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THE EFFECT OF BINARY SOLVENT COMPOSITION AND POLARITY ON SEPARATIONS I N  
REVERSED PHASE THIN LAYER AND HIGH PERFORMANCE LIQUID CHROMATOGRAPHY~ ,2 

Haleem J.  Issaq*,  John R. K lose  and W i l l i a m  Cutch in  
NCI-Freder ick Cancer Research F a c i l i t y  

F reder i ck ,  MD 21701 

ABSTRACT 

The e f f e c t  o f  t h e  s o l v e n t ' s  compos i t ion  and p o l a r i t y  on separa t i on  i n  r e -  

versed phase t h i n  l a y e r  and h i g h  performance l i q u i d  chromatography i s  discussed. 

These r e s u l t s  show t h a t  r e t e n t i o n  t imes  cannot be p r e d i c t e d  merely f rom t h e  

p o l a r i t y  o f  t h e  b i n a r y  mob i le  phase. A l thouqh o rqan ic  m o d i f i e r s  w i t h  t h e  same 

phys ico-chemica l  p r o p e r t i e s  and from the  same s o l v e n t  group were used, t h e  r e -  

t e n t i o n  t imes ob ta ined  us inq  b i n a r y  mob i l e  phases hav inq  t h e  same p o l a r i t y ,  were 

d i f f e r e n t .  It was a l s o  observed t h a t  normal cha in  carbon a l coho ls  qave r e t e n t i o n  

t imes d i f f e r e n t  f rom those w i t h  a branched cha in  (n-propanol  vs. z - p r o p a n o l ) ,  

and t h e  l onqer  t h e  a l coho l  cha in  t h e  h i q h e r  t h e  R f  value. 

t h a t  n o t  o n l y  t h e  o rqan ic  m o d i f i e r  used i s  impor tan t  b u t  t h e  s o l u t e  m i x t u r e  used. 

The r e s u l t s  a l s o  show 

IN TR COUC T I  ON 

It i s  no t  easy t o  s e l e c t  t he  bes t  so l ven t  system f o r  adso rp t i on ,  p a r t i -  

t i o n  o r  i o n  exchange chromatography. 

o f  t he  m a t e r i a l  be ing  separated ( p o l a r ,  non p o l a r  o r  i o n i c ) ,  and t h e  s o l i d  

Impor tan t  cons ide ra t i ons  a re  t h e  na tu re  

*Author t o  whom correspondence shou ld  be addresssed. 

1Th is  work was suppor ted  by Cont rac t  No. Nol-CO-75380, w i t h  t h e  Na t iona l  Cancer 

?Presented i n  p a r t  a t  t h e  1981 P i t t s b u r q h  Conference on Anal. Chem. and Appld. 

I n s t i t u t e ,  NIH, Bethesda, MD 20014 

Spectrosc., A t l a n t i c  City, NJ, Paper #439. 
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626 ISSAQ, KLOSE, AND CUTCHIN 

phase ( s i l i c a  ge l ,  a lumina, c e l l u l o s e ,  i o n  exchange, o r  reverse  phase C z ,  c8 

o r  c18) .  

have been decided. When b i n a r y  so l ven t  i i i i x tu res  a re  used, t h e  a n a l y s t  must 

cons ider  the  s o l u b i l i t y  o f  t he  s o l u t e  i n  the  so l ven t ,  t h e  e f f e c t  o f  s o l v e n t  de- 

m ix ing ,  so l ven t  s t r e n g t h  ( p o l a r i t y )  and hydrogen bond ing .  

t he  b u f f e r  used, pH and i o n i c  s t r e n g t h  a re  impor tan t .  Se lec t i on  o f  a b i n a r y  

so l ven t  m ix tu re  and p r e d i c t i o n  o f  t he  e l u t i o n  t imes f o r  t he  components o f  a 

m i x t u r e  may no t  be t h a t  s imp le .  I n  reverse ,  and normal phase l i q u i d  chromato- 

graphy e l u t i o n  t imes o f  t he  s o l u t e  a re  a f u n c t i o n  o f  t h e  p r o p e r t i e s  o f  t he  

s t a t i o n a r y  and mob i le  phase. 

The approp r ia te  so l ven t  can on ly  be se lec ted  when these two f a c t o r s  

I n  i o n  exchange, 

Synder (1) qave t h e  f o l l o w i n g  equa t ion  f o r  c a l c u l a t i n g  t h e  p o l a r i t y  o f  a 

b i n a r y  so l ven t  tn ix tu re  used i n  reversed phase l i q u i d  chromatography: 

( 1 )  2 p2 
F ' = 4  P 1 + 4  

1 

P '  i s  t h e  p o l a r i t y  o f  t h e  m ix tu re ,  ,$ and $ a re  t h e  volume f r a c t i o n s  o f  t h e  

two so l ven ts  and P i  and P7 a re  the  p o l a r i t y  o f  t he  pure  so l ven ts .  

l a t i o n  does no t  app ly  t o  normal phases i n  which the  c a l c u l a t i o n s  a re  more 

complex ( 1 ) .  

1 2  
This r e -  

The r e l a t i o n  between r e t e n t i o n  t ime  ( R t )  and c a p a c i t y  f a c t o r  (K') i s  de- 

sc r i bed  by the  f o l l o w i n g  equat ion :  

K '  = (Rt  - Rto) /Rto  (11) 

Where R t o  i s  equal t o  t h e  r e t e n t i o n  t ime  o f  un re ta ined  s o l u t e .  

