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THE Py SOLVENT POLARITY SCALE: 
BINARY SOLVENT MIXTURES USED IN 

R EVERSED-PHASE LIQUID CHROMATOGRAPHY 

Kenneth W. Street, Jr. and William E. Acree, Jr. 
Department of Chemistry 

Kent State University 
Kent, Ohio 44242 

ABSTRACT 

Py v a l u e s  a r e  r epor t ed  f o r  b ina ry  mix tu res  of 
t e t r ahydro fu ran  - water, a c e t o n i t r i l e  - water ,  methanol - water, 
t e t r ahydro fu ran  - methanol, t e t r ahydro fu ran  - a c e t o n i t r i l e ,  
dimethyl su l fox ide  - water and dimethylformamide - water, 
covering t h e  e n t i r e  range of composition. I n t e r e s t i n g  f e a t u r e s  
i n  t h e  v a r i a t i o n  of Py with solvent  composition include:  1) a 
s u b s t a n t i a l  decrease i n  Py when small q u a n t i t i e s  of  THF a r e  added 
t o  water, 2 )  a maximum Py v a l u e  for t h e  methanol - THF system, 3 )  
both maximum and minimum Py v a l u e s  f o r  t h e  water - DMF system, 
and 4 )  l i n e a r i t y  ( o r  n e a r - l i n e a r i t y )  between Py and solvent  
composition f o r  binary a c e t o n i t r i l e  - THF and methanol - water 
mixtures .  

INTRODUCTION 

During t h e  pas t  decade, t h e r e  have been numerous a t t empt s  

t o  r e l a t e  r e t e n t  ion behavior i n  reversed-phase l i q u i d  

chromatography t o  s o l u t e  molecular p r o p e r t i e s .  Horvath, e t  a l ,  
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2800 STREET AND ACREE 

(1 )  r e l a t e d  s o l u t e  capac i ty  f a c t o r s  t o  t h e  nonpolar su r face  a rea  

of t h e  so lu t e .  Tomlineon, e t  al .  (2 ,3)  demonstrated l i n e a r  

r e l a t i o n s h i p s  between octanol /water  p a r t i t i o n  c o e f f i c i e n t  s,  water 

s o l u b i l i t y ,  and reversed-phase capac i ty  f a c t o r s .  In  a d d i t i o n ,  

both groups (4,5)  proposed schemes f o r  p r e d i c t i o n  of s o l u t e  

r e t e n t i o n  based on subs t i t uen t  e f f e c t s .  Karger, ( 6 )  

showed t h a t  i n  a c lose ly  r e l a t e d  set of s o l u t e s  t h e  molecular 

connec t iv i ty ,  which i s  l i n e a r l y  c o r r e l a t e d  w i t h  molecular su r f ace  

area, i s  a n  u s e f u l  parameter. 

A comprehensive approach f o r  p r e d i c t i n g  r e t e n t i o n  behavior 

must include both s o l u t e  and solvent  con t r ibu t ions .  Empirical  

solvent  p o l a r i t y  parameters r ep resen t  simple and s t r a igh t fo rward  

means t o  c h a r a c t e r i z e  solvent media. Among t h e  more well-known 

parameters  a r e  t h e  Eildebrand s o l u b i l i t y  parameter ( 7 )  , t h e  

Kosower 2 parameter (81, t he  Dimroth F+ parameter (9 ,10) ,  t h e  

T a f t  IT* paranc te r  (11,121 and t h e  Py s c a l e  (13,141. 

rever sed-phase l i q u i d  chromatography i s  concerned, Stahlberg and 

Almgren (15) r ecen t ly  demonstrated t h a t  t h e  Py s c a l e  f a c i l i t a t e d  

mechanis t ic  understanding of s o l u t e  r e t e n t  ion. Cone inued 

u t i l i z a t i o n  of t h e  Py s c a l e  i n  chromatographic sepa ra t ions  

r e q u i r e s  t h a t  accu ra t e  Py va lues  be determined f o r  t h e  binary 

solvent  mix tu res  t h a t  a r e  colrmonly used a s  mobile phases. 

