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SEPARATIONS I N  THIN LAYER AND HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

USING ALKYL SILICA GEL BONDED P H A S E S ~  

Haleem J. Issaq*, John R. K lose  and G i l b e r t  A. R e i t z  
Chemical Carc inogenesis  Program 

NCI-Freder ick Cancer Research F a c i l i t y  
F r e d e r i c k ,  MD 21701 

ABSTRACT 

Separat ions i n  t h i n  l a y e r  (TLC) and h i g h  performance l i q u i d  chromatoqraphy 

(HPLC) u s i n g  a l k y l  bonded phases were c a r r i e d  o u t  under optimum s o l v e n t  c o n d i -  

t i o n s  f o r  each o f  t h r e e  phases, RP-2, RP-8 and RP-18. The phases were t e s t e d  

f o r  t h e i r  e f f i c i e n c y  and r e s o l v i n q  power u s i n q  t h r e e  qroups o f  compounds i n  

t h r e e  b i n a r y  o rgan ic -wa te r  mob i l e  phases. The o r q a n i c  s o l v e n t s  were ace to -  

n i t r i l e ,  methanol and t e t r a h y d r o f u r a n ,  which a r e  w i d e l y  used as s o l v e n t  modi- 

f i e r s .  i n  reversed phase l i q u i d  chromatoqraphy. 

The r e s u l t s  showed t h a t ,  u n l i k e  HPLC, TLC u s i n q  RP-18 p l a t e s  was t h e  most, 

and RP-2 p l a t e s  t h e  l e a s t ,  e f f i c i e n t .  A naphthalene and b ipheny l  m i x t u r e  which 

was reso lved  by HPLC u s i n g  any o f  t h e  t h r e e  s o l v e n t s  and columns was n o t  r e -  

so l ved  by TLC u s i n g  any p l a t e  o r  s o l v e n t  combinat ion,  un less  t h e  p l a t e  was 

prewashed w i t h  an o rqan ic  m o d i f i e r .  

s o l v e n t  f o r  TLC speeded development un less  an a l c o h o l  was used, b u t  d i d  n o t  

q r e a t l y  a f f e c t  t h e  separa t i on .  

The a d d i t i o n  o f  NaCl (1-2% w t / v o l )  t o  t h e  

Th is  work was suppor ted by Con t rac t  No. N01-CO-75380, w i t h  t h e  N a t i o n a l  Cancer 
I n s t i t u t e ,  N I H ,  Bethesda, MD 20014. 

*Author t o  whom correspondence should be addressed. 

IP resen ted  a t  t h e  2 0 t h  Eastern A n a l y t i c a l  Symposium, New York City, Nov. 1981, 
Paper #120. 
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1070 

INTRODUCTION 

ISSAQ, KLOSE, AND REITZ 

I n  p rev ious  work (1)  we desc r ibed  t h e  a f f e c t  o f  u s i n g  normal phase t h i n  

l a y e r  chromatography (TLC) c o n d i t i o n s  ( s i l i c a  g e l )  i n  normal phase h i g h  p e r -  

formance l i q u i d  chromatography (HPLC). Good agreement between r e s u l t s  w i t h  TLC 

and HPLC was obta ined.  We recommended t h a t ,  i n  a p r e l i m i n a r y  t e s t  f o r  a m o b i l e  

phase f o r  HPLC, TLC be used, due t o  i t s  l ow  c o s t ,  speed and s i m p l i c i t y .  Okumura 

(2 )  found qood c o r r e l a t i o n  between TLC and HPLC separa t i on  o f  cepha lospor in  an- 

t i b i o t i c s  on d i m e t h y l s i l y l  s i l i c a  qe l .  

c o n d i t i o n  f o r  use i n  p r e p a r a t i v e  column chromatography. 

TLC was a l s o  used (3 )  t o  develop optimum 

Th is  s tudy compares t h e  separa t i ons  i n  reve rsed  phase HPLC and TLC w i t h  

t h r e e  d i f f e r e n t  s o l u t e  m ix tu res  developed i n  t h r e e  d i f f e r e n t  mob i l e  phases u s i n q  

t h r e e  d i f f e r e n t  s i l i c a  ge l  a l k y l  bonded s t a t i o n a r y  phases (RP-2, RP-8 and RP-18). 

