  

p e r c e n t a g e  o f  2 -p ropano l  i n  n -hep tane  

7.5% 15% 2 0% 

c h l a r o p h e n o l ,  o r t h o -  l.lg(5.59) 0.90(5.58) 0.76( 5.23) 

meta-  O.Fll(2.68) 0.44(3.14) 0.28(2.87) 

p a r a -  0.73( 2.07) 0.37(2.58) 0.20( 2.37) 

c r e s o l ,  o r t h o -  0.25 - -0.21 

rneta- 0.38 0.04 -0.09 

p a r a -  0.36 0.05 -0.08 

*The a s s o c i a t e d  e r r o r  f o r  t h e  A H  ( v a l u e s  i n  p a r e n t h e s i s )  

d e t e r m i n a t i o n  i s  e s t i m a t e d  t o  he k0.5 k c a l .  The p r e c i s o n  o f  

l o g  k d e t e r m i n a t i o n  i s  +-1% 

r e p u l s i o n  e f f e c t  o f  t h e  m e t h y l  g roup a t  t h e  o r t h o  p o s i t i o n .  

Second, t h e  reason  why o - c h l o r o p h e n o l  e l u t e s  s l o w e r  t h a n  i t s  

p o s i t i o n  isomers nay he t w o f o l d :  (1) The o - i somer  i s  more a c i -  

d i c .  ( 2 )  There  i s  a p o s s i b i l i t y  o f  h i - f u n c t i o n a l  i n t e r a c t i o n  

f o r  t h e  o - c h l o r o p h e n o l  w i t h  t h e  amino groups  on t h e  bonded phase, 

( F i g u r e  3). The p o s s i b i l i t y  o f  h i - f u n c t i o n a l  i n t e r a c t i o n  i s  

f u r t h e r  p roved  hy t h e  tempera tu re -dependen t  measurements o f  t h e  

c a p a c i t y  f a c t o r s  ( k ) .  A c c o r d i n g  t o  t h e  v a n ' t  H o f f  e q u a t i o n :  
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1002 CHANG AND TAN 

Silica 

3. FIGURE 3. P o s s i b l e  b i - f u n c t i o n a l  

o-ch lorophenol  and t h e  amino bonded 

n t e r a c t  

phase. 

on between 

t h e  AH values ob ta ined  by p l o t t i n g  I n k  vs. 1 f o r  o-ch loropohenol  

a t  seve ra l  e l u e n t  c o n d i t i o n s  a re  always much more n e g a t i v e  f o r  

o-ch lorophenol  t han  those  o f  i t s  p o s i t i o n  isomers. I n  f a c t ,  t hey  

a r e  about t w i c e  i n  terms o f  abso lu te  values. T h i s  i s  c o n s i s t e n t  

w i t h  what was r e p o r t e d  p r e v i o u s l y  concern ing t h e  i n t e r a c t i o n  o f  

catecho w i t h  a diamine bonded phase column ( 9 ) .  S i m i l a r  obser-  

v a t i o n  s a l s o  found when n i t r o p h e n o l  isomers were separa ted  

u s i n g  a diamine bonded phase column w i t h  a much more a c i d i c  

e l u e n t  (10). 

11. R e t e n t i o n  Mode. 

T 

I n  many cases t h a t  were p r e v i o u s l y  repo r ted ,  l i n e a r  f r e e  

energy re1 a t  i onshi ps ( e n t h a l  py-ent  ropy compensation) were 

observed, i.e. p l o t s  o f  l o g  k vs. AH values a r e  l i n e a r .  The slo- 

pes o f  en tha lpy -en t ropy  compensation p l o t s  have been used t o  

i n t e r p r e t  t h e  r e t e n t i o n  mechanisms i n  reve rse  phase chroma- 
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SEPARATION OF SUBSTITUTED PHENOLS 1003 

t og raphy  (11). I n  t h e  p r e v i o u s  r e p o r t  conce rn ing  t h e  s e p a r a t i o n  

o f  s u b s t i t u t e d  a n i l i n e s ,  a p r o g r e s s i v e  change o f  t h e  s lopes  has 

prompted one t o  propose an i n t e r a c t i o n  mode change as t h e  e l u e n t  

concent r a t i o n  o f  2-propanol ( i n  n-heptane) i s  i ncreased ( 2 ) .  

