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OPTIMIZATION OF A REVERSE PHASE ION-PAIR CHROMATOGRAPHIC 
SEPARATION FOR DRUGS OF FORENSIC INTEREST 
PART I1 - FACTORS EFFECTING SELECTIVITY 

Ira S. Lurie 
Drug Enforcement Administration 
Northeast Regional Laboratory 

555 West 57th Street 
New York, New York 10019 

and 
Steven M. Demchuk 

Drug Enforcement Administration 
Mid-At l a n t  i c  Regional Lab ora tory  

460 New York Avenue, N.W. 
Washington, D.C. 20537 

ABSTRACT 

Variables e f f ec t ing  s e l e c t i v i t y  f o r  a reverse  phase ion-pair  
chromatographic separation a r e  examlned f o r  various drugs of fo rens i c  
i n t e r e s t .  Factors s tud ied  include type of s t a t iona ry  phase, r a t i o  of 
water t o  methanol, s i z e  and concentration of counter-ion anc b a s i c i t y  
of drug chromatographed. 
plained by Horvath's solvophobic theory. 

Moat of t h e  s e l e c t i v i t y  e f f e c t s  can be  ex- 

INTRODUCTION 

I n  a recent paper on reverse  phase ion-pair  chromatography f o r  

drugs of forens ic  i n t e r e s t ,  t h e  reso lu t ion  and t i m e  f o r  ana lys i s  

obtained were l e s s  than optimum(l). Thus, i t  w a s  des i red  t o  optimize 

*Presented i n  p a r t  a t  the Eastern Analy t ica l  Symposium, October 31  
th ru  November 2 ,  1979, New York City,  New York. 
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358 LURIE AND DEMCHUK 

t h e  various separa t ions  f o r  reso lu t ion  and speed. For compounds wi th  

similar k'  va lues ,  r e so lu t ion  can be expressed by t h e  following rela- 

t ionship :  R = k (u-la) (k ' /k '+ l )  N%i. This equation shows t h a t  small 

increases  i n  a lpha ,  t he  s e l e c t i v i t y  fiactor, a f fo rds  an apprec iab le  

increase  i n  r e so lu t ion .  Thus s e l e c t i v i t y  i s  an important parameter 

i n  optimizing a separa t ion .  

column type, water-methanol r a t i o ,  counter i on  s i z e ,  counter ion  cbn- 

cen t r a t ion  and b a s i c i t y  of a drug chromatographed on t h e  s e l e c t i v i t y  

f a c t o r  f o r  a reverse phase ion-pair  chromatographic separa t ion .  

This manuscript d i scusses  the  e f f e c t  of 

EXPERIMENTAL 

The experimental condi t ions  and procedures used a r e  i d e n t i c a l  t o  

those  reported previous ly(2) .  

RESULTS AND DISCUSSION 

Approximately 50 drugs of fo rens i c  i n t e r e s t  inc luding  barb i tu-  

r a t e s ,  l o c a l  anes the t i c s ,  phenethylamines, opium a l k a l o i d s ,  e rgo t  

a lka lo ids  and o the r  drugs of fo rens i c  i n t e r e s t  were chromatographed 

using various s t a t iona ry  and mobile phases a s  previously ind ica t ed (2 ) .  

Tables 1-4 represent  r e t e n t i o n  da ta  f o r  t hese  drugs using the  var ious  

mobile phases s tud ied .  

E f fec t  of S ta t ionary  Phase on S e l e c t i v i t y  

The r o l e  of the  s t a t i o n a r y  phase on s e l e c t i v i t y  f o r  t h ree  d i f f e r e n t  

columns was examined. 

Phenyl and Microbondapak Cyanide. 

c lose ly  r e l a t ed  so lu t e s  having d i f f e r e n t  a l i p h a t i c  cha rac t e r ,  s e l e c t i v i t y  

would decrease i n  the  order C18 > alkylphenyl > cyanide. 

