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QUANTITATIVE DETERMINATION OF METHYL RED 
ADSORF'TION ON STATIONARY PHASES 

USED I N  L I Q U I D  CHROMATOGRAPHY 

I .  Wouters, I. Quintens,  E .  Roets and J. H o o p a r t e n s  
Kathol ieke U n i v e r s i t e i t  Leuven 

I n s t i t u u t  voor Farmaceutische Wetenschappen 
Laboratorium voor  Farmaceutische Chemie 

Van E v e n s t r a a t  4 
3000 Leuven (Belgium) 

ABSTRACT 

The method d e s c r i b e d  i s  a modi f ica t ion  of  t h e  dye a d s o r p t i o n  
method, f i r s t  publ i shed  by Shapi ro  and K o l t h o f f .  I t  i s  repro-  
d u c i b l e  and a l lows  t h e  e s t i m a t i o n  of t h e  r e l a t i v e  amount of t h e  
reachable  f r e e  s i l a n o l  groups on s i l i c a  g e l s  and r e v e r s e d  phase 
m a t e r i a l s  which are f r e q u e n t l y  used as s t a t i o n a r y  phases  i n  l i q u i d  
chromatography. R e s u l t s  ob ta ined  wi th  commercially a v a i l a b l e  t h i n  
layer and high performance Liquid chromatographic materials, a s  
well as with self-made reversed  phase m a t e r i a l s ,  a r e  r e p o r t e d .  

INTRODUCTION 

Shapiro and Kolthoff  ( 1 )  used a d s o r p t i o n  of  methyl red  t o  

determine t h e  modi f ica t ion  of  t h e  s p e c i f i c  s u r f a c e  of  s i l i c a  g e l  

by thermal  aging.  Dye a d s o r p t i o n  was a l s o  used f o r  t h e  measurement 

of s u r f a c e  a r e a s  of  a l u m i n a - s i l i c a  and s i l i c a  g e l  ( 2 ) .  More 

r e c e n t l y ,  methyl r e d  a d s o r p t i o n  was used as a s imple l i m i t  t e s t  

f o r  unreac ted  s i l a n o l  groups a f t e r  p r e p a r a t i o n  of r e v e r s e d  phases  

from s i l i c a  g e l  ( 3 , 4 , 5 ) .  P o s s i b l e  c o l o r a t i o n  of  t h e  reversed  phase,  

due t o  a d s o r p t i o n  of methyl red (MR), was d e t e c t e d  v i s u a l l y .  The 

method has  now been modified i n  o r d e r  t o  determine t h e  amount of 
25 
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26 WOUTERS ET AL. 

MR adso rbed  on r e v e r s e d  phase materials used  i n  h i g h  pe r fo rmance  

l i q u i d  chromatography (HPLC) and t h i n  l a y e r  chromatography (TLC). 

The r e s u l t s  a l low comparison o f  t h e  d e g r e e  of cove rage  of r e v e r s e d  

phase  m a t e r i a l s .  D i f f i c u l t i e s  c o n c e r n i n g  the a p p l i c a t i o n  o f  t h e  

MR a d s o r p t i o n  t es t  such as t h e  i n i l u e n c e  o f  t h e  p o s s i b l e  p r e s e n c e  

of  adso rbed  a c i d s  and b a s e s ,  t h e  n e c e s s i t y  f o r  work ing  w i t h  wel l  

d r i e d  samples ,  t h e  dependence on MR c o n c e n t r a t i o n  and on  p a r t i c l e  

and po re  s i z e ,  have been mentioned i n  t h e  l i t e r a t u r e  ( 6 , 7 ) .  

