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IMPROVED ISOCRATIC MOBILE PHASES FOR THE REVERSE 

OF DRUGS OF FORENSIC INTEREST 
PHASE ION-PAIR CHROMATOGRAPHIC ANALYSIS 

I ra  S. Lurie 

Drug Enforcement Administration 
Northeast Regional Labozatory 

555 West 57th S t r e e t  
New York, New York 10019 

ABSTRACT 

Most drug e x h i b i t s  of fo rens i c  i n t e r e s t  can be analyzed by 
reverse  phase ion-pair chromatography using a Microbondapak-C-18 
column wi th  two i s o c r a t i c  mobile phases. 
methanesulfonic a c i d  represent  a g rea t  improvement i n  r e so lu t ion  
and speed over t h e  author 's  o r i g i n a l  methodology. 

These systems employing 

INTRODUCTION 

High Performance Liquid Chromatography has proven t o  be an excel-  

l e n t  technique f o r  t he  ana lys i s  of drugs of fo rens i c  i n t e r e ~ t ( " ~ ) .  

It is p a r t i c u l a r l y  su i t ed  f o r  drugs which are d i f f i c u l t  t o  analyze by 

gas chromatography, such as nonvo la t i l e ,  po la r  and thermally degrade- 

ab le  compounds. 

a lka lo ids  and c e r t a i n  opium a lka lo ids .  I n  add i t ion ,  s i n c e  t h e  technique 

is non-destructive,  compounds can be i s o l a t e d  f o r  i d e n t i f i c a t i o n  by 

spectrometric techniques. Reverse phase ion-pair  chromatography has 

been applied f o r  t h e  separa t ion  of a wide range of drugs of fo rens i c  

in te res t ( ' ) .  

Examples of such drugs are phenethylamines, e rgo t  

This technique employed a buf fered  aqueous-organic 
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400 LURIE 

mobile phase containing a heptanesulfonate anion which was ava i l ab le  

t o  form an ion-pair complex with the ca t ion ic  sa l t  of a b a s i c  drug. 

I n  t h i s  system cons is t ing  of 40% methanol, 59% water, 1% acetic ac id  

and 0.005M heptanesulfonic ac id  a t  a pH of approximately 3.5, a c i d i c  

drugs could be analyzed by ion suppression. Thus, t h i s  system of fered  

great v e r s a t i l i t y  s ince  it allowed t h e  simultaneous ana lys i s  of ac id i a  

and bas i c  drugs. Cer ta in  drawbacks ex is ted  i n  terms of r e so lu t ion  and 

speed. 

s tud ie s  were ca r r i ed  out t o  a sce r t a in  t h e  e f f e c t  of column, s t a t iona ry  

phase, water-methanol r a t i o ,  counter ion  s i z e ,  counter i on  concentra- 

t i o n  and b a s i c i t y  of drug chromatographed on a reverse  phase ion  p a i r  

chromatographic separa t ion  f o r  approximately 50 drugs of fo rens i c  

i n t e r e s t ( 5 ,  6 ) .  

could be  analyzed using only two i s o c r a t i c  systems. 

I n  order t o  optimize these  separa t ions  of fo rens i c  i n t e r e s t  

These s tud ie s  demonstrate that most drug exh ib i t s  

EXPERIMENTAL 

The l i qu id  chromatograph consisted of t h e  following components: 

Model 6000A pump (Waters Associates,  Milford, MA); Model U6K In j ec to r  

o r  Model WISP 710A Auto In fec to r  (Waters); prepacked 3.9 mm x 30 cm. 

s t a i n l e s s  steel column, Microbondapak C-18 (Waters) ; Model 770 var i ab le  

W detec tor  at 254 MI. (Schoeffel Instruments, Westwood, N J )  o r  Model 

440 fixed W detec tor  a t  254 ma (Waters); Systems 1VB i n t e r g r a t o r  

(Spectra Physics, Santa Clara, CA). 

Materials 

The following chemicals were employed: methanesulfonic acid 

sodium sal t  (Eastman Chemicals , Rochester, EE) ; methanol, d i s t i l l e d  
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ION-PAIR CHROMATOGRAPHIC ANALYSIS 401 

i n  g lass  (Burdick and Jackson, Muskegon, M I ) ;  d i s t i l l e d  water and 

o ther  chemicals were reagent grade. Authentic drug standard of 

USP/NF qua l i ty  were employed. 

Procedures 

The mobile phases were prepared by d isso lv ing  methanesulfonic 

ac id  i n  a so lu t ion  cons is t ing  of g l a c i a l  a c e t i c  ac id ,  methanol and 

d i s t i l l e d  water. After f i l t e r i n g  and degassing the so lu t ion  through 

a Mill ipore 0.50 micron f i l t e r  (Mill ipore Corporation, Bedford, MA), 

the  pH w a s  adjusted t o  3.5 wi th  2N NaOH. 

i n  methanol. 