They are Microbondapak C-18, Microbondapak Alkyl 

Wikby e t .  a1,(3) has  shown t h a t  f o r  

This observa- 
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REVERSE PHASE I O N - P A I R  CHROMATOGRAPHY OF DRUGS. I1 359 

t i o n  w a s  based on t h e  Horvath et .  a1.(4) model f o r  r e t e n t i o n  i n  a 

reverse  phase system from which can be derived t h a t  i n  a given mobile 

phase s e l e c t i v i t y  increases  with t h e  contact area between t h e  non- 

po la r  por t ion  of t h e  so lu t e  and t h e  s t a t iona ry  phase. Butabarb i ta l  

and pentobarb i ta l  d i f f e r  i n  t h e i r  a l i p h a t i c  charac te r  where an i so-  

b u t y l  group is  replaced by an i sopenty l  group (Figure 1 ) .  

ment with Bikby et. a1.(3), t h e  s e l e c t i v i t y  f a c t o r  of bu taba rb i t a l  

and pen toba rb i t a l  decrease i n  t h e  order  C-18 < alkylphenyl 

(Figure 2).  

I n  agree- 

cyanide 

Phenobarbital  and bu taba rb i t a l  do not follow t h i s  r e l a t ionsh ip  

(Figure 2) ,  probably due t o  t h e  presence of t h e  phenyl r i n g  i n  pheno- 

b a r b i t a l  (Figure l). Dipole and p i  o r b i t a l  i n t e r a c t i o n s  wi th  t h e  

alkylphenyl and isopropyl cyano columns could e n t e r  i n t o  s e l e c t i v i t y  

e f f e c t s  as wel l .  On a l l  t h r e e  columns amobarbital and pen toba rb i t a l  

have a s e l e c t i v i t y  of approximately one which i n d i c a t e s  equal reten- 

t i o n  a s  depicted i n  Figure 2. This i s  t o  be  expected s i n c e  both 

compaunds have i d e n t i c b l  a l i p h a t i c  charac te r .  

b a r b i t a l  d i f f e r  only i n  a pento group versus an isopento group (Figure 

1) . 
on both t h e  C-18 and alkylphenyl column (Figure 2 ) .  

of t h e s e  ba rb i tu ra t e s  i s  s l i g h t l y  less on t h e  cyano column which is 

i l l u s t r a t e d  i n  Figure 2.  

group i n  pentobarb i ta l  i s  replaced by a propylene group (Figure 1 ) .  

I n  t h i s  ins tance ,  i n t e rac t ions  between t h e  p i  o r b i t a l  i n  s ecoba rb i t a l  

and those  i n  alkylphenyl and t h e  cyano column could l ead  t o  h igher  

s e l e c t i v i t i e s  bhan would be expected based on t h e  Horvath e t .  d.(4) 

Ambarb i t a l  and pento- 

Pentobarb i ta l  and secoba rb i t a l  have near ly  i d e n t i c a l  s e l e c t i v i t y  

The s e l e c t i v i t y  

These compounds d i f f e r  i n  t h a t  an e t h y l  
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TABLE1 

C a p c i t y  f ac to r s  k ' i  ard s e l e c t i v i t y  f a c b r s  a j i  for the m l m  
MicrObondapak-C18 and mobile p k e  mthaml, w a t e r ,  1% acetic 
ac id  and .005M alkylsulfonate.  

40% Methanol 40% Methanol 40% Methanol 
Dlruo S A l  BsA2 %A3 

- k ' i  aji clji aji 
P h e n c h r b i t a l  
Butabarbital  
Pentobarbital  
Arobarbital 
Secobarbital  
Benzocaine 
Procaine 
Lidocaine 
cocaine 
T e t r a h e  
Acetnnimphen 
meophylline 
Caffeine 
PhenYlProPano~ 
Ephedrine 
?wphetanline 
Methamphetamine 
Phentennine 
Methy lphenidate 
Antipyrene 
mbrphine 
codeine 
Acetylrrorphiue 

strychine 
Acetylccfieine 
Heroin 
Thebaine 
ciuinidine 

Methapyrilene 
Narmtine 
Papver ine  
MeS& 
CMP 
I S D  
LanKn 
I & S D  
m 
p6 
Glutethhide 
Methaqualone 
Meclcqualone 
Diazapam 
Phernnetrazine 
Phendimetrazine 
m 
Diethylpropion 