EXPERIMENTAL _ _ - ~  

--- Samples --------- - Reaggnms. The samples  used t h r o u g h o u t  t h e  e x p e r i m e n t s  

were : K i e s e l e e l H ( T y p  60)  TLC. K i e s e l g e l  60 H 15p TLC, K i e s e l g e l  

60 H s i l a n i s i e r t  TLC, L iChroso rb  S I  60 IOU, LiChrosorb SI 100 l o p ,  

LiChrosorb D I O L  101.1, LiChrosorb RP 18 l o p ,  LiChrosorb RP 8 51.1 and 

l o p ,  LiChrosorb RP 2 I O U ,  f rom E .  Merck, Darms tad t ,  GFR; p Bonda- 

pak l o p ,  u Bondapak phenyl  l o p  and p Bondapak NH2 l o p  f rom Waters 

A s s o c i a t e s ,  M i l f o r d ,  U.S.A.; RSiL C 18 LL IOU and RSiL C 18 HL 30p 

from A l l t e c h  Europe,  Eke, Belgium; P o l y g o s i l  C 8 10p from Macherey- 

Nagel,  Duren, GFR; Zorbax C 8 7p from I)u P o n t ,  Wilrnington, U.S.A.; 

SAS-Hypersil 511 from Shandon, C h e s h i r e ,  U.K.;  RP I ,  I1 and I11 are 

hornc-madc r e v e r s e d  phases  p r e p a r e d  w i t h  trime t h y l c h l o r o s i l a n e  

(TMCS) a c c o r d i n g  t o  L i t t l e  e t  a l .  (8) .  

The f o l l o w i n g  r e a g e n t s  were used : methy l  r e d ,  benzene  r e i n s t ,  

sodium hydrox ide  r e i n s t  and ace t i c  a c i d  p . a . ,  E .  Merck, Darms tad t ,  

GFR; Methanol 99+%, a c e t o n e  99+% and d i ch lo romethane  ACS from 

A l d r i c h  Europe,  Beerse, Belgium. The benzene was d r i e d  on sodium 

and g l a s s - d i s t i l l e d  b e f o r e  u s e .  Methanol 99+% was g l a s s  d i s t i l l e d .  

P u r i f i c a t i o n _ o f - M e t h y ~ - ~ ~ ~ .  
d i ch lo romethane -ace tone  80:20. P u r i f y  by chromatography o v e r  a 

column of 50 mm I D  f i l l e d  w i t h  250 g K i e s e l g e l  60 Merck (230- 

400 mesh) i n  dichlorornethane.  E l u t e  f i r s t  w i t h  d i c h l o r o m e t h a n e ,  

D i s s o l v e  25 g me thy l  r e d  i n  500 ml 
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METHYL RED ADSORPTION 27 

t h e n  w i t h  d i ch lo romethane -ace tone  8O:ZO. Follow t h e  e l u t i o n  by 

means o f  TLC on s i l i c a  g e l  p l a t e s  (ready-made p l a t e s ,  E .  Merck) 

w i t h  d i ch lo romethane -ace tone  9 : l  v / v  a s  t h e  mobile  phase .  Evapo- 

r a t e  t h e  f r a c t i o n s  c o n t a i n i n g  methy 

r e s i d u e  a t  1 2 O o C  f o r  2 h o u r s .  

r e d  (Rf 0.63) and d r y  t h e  

S o l u t i o n .  Weigh a c c u r a t e l y  

abou t  400.0 mg methyl  r e d ,  d r i e d  f o r  2 h o u r s  a t  1 2 0 ° C ,  d i s s o l v e  i n  

d r y  benzene,  and a d j u s t  t o  a f i n a l  volume o f  100.0 m l  w i t h  t h e  same 

s o l v e n t .  D i s s o l u t i o n  can  be a c c e l e r a t e d  by t h e  u s e o f  u l t r a s o n i c s .  

F'zepmfation o f  t h e  Methalolic-Acetate-Buffer. 
of 18.0 ml NaOH 1 N and 100.0 m l  HOAc 1 N t o  500.0 m l  w i t h  w a t e r  

(pH 4 . 0 ) .  D i l u t e  25.0 m l  o f  t h i s  s o l u t i o n  w i t h  methanol  t o  500.0 

m l  . 

D i l u t e  a m i x t u r e  

Appara tus .  

model 25 spec t ropho tomete r ,  u s i n g  1 mm c e l l s .  