(Xlr o b j e c t i v e s  were t o  determine ( a )  t h e  e f f e c t  o f  t he  b i n a r y  mob i le  

phase p o l a r i t y  and compos i t ion  on separa t i on ;  and ( b )  how the  so l ven t  a f f e c t s  

the  bonded a l k y l  cha in  and, thus ,  t h e  separa t i on  i n  reversed phase t h i n  l a y e r  

( n C )  and h i g h  performance l i q u i d  chromatography (HPLC) . 

EXPERIMENTAL 

M a t e r i a l s :  Solvents were g lass  d i s t i l l e d  (Bu rd i ck  and Jackson) .  Cheiiticals 

were a n a l y t i c a l  grade ( A l d r i c h  Chemical Co.) and used w i thou t  f u r t h e r  p u r i f i -  

c a t i o n .  Reversed phase (RP-18) and s i l i c a  ge l  nC p l a t e s  were purchased from 

Whatman, I n c .  Standard T L C  tanks and equipment were used. P la tes  were spo t ted  
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SOLVENT COMPOSITION AND POLARITY 627 

w i t h  5 u1 d isposab le  m i c r o p i p e t t e s .  The mob i le  phase was a b i n a r y  a l c o h o l /  

water,  and a l coho l /a l coho l  m i x t u r e .  The a l coho ls  were methanol (MeOH), e thano l  

(EtOH), n-propanol  (n-PrOH), is0 -propano1 ( i -PrOH),  m - b u t a n o l  (t-BuOH) and 

- iso-pentano l  (i-POH). Resu l ts  w i t h  o t h e r  b i n a r y  so l ven t  m ix tu res  were a l s o  

examined . 

Apparatus:  A modular HPLC system c o n s i s t i n g  o f  Labora tory  Data Cont ro l  ( L D C )  

Constametr ic I and I 1  pumps a t tached t o  an LOC Grad ien t  Master,  a Chromatronix 

dual-channel  uv absorbance de tec to r ,  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  opera ted  a t  0.2 i n /m in .  was used. 

The RP-18 reversed phase column (Merck) and u -po ras i l  column (Waters Asso- 

c i a t e s )  were 250 mm X 4.6 mm prepacked w i t h  10 p a r t i c l e  s i z e  m a t e r i a l s .  10 111 

samples were i n j e c t e d .  Experiments were run  a t  room temperature us ing  a mob i l e  

phase f l o w  r a t e  o f  1.2 ml/min.  Re ten t i on  t imes,  peak w id ths  (W) and r e s o l u t i o n  

(R,) were determined w i t h  a Packard 1865 A/O conve r te r  connected t o  t h e  UV de- 

t e c t o r  ou tpu t  o f  t h e  l i q u i d  chromatograph. The ou tpu t  f rom t h e  da ta  system was 

recorded on a 9866A thermal  l i n e  p r i n t e r  (Hewle t t -Packard) .  

RESULTS AND DISCUSSION 

Tab le  1 shows t h e  separa t i on  o f  benzo(e)pyrene (BeP) and anthracene spo t -  

t e d  on reversed phase C18 (TLC) p l a t e s  and developed i n  b i n a r y  a l coho l /wa te r  

m ix tu res  hav inq  t h e  same p o l a r i t y  (5.60), c a l c u l a t e d  acco rd inq  t o  eq. ( I ) .  

Note t h a t  so l ven t  demix inq  occur red  when n-BuOH/H2O, and i-PenOH/H20 were used 

and, as a r e s u l t ,  h i q h  R f  values were ob ta ined  and t h e  r e s u l t s  had t o  be d i s -  

carded. 

t h e  R f  va lues  f o r  BeP and anthracene were d i f f e r e n t .  

ven t  m ix tu res  n-PrOH/H20 and i-PrOH/H20 qave d i f f e r e n t  e l u t i o n  t imes. w i t h  i- 

PrOH/HZO g i v i n g  lower  R f  va lues  f o r  bo th  BeP and anthracene. 

values were compared u s i n q  i-PrOH/H20 and t-BuOH/H20, the  l onger  carbon cha in  

a l c o h o l s  qave h ighe r  R f  values, b u t  t h e  separa t i on  f a c t o r  a remained t h e  same. 

However, when m ix tu res  o f  MeOH/HZO, EtOH/HzO and n-PrOH/HZO were used 

Also,  n o t e  t h a t  t h e  s o l -  

When t h e  R f  

S ince  so l ven t  demix inq  occur red  w i t h  i-PrOH/H20 and n-BuOH/H2O p a i r s ,  i t  

was dec ided t o  ( a )  use a lower  p o l a r i t y  va lue  (4.3) and t o  s u b s t i t u t e  methanol 
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620 ISSAQ, KLOSE, AND CUTCHIN 

TABLE I 

SEPARATION OF BENZO[E]PYRENE AND ANTHRACENE ON RP-18 TLC PLATES U S I N G  

A B I N A R Y  ALCOHOL/WATER MIXTURES HAVING THE SAME POLARITV (5.60) 