line 

1.85 
2.83 1.53 
5.76 2.03 
5.80 1 .01  
8.02 1.38 
2.85 

.237 

.a19 3.46 
1.77 2.17 
5.04 2.85 

.262 

.440 1.68 

.744 1.69 

.263 

.328 1.25 
,581 1.77 
.581 1.00 
,808 1.39 

1.34 1.66 
1.42 
0 

-225 
.269 1.20 
-387 1.44 
.732 1.89 

1.05 
1.08 
1.07 
1.02 
1.38 
2.12 
2.16 
2.71 

.307 

.SO1 
2.53 
2.83 
4.17 
4.08 
3.36 
5.21 
9.82 

12.1 
21.6 

.581 

.581 

.581 

.a19 

1.43 
1.03 

1.05+ 
1.35 
1.54 
1.02 
1.25 

1.01+ 

1.63 

1.12 
1.47 
1.21 

1.23 

1.00 

1.87 
2.81 1.50 
5.61 2.00 
5.71 1.02 
7.99 1.40 
2.74 

1.27 2.95 
2.66 2.09 
7.49 2.80 

.431 

.260 

.441 1.70 

.754 1.71 

.492 

.577 1.17 

.935 1.62 

.935 1.00 
1.26 1.35 
2.05 1.63 
1 . 4 1  

.163 

.419 2.57 

.500 1.19 

.834 1.67 
1.19 
1.58 
1.56 
1.61 
1.75 
2.30 
3.05 
3.03 
3.80 

.557 

.799 
3.67 
4.10 
5.88 
5.81 
4.93 
5.13 
9.82 

12.3 
20.9 

.820 

.874 

.935 
1.24 

1.43 
1.33 

1.03 
1.09 
1.31 
1.33 
1.01+ 
1.25 

1.01+ 

1.43 

1.12 
1.43 
1.18 

1.25 

1.07 

1.97 
2.98 1.51 
6.11 2.05 
6.24 1.02 
8.56 1.37 
5.18 
2.03 
5.68 2.80 
9.29 1.64 

28.8 3.10 
.236 
.417 1.77 
.726 1.74 

2.59 
2.92 
4.13 
4.30 
5.85 
8.47 
1.52 
1.09 
1.99 
2.31 
2.04 
4.73 
6.19 
6.11 
6.24 

15.1 
18.6 
14.0 
11.3 
13.8 
.270 

4.30 
15.3 
16.6 
20.7 
22.2 
18.7 

10.8 
13.0 
23.0 

5.46 

3.64 
3.87 
4.13 
4.73 

1.13 
1.41 
1.04 
1.36 
1.45 

1.83 
1.16 

2.32 
1.31 

1.02 
2.42 
1.23 
1.33' 
1.24' 
1.22 

1.01+ 

1.59 

1.08 
1.25 
1.19 

1.20 

1.06 
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TAB= 1 (CCNTINUED) 

Capacity factors  k ' i  and se l ec t iv i ty  f ac to r s  a j i  for the colm 
Yimbndapak-Cl8 and mobile phase methanol, water, 1% acetic 
acid and .005M alkylsulfonate. 

30% Metharp1 30% Methvlol 30% Metl-a01 
m1 BSA2 =A3 

a j i  k ' i  aji k ' i  a j i  k ' i  
Drus 

P h e m b r b i t a l  3.43 
Butzbarbital 5.10 
p a t o b a r b i t a l  12.2 
rawbarbital 12.3 
secobarbital  17.9 
Benzocaine 5.73 
FTcaine .a45 
Lidccaine 1.90 
Cocaine 6.09 
Tetracaine 17.0 
Acetanirophen .443 
Thaophylljne .a33 
Caffeine 1.52 
P h ~ l p r o p a n O l ~  .492 
Ephedrine .679 
-hetarnine 
Mthamphe-e 
Phentermine 
Methy lphenidate 
Antipyrene 
mrphine 
ccdeine 
Acetyhmqhine 
w p y r m e  
Strydrine 
Acetyldeine 
Heroin 
Thebaine 
@inidine 
Guinine 
Methapyrilene 
N a r c O t i n e  
Papaverine 
M S d h  
m 
35D 
lampa 
Iso-LSD 
TCP 
FQJ 
Glutethimide 
t.lethaqualone 
Meclapalone 
Diazapam 
P h m t r a z i n e  
Phendimetrazine 
MDA 
Diethylpropion 