A l l  measurements were c a r r i e d  o u t  w i t h  a Beckman 

METHOD 

Dry t h e  sample f o r  t h r e e  h o u r s  a t  1 2 0 ° C .  Allow t o  c o o l  o v e r  

phosphorous p e n t o x i d e  i n  a d e s s i c a t o r .  Weigh q u i c k l y  and a c c u r a t e -  

l y  a b o u t  50.0 mg o f  t h e  sample i n  a d r i e d  t u b e  w i t h  no rma l i zed  

s t o p p e r .  Add immediately 5.0 m l  methyl r e d  (MR) s t o c k  s o l u t i o n ,  

shake  f o r  2 minu tes  on a v o r t e x ,  c e n t r i f u g e  f o r  3 minu tes  a t  

4000rpmand  d i l u t e  1.0 ml of  t h e  s u p e r n a t a n t  s o l u t i o n  t o  50.0 ml 

w i t h  t h e  me thano l i c  a c e t a t e  b u f f e r .  P r e p a r e ,  f o l l o w i n g  t h e  same 

p r o c e d u r e ,  a b l a n c  s o l u t i o n  f o r  t h e  d e t e r m i n a t i o n  o f  t h e  s p e c i f i c  

abso rbance .  Measure t h e  a b s o r p t i o n  a t  494 nm, u s i n g  1 mm c e l l s ,  

and c a l c u l a t e  t h e  r e s u l t s  a s  mg adso rbed  methyl  r e d  p e r  g s u b s t r a t e .  
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28 WOUTERS ET AL. 

A l l  measurements were c a r r i e d  out  twice.  The mean va lues  a r e  

g iven  i n  Table I .  

Resul t s  ob ta ined  with a s t o c k  s o l u t i o n  of 200 mg MR/100 m l  

a r e  a l s o  repor ted  i n  Table 1 .  The r e p r o d u c i b i l i t y  of  t h e  method 

was checked by c a r r y i n g  out  a s e r i e s  of  twelve completely indepen- 

dent  measurements on t h e  same ba tch  of p a r t i a l l y  covered s i l i c a ,  

r e s u l t i n g  i n  a s t a n d a r d  d e v i a t i o n  of 2 .95  and a c o e f f i c i e n t  of 

var iance  of 2.32 f o r  a mean va lue  of 127 mg/g. The s t a n d a r d  

d e v i a t i o n  i n c r e a s e s  a s  t h e  methyl red adsorp t ion  va lues  decrease .  

This  means t h a t  va lues  c l o s e  t o  zero  are n o t  s i g n i f i c a n t ,  even 

small  nega t ive  r e s u l t s  can be obta ined .  

TABLE 1 

Methyl Red Adsorption Values 

-- 

Amount of methyl red  adsorbed i n  mg/g 
s u b s t r a t e  (MRAV) 

Stock 400 mg MR/100 m l  
--- l_ll__ 

Sample 
Stock 200 ms MR/ 100 m l  

K i e s e l g e l  H Typ 60 205 150 
Kiese lge l  60 H 15p TLC 203 148 
LiChrosorb SI 60 198 145 
LiChrosorb S I  100 141 115 
u Bondapak NH2 123 105 
R P I  9 1  69 
RSiL  C 18 LL I O U  - 66 
RP 11 55 4 3  
RP I11 52 4 3  
RSiL C 18 HL 30p 34 30 
Kiese lge l  60 H s i l  TLC 31 22 
Polygos i l  C 8 27 20 
p Bondapak phenyl 7 1 
LiChrosorb Rp 2 5 2 
SAS-Hypers i 1 4 1 
LiChrosorb D I O L  4 2 
Zorbax C 8 3 0 
LiChrosorb RP 18 2 - 1  
LiChrosorb RP 8 5 p  2 2 
LiChrosorb RP 8 l o p  2 0 
p Bondapak C 18 I - 1  
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METHYL RED ADSORPTION 

DISCUSSION __-- 

29 

The i n f l u e n c e  of d i f f e r e n t  parameters  on t h e  methyl red 

a d s o r p t i o n  va lues  (MRAV) has  been checked. 