Commercial ly a v a i l a b l e  precoated TLC p l a t e s  and packed columns were used. 

EXPERIMENTAL 

M a t e r i a l s :  Te t rahyd ro fu ran ,  methanol and a c e t o n i t r i l e  were q l a s s  d i s t i l l e d  

(Rurd ick and Jackson). Anthraquinone ( A Q ) ,  1-methy lanthraquinone (MAQ), 1- 

e thy lan th raqu inone  ( E A Q ) ,  naphthalene ( N ) ,  b i p h e n y l  ( B ) ,  d i m e t h y l p h t h a l a t e  

(MP) and d i e t h y l p h t h a l a t e  (EP) were a n a l y t i c a l  grade ( A l d r i c h  Chemical Co.). 

Apparatus: 

cons tamet r i c  I and I 1  pumps a t tached  t o  an LDC Grad ien t  Master ,  a Chromatronix  

dual-channel UV absorbance d e t e c t o r  (254 and 280 nm), a Rheodyne i n j e c t o r ,  and 

a s t r i p - c h a r t  reco rde r  operated a t  0.2 i n / m i n  was used. 

A modular HPLC system c o n s i s t i n g  o f  Labora to ry  Data Con t ro l  (LDC) 

The columns were 250 mm x 4.6 mm prepacked w i t h  10 pm p a r t i c l e  s i z e  mate- 

r i a l s  (Merck). The reversed phase m a t e r i a l s  were RP-2, RP-8 and RP-18. Sample 

s o l u t i o n s  ( 1 0 ~ 1 )  were i n j e c t e d .  Experiments were run  a t  room temperature u s i n q  

a m o b i l e  phase f l o w  r a t e  o f  1.2 ml/min. R e t e n t i o n  t imes  and s e p a r a t i o n  f a c t o r s  

(a) were determined w i t h  a 3352A Labora to ry  Data System (Hewlet t -Packard)  1 i nked  
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SEPARATIONS USING ALKYL BONDED PHASES 1071 

th rough  a Hewlet t -Packard 1865 A/D c o n v e r t e r  t o  t h e  UV d e t e c t o r  o u t p u t  o f  t h e  

l i q u i d  chromatograph. 

thermal  l i n e  p r i n t e r  (Hewlet t -Packard) .  Precoated RP-2, RP-8 and RP-18 TLC 

p l a t e s  (Whatman, Inc. )  were used w i t h o u t  p re t rea tmen t .  M i c r o p i p e t t e s  were used 

t o  spo t  t h e  sample s o l u t i o n ,  a f t e r  which p l a t e s  were developed i n  s tandard  r e c -  

t a n g u l a r  TLC tanks. 

under s h o r t  wave (254 nm) IJV l i g h t .  

The o u t p u t  f rom t h e  da ta  system was reco rded  on a 9866A 

A f t e r  development, p l a t e s  were d r i e d  and spots  observed 

Procedure: 

used t o  t e s t  t h e  RP-2, RP-8 and RP-18 TLC p l a t e s .  

Optimum HPLC mob i le  phases, which were p r e v i o u s l y  found ( 4 ) ,  were 

hRf i s  d e f i n e d  as R f  X 100. 

RESULTS AND DISCUSSION 

The s e p a r a t i o n  o f  AQ, MAQ and EAQ, N and B, and MP and EP by reve rsed  

phase HPLC and TLC (RP-2, RP-8 and RP-18) u s i n g  t h r e e  aqueous mob i l e  phases 

w i t h  d i f f e r e n t  o r g a n i c  m o d i f i e r s ,  a c e t o n i t r i l e  (CH3CN), methanol (MeOH) and 

t e t r a h y d r o f u r a n  (THF), i s  g i ven  i n  t a b l e s  1-9. The r e s u l t s  show t h a t  t h e  

t h r e e  groups o f  compounds were separated by HPLC u s i n q  any comb ina t ion  

s t a t i o n a r y  o r  m o b i l e  phase. Th is  was n o t  t h e  case when TLC p l a t e s  were used. 