1.01 
1.25 
1.65 
3.65 
3.05 

.225 
.753 
.906 

1.25 
2.48 
3.40 
3.66 
3.59 
4.56 
6.41 
7.38 
8.62 

.850 
12.3 

1.25 
9.69 

10.4 
18.8 
15.8 
12.0 
11.3 
28.1 
35.9 * 

1.25 
1.25 
1.25 
2.32 

1.49 
2.39 
1.01 
1.45 

2.25 
3.20 
2.79 

1.88 
1.82 

1.38 
1.49 
1.24 
1.32 
2.21 

3.35 
1.20 
1.38 
1.98 
1.37 
1.08 

1.27 
1.41 
1.15 
1.17 
1.43 

1.47 

1.07 
1.81 
1.32 

1.02+ 

1.28 

1.00 

3.39 
4.99 

10.9 
11.5 
16 .1  

5.76 
1.21 
2.56 
6.91 

2C.3 
.424 
.860 

,796 
1.48 

1.09 
1.47 
1.72 
2.29 
4.68 
2.79 

1.04 
1.25 
1.64 
3.32 
4.45 
4.73 
4.70 
8.34 

'384 

11.5 
10.6 
11.0 
15.4 
1.19 
1.72 

12.5 
13.7 
20.8 
19.3 
15.1 
10.8 
24.8 
30.1 

1.46 
1.72 
1.72 
2.92 

*retention greater *& t w  b u r s  
+successive capacity ratios are reversed 

1- - mfthaesulfonate 

3-hsa - heptanesulfonate 
2-bsa - b u t a n e d f o n a t e  

1.47 
2.19 
1.05 
1.40 

2.11 
2.70 
2.94 

2.03 
1.72 

1.37 
1.35 

1.33 
2.04 

1.17 

2.71 
1.20 
1.31 
2.02 
1.34 
1.06 

1.77 
1.38 
1.08 
1.04 
1.40 

1.44 

1.10 
1.37 
1.28 

1, O P  

1.21 

1.18 

3.93 
5.90 

13.4 
13.8 
19.9 

6.84 
4.85 

13.5 
31.0 * 

.492 

.858 
1.58 
4.50 
5.52 
8.28 
9.44 

13.3 
26.1 

3.07 
2.14 
4.87 
6.17 
4.97 

15.1 
19.9 
20.9 
21.0 
62.0 
85.1 
44.9 
46.5 
59.5 

6.34 
8.82 

62.1 
65.5 
89.3 

65.6 
13.4 
30.2 
38.7 

* 

* 
8.43 
8.50 
9.25 

12.8 

1.50 
2.27 
1.03 
1.44 

2.76 
2.30 
3.44 

1.74 
1.84 

1.23 
1.50 
1.14 
1.41 
1.96 

2.28 
1.26 
1.24 
3,04 
1.32 
1.05 
1.00 
2.95 
1.38 
1.90+ 
1.04 
1.28 

1.39 

1.05 
1.37 

1.28 

1.01 
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TABLE 2 

capacity factors k'i ard selectivity factors aji, for the column 
Microbondapak ?d.kyl Phenyl and mbile phase methanol, water 1% 
acetic acid and .OOW alkylsulfonate. 