Necess i ty  of  P u r i f i c a f i o n  of MR. 

methyl red  s i n c e  i t  c o n t a i n s  p o l a r  i m p u r i t i e s  which d i s s o l v e  

only  p a r t i a l l y  i n  benzene. Moreover, some of t h e s e  p o l a r  i m p u r i t i e s  

may d i s s o l v e  dur ing  t h e  p r e p a r a t i o n  of t h e  s t o c k  s o l u t i o n  i n  ben- 

zene and p r e c i p i t a t e  again upon s t o r a g e .  During p u r i f i c a t i o n  by 

column chromatography a s  d e s c r i b e d  above, t h e  more p o l a r  impuri- 

t i e s  a r e  not  e l u t e d .  One impuri ty  i s  e l u t e d  c l o s e  t o  t h e  methyl 

red  band; t h i s  impur i ty  was i s o l a t e d  and i d e n t i f i e d  by mass 

spectrometry a s  t h e  2- [ [ 4-(methylamino)phenyl ] azo]-benzoic a c i d ,  

methyl red be ing  t h e  corresponding dimethylamino analogue.  The two 

products  a r e  c l e a r l y  s e p a r a t e d  by TLC i n  t h e  c o n d i t i o n s  as 

d e s c r i b e d  above, having Rf-values of 0.46 and 0.63 r e s p e c t i v e l y .  

Severa l  minor a p o l a r  i m p u r i t i e s  move wi th  t h e  f r o n t .  Methyl red 

samples from Aldr ich  Europe, Beerse,  Belgium and Fluka AG, Buchs, 

Swi tzer land  were a l s o  examined by TLC, bo th  showed chromatograms 

comparable wi th  t h a t  ob ta ined  wi th  t h e  Merck product .  Attempts t o  

p u r i f y  methyl red  by o t h e r  methods such a s  c r y s t a l l i z a t i o n  o r  

Soxhle t  e x t r a c t i o n  gave u n s a t i s f a c t o r y  r e s u l t s .  

I t  i s  necessary  t o  p u r i f y  t h e  

I n s t a b i l i t y  of Absorbance. 

by Shapi ro  and Kolthoff  ( I ) ,  u s ing  benzene as t h e  s o l v e n t  f o r  

t h e  p r e p a r a t i o n  of  the  d i l u t i o n s ,  s t a b i l i t y  problems were ob- 

served .  The absorbance s t a r t e d  t o  r a i s e  from t h e  moment t h e  

c e l l  was brought i n t o  the  spectrophotometer  and s t a b i l i s e d  only 

a f t e r  about  h a l f  an hour. This  i s  r e p r e s e n t e d  i n  f i g u r e  1 .  

Thermal expansion of t h e  s o l u t i o n  i s  c e r t a i n l y  n o t  an a c c e p t a b l e  

explana t ion  f o r  t h e  phenomenon s i n c e  t h e  absorbance i n c r e a s e s .  

Closed c e l l s  were used, exc luding  evapora t ion .  On t h e  o t h e r  hand, 

Car ry ing  o u t  t h e  method a s  d e s c r i b e d  - ---- ---- ---_--_-___-_ 
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30 WOUTERS ET AL. 

0 . 7 0 0  

0 , 6 0 0  

A B S O R B A N C E  A T  494 nm 

T I  M E  lrninl 

0 5 10 1 5  20 30 

Figure I - Inf luence  of Residence T i m e  i n  the  Spectrophotometer  
on the  Absorbance of a 0.55 mg/100 m l  S o l u t i o n  of Methyl Red i n  
Benzene us ing  1 cm c e l l s .  

s t a b l e  readings  were obtained w i t h  a s o l u t i o n  of i o d i n e  i n  ben- 

zene, measured i n  t h e  same c o n d i t i o n s .  This i n d i c a t e s  t h a t  t h e  

i n s t a b i l i t y  was due t o  t h e  methyl red.  I n  t h e  l i t e r a t u r e  photo- 

chemical decarboxyla t ion  of azobenzene-2-carboxylic a c i d s  has  

been repor ted  ( 9 ) ,  a s  well a s  photochemical i somer iza t ion  of 

methyl red and analogues (l0,ll). The exac t  cause f o r  t h e  in- 

s t a b i l i t y  was not  i n v e s t i g a t e d  y e t ,  but  probably photochemical 

t r a n s - c i s  i somer iza t ion  i s  t h e  b e s t  e x p l a n a t i o n .  Wildes (10) 

r e p o r t s  t h a t  c i s - t r a n s  back-isomerizat ion i s  dependent upon t h e  

p o l a r i t y  of t h e  s o l v e n t ;  a p o l a r  s o l v e n t s  (hexane, benzene) g i v i n g  

very low r a t e s ,  and p o l a r  s o l v e n t s  ( i s o p r o p y l  a l c o h o l ,  ace tone ,  

dimethylsulphoxide)  g iv ing  high r a t e s  of back-isomerizat ion.  