SOLVENT 

MeOH/H20 

EtOH/H2O 

n-PrOH/HzO 

i -PrOH/H20 

t-BuOH/HpO 

i - P O H / H z O  

n-BuOHfH20 

RATIO (v / v )  

90.2/9.8 

78/22 

74.2f25.8 

73/27 

75.4/24.6 

7O.B/29.2 

73/27 

R f X l O O  
BeP ANTHRACENE - 

18 33 

23 38 

35 51 

24 38 

28 44 

6Bf 7 7 *  

63* 71* 

a 

1.83 

1.65 

1.46 

1.58 

1.57 

- 

*Sol vent Demixing 

a = R f  anthracene/Rf BeP 

o r  acetone (AC=O) f o r  water  (Tab le  11). The t a b l e  shows t h a t  a l thouqh t h e  n i n e  

b i n a r y  so l ven t  m ix tu res  have the  same p o l a r i t y ,  d i f f e r e n t  R f  and a va lues  were 

ob ta ined f o r  bo th  BeP, and anthracene i n  each s o l v e n t  m ix tu re .  

va lues  ranqed f rom 49-80 f o r  BeP, and from 61-85 f o r  anthracene. Note t h a t ,  

f o r  example, n-BuOH/HeO, n-BuOH/MeOH, and n-BuOH/AC=O a l l  qave d i f f e r e n t  R f  

va lues  f o r  bo th  BeP and anthracene. Th is  i s  because water,  methanol and ace- 

tone each be long t o  a d i f f e r e n t  s o l v e n t  group (1 ) .  D i f f e rences  i n  r e t e n t i o n  

t imes o f  BeP and anthracene were observed when t h e  p l a t e  was spo t ted  and deve l -  

oped i n  t h e  f o l l o w i n g  p a i r s  of  b i n a r y  so l ven t  m ix tu res ,  n-BuOH/MeOH and t-BuOH/ 

MeOH; and n-PrOH/MeOH and i-PrOH/MeOH, w i t h  the  normal cha in  s o l v e n t  q i v i n g  t h e  

h i g h e r  R f  values. 

R f  X 100 

I n  another exper iment,  t h e  volume of  a l coho l  was kep t  cons tan t  a t  90 m l  

(Tab le  111) and 95 m l  (Tab le  I V ) ,  w h i l e  t h e  volume o f  water  was c a l c u l a t e d  

accord ing  t o  t h e  f o l l o w i n q  eq: 
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SOLVENT COMPOSITION AND POLARITY 

TABLE I 1  

629 

EFFECT OF BINARY SOLVENT COMPOSITION ON R f  AN0 n VALUES I N  

REVERSE0 PHASE TLC ( P '  = 4.3) 

SOLVENT 

EtOH 

n-PrOH/HzO 

n-PrOH/MeOH 

n-BuOH/HZO 

n-BuOH/MeOH 

i -PrOH/MeOH 

t-BuOH/MeOH 

n-BuOH/AC=O 

n-PrOH/AC=O 

RATIO ( v / v )  

neat  

95.2/4.8 

72.7/27.3 

93.6/6.4 

66.7/33.3 

66.7/33.3 

80/20 

66.7/33.3 

72.7/27.3 

R f X l O O  
BeP ANTHRACENE - 

63 73 

60 70 

7 1  81 

60 76 

72 78 

56 68  

49 6 1  

80  85 

75 8 1  

a 

1.16 

1.17 

1.14 

1.27 

1.08 

1.21 

1.24 

1.06 

1.08 

- 

TABLE 111 

EFFECT OF BINARY MOBILE PHASE COMPOSITION ON R f  AN0 n VALUES OF 

BENZO[E]PYRENE AN0 ANTHRACENE USING CONSTANT ALCOHOL BUT VARIABLE WATER VOLUME 

SOLVENT 

MeOH/H20 

EtOH/H20 

n-PrOH/H20 

i -PrOH/H20 

n-BuOH/HzO 

t-BuOH/H20 

i -POH/H20 

RATIO ( v / v )  

90/10 

90/17 

90/19.7 

90/20.6 

90/20.6 

90/18.8 

90/22.4 

P '  

5.6 

5.2 

5.1  

5.1 

5.1 

5.2 

5.0 

- 
R f X l O O  

- Bep7!Tmmmr 

18 33 

29 44 

38 51 

29 44 

53 63 

36 52 

65 73 

n 

1.83 

1.52 

1.34 

1.52 

1.19 

1.44 

1.12 

- 

Where V 1  and V2 a r e  volumes o f  p u r e  a l c o h o l s  1 and 2. P i  and Pz a r e  t h e  p o l a r i t y  

o f  p u r e  a l c o h o l s  1 and 2 ,  VH 0 i s  t h e  known volume o f  w a t e r  added and 

i s  c a l c u l a t e d  volume o f  water .  

10 m l .  