F i g u r e  4 shows s i m i l a r  p l o t s  and i n t e r e s t i n g l y ,  t h e  s lopes  remain 

r o u g h l y  unchanged. T h i s  may be an i n d i c a t i o n  o f  t h e  f a c t  t h a t  as 

t h e  2-propanol c o n c e n t r a t i o n  i n  e l u e n t  i s  var ied,  t h e  b a s i c  

r e t e n t i o n  mode i s  not  changed. The c o n c l u s i o n  i s  f u r t h e r  sup- 

p o r t e d  by t h e  p l o t  o f  AH va lues vs. pKa va lues o f  s o l u t e s  ( F i g u r e  

5 ) .  A l though t h e  measured AH values have r e l a t i v e l y  l a r g e  asso- 

c i a t e d  e r r o r s ,  t h e  p l o t s  ind icat .e  t h a t  t h e  more a c i d i c  t h e  com- 

pound, t h e  more nega t i ve  t h e  AH va lue  oh ta ined ,  r e g a r d l e s s  o f  t h e  

s o l  vent  composi t ion.  

A proposed i n t e r a c t i o n  a t  t h e  mo lecu la r  l e v e l  between t h e  

s o l u t e s  and t h e  amino honded phase i s  proposed i n  F i g u r e  6. 

Because phenols a re  i n h e r e n t l y  much more a c i d i c  t h a n  2-propanol 

i n  t h e  e l u e n t ,  they w i l l  always occupy t h e  l one  p a i r  e l e c t r o n  

s i t e  o f  t h e  amino group upon i n t e r a c t i o n  i r r e s p e c t i v e  o f  t h e  con- 

c e n t r a t i o n  o f  2-propanol i n  t h e  e luen t .  Thus, a "d isp lacement"  o r  

a " d i r e c t  i n t e r a c t i o n "  i n v o l v i n g  hydrogen bonding always occur :  

When t h e  2-propanol c o n c e n t r a t i o n  i n  n-heptane i s  low, t h e r e  

s t i l l  a r e  unoccupied l one  p a i r  e l e c t r o n  s i t e s  o f  amino groups, 

" d i r e c t  i n t e r a c t i o n "  may occur. On t h e  o t h e r  hand, a t  h i g h  con- 

c e n t r a t i o n  o f  2-propanol, most l one  p a i r  e l e c t r o n  s i t e s  a r e  

taken,  phenol w i l l  " d i s p l a c e "  t h e  l e s s  a c i d i c  a l c o h o l  on t h e  

bonded phase. Bo th  t y p e  o f  i n t e r a c t i o n s  a r e  between phoneol and 
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; "G  k vs. -AH F"5 CHI.?H?I~HEYOL I S O K E R S  

4. F I G U R E  4. P l o t s  o f  l o g  k vs. - A H  i n  an amino column u s i n g  

2-propanol /n-heptane m i x t u r e  as e l u e n t  f o r  t h e  s e p a r a t i o n  o f  

seve ra l  s u b s t i t u t e d  phenols. % 2-propanol i s  on t h e  upper-  

l e f t  o f  each p l o t .  So lu tes :  o-ch lorophenol  ( O ) ,  m- 

ch lorophenol  ( A ) ,  p-chlorophenol  (o), o-c reso l  (O), m-cresol 

(A), p-c reso l  (0 ) .  
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5.0 
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D 20% 2 5% 