The use of p o l a r  s o l v e n t s  t h u s ,  causes  t h e  i s o m e r i z a t i o n  
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METHYL RED ADSORPTION 31  

phenomenon t o  be i n v i s i b l e ,  u n l e s s  s p e c i a l  t echniques  such as 

f l a s h  spectroscopy a r e  a p p l i e d .  Indeed,  very s t a b l e  r e s u l t s  

were obta ined ,  when a f t e r  a d s o r p t i o n  on t h e  s u b s t r a t e ,  f u r t h e r  

d i l u t i o n s  were prepared  wi th  methanol i n s t e a d  of  benzene. The 

a d s o r p t i o n  process  i t s e l f  has  t o  t a k e  p l a c e  i n  an a p o l a r  s o l v e n t  

i n  o r d e r  t o  avoid competi t ion of  t h e  s o l v e n t  wi th  t h e  methyl red  

f o r  a d s o r p t i o n  on t h e  a c t i v e  s i tes  of t h e  s i l i c a  ( 1 ) .  

With t h e  i n t r o d u c t i o n ,  however, of methanol a s  t h e  s o l v e n t  

f o r  d i l u t i o n ,  a n o t h e r  problem a r o s e .  Although t h e  r e s u l t s  were 

s t a b l e ,  they were n o t  o r  badly r e p r o d u c i b l e ,  which was thought  

t o  be  due t o  t h e  i n f l u e n c e  of t h e  pH-variat ion on t h e  i n d i -  

c a t o r  MR, t h i s  i n f l u e n c e  be ing  more impor tan t  i n  a p o l a r  s o l v e n t  

than i n  a p o l a r  benzene. Therefore  methanol ic  a c e t a t e  b u f f e r ,  pH 4 ,  

was used,  whereaf te r  s t a b l e  and w e l l  r eproducib le  r e s u l t s  were 

obta ined .  Measured i n  t h e  c o n d i t i o n s  mentioned, MR shows a broad 

a b s o r p t i o n  band w i t h  maximum a t  494 nm. The s p e c i f i c  absorbance 

a t  t h i s  wavelength i s  942. The absorbances can be  measured even 

s e v e r a l  days a f t e r  t h e  p r e p a r a t i o n  of t h e  d i l u t i o n s .  The use of 

an a c i d  b u f f e r  i s  a l s o  a supplementary guarantee t h a t  c i s - t r a n s  

back-isomerizat ion i s  very f a s t .  Indeed,  Lovrien ( 1 1 )  r e p o r t s  

t h a t  even i n  water t h e  r e l a x a t i o n  i s  s u f f i c i e n t l y  slow t o  observe 

photochromism, provided t h e  pH i s  a l c a l i n e .  

Linear i ty-gf- thg Method. 

checked. The r e s u l t s  a r e  represented  i n  f i g u r e  2 .  It shows t h a t  

t h e  amount of benzene p r e s e n t  i n  t h e  d i l u t i o n ,  has  an i n f l u e n c e  

on t h e  absorbance.  A s  a consequence t h i s  amount of benzene has  t o  

be k e p t  cons tan t  i n  a s e r i e s  of experiments ,  o therwise  a d e v i a t i o n  

of l i n e a r i t y  o c c u r s .  