Tables 1-3 show t h a t  good s e p a r a t i o n  o f  t h e  MP, and EP was achieved except  i n  

50% CH3CN 

m i x t u r e  i n  55% CH3CN aqain u s i n g  RP-2 p l a t e s  (Tab le  6 ) ,  w h i l e  i n  HPLC, good 

s e p a r a t i o n  was achieved. The s e p a r a t i o n  f a c t o r s  (a) ob ta ined  f o r  b o t h  HPLC and 

TLC (Tables 1-6) a r e  comparable which i n d i c a t e s  t h a t  b o t h  t h e  m o b i l e  and s t a -  

t i o n a r y  phases g i v e  good r e s o l u t i o n  o f  t h e  component's m ix tu res .  

o f  

u s i n g  RP-2 p l a t e s  (Table 3). The same was t r u e  f o r  t h e  anthraquinone 

No separa t i on  o f  t h e  N-B m i x t u r e  was o b t a i n e d  u s i n q  RP-2, RP-8 o r  RP-18 

TLC p l a t e s  w i t h  any o f  t h e  t h r e e  m o b i l e  phases (Tables 7-9), a l t h o u q h  t h e s e  

compounds gave base l i n e  separa t i ons  by HPLC u s i n q  t h e  same t y p e  o f  bonded 

phases and t h e  same s o l v e n t  m ix tu res .  

We do n o t  know why t h i s  occu r red  w i t h  o n l y  N-B m ix tu re .  It i s  perhaps 

due t o  t h e  f a c t  t h a t  HPLC columns a r e  c o n t i n u o u s l y  washed by t h e  mob i l e  phase 
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1072 ISSAQ, KLOSE, AND RETTZ 

TABLE 1 

COMPARATIVE HPLC AND TLC SEPARATION OF DIMETHYL AN0 DIETHYLPHTHALATES 
ON RP-2, RP-8 AND RP-18 USING METHANOL/WATER 

R.Phase Mob i le  Phase Compound R t  a a hRf TLC HPLC 

RP-2 56% MeOH MP 5.99 54.2 

EP 8.73 1.56 43.3 1.25 

RP-8 56% MeOH MP 4.82 23.8 

EP 7.98 1.66 9.6 2.48 

RP-18 64% MeOH MP 5.03 43.8 

EP 9.39 1.87 25.8 1.70 

TABLE 2 

COMPARATIVE HPLC AN0 TLC SEPARATION OF DIMETHYL AND DIETHYLPHTHALATES ON 
RP-2, RP-8 AND RP-18 U S I N G  TETRADYROFURAN/WATER 

hRf a 
HPLC TL C 

R.Phase Mob i le  Phase Compound R t  a 

RP-2 48% THF MP 4.64 33.8 

EP 6.57 1.42 25.4 1.33 

RP-8 44% THF MP 4.43 32.1 

EP 6.35 1.43 21.3 1.51 

RP-18 48% THF MP 3.82 30.8 

EP 5.29 1.38 20.8 1.48 
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SEPARATIONS USING ALKYL BONDED PHASES 1073 

TABLE 3 

COMPARATIVE HPLC AND TLC SEPARATION OF THE QUINONE MIXTURE ON 
RP-2, RP-8 AND RP-18 U S I N G  ACETONITRILE/WATER 

a hRf* a 
HPLC TL C R.Phase Mob i l e  Phase Compound R t  

RP-2 55% CH3CN AQ 6.47 74.6 

MAQ 7.56 1.17 74.6 1 .o 

EAQ 9.14 1.21 74.6 1 .o 

RP-8 65% CH3CN AQ 5.98 35.8 

MAQ 7.14 1.21 30.0 1.19 

EAQ 8.65 1.21 24.2 1.24 

RP-18 70% CH3CN A0 6.36 42.1 

M A 0  8.41 1.32 34.2 1.23 

EAQ 10.71 1.27 32.1 1.07 

and e q u i l i b r a t e d  b e f o r e  use, and t h e  TLC p l a t e s  a r e  n o t  so t r e a t e d .  The sample 

s o l u t i o n  i s  s p o t t e d  on a d r y  p l a t e  which has n o t  been washed o r  predeveloped 

i n  t h e  mob i l e  phase. 

m o d i f i e r ,  d r i e d ,  and then  s p o t t e d  w i t h  t h e  sample s o l u t i o n ,  t h e  r e s u l t s  were 

much b e t t e r .  