V,(H~O) 

2 

2 
V1 and V2 were k e p t  c o n s t a n t  a t  90 m l .  VH 0 was 

The exper iment  was per fo rmed t o  see t h e  e f f e c t  t h e  w a t e r  i n  t h e  m o b i l e  
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6 30 ISSAQ, KLOSE, AND CUTCHIN 

phase had on ( a )  separa t i on  and ( b )  t h e  c18 a l k y l  cha in .  

p o l a r i t y  values o f  t h e  m i x t u r e  were n o t  cons tan t  and va r ied  by  9 0.1 u n i t s ,  ex- 

cep t  f o r  MeOH/H20 (Tab les  111 and I V ) .  

amount o f  a l coho l  i s  cons tan t ,  t h e  R f  va lues  o f  bo th  BeP and anthracene, i nc reas -  

ed w i t h  i nc reas ing  amount o f  water  f o r  bo th  the  normal,  and t h e  branched cha in  

a l coho ls ,  w i t h  the  l a t t e r  q i v i n q  lower  R f  values. 

f rom t h e  da ta  i n  Tables I l l  and I V .  ( a )  The R f  X 100 values ranqed f rom 33-73 

f o r  anthracene, and f rom 18-65 f o r  BeP i n  90ml a l coho l /wa te r  (Tab le  111) w h i l e  

they  ranqed from 47-79 f o r  anthracene and from 21-72 f o r  ReP i n  951111 a l c o h o l /  

water (Tab le  I V ) ;  ( b )  b e t t e r  separa t i on  f a c t o r s  were found w i t h  t h e  branched 

c h a i n  a l coho ls ;  and ( c )  t he  same R f  va lues  were oh ta ined  f o r  bo th  compounds i n  

EtOH/ H20, and i-PrOH/ H20, a l thouqh t h e r e  was more water  i n  t h e  i-PrOH/H20 b i -  

nary  m ix tu re ,  which may i n d i c a t e  t h a t  t h e  s o l u t e s  a r e  more s o l u b l e  i n  i-PrOH 

than i n  methanol. 

The b i n a r y  so l ven t  

The t a b l e s  i n d i c a t e  t h a t ,  a l t hough  t h e  

A few conc lus ions  can be drawn 

The r e s u l t s  (Tables I - I V )  i n d i c a t e  t h a t  R f  va lues  were h i q h e r  as the amount 

o f  water  i n  the  mob i l e  phase was increased,  which may i n d i c a t e  a l a c k  o f  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, and i n  t u r n  c o l l a p s e  o f  t h e  C18 

a l k y l  cha in  i n  the  so l ven t  as  t h e  volume o f  water  inc reased.  I t  a l s o  c o u l d  

i n d i c a t e  a so lu te -so l ven t  i n t e r a c t i o n .  Tables 111 and I V  show t h a t ,  a l though 

TABLE I V  

EFFECT OF BINARY MOBILE PHASE COMPOSITION ON R f  AN0 a VALUES OF 

BENZO[E]PYRENE AND ANTHRACENE USING CONSTANT ALCOHOL BUT VARIABLE WATER VOLUME 

SOLVENT 

MeOH/H20 

E t OH/H$ 

n-PrOH/H20 

i -PrOH/H20 

n-BuOH/H20 

t-BuOH/H20 

i -POH/H20 

R A T I O  ( v / v l  

95/5 

95/12.5 

95/15.2 

95/16.2 

95/16.2 

95/14.3 

95/18.0 

P '  

5.4 

5.0 

4.9 

4.8 

4.8 

4.9 

4.7 

- BeP 

21 

30 

43 

33 

72 

46 

70 

- 
R f X l O O  
-?iFmmEK 

41 

46 

57 

47 

79 

63 

78 

a 

1.74 

1.53 

1.33 

1.42 

1.10 

1.37 

1.11 

- 
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SOLVENT COMPOSITION AND POLARITY 631 

t h e  same volume o f  wa te r  was used i n  t h e  i-PrOH and n-BuOH mix tu res ,  d i f f e r e n t  

R f  and u values were ob ta ined,  which suggests t h a t  t h e  a l coho l  used p l a y s  an 

impor tan t  r o l e  i n  t h e  separa t i on  process. 

I n  v iew o f  these r e s u l t s  another  exper iment was under taken i n  wh ich  t h r e e  

d i f f e r e n t  groups o f  compounds w i t h  d i f f e r e n t  chemical  p r o p e r t i e s  were spo t ted  

on C18 reversed phase TLC p l a t e s  and developed under t h e  f o l l o w i n g  c o n d i t i o n s  

(a )  pu re  a l coho ls :  ( b )  cons tan t  a l coho l /wa te r  r a t i o  (90 /10) ;  ( c )  cons tan t  water  

b u t  v a r i a b l e  a l coho l  r a t i o ;  ( d )  cons tan t  a l coho l  b u t  v a r i a b l e  water  r a t i o ;  and 

( e )  cons tan t  p o l a r i t y  (5.1) us ing  methano l /a lcoho l  and wa te r /a l coho l .  The 

t h r e e  group o f  compounds se lec ted  f o r  t h i s  s tudy  were: (1 )  an thraqu inones 

[an thraqu inone (A) ,  methy l -  (M) and e thy lan th raqu inone  (E)]; (2 )  naphtha lene (N) 

and b ipheny l  ( 6 ) ;  and (3 )  d ime thy l -  (MP) and d i e t h y l -  (EP) ph tha la tes .  

Note  t h a t ,  s ince  we a r e  s t u d y i n g  t h e  i n t e r a c t i o n  o f  t h e  so l ven t -so lu te -  

bonded cha in ,  we a re  i g n o r i n g  t h e  o p t i m i z a t i o n  of  t h e  separa t i on  f a c t o r ( u ) .  