The l i n e a r i t y  of  t h e  method was a l s o  

k p e n d e n c e  on MR3soncentration. 
t h a t  a f i n a l  methyl red  c o n c e n t r a t i o n  of a t  least  0 . 4  mg/ml so lu-  

t i o n ,  i n  e q u i l i b r i u m  wi th  t h e  sample, i s  needed i n  o r d e r  t o  o b t a i n  

Shapi ro  and Kol thof f  ( 1 )  r e p o r t  
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2 .o 

1 .o 

A B S O R B A N C E  A T  496 nm 

NO B E N Z E N E  
B E N Z E N E  CONC. : . - . n I / l O O m l  

--- B E N Z E N E  CONC. : 2 0 m 1 / 1 0 0 m l  
- I N C R E A S I N G  BENZENE CONC. 

t r o m  l m l / 1 0 0 m l  t o  1 6 m I / 1 0 0 m l  

M E T H Y L  RED C O N C E N T R A T I O N  I N  m a /  100ml 

0 2 4 6 8 10 16  

Figure 2 - Inf luence  of t h e  Amount of Benzene on t h e  Absorbance 
of a Methyl Red S o l u t i o n  wi th  Methanolic Aceta te  Buffer  as t h e  
main s o l v e n t .  To o b t a i n  l i n e a r i t y  t h e  benzene c o n c e n t r a t i o n  has  
t o  be c o n s t a n t .  

reproducib le  r e s u l t s ;  a t  h i g h e r  c o n c e n t r a t i o n s ,  t h e  f i n a l  amount of 

adsorbed MR i s  no more i n f l u e n c e d  by t h e  e q u i l i b r i u m  c o n c e n t r a t i o n .  

I n  our  l a b o r a t o r y ,  experiments  with K i e s e l g e l  H and RP 11, a s e l f -  

made reversed phase material, were c a r r i e d  o u t  t o  check t h e s e  d a t a .  

Stock s o l u t i o n s  of 100 mg, 200 mg, 300 mg and 400 mg MR p e r  100 m l  

were used, corresponding t o  r e s p e c t i v e l y  0.11, 0.56,  1.24 and 2.06 

m g  MR/ml a t  e q u i l i b r i u m  f o r  K i e s e l g e l  H and t o  r e s p e c t i v e l y  0.68, 

1 . 5 8 ,  2 .45  and 3 .45  mg MR/ml  a t  e q u i l i b r i u m  f o r  W 11. Data a t  i n -  

te rmedia te  e q u i l i b r i u m  c o n c e n t r a t i o n s  were obta ined  by adding 

volumes , g r e a t e r  than 5 m l ,  of  the  s t o c k  s o l u t i o n s .  The r e s u l t s  

a r e  represented  i n  f i g u r e s  3 and 4 r e s p e c t i v e l y .  These f i g u r e s  
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2 01 

1 5 0  

1 0 0  

A M O U N T  MR 

A ; S T O C K  100mg MR/ lOOmibenzene 
0 : S T O C K  200mg MR/  100ml benzene 
C : STOCK 3 W m g  M R /  100 mi benzene 
0 : STOCK COO mg MR/  100ml benzene 

MR C O N C .  AT E Q U I L I B R I U M  I N  m g / m l  
1 

1 I I 

Figure  3 - I n f l u e n c e  of t h e  Methyl Red Concent ra t ion  a t  E q u i l i -  
brium on t h e  Amount of Methyl Red adsorbed on K i e s e l g e l  H. 

c l e a r l y  show t h a t  t h e  i n f l u e n c e  of t h e  MR c o n c e n t r a t i o n  i s  more i m -  

p o r t a n t  f o r  s i l i c a  g e l  than f o r  reversed  pnase m a t e r i a l s .  Obvious- 

l y  t h e  use of condi t ions  g i v i n g  e q u i l i b r i u m  c o n c e n t r a t i o n s  of 2 mg/ 

m l  ( K i e s e l g e l  H) and 3 . 5  mg/ml (RP 11) seems t o  be  i n d i c a t e d  i n  

o r d e r  t o  o b t a i n  reproducib le  r e s u l t s .  This  e x p l a i n s  t h e  choice of a 

400 mg MR/100 m l  benzene s t o c k  s o l u t i o n  f o r  t h e  proposed method. 