Py v a l u e s  have been published f o r  only pure so lven t s  we report i n  

t h i s  paper v a l u e s  f o r  binary mix tu res  of t e t r ahydro fu ran  - water,  

a c e t o n i t r i l e  - water,  methanol - water, t e t r ahydro fu ran  - 

As f a r  a s  

Since 
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Py SOLVENT POLARITY SCALE 280 1 

methanol, te t rahydrofuran - a c e t o n i t r i l e  , dimethyl sulf  oxide - 
water and dimethylformamide - water,  covering the  e n t i r e  range of 

compoaition. The seven systems s tudied a r e  important i n  

rever sed-phase 1 iquid chromatography. 

mixtures  a r e  extensively used a s  mobile phases o r  a r e  

sub-binaries of important t e rna ry  solvent systems. The remaining 

two binary systems a r e  p o t e n t i a l l y  use fu l  i n  f luorescence 

d e t e c t i o n  a s  DMSO and DW a r e  known t o  enhance f luorescence 

i n t e n s i t i e s  r e l a t i v e  to water. 

The f i r  st f i v e  binary 

MTERIALS AND METHODS 

Pyrene was r e c r y s t a l l i z e d  t h r e e  times from methanol p r i o r  

t o  use and a stock so lu t ion  was prepared i n  chloroform. Small 

a l i q u o t s  of t he  stock so lu t ion  were t r a n s f e r r e d  i n t o  t e s t  tubes,  

allowed t o  evaporate and d i l u t e d  t o  5 m l  with the  solvent of 

i n t e r e s t .  The f i n a l  pyrene concentrat ion was 1 x M t o  

minimize inner  f i l t e r i n g  (16). A l l  so lven t s  were of HPLC, 

spec t roqua l i ty  or  AR grade. 

The f luorescence experiments were run on a Perkin-Elmer 

LS-5 with 3600 da ta  s t a t i o n .  The temperature a t  which a l l  da t a  

were accumulated was 2 1 O C .  Spectra obtained represent  averages 

of f i v e  scans which were then blank corrected.  Exc i t a t ion  and 

emission s l i t  widths  were 10 and 3 nm, r e spec t ive ly ,  except where 

noted. For two binary systems, TBF - water and DMF - water,  t h e  

instrument was modified by t ap ing  a t h i n  black metal  s t r i p  a c r o s s  
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2802 STREET AND ACREE 

one s i d e  of t h e  emission s l i t .  The s p e c t r a  s l i t  width f o r  t h e  

Modified LS-5 was est imated a t  2.3 m by comparison of t h e  

observed Py va lue  f o r  methanol t o  a p l o t  of Py v e r s u s  s l i t  width 

(16).  The smaller s l i t  width pe rmi t s  a more accu ra t e  

determinat ion of Py values .  The observed Py v a l u e s  f o r  methanol, 

water and chloroform were c l o s e r  t o  v a l u e s  determined w i t h  a 1 nm 

s l i t  width. The gene ra l  shape of t h e  Py ve r sus  composition 

curves f o r  t h e  THF - water and DW - water binary systems were 

not e f f e c t e d  by t h i s  mod i f i ca t ion .  

RESULTS AND DISCUSSION 

The Py s c a l e  i s  based on t h e  photophysical p r o p e r t i e s  of 

pyrene i n  f l u i d  so lu t ions .  The emission spectrum of t h e  monomer 

c o n s i s t s  of f i v e  v i b r o n i c  bands l abe led  I - V i n  p rogres s ive  

o rde r ,  i.e., t h e  0 - 0 band being l abe led  I, e t c .  I n t e n s i t i e s  of 

v a r i o u s  bands show a s t rong dependence on solvent  environment. 

S i g n i f i c a n t  enhancement i s  observed i n  t h e  0 - 0 v i b r o n i c  band 

i n t e n s i t y  i n  t h e  presence of p o l a r  solvents .  Rat io  of emission 

i n t e n s i t i e s  f o r  bands I and 111 (Py = I/III) se rves  a s  a 

q u a n t i t a t i v e  measure of m l v e n t  p o l a r i t y  and s t r u c t u r e .  