A l l  s tandards were dissolved 

RESULTS AND DISCUSSION 

Most drug exh ib i t s  could be analyzed using only two mobile phases 

with a Microbondapak C-18 column, 

40% methanol, 594, water,  1% a c e t i c  ac id  and 0.02M methanesulfonic ac id  

a t  pH 3.5. 

barb i tu ra t e s  , l o c a l  anes the t ics  , LSD and r e l a t ed  compounds, PCP and 

methaqualone. A chromatogram of standard ba rb i tu ra t e s  is shown i n  

Figure 1. 

phase ion  pa i r ing  chromatography t h e  r e t en t ion  time of bases can vary 

with so lu t e  concentration, e spec ia l ly  a t  h igher   concentration^(^). A 

0.02M methanesulfonic ac id  concentration w a s  used in s t ead  of 0.005M 

because the  va r i a t ion  i n  r e t en t ion  time of bases with sample w a s  s ig-  

n i f i c a n t l y  diminished i n  the  usual working sample concentration range 

which is < 1.0 m g / m l .  

var ious  drugs analyzed on t h i s  mobile phase did not  vary w i t h  counter 

One such mobile phase cons i s t s  of 

This mobile phase i s  recommended f o r  drug samples containing 

In  a previous paper i t  was shown t h a t  when using reverse  

The r e l a t i v e  and a c t u a l  r e t en t ion  times of 
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ION-PAIR CHROMATOGRAPHIC ANALYSIS 403 

ion  concentrations.  The r e t en t ion  times of l o c a l  anes the t i c s  except 

f o r  benzocaine, which i s  not  a f fec ted  by counter i on ,  are s i g n i f i c a n t l y  

reduced by the  changing of t h e  counter i on  from heptanesulfonate t o  

methanesulfonate. A mobile phase containing a heptanesulfonate counter 

i on ,  a s  explained e a r l i e r ,  was used i n  an earlier paper. This mobile 

phase of 40% methanol, 59% water, 1% a c e t i c  acid wi th  O.OO5M heptane- 

su l fon ic  ac id  a t  pH 3.5 w a s  found t o  g ive  excessive r e t en t ion  times f o r  

cocaine samples. By using a methanesulfonate counter i on ,  good resolu- 

t i o n  w a s  s t i l l  maintained and the  r e t en t ion  of cocaine and t e t r a c a i n e  wai 

reduced by a t  l e a s t  a f a c t o r  of four.  S imi la r ly  by reducing the  counter 

i on  from heptanesulfonate t o  methanesulfonate the  r e t en t ion  times of PCP 

LSD and i t s  r e l a t ed  compounds a r e  s i g n i f i c a n t l y  reduced while exce l len t  

reso lu t ion  is s t i l l  obtained. The second mobile phase cons i s t s  of 20% 

methanol, 79% water, 1% a c e t i c  ac id  and 0.02M methanesulfonic ac id  a t  a 

pH of 3 . 5 .  

methanesulfonic acid concentration w a s  again u t i l i z e d  f o r  reasons 

covered earlier, 

not vary s i g n i f i c a n t l y  with counter i on  concentration. 

of using the  40% methanol, 59% water, 1% a c e t i c  ac id  wi th  0.005M heptane- 

su l fon ic  ac id  a t  a pH of 3 . 5  f o r  t he  ana lys i s  of phenethylamines w a s  t he  

inadequate reso lu t ion  between amphetamine and methamphetamine. 

shown ea r l i e r (6 )  t h a t  f o r  a given column and counter i o n  the  s e l e c t i v i t y  

This mobile phase i s  optimum f o r  phenethylamines. A 0.02M 

As before t h e  ac tua l  and relative re t en t ion  times did 

A major drawback 

It was 

f ac to r  between amphetamine and methamphetamine increased s i g n i f i c a n t l y  

i n  going from 40% t o  20% methanol. The s e l e c t i v i t y  between these  two 

compounds are not  adversely a f f ec t ed  i f  w h i l e  keeping t h e  water-meth- 

anol r a t i o  constant the  counter ion s i z e  is changed. This e f f e c t  is 
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404 LURIE 

true in general for the bases studied. Although going from 40% to 20% 

methanol would increase retention, this effect is offset by lowering 

the size of the counter ion. Phenylpropanolamine, ephedrine, amphet- 

amine, methamphetamine, phentermine and caffeine and baseline resolved 

in approximately ten minutes (Figure 2) .  The retention times of these 

compounds are comparable with those found using the 40% methanol 0.005M 

heptanesulfonic acid solution. 

shown that heroin and acetylcodeine would co-elute using the latter 

mobile phases(4). 

counter ion for the C-18 column, the selectivity for heroin and acetyl- 

codeine will increase with the amount of water in the mobile phase . 
By changing the percent methanol from 40 to 20 and counter ion from 

heptanesulfonate acid to methanesulfonate, heroin and acetylcodeine 

were separated with a resolution of approximately one (Figure 3 ) .  It 

appears that a good approach for improving the resolution for closely 

related compounds with reverse phase ion pair chromatography is to 

increase the amount of water and lower the size of the counter ion in 

the mobile phase if possible. 