RP-2 p l a t e  which was n o t  pre-washed one spot  (hRf 74.6) was observed f o r  t h e  

t h r e e  compounds (Tab le  6 ) ,  b u t  when a prewashed p l a t e  was used, separa t i on  was 

achieved (hRf 48, 44 and 41). The same was t r u e  f o r  MP and EP u s i n g  unwashed 

RP-2 p l a t e s .  How- 

ever ,  when a prewashed p l a t e  w i t h  CH3CN was used t h e  two components were r e s o l v -  

However, when t h e  p l a t e  was washed w i t h  t h e  o r g a n i c  

Fo r  example, when t h e  AQ, MAQ and EAQ m i x t u r e  was s p o t t e d  on an 

I n  t h i s  case one spo t  a t  hRf 95.4 (Table 3)  was observed. 
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1074 ISSAQ, KLOSE, AND REITZ 

TABLE 4 

COMPARATIVE HPLC AND TLC SEPARATION OF THE QUINONE MIXTURE ON 
ON RP-2, RP-8 AND RP-18 USING METHANOL/WATER 

R.Phase Mob i l e  Phase Compound R t  a 
HPLC 

a 
TLC 

RP-2 60% MeOH AQ 8.22 43.5 

MAQ 10.77 1.31 37.5 1.16 

EAQ 14.56 1.35 32.7 1.15 

RP-8 64% MeOH AQ 8.76 12.5 

MAQ 11.81 1.35 7.5 1.67 

E AQ 15.18 1.29 4.2 1.79 

RP-18 761 MeOH AQ 8.42 24.5 

MAQ 11.94 1.42 17.9 1.37 

EAQ 15.24 1.28 13.3 1.35 

ed (hRf 53 and 46). 

were i r r e q u l a r  i n  shape. 

T h i s  also occur red  w i t h  t h e  o t h e r  m i x t u r e ,  h u t  t h e  spots 

Prewashinq a l s o  a f f e c t e d  t h e  m i q r a t i o n  d i s t a n c e  o f  t h e  s o l u t e  (Rf va lue ) .  

I t  was less on a washed p l a t e ,  which i n d i c a t e s  an increased i n t e r a c t i o n  between 

t h e  s o l u t e  and t h e  s o l i d  phase. 

Another d i f f e r e n c e  between TLC and HPLC which may a f f e c t  a was t h a t  i n  TLC 

t h e  p l a t e s  were developed f o r  12 cm w h i l e  i n  HPLC a column 25 cm l o n g  was used. 

A lso,  t h e  adsorbent l a y e r  i n  TLC i s  0.25 mm w h i l e  t h e  columns i n t e r n a l  d iamete r  

was 4.6 mm. 

One o f  t h e  disadvantages o f  TCC, which i s  n o t  encountered i n  HPLC, i s  t h a t  

h i g h  water  con ten t  mob i l e  phases (above 25%) l e a d  t o  (a )  c o l l a p s e  of t h e  p l a t e  
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SEPARATIONS USING ALKYL BONDED PHASES 1075 

adsorbent  and (b )  l o n g  development t i m e  due t o  i nc reased  v i s c o s i t y  o f  t h e  

m o b i l e  phase. 

( l - 2 %  w t / v )  t o  t h e  mob i l e  phase would e l i m i n a t e  these  problems. 

e f f e c t  o f  adding 1% NaCl on t i m e  o f  development, separa t i on  and R f  values. 

Solvent  composi t ions se lec ted  were such t h a t  t h e  mob i l e  phase can be used w i t h  

o r  w i t h o u t  t h e  a d d i t i o n  o f  s a l t .  The r e s u l t s  i n d i c a t e  (Table 10) t h a t  (a )  de- 

velopment t i m e  decreases w i t h  t h e  a d d i t i o n  o f  1% NaCl except  when an a l c o h o l  

i s  t h e  o rgan ic  m o d i f e r  (methanol or 2-e thoxye thano l ) ;  (b )  t h e  r e s o l u t i o n s  a r e  

b e t t e r  t h e  l o n g e r  t h e  development t ime ;  ( c )  R f  va lues va ry  w i t h  each o r g a n i c  

m o d i f i e r  b u t ,  i n  genera l ,  R f  va lues a r e  h i g h e r  when s a l t  i s  used i n  t h e  m o b i l e  

It has been suggested (4,s) t h a t  t h e  a d d i t i o n  o f  sodium c h l o r i d e  