F igu res  1-3 d e p i c t  t h e  v a r i a t i o n  of Py w i t h  solvent  

composition f o r  t h e  seven systems s t u d i e s ;  t h e  r e p r o d u c i b i l i t y  of 

each v a l u e  e s t ima ted  t o  be %.02. 

r e v e a l s :  

of THF are added t o  water, 2)  a maximum Py va lue  f o r  t h e  methanol 

Examination of t h e  f i g u r e s  

1) a s u b s t a n t i a l  decrease i n  Py when small q u a n t i t i e s  
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U 100 

Fig. 1 )  P lo t  of Py VB.  X water (by volume) f o r  couunonly used 
organic  modif ier  binary solvent systems. Key: (A) 
A c e t o n i t r i l e ,  (a) Methanol, ( THF. 

- THF system, 3 )  both maximum and minimum Py va lue  f o r  t h e  water 

- DMF system, and 4 )  l i n e a r i t y  ( o r  n e a r - l i n e a r i t y )  between Py and 

solvent  composition f o r  binary a c e t o n i t r i l e  - THF and methanol - 
water mixtures.  

e x h i b i t  1 kcal/mole dev ia t ions  from l i n e a r i t y  near 50% water by 

volume (17).  

va lues  a r e  t o  be expected a s  t h e  two s c a l e s  tend t o  be 

Dimroth % p o l a r i t y  v a l u e s  f o r  t h i s  l a t e r  system 

D i s s i m i l a r i t i e s  between Py and ET solvent  p o l a r i t y  
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1.6 

1.5 

Py 1.4 

1.3 

1.2 
0 

I 1 I 1 

O/o THF 100 

Fig. 2)  Plo t  of Py vs. X THF (by volume) f o r  organic  modif ier  
sub-binarys of comonly used t e r t i a r y  solvent  systems. 
Key: ( A )  A c e t o n i t r i l e ,  ( m )  Methanol, ( 0 )  Methanol on 
Modified LS-5. 

d i f f e r e n t l y  s e n s i t i v e  t o  v a r i o u s  a s p e c t s  of solute-solvent  

i n t e r a c t i o n s .  Chromatographic r e t e n t  ion da ta  t h a t  i s  not w e l l  

c o r r e l a t e d  wi th  solvent  composition o r  Dimroth ET v a l u e s  may be 

highly c o r r e l a t e d  wi th  t h e  Py scale .  

During our experimental  measurements, we did note  a r a t h e r  

dramatic i nc rease  i n  t h e  f luo rescence  i n t e n s i t i e s  f o r  pyrene 

d i s so lved  i n  mix tu res  containing e i t h e r  DMF o r  DMSO. 

Fluorescence i n t e n s i t i e s ,  as  shown i n  Figure 4 ,  do depend on 

solvent  composition. I n t e n s i t y  enhancement s i n  mix tu res  of DMF - 
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1.85 

8 

1.65 - 

1 I I 

1.70 - 

L 

1.60 - 

I I I 

0 1 00 
O/o WATER 

1 S O  

Fig. 3 )  P l o t  of Py vs. X water (by volume) f o r  b inary  so lvent  
systems known t o  enhance f luo rescence  i n t e n s i t y .  
( 0 )  DMSO, ( A )  DMF, ( m )  DMF on Modified LS-5. 

Key: 

water and DMSO - water  are comparable, and are  2.5 t o  3 t h e s  

l a r g e r  t han  t h a t  observed i n  t h e  methanol - water system. Large 

i n t e n s i t y  enhancements were observed i n  t h r e e  of t h e  seven b ina ry  

systems s tud ied .  The a b i l i t y  of a few b ina ry  so lvent  mix tu res  t o  

s i g n i f i c a n t l y  enhance f luo rescence  i n t e n s i t i e s  i s  u s e f u l  i n  

reversed-phase l i q u i d  chromatography a s  i t  a l lows  lower l i m i t s  of  

de t e c t ion. 
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100 

I 

100 
O/o WATER 

Fig. 4) P lo t  of Re la t ive  Fluorescence I n t e n s i t y  vs. % water (by 
volume) f o r  pyrene i n  binary solvent  syetems. 
i n t e n s i t i e s  have been normalized t o  t h e  i n t e n s i t y  of 20% 
water - 8 ) X  DMSO = 100 scale d iv i s ions .  Key: (A) 
DMSO, ( 0 )  DMF, ( m )  Methanol. 
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