Table V l i s t s  R f  va lues  f o r  t h e  t h r e e  groups o f  compounds i n  pu re  a l coho ls .  I t  

can be seen t h a t  R f  va lues  d i d  n o t  i nc rease  w i t h  i n c r e a s i n g  cha in  l e n g t h  o f  t h e  

a l coho l  (except  methano l ) ,  which i n d i c a t e s  t h a t  s o l u t e - s o l i d  phase i n t e r a c t i o n ,  

due t o  the  s o l u b i l i t y  o f  t h e  C18 a l k y l  cha in  i n  t h e  a l coho ls  s tud ied ,  i s  n o t  

TABLE V 

SEPARATION OF ANTHRAQUINONE, METHYL- AN0 ETHYL ANTHRAQUINONE, NAPTHALENE, 

BIPHENYL, DIMETHYL- AND DIETHYLPTHALATES I N  PURE ALCOHOLS USING RP-18 TLC PLATES 

R f X l  00 
SOLVENT ~~NTHRAQUINONES - - 
MeOH 

EtOH 

PrOH 

i-PrOH 

n-BuOH 

i -BuOH 

t-BuOH 

53, 48, 48 58 69, 66 

72 78 88 

75 80 88 

71  76 83 

70 75 7a 

73 79 85 

76 80 88 

Note: When one number i s  repo r ted  i t  means t h a t  no separa t i on  
was achieved i n  t h a t  so l ven t .  
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632 ISSAQ, KLOSE. ANJJ CUTCHIN 

a f f e c t e d  by the  a l coho l  used. When cons tan t  r a t i o s  o f  a l coho l /wa te r  v /v  were 

used, t he  R f  values ob ta ined  f o r  each group o f  compounds i n  t h e  b i n a r y  s o l v e n t  

m i x t u r e  were a f u n c t i o n  o f  t h e  s o l u t e .  

phenyl  and the  anthraquinones inc reased  w i t h  t h e  i nc rease  i n  normal a l coho l  

c h a i n  length .  

n-PrOH/HzO and n-RuOH/H20. 

used (Tab le  V I ) ,  t he  R f  va lues  f o r  each q r o w  o f  compounds remained approximate- 

l y  cons tan t  (t0.03 U n i t s ) .  

The R f  va lues  f o r  naphthalene and b i -  

The ph tha la tes  gave comparable R f  va lues  i n  MeOH/H20, EtOH/H20. 

When t h e  branched cha in  a l coho l /wa te r  m ix tu res  were 

When t h e  r e s u l t s  i n  pure  a l c o h o l  (Tab le  V )  were compared w i t h  those i n  (90/ 

10) a l coho l /wa te r  (Tab le  V I ) ,  d i f f e r e n c e s  i n  R f  va lues  were observed. 

a l s o  observed t h a t  MeOH/H20 (90/10) reso lved  t h e  components of  a l l  t h e  t h r e e  

qroups o f  compounds. The a d d i t i o n  o f  10% water  t o  MeOH and E t O H  (Tab le  V I )  

r e s u l t e d  i n  lower  R f  va lues  f o r  t h e  anthraquinones than when developed i n  t h e  

pure  a lcoho l .  No d i f f e r e n c e s  i n  R f  values were observed when wa te r  was added 

t o  n-PrOH, i-PrOH, i-BuOH o r  t-BuOH. However, h i q h e r  R f  va lues  were ob ta ined  

when water was added t o  n-BuOH. Almost t h e  same e f f e c t  was observed f o r  naphtha- 

lene,  b ipheny l  and t h e  ph tha la tes  (Tab le  V I ) .  

I t  was 

TABLE V I  

SEPARATION OF ANTHRAQUINONE. METYL ANTHRAQUINONE, ETHYL ANTHRAQUINONE, NAPTHALENE, 

BIPHENYL, OIMETHYL- AN0 OIETHYLPHTHALATES IN  CONSTANT ALCOHOL/WATER R A T I O  (90/10) 

l l S I N G  RP-18 TLC PLATES 

R f X l  00 
MOBILE PHASE ANTHRAQUINONES N+B - PHTHACATES 

MeOH-HzO 

EtOH-HzO 

PrOH-HzO 

i -PrOH-H20 

n-BuOH-HpO 

i -BuOH-H20 

t-BuOH-Hz0 

i -POH-HzO 

47, 40, 36 

45, 50, 50 

75 

70 

80 

76 

76 

76 

53, 47 

52 

75 

7 1  

81 

76 

80 

76 

73, 66 

70, 67 

89 

87 

92 

79 

a8 

90 
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SOLVENT COMPOSITION AND POLARITY 633 

Tab le  V I I  q ives  t h e  R f  values o f  t h e  t h r e e  qroups o f  compounds developed 

i n  a l coho l /wa te r .  

methanol (90 m l )  was rep laced  by a volume of a n  a l c o h o l  hav inq  t h e  same p o l a r i t y  

as t h a t  o f  methanol (0.90 X 5.1 = 4.59). 

e f f e c t  o f  keep inq  t h e  p o l a r i t y  o f  t he  a l coho l  and t h e  volume of  t h e  wa te r  cons tan t .  