40% Metban01 40% Methanol 40% Methanol 
Drus MSAl 

k'i a j i  

Pheru>barDital 1.51 
Eutabrbital 1.73 1.15 
Pantobarbital 3.01 1.73 
Ambarbital 2.96 1.02+ 
Sembarbital 3.93 1.33 
Benzoczine 2.16 
PKCdinf? .525 
Lidoxhe .781 1.49 
m i n e  2.04 2.61 
Tetrawe 3.68 1.80 
AcetcnirPphe.. .294 
Theophylline .620 2.11 
Caffeine 1.14 1.69 
Phaylpropanolamine .310 
Ephedrine -395 1.27 
Amphetanwe .574 1.46 
Methamphetamine .620 1.08 

Mthylphenidate 1.72 2.19 
Anti&yrene 1.46 
brphjne .163 
Cciieine .456 2.80 
Aminopyrene .500 1.10 

StryChtE 1.67 3.01 
Heroin 1.76 1.05 
ketyl-ine 1.80 1.02 
Thebaine 1.85 1.03 
Methapyrilene 2.43 1.31 
w 2.66 1.09 
w d h e  2.80 1.05 
Na.~mtine 4.08 1.46 
Papaverhe 4.25 1.04 
W d h  .388 
IMP .620 1.60 
ZSD 3.52 

3.93 1.12 
4.72 1.2C 

Iampa 
IS-LSD 
TCP 4.09 
pcp 4.69 1.15 
GlUtethirmde 4.25 
ElethaqUalOne 9.67 
Meclcqualone 11.3 1.17 

P h m t r a z  h e  .620 

Phatemhe -787 1.27 

ketyhrphine .554 1.11 

Diazapam 17.2 

BSA2 
k'i aji 

1.61 

3.16 1.75 
3.15 1.00 
4.21 1.33 
2.37 

1.02 1.62 
2.72 2.67 
5.09 1.87 
.252 
2589 2.34 
1.13 1.71 
.419 
,544 1.30 
.737 1.35 
.848 1.15 

1.04 1.23 
2.28 2.19 
1.51 

1.80 1.12 

.ti28 

.242 

.628 2.60 

h5e3 
k ' i  n j i  

1.59 
1.80 1.13 
3.18 1.77 
3.13 1.02+ 
4.22 1.35 
2.27 
1.63 
2.72 1.67 
5.97 2.19 
11.4 1.91 
.282 
,575 2.04 
1.02 1.74 
1.35 
1.59 1.18 
2.03 1.27 
2.27 1.12 
2.77 1.22 
5.52 1.99 
1.46 

1.67 1.95 
.857 

.737 1.17 1.45 1.15+ 

.750 1.02 1.92 1.32 
2.28 3.04 5.31 2.77 
2.33 1.02 

2.52 1.06 
3.71 1.47 
5.32 1.43 
5.32 1.00 

2.39 1.02 

5.42 1.02 
5.55 1.02 
.562 
.848 1.51 

4.80 
5.26 1.12 
6.15 1.16 
5.32 
6.08 1.14 
4 . 4 5  .~ 

9.92 
11.2 1.13 
19.3 

.848 

5.31 1.00 
5.45 1.02 
5.61 1.03 
7.49 1.34 
10.4 1.39 
10.1 1.03' 
11.4 1.13 
10.6 1.08+ 

2.54 
2.27 1.47 
10.5 
11.5 1.10 
12.1 1.05 
11.8 
13.5 1.14 
4.34 
9.22 
10.5 1.14 
17.4 
2.14 

Phendimetrazine .620 1.00 ,848 1.00 2.14 1.06 
m .688 .950 2.38 
Diethylpmpion .856 1.12 2.68 
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capacity factors k ' i  and select ivi ty  factors u j i ,  for  the w l m  
M i c r o b r d d ~  A-Lkyl Phenyl and M i l e  phase methaml, water 1% 
acetic acid and .OOW alkylsulfonate. 

30% !4&pt-al 30% Methanol 30% Methanol 

k ' i  a j i  k ' i  a j i  k ' i  a j i  
%A BSA2 h5a3 Drug 

Phemkahital  
wltabarbital 
Pentmbxbital 
Anobarbital 
S e a h r b i t a l  
Benzoctine 
PKCaiXie 
Lid& 
cocaine 
Tetracaine 
Ace-phen 
Thwphylline 
Caffeine 
Phenylprapanolamii 
Ephedrine 
Anphetamine 
Methamphetamine 
Phentennine 
Methy lphenidate 
Antipyrele 
tkrplline 
codeine 
imnqyrene  
Pcetyhrphine 
Strydiine 
Heroin 
Acetylmaeine 
Thebaine 
Methapyzilene 