The choice of t h e  concent ra t ion  i s  a l s o  l i m i t e d  by t h e  s o l u b i l i t y  

of  MR i n  benzene, which i s  about  530 mg/100 m l  a t  about  20°C. These 

r e s u l t s  c l e a r l y  i n d i c a t e  t h a t  i n t e r l a b o r a t o r y  r e s u l t s  can only be 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
1
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



3 4  WOUTERS ET AL. 
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2 5  

A : STOCK 100 mg M R / 1 0 0  ml benzene 
B : STOCK 200 mg M R /  100 ml benzene 
C : STOCK 300 mg M R /  100 m l  benzene 
0 ; STOCK 4OOmg M R /  100 m l  benzene 

M R  C O N C .  A T  E Q U I L I B R I U M  I N  rng/rnl 

1 2 3 
I , I 4 

Figure  4 - Inf luence  of  t h e  Methyl Red Concent ra t ion  a t  E q u i l i -  
brium on t h e  Amount of Methyl Red adsorbed on Rp 11. 

compared provided t h a t  t h e  s t o c k  s o l u t i o n s  used a r e  of n e a r l y  t h e  

same c o n c e n t r a t i o n  and a r e  s u f f i c i e n t l y  concent ra ted  (about  400 mg/ 

100 ml) tominimal ize  t h e  i n f l u e n c e  on t h e  r e s u l t s .  

The Influe_nc_e__o_f_~ryln_g_Te_mEerature__and___Tlme_. Unger (6)  mentions 

the  n e c e s s i t y  f o r  t h e  sample be ing  completely i n  i t s  dehydrated 

s t a t e  s i n c e  r e s i d u a l  water  i s  t h e  cause of t o o  low r e s u l t s .  

Shapiro and Kolthoff  ( I )  r e p o r t  t h a t  t h e  presence of smal l  amounts 

of water  (up t o  15 X )  does n o t  g r e a t l y  h i n d e r  t h e  a d s o r p t i o n  of MR. 

Higher amounts, however, cause a pronounced decrease  i n  dye adsorp- 

t i o n .  For an experiment wi th  s i l i c a  samples c o n t a i n i n g  14.6 2 and 

5 2 water r e s p e c t i v e l y ,  they r e p o r t  MRAV of about  105 mg/g and 114 

mg/g. I n  our  l a b o r a t o r y ,  an experiment was c a r r i e d  o u t  i n  which a 

comparison was made between unheated s i l i c a  (Kiese lge l  H )  and t h e  

same s i l i c a  hcnted f o r  3 h a t  120°C o r  a t  180°C. The MRAV were 
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METHYL RED ADSORPTION 35 

r e s p e c t i v e l y  143, 154 and 152 mg/g, which means t h a t  t h e  presence 

of small  amounts of adsorbed water  i s  l e s s  important  than  expected.  

No s i g n i f i c a n t  d i f f e r e n c e s  were obta ined  when t h e  sample was 

d r i e d  a t  1 2 O o C  dur ing  p e r i o d s  going from 30 min up t o  15 h .  Since 

i t  i s  n o t  recommended t o  dry t h e  reversed  phase m a t e r i a l s  a t  too  

high tempera tures ,  a dry ing  time of 3 h a t  120°C was f i n a l l y  

chosen. 

Inf luence  of t h e  Shakine Per iod .  

which t h e  samples were shaken on t h e  v o r t e x  appara tus  was b r i e f l y  

i n v e s t i g a t e d  . No s i g n i f i c a n t  d i f f e r e n c e s  were n o t i c e d  when t h e  

samples were shaken f o r  p e r i o d s  from 1 t o  30 min. 

The i n f l u e n c e  of  t h e  time dur ing  ....................... ------- 

Discussion of t h e  Resu_satg. 
range of methyl red adsorp t ion  va lues  (MRAV) i s  obta ined  f o r  t h e  

samples examined : from zero  t o  about  200 mg/g f o r  r e s p e c t i v e l y  

h ighly  covered reversed  phase m a t e r i a l s  and s i l i c a  g e l  (Table  I ) .  