We s t u d i e d  t h e  

TABLE 5 

COMPARATIVE HPLC AND TLC SEPARATION OF THE QUINONE MIXTURE ON 
RP-2, RP-8 AND RP-18 U S I N G  TETRAHYDROFURAN/WATER 

a 
HPLC R.Phase Mob i l e  Phase Compound R t  hRf a 

TLC 

RP-2 44% THF AQ 

MA9 

EAQ 

RP-8 40% THF 

RP-18 44% THF 

AQ 

MAQ 

EAQ 

10.36 

12.38 1.19 

16.36 1.32 

11.15 

1.386 1.24 

19.06 1.37 

9.64 

12.10 1.26 

16.23 1.34 

21.7 

19.2 1.13 

15.8 1.22 

16.7 

13.8 1.21 

10.4 1.33 

15.4 

12.1 1.27 

8.3 1.46 
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1076 ISSAQ, KLOSE, AND REITZ 

TABLE 6 -- 

COMPARATIVE HPLC AND TLC S~PARATION OF 'NAPHTHALENE AND BIPHENYL ON 
RP-2, RP-8 AND RP-18 USING ACETONITRILE/WATER 

R.Phase Mobile Phase Compound Rt a 
HPLC 

RP-2 50% CH3CN N 10.42 95.8 

BP 13.9 1.33 95.8 1 .o 

RP-8 55% CH3CN N 10.04 21.7 

BP 13.41 1.34 21.7 1 .o 

RP-18 60% CH3CN N 10.58 16.5 

BP 14.33 1.35 16.5 1 .o 

TABLE 7 

COMPARATIVE HPLC AND TLC SEPARATION OF NAPHTHALENE AND BIPHENYL ON 
RP-2, RP-8 AND RP-18 USING METHANOL/WATER 

a hRf a 
HPLC TLC R.Phase Mobile Phase Compound Rt 

RP-2 64% MeOH N 6.25 38.8 

BP 8.21 1.31 38.8 1 .o 

RP-8 75% MeOH N 6.13 21.3 

BP 7.86 1.28 21.3 1 .o 

RP-18 80% MeOH N 6.43 - 31.2 

BP 8.22 1.28 22.7 1.37 
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SEPARATIONS USING ALKYL BONDED PHASES 1077 

TABLE 8 

COMPARATIVE HPLC AND TLC SEPARATION OF NAPHTHALENE AND BIPHENYL ON 
RP-2, RP-8 AND RP-18 USING TETRAHYDROFURAN/WATER 

a hRf a 
HPLC TLC R.Phase M o b i l e  Phase Compound R t  

PR-2 44% THF N 14.03 11.3 - 
BP 19.32 1.38 11.3 1 .o 

PR-8 44% THF N 11.17 7.5 - 
BP 14.92 1.34 7.5 1 .o 

PR-18 44% THF N 1 3.88 7.5 - 
BP 19.03 1.37 7.5 1 .o 

TABLE 9 

COMPARATIVE HPLC AND TLC SEPARATION OF DIMETHYL AND DIETHYLPHTHALATES ON 
RP-2, RP-8 AND RP-18 USING ACETONITRILE/WATER 

a hRf a 
HPLC TLC R.Phase M o b i l e  Phase Compound R t  

RP-2 50% CH3CN MP 5.56 95.4 

EP 8.08 1.45 95.4 1 .D 

RP-8 55% CH3CN MP 4.83 64.6 

EP 7.12 1.47 48.3 1.34 

RP-18 60% CH3CN MP 4.17 49.2 

EP 6.12 1.47 38.3 1.28 
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1078 ISSAQ, KZOSE, AND REITZ 