Note t h a t  t h e  p o l a r i t y  o f  each b i n a r y  so l ven t  m i x t u r e  i s  n o t  cons tan t  acco rd inq  

t o  equa t ion  ( I ) .  The r e s u l t s  show (Tab le  V I I )  t h a t  r e s o l u t i o n  o f  t h e  m i x t u r e  i n  

each group i s  achieved o n l y  when MeOH/H20 and EtOH/H20 were used, b u t  no separa- 

t i o n  was achieved u s i n q  an a l coho l  w i t h  a cha in  l o n q e r  than C2. a l t houqh  t h e  

th ree  qroups o f  compounds t e s t e d  have d i f f e r e n t  chemical  p roper t i es .  Th is  i n d i -  

ca tes  t h a t  s o l v e n t - s o l u t e  o r  s o l u t e - s o l i d  phase (C18) i n t e r a c t i o n  was e l i m i n a t e d  

and no separa t i on  was achieved us inq  C-3 o r  h i g h e r  c h a i n  a lcoho ls .  

a l s o  shows t h a t ,  a l t hough  t h e  R f  va lues  inc reased f rom MeOH t o  n-PrOH, they  were 

very  s i m i l a r  t o  those ob ta ined w i t h  t h e  o t h e r  a l c o h o l s  (n-ProH t o  t-BuOH). 

The volume o f  water  was kep t  cons tan t  (10 m l ) ,  w h i l e  t h a t  o f  

I n  t h i s  exper iment we wanted t o  see t h e  

Tab le  V I I  

Tab le  V I I I  l i s t s  t h e  R f  va lues  ob ta ined  when t h e  volume o f  a l coho l  was k e p t  

cons tan t  (90 m l )  b u t  t h e  volume of  water  was changed t o  compensate f o r  t h e  po- 

l a r i t y  o f  t h e  a l coho ls  accord inq  t o  equa t ion  (111).  The r e s u l t s  i n d i c a t e  t h a t  

b e t t e r  r e s o l u t i o n s  were ob ta ined f o r  t h e  anthraquinones and ph tha la tes  b u t  n o t  

TABLE V I I  

SEPARATION OF ANTHRAQUINONE, METHYL- AND ETHYL ANTHRAQUINONE, NAPHTHALENE, 

BIPHENYL, DIMETHYL- AND OIETHYLPHTHALATES U S I N G  CONSTANT ALCOHOL AN0 

CONSTANT WATER POLARITY MOBILE PHASES ON RP-18 TLC PLATES 

R f X l O O  
SOLVENT RATIO (v / v )  ANTHRAQUINONES - N+B PHTHALAm 

MeOH/H20 (90/10) 47, 40, 35 53, 57 75, 68 

EtOH/H20 (107/10) 67, 64, 61 66 85, 81 

n-PrOHIHpO 

n-BuOH/HzO 

i -PrOH/H20 

~-BuOH/H~O 

15/10) 73 74 88 

18/10) 73 74 83 

16/10) 71 71 86 

12/10) 75 74 87 
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634 ISSAQ. KLOSE, AND CUTCHIN 

TABLE V I I I  

SEPARATION OF ANTHRAQUINONE, METHYL-, AND ETHYL ANTHRAQUINONE, NAPHTHALENE, 

BIPHENYL, DIMETHYL- AND DIETHYLPHTHALATES U S I N G  CONSTANT ALCOHOL BUT 

VARIARLE WATER VOLUME ON RP-18 TLC PLATES 

R f X l O O  
-- SOLVENT R A T I O  ( v / v )  X'fTTHRAQUINONES - NtB m 
MeOH/H20 (go/ 10 1 47, 40, 35 53, 41 75, 76 

E tOH/HzO (90/18) 63, 51, 53 56 85, 79 

n-PrOH/HZO (90/70 65, 61, 61 59 77, 71 

n-BuOH/HpO (90/21)* 

i -PrOH/H20 (90/21) 64, 60, 58 56 81, 78 

t-BuOH/H20 (90/18.8) 76, 76, 76 73 92, 92 

*Solvent demix ing  

the  naphthalene o r  t h e  b ipheny l ,  which means t h a t  t h a t  t he  r e s u l t s  a re  a f f e c t e d  

by t h e  s o l u t e  used (3). 

Tab le  1X shows t h e  e f f e c t  o f  r e p l a c i n s  water  w i t h  methanol t o  a d j u s t  t h e  

p o l a r i t y  o f  t h e  b i n a r y  so l ven t  m i x t u r e  t o  5.1. The r e s u l t s  i n d i c a t e  an i nc rease  

i n  R f  values w i t h  i nc rease  i n  t h e  a l coho l  c h a i n  l enq th .  However, t h e  r e s o l u t i o n  

o f  t h e  so lu tes  w i t h i n  a qroup was poor.  Th i s  i n d i c a t e s  t h a t  s o l v e n t - s o l u t e  i n -  

t e r a c t i o n s  a re  the  predominant f a c t o r ,  s ince  separa t i on  i s  a f u n c t i o n  o f  t h e  s o l -  

u t e  d i s t r i b u t i o n  c o e f f i c i e n t .  Tab le  X q ives  the  R f  va lues  i n  a b i n a r y  a l c o h o l /  

water  (P '  = 5.1) so l ven t  m ix tu re .  Except f o r  naphtha lene-b ipheny l  m ix tu re ,  t h e  

r e s u l t s  i n d i c a t e  b e t t e r  r e s o l u t i o n  w i t h  a l c o h o l /  water  than w i t h  a lcoho l /meth-  

anol  so l ven t  m ix tu res  (Tab le  I X ) ,  a l t hough  t h e  R f  va lues  ob ta ined  f o r  each com- 

pound a re  comparable, (Tables I X  and X). Th i s  i s  because the  a d d i t i o n  o f  water  

t o  t h e  mob i le  phase decreases t h e  s o l u b i l i t y  o f  t h e  s o l u t e s  (4). 