Most commercial HPLC reversed  phase m a t e r i a l s  g ive  v a l u e s  c l o s e  t o  

zero .  Uncompletely covered HPLC m a t e r i a l s  a r e  P o l y g o s i l  C 8 ,  R S i L  

C 18 HL 3 0 ~  (HL f o r  high l o a d i n g ) ,  which i s  a m a t e r i a l  used f o r  

p r e p a r a t i v e  work, and R S i L  C 18 LL 1011 (LL f o r  low l o a d i n g ) .  The 

l a t t e r  m a t e r i a l  i s  intended t o  be only p a r t i a l l y  covered and i s  

s a i d  t o  behave as a C 8 reversed  phase m a t e r i a l .  The RP I ,  I1 and 

111 samples are obta ined  by r e a c t i o n  of s i l i c a  wi th  t r i m e t h y l -  

c h l o r o s i l a n e  a t  room temperature  accord ing  t o  L i t t l e  e t  a l .  (8 ) .  

Obviously t h i s  method i s  not  s u i t a b l e  t o  prepare  h i g h l y  covered 

reversed  phases .  A TLC m a t e r i a l  such a s  K i e s e l g e l  60 H s i l a n i s i e r t  

has h igher  MRAV than most of t h e  commercial HPLC m a t e r i a l s .  

With t h e  method descr ibed  a l a r g e  

The MRAV obta ined  forpBondapak N H Z  i s  h i g h e r  than expec ted ,  

which i s  an i n d i c a t i o n  f o r  a d s o r p t i o n  of MR by t h e  amino groups.  

This  means t h a t  the  methyl red adsorp t ion  t e s t  i s  not  u s e f u l  f o r  

reversed  phase m a t e r i a l s  c o n t a i n i n g  groups showing acid-base 

i n t e r a c t i o n  w i t h  MR. Hennion e t  a l .  ( 5 )  r e p o r t  t h a t  t h e  methyl 
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36 WOUTERS ET AL. 

red adsorp t ion  tes t  i s  even n o t  a p p l i c a b l e  t o  reversed  phases  i n  

which very weakly a c i d  groups such a s  d i o l - f u n c t i o n s  a r e  i n t r o -  

duced. Our r e s u l t s  f o r  LiChrosorb D I O L  a r e  n o t  i n  agreement wi th  

t h i s  s ta tement .  

The c l o s e  r e l a t i o n s h i p  between t h e  MRAV ob ta ined  f o r  Kiese l -  

g e l  H ,  Kiese lge l  H 1511 and LiChrosorb S I  60 ( l o p )  proves t h a t  t h e  

adsorp t ion  i s  independent on p a r t i c l e  s i z e  o r  p a r t i c l e  s i z e  d i s -  

t r i b u t i o n ,  s i n c e  both parameters  decrease  from t h e  f i r s t ,  a 

common TLC material, t o  the  l a s t .  The d i f f e r e n c e  i n  MRAV between 

t h i s  group of  s i l i c a  g e l s ,  having a l l  a pore s i z e  of 6 nm, and 

LiChrosorb S I  100, having a pore s i z e  of 10 nm, c l e a r l y  demon- 

s t ra tes  t h a t  the  MRAV depends upon pore s i z e  and thus  upon spe- 

c i f i c  s u r f a c e .  From t h e  r a t i o  of  t h e  s u r f a c e s  claimed f o r  t h e  

LiChrosorb SI 60 and SI 100 (500 m'/g and 300 mL/g, r a t i o  1.66) 

one would expect  an even more important  d i f f e r e n c e  i n  MRAV 

(198 mg/g and 141  mg/g, r a t i o  1 . 4 ) .  This  could  be an i n d i c a t i o n  

f o r  p a r t i a l  exc lus ion  of  methyl red from s m a l l e r  pores ,  occur ing  

more f r e q u e n t l y  w i t h  LiChrosorb S I  60 than w i t h  LiChrosorb S I  100. 

The r e l a t i o n s h i p  between MRAV and p r e c i s e  BET s p e c i f i c  s u r f a c e  

a r e a  remains t o  be  i n v e s t i g a t e d .  

The method a s  proposed seems t o  be u s e f u l  t o  d i s t i n g u i s h  

between h ighly  and lowly covered reversed  phase m a t e r i a l s .  Less 

covered m a t e r i a l s  can be c l a s s i f i e d  depending on t h e i r  degree 

of coverage whereas l i t t l e  d i f f e r e n c e  can be seen  between w e l l  

covered m a t e r i a l s .  
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