TABLE 10 

EFFECT OF ADDITION OF NaCl TO THE MOBILE PHASE ON DEVELOPMENT TIME 

(DEVELOPMENT DISTANCE 12cm) AN0 SEPARATION I N  REVERSED PHASE (RP-18) TLC 

Naphthalene 
Anthraquinones + Biphenyl  Phthal  a t e  

Oevel op. 
Sol vent  Time (min) hRf a hRf a hRf a 

THF:H20 
70:30 

THF:H20 
70:30 

1% NaCl 

CH3 CN : H20 
80:20 

CH3CN :H20 

1% NaCl 
80:20 

MeOH :H20 
80:20 

MeOH :H20 
80:ZO 

1% NaCl 

2-EOH*:H20 
80:20 

2-EOH*:H20 
80:20 

1% NaCl 

123 

57 

23 

21 

43 

57 

126 

150 

53.6 1.08 50.8 1.00 65.8 1.13 
50.0 1.00 50.8 58.3 
50.0 

78.3 1.03 72.9 1.00 81.7 1.03 
75.8 
75.8 

1 .oo 72.9 79.2 

55.0 1.17 57.9 1.13 82.1 1.14 
47.5 1.15 51.3 72.1 
41.3 

69.6 1.09 72.9 1.06 89.2 1.07 
63.8 1.09 68.8 83.3 
58.3 

25.8 1.34 29.2 1.37 58.8 1.26 
19.2 1.00 21.3 
19.2 

46.7 

32.9 1.30 37.5 1.33 66.7 1.20 
25.4 7.27 28.3 55.4 
20.0 

62.9 1.09 60.4 1.09 47.5 1.0 
57.5 1.08 55.4 47.5 
53.3 

62.1 1.10 61.3 1.10 47.9 1.0 
56.3 1.09 55.8 47.9 
51.7 

*2-EOH = 2-ethoxyethanol 
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SEPARATIONS USING ALKYL BONDED PHASES 1079 

phase. Also, t h e  p l a t e  b i n d e r  h e l d  up b e t t e r  when s a l t  was added; and (d)  a 

was n o t  g r e a t l y  a f f e c t e d .  

CONCLUSION 

The r e s u l t s  o f  t h i s  s tudy show t h a t  TLC and HPLC separa t i ons ,  u s i n g  a l k y l  

bonded s i l i c a  ge l  phases, a re ,  i n  most cases comparable, i f  exper imen ta l  con- 

d i t i o n s  a r e  k e p t  t h e  same. Reversed-phase TLC on RP-18 p l a t e s  i s  t h e  most e f -  

f i c i e n t  system. 

t o  be t h e  l e a s t  u s e f u l  w i t h  t h e  compounds s tud ied .  A d d i t i o n  o f  s a l t  t o  t h e  

m o b i l e  phase i n  TLC speeded t h e  a n a l y s i s  t i m e  (except  when a l c o h o l  was used as 

t h e  o rgan ic  m o d i f i e r ) ,  prevented t h e  d is lodgement  o f  t h e  bonded phase f rom t h e  

g l a s s  p l a t e ,  and a l l owed  t h e  use o f  a h i g h e r  percentage o f  wa te r ,  which improved 

t h e  s e l e c t i v i t y  o f  t h e  mob i l e  phase. 

No advantage was ob ta ined  w i t h  RP-2 p l a t e s  which were found  

ACKNOWLEDGEMENT 

The au tho rs  would l i k e  t o  thank D r .  Thomas Beesley, Whatman Separat ion 

D i v i s i o n ,  f o r  h e l p f u l  d i scuss ion  and f o r  d o n a t i n g  t h e  p l a t e s .  

"By acceptance o f  t h i s  a r t i c l e ,  t h e  p u b l i s h e r  o r  r e c i p i e n t  acknowledges t h e  
r i g h t  o f  t h e  U.S. Government t o  r e t a i n .  a none;clusive, r o y a l t y - f r e e  l i c e n s e  
i n  and t o  any c o p y r i g h t  cove r ing  t h e  a r t i c l e .  

REFERENCES 

1. H.J. Issaq,  B. Shaikh, N.J. Pontzer  and E.W. Barr .  J. L i q u i d  Chromatogr. 

- 1,  133 (1978). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
0
4
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1080 ISSAQ, KLOSE, AND REITZ 

2. T. Okumura. J. L i q u i d  Chromatogr. 4, 1035 (1981). 

3. E. Soczewinski and T. Wawrzynowica. J. Chromatogr. and re fe rences  t h e r e i n .  

- 218, 729 (1981). 

4. H.J. Issaq,  J. L i q u i d  Chromatogr. 4, 1917 (1981). 

5. T. Beesley, Whatman Separat ion D i v i s i o n .  P r i v a t e  communication. 

6. H.H.W. Th i j ssen .  J. Chromatogr. 133, 355 (1977). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
0
4
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1