Tab le  X I  q ives  t h e  r e t e n t i o n  t imes  and K '  va lues  for  t he  t h r e e  qroups of  

compounds us inq  a C18 column and b i n a r y  a l coho l /wa te r  m ix tu res  hav inq  t h e  same 

P '  va lue  o f  6.12 c a l c u l a t e d  acco rd inq  t o  Equat ion  ( I ) .  Note t h a t  d i f f e r e n t  K '  

va lues  were ob ta ined f o r  each compound i n  each mob i l e  phase. These r e s u l t s  

aqree w i t h  those ob ta ined  us inq  C18 reverse  phase TLC p la tes .  
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SOLVENT COMPOSITION AND POLARITY 635 

TABLE I X  

SEPARATION OF ANTHRAQUINONE, METHYL- AND ETHYL ANTHRAQUINONE, NAPTHALENE, BIPHENYL, 

DIMETHYL- AND OIETHYLPHTHALATES I N  ALCOHOL/METHANOL BINARY SOLVENT MIXTURES HAVING 

A CONSTANT POLARITY OF 5.1 ON RP-18 TLC PLATES 

R f X l O O  
SOLVENT RATIO ( v / v )  ANTHRAQUINONES - N+B P H T H A L 

MeOH 100% 58, 52. 52 63 78, 13  

EtOH/MeOH 86.4/13. 6 61 68 75 

PrOH/MeOH 82.3/17.7 66 72 78 

i-PrOH/MeOH 81 / 19 67 7 1  80 

BuOH/MeOH 81 / 19 79 83 89 

t-BuOH/MeOH 83.6/16.4 68 73 83 

TABLE X 

SEPARATION OF ANTHRAQUINONE, METHYL- AND ETHYL ANTHRAQUINONE, NAPHTHALENE, BIPHENYL, 

OIMETHYL- AND DIETHYLPHTHALATES I N  ALCOHOL/WATER BINARY SOLVENT MIXTURES HAVING A 

CONSTANT POLARITY OF 5.1 ON RP-18 TLC PLATES 

R f X l O O  
SOLVENT RATIO ( v / v )  ANTHRAQUINONES N+B PHTHALATE S 

MeOH 100% 56, 51, 50 60 72, 69 

EtOH/H20 86.4/13.6 56, 52, 49 52 73, 69 

n-PrOH/HzO 82.3/17.7 74, 70, 68  68 88, 84 

__ 

BuOH/H20* 81.0/19.0 

i -PrOH/H20 81.0/19.0 69, 66, 63 63 87, 83 

t-BuOH/H2O 83.6/16.4 65, 65, 65 64 82, 82 

*Sol vent  d e m i x i n q  

When t h e  b i n a r y  s o l v e n t  m i x t u r e  was composed o f  s o l v e n t s  f r o m  d i f f e r e n t  

s o l v e n t  qroups ( l ) ,  t h e  r e t e n t i o n  t i m e s  were d i f f e r e n t  on b o t h  s i l i c a  q e l  and 

C18 r e v e r s e d  phase s i l i c a  q e l  p l a t e s  ( T a b l e  X I I ) ,  a l t h o u q h  t h e y  have t h e  same P '  

v a l u e .  I t  i s  i n t e r e s t i n q  t o  n o t e  t h a t  t h e  r e t e n t i o n  t i m e s  o f  n a p h t h a l e n e  on 

s i l i c a  q e l  p l a t e s  were a p p r o x i m a t e l y  t h e  same no m a t t e r  what b i n a r y  m o b i l e  phase 
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636 I S S A Q ,  KLOSE, AND CUTCHIN 

TABLE X I  

SEPARATION OF ANTHRAQUINONE, METHYL- AND ETHYL ANTHRAQUINONE, NAPHTHALENE, BIPHENYL, 

DIMETHYL- AN0 OIETHYLPHTHALATES USING C18 HPLC COLUMN AN0 BINARY ALCOHOL/WATER MOBILE 

PHASES HAVING THE SAME POLARITY (6.12) 

SOLVENT 

MeOH/H20 

EtOH/H20 

n - P rOH/H 20 

i-PrOH/H?O 

MP EP # ! !  - -  RATIO ( v / v )  Et0(min . )  R t / k '  
80/20 2.55 5.5 6.5 3.5 4.5 3 ?::5 ;:;2 :::3 1.16 1.55 0.37 0.61 

69.4/30.6 2.55 5 . 1  6.6 6.6 5.8 6.6 3.2 3.7 
1.00 1.59 1.59 1.28 1.59 0.26 0.45 