5. F I G U R E  5 .  P l o t s  of -AH V S .  pKb va lue  o f  s o l u t e s  i n  an amino 

column u s i n g  2-propanol /n-heptane m i x t u r e  as e l u e n t  f o r  t h e  

s e p a r a t i o n  o f  seve ra l  s u b s t i t u t e d  phenols. S o l u t e  symbols 

a r e  t h e  same as F i g u r e  4. 
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Silica 

6. F I G U R E  6. More a c i d i c  phenol d i s p l a c e s  t h e  adsorbed 

?-propano1 on an amino s t a t i o n a r y  phase. 

amine which e x p l a i n s  why t h e  i n t e r a c t i o n  mode remains unchanged 

throughout  t h e  2-propanol c o n c e n t r a t i o n  range s tud ied .  It shou ld  

a l s o  be p o i n t e d  ou t  t h a t  t h e  "d isp lacement"  mode i s  c o n s i s t e n t  

w i t h  an e a r l i e r  r e p o r t  o f  S c o t t  and Kucera (12). 

F i n a l l y ,  i t  i s  noted t h a t  t h e  pKa va lues a r e  t a k e n  f r o m  

those measured i n  aqueous s o l u t i o n .  However, i t  has been noted 

t h a t  t h e  r e l a t i v e  PKa values f o r  v a r i o u s  Rrons ted  ac ids  i n  a 

g i ven  ( a p r o t i c )  s o l v e n t  p a r a l l e l  t h e i r  c l a s s i c a l  pka va lues and 

t h e i r  r e l a t i v e  p o s i t i o n  i n  one s o l v e n t  a r e  u s u a l l y  t h e  same i n  

t h e  o t h e r  media (13) .  

extend t h e  same t y p e  o f  s tudy t o  o t h e r  systems. 

I t shou ld  be e x e r c i s e d  w i t h  c a u t i o n  t o  

ACKNOWLEDGEMENT 

Support o f  t h i s  work by t h e  Robert A. Welch Foundat ion o f  

Houston, Texas and NIH-MBRS Program i s  g r a t e f u l l y  acknowledged. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



SEPARATION OF SUBSTITUTED PHENOLS 1007 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13 .  

REFERENCES 

Chang, C.A.; Tu, C.-F.; Huang, C.-S. 

321 (1984). 

Chang, C.A.; Huang, C.-S.. Anal .  Chem., submi t ted  f o r  p u b l i -  

c a t i o n .  

a t  E l  Paso, 1984. 

Yashin, Ya. I .  J .  Chrornatogr. 251, 269 (1982). 

Schabron, J.F.; Hurtubise,  R.J.; S i l v e r ,  H.F. Anal. Chem. 

- 50, 1911 (1978). 

Hur tub i se ,  R.J.; Hussain, A . ;  S i l v e r ,  H.F. 

1993 (1981). 

Hussain, A.; Hur tub ise,  R.J.; S i l v e r ,  H.F.. J .  Chromatogr. 

- 752, 2 1  (1982). 

B r i s t o w ,  P.A.; R r i t t a i n ,  P.N.; R i l e y  and, C.M.; Wi l l iamson,  

R.F.. J. Chromatogr. 131, 57 (1977). 

Guide To M i c r o m e r i t i c s  Model 705 S t i r r e d - S l u r r y  Column Packer. 

Chang, C.A.; Tu, C.-F., Anal. Chem. 2, 1179 (1982). 

Chang, C.A., u n p u b l i s h l e d  r e s u l t s .  

Melander, W.; Cambell, D.E.; Horvath, Cs. J .  Chromatogr. 158, 
215 (1978) 

S c o t t ,  R.P.W.; Kucera, P. J. Chromatogr. 171, 37 (1979). 

B a r r e t t e ,  Jr., W.C.; Johnson, Jr., H.W.; Sawyer, D.T. Anal. 

Chem. 56, 1890 (1984). 

J. Chromatogr. Sc i .  - 22, 

Huang, C.S., Master  Thesis, The U n i v e r s i t y  o f  Texas 

Anal. Chem. 53, 

-- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1