In a previous paper by Lurie, it was 

We have shown in a previous paper that a given 

( 6 )  

The 20% and 40% methanol-methanesulfonic acid solutions with the 

Microbondapak C-18 column have been in routine use in our laboratory 

for almost two years with good success. 

amine, cocaine, PCP and LSD were found to be in good agreement when 

compared with alternative technique8 such as ultraviolet and fluores- 

cence spectroscopy and gas chromatography. 

formed on various drugs. 

found to be linear at least between 0.125 mg. and 4 . 0  mg. per ml. meth- 

Various assays for methamphet- 

Linearity studies were per- 

Using 10 l d a  injections, phenobarbital was 
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ION-PAIR CHROMATOGRAPHIC ANALYSIS 405 

Column: u Bondapak C18 
Mobile Phase: 20% Methanol. 
79% H20,1% HAC, 
.02 Methanesulfonic Acid, 
pH = 3.5 

u 
7 

u 
L 
L 

- 

3 

Figure 2 - Chromatogram of synthetic mixture of phenethylamines and 
related compounds. 
is water, methanol, acetic acid (79, 20, 1) with 0.02M methanesul- 
fanic acid adjusted to pH 3.5 as described in text. 

Conditions - same as Figure 1 except mobile phase 

anol. No change in retention time was noted. Also using 10 lamda 

injections, cocaine was linear between at least 0.125 and 4.0 mg. per 

ml. methanol. At a concentration greater than 1.0 mg. per ml. a signff- 

icant decrease in retention with concentration was noted. PCP, using 
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406 LURIE 

Column: u Bondapak C18 
Mobile Phase: 40% Methanol, 59% H20, 1% HAC, .02M 
Methanesulfonic Acid, pH = 3.5 

Figure 3 - Chromatogram of standard heroin and acetyl-codeine. 
Conditions - same a s  Figure 2 .  

20 lamda in j ec t ions ,  i s  l i n e a r  between a t  l e a s t  0.25 mg. and 4.0 mg. 

per m l .  methanol. PCP exhibited an appreciable va r i a t ion  i n  r e t en t ion  

time with concentration. Using 20 lamda i n j e c t i o n s ,  LSD i s  lanear  

between a t  least 10 micrograms and 153 micrograms per  m l .  

t i o n  time did not vary s i g n i f i c a n t l y  wi th  concentration. 

i n j ec t ions  of nethaqualone l i n e a r i t y  between a t  least 0.125 mg. and 

4.0 mg. per m l .  was observed. Only a t  t he  h ighes t  concentration range 

d id  the  re ten t ion  t i m e  vary s i g n i f i c a n t l y  wi th  concentration. Metham- 

The reten- 

For 10 lamda 
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ION-PAIR CHROMATOGRAPHIC ANALYSIS 407 

phetamine using 10 lamda in j ec t ions  w a s  l i n e a r  from a t  least 0.25 mg. 

t o  4.0 mg. per m l .  Above a concentration of 1 mg. pe r  m l .  t he  re ten-  

t i o n  t i m e  var ied  s i g n i f i c a n t l y  with concentration of t h e  sample. 

Samples were prepared as  previously s h o d 4 ) .  

so luble  i n  methanol, eg,  amphetamine sulfate ,  s t a r t i n g  mobile phase is 

recommended t o  d isso lve  the sample. 

For drugs s l i g h t l y  

Most of the  drugs t h a t  could be analyzed on the  C-18 column using 

the  20% and 40% methanol, methanesulfonic ac id  so lu t ions  could be 

analyzed on the  alkylphenyl column with these same mobile phases as 

recent s tud ie s  ind ica tec5 ,  ' I ,  

bondapak-CN coluum w a s  found t o  be lack ing  s e l e c t i v i t y  f o r  many of 

the drugs chromatographed, e spec ia l ly  ffor drugs t h a t  i on  p a i r .  There- 

f o r e ,  t h i s  column is not recommended f o r  t h e  general  ana lys i s  of drugs 

of abuse. 

i s  presented elsewhere(') , 

I n  the  same i nves t iga t ion  the  Micro- 

Retention da ta  for the various recommended mobile phases 

CONCLUSION 

This paper demonstrates t h a t  most drugs commonly encountered i n  

a fo rens i c  laboratory could be  analyzed using two i s o c r a t i c  systems 

with a Microbondapak C-18 column o r  a Microbondapak Alkyl Phenyl 

column. The Microbondapak-CN column i s  no t  generally recommended. 

The da ta  presented i n  recent  s tud ie s  could serve as a guide f o r  

which column and mobile phase combinations t o  use i n  the separa t ion  

of complex drug mixtures which are not  separated by t h e  recommended 

mobile phases. 
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