;' 40::3 ::;3 ::;3 0.83 0.83 0.29 0.29 

:' ::;2 ;:;2 ?:;3 1.03 1.16 0.22 0.34 

65.a/34.2 2.95 5.4 5.4 3.8 3.8 

64.8/35.2 3.20 6.5 6.9 3.9 4.3 

TABLE XI1 

SEPARATION OF A MIXTURE OF ANTHRAQUINONE, NAPHTHALENE AN0 OIMETHYL PHTHALATE ON 

REVERSED-PHASE AND SILICA GEL PLATES USING DIFFERENT SOLVENT MIXTURES 

HAVING THE SAME POLARITY* 

R f X l O O  

SOLVENT RATIO ( v / v )  PLATE ANTHRAQUINONE NAPHTHALENE Me-PHTHALATE 

MeOH/H20 45/55 RP-18 0 0 13  

CH3CN/HzO 52/48 RP-18 35 23 43 

THF/H20 37/63 RP-18 8 5 21 

E t h y l  e t h e r /  
Hexane 52/48 S i l i c a  q e l  92 

CHCl  g/Hexane 35/65 S i  1 i c a  q e l  50 

CHZC12/Hexane 47/53 S i l i c a  q e l  39 

99 

99 

94 

79 

25 

18 

*From Reference 2. 
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SOLVENT COMPOSITION AND POLARITY 6 3 7  

was used. Th is  was no t  t h e  case when a p o l y c y c l i c  a romat ic  hydrocarbon m i x t u r e  

was separated on a u -Poras i l  column u s i n q  2% e t h y l  acetate/hexane and 2.15% 

chloroform/hexane (F ig .  1 ) .  

F iqu res  2 and 3 show t h e  e f f e c t  of  t h e  o rqan ic  m o d i f i e r  on t h e  separa t ion .  

A l thouqh t h e  p o l a r i t y  o f  t he  mob i l e  phases a re  t h e  same, r e p l a c i n q  a c e t o n i t r i l e  

by methanol qave d i f f e r e n t  r e t e n t i o n  t imes,  a and K '  values, under t h e  same 

exper imenta l  cond i t i ons .  

$ c 
0 
u) al 
n 

a 

2% EtOAclHexane 2.15% CHClglHexane 

Time 

F igu re  1. Comparative HPLC separa t i on  o f  benzo[a]pyrene ( a ) ,  naphthacene 

(b )  and anthracene ( c )  u s i n g  a u - p o r a s i l  column and two d i f f e r e n t  

mob i l e  phases hav ing  t h e  same p o l a r i t y ;  2% e t h y l  acetate/hexane 

( l e f t )  and 2.15% chloroform/hexane ( r i q h t ) .  
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6 38 ISSAQ, KLOSE, AND CUTCHIN 

53% CH30HIH20 

Time 

62% CH3CNIH20 

F iqu re  2. Comparative HPLC separa t i on  o f  d ime thy lph tha la te  ( a )  and d i e t h y l -  

p h t h a l a t e  us inq  a reversed phase c18 column i n  two d i f f e r e n t  

mob i le  phases hav inq  t h e  same p o l a r i t y ;  53% methanol /water and 

62% a c e t o n i t r i l e / w a t e r  a t  a f l o w  r a t e  of  1.2 ml/min. 

I f  t h e  10 m l  o f  water  i n  a c e t o n i t r i l e / w a t e r  (90/10) i s  rep laced by 20 m l  

o f  methanol ,  bo th  hav ing  t h e  same p o l a r i t y ,  t h e  e f f e c t  on R t ,  a and K '  va lues  

are  q u i t e  ev iden t  ( F i q  4 ) .  

phase i n t e r a c t i o n s .  

Th is  i s  due t o  s o l v e n t - s o l u t e  and s o l u t e - s o l i d  
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SOLVENT COMPOSITION AND POLARITY 

v 

639 

L 

62% CH3CNIH20 

Time 

F iqu re  3. Comparative HPLC separa t i on  o f  benzene (a )  and naphtha lene (b )  

us inq  a reversed phase C18 column and two d i f f e r e n t  mob i l e  

phases hav inq  t h e  same p o l a r i t y ;  53% methano l /water  ( l e f t )  and 

62% a c e t o n i t r i l e / w a t e r  ( r i q h t ) ,  a t  a f l o w  r a t e  o f  1.2 m l / m i n .  
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8 
E 
0 

v) 
0)  

a 

a 

I 

I 

I 

I 

i 
I 
I 

4 I 

L i 
90% CH3CNIH20 90CH 3C N:20C H 3 0  H 

Time 

F i g u r e  4 .  Comparative HPLC separa t i on  o f  naphthalene, anthracene, naphtha- 

cene and benzo[e]pyrene u s i n g  reversed phase C18 column, and two 

d i f f e r e n t  mob i le  phases a c e t o n i t r i l e / w a t e r  (90/10) and aceto-  

n i t r i l e / m e t h a n o l  (90/20) a t  a f l o w  r a t e  o f  1.2 ml/min. 

The da ta  p resented  here  c l e a r l y  i n d i c a t e s  t h a t  t h e  p o l a r i t y  o f  t h e  mob i l e  

phase i s  no t  a s  impor tan t  as o the r  parameters i n  l i q u i d  chromatoqraphy. such as 

so l ven t -so lu te ,  and s o l v e n t - s o l i d  phase i n t e r a c t i o n s .  
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