Narwtine 
Papaverine 
Mescaline 
DMP 
LSD 
=wa 
1%-ISD 
TB 
PB 
GlUtethimide 
Methaqualone 
Medoqualone 
Diazapam 
Phenmetrazine 
Phendimetrazine 
MOA 
Diethylpropion 

2.75 
3.02 
5.80 
5.80 
7.64 
4.28 
1.00 
1.26 
4.82 
9.62 

1.00 
1.95 

.392 

7s .398 
.599 
.794 

1.00 
1.22 
3.51 
2.65 

1.00 
1.00 
1.23 
3.92 
4.58 
4.65 
4.96 
5.31 
7 .oo 
6.71 

.305 

13.1 
14.6 

1.19 
,714 

10.2 
11.2 
15.5 

11.2 

23.8 
27.4 
50.6 

9.91 

8.92 

.962 
1.00 
1.14 
1.58 

1.10 
1.92 
1.00 
1.32 

1.26 
5.02 
2.03 

2.55 
1.82 

1.50 
1.33 
1.26 
1.22 
2.88 

3.28 
1.00 
1.23 
3.19 
1.17 
1.02 
1.07 
1.07 
1.32 
1.04+ 
1.95 
1.11 

2.87 
3.16 
6.10 
6.04 
8.11 
4.52 
1.38 
1.72 
6.32 

12.8 
.468 

1.07 
2.10 

.603 

.841 
1.10 
1.38 
1.68 
4.65 
2.69 

1.38 
1.23 
1.63 
5.19 
5.96 
5.78 
6.43 
7.89 

.498 

12.1 
11.9 
16.7 
18.2 
1.02 

1.67 1.66 
15.5 

1.10 17.2 
1.38 21.4 

14.6 
1.13 17.0 

9.02 
25.2 

1.15 30.4 
64.2 
1.38 

1.04 1.38 
1.56 
2.06 

*retention greater than two hours 
+successive capacity ra t ios  are reverse3 

1.10 
1.93 
1.01+ 
1.35 

1.25 
3.66 
2.03 

2.32 
1.72 

1.39 
1.31 
1.25 
1.22 
2.77 

2.77 

1.32 
3.18 
1.15 
1.03+ 
1.11 
1.23 
1.53 
1.02+ 
1.40 
1.09 

1.12+ 

1.63 

1.11 
1.24 

1.16 

1.21 

1.00 

3.23 
3.53 
6.99 
5.80 
9.76 
5.02 
4.19 
6.00 

19.2 
43.2 

.478 
1.11 
2.21 
2.25 
2.91 
3.81 
4.69 
5.67 

3.09 
1.79 
4.26 
3.26 
5.21 

15.6 

17.6 
18.8 
19.0 
19.8 
27.1 
56.3 
55.3 
53.5 
51.6 

3.37 
5.25 

45.8 
49.7 
54.9 
47.8 
51.6 
10.0 
26.2 
32.8 
60.0 

4.47 
4.69 
5.25 
6.38 

1.09 
1.98 

1.40 
1.20+ 

1.43 
3.2 
2.25 

2.32 
1.84 

1.32 
1.31 
1.23 
1.21 
2.75 

2.38 
1.31+ 
1.60 
3.38 
1.07 
1.01 
1.04 
1.37 
2.08 
1.02+ 
1.03+ 
1.04+ 

1.56 

1.09 
1.10 

1.08 

1.17 

1.05 
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TABLE 3 

capacity factors k ' i  and selectivity factors a j i ,  for the calm 
Micrnb&pk+2N and mbi le  phase metlmml, water, 1% acetic acid 
and .OOSM alkylsulfonate. 

40% Me am1 40% Methanol 40% ~e-1 

a j i  k ' i  a j i  k ' i  a j i  k ' i  
BSA2 HsA3 Drug MSA 9 

Buhhrbital .513 .495 .618 
Phenobarbital .704 1.37 .614 1.24 .804 1.30 
Ambarbital .744 1.10 .817 1.33 .981 1.22 
Pentobarbital .774 1.04 .817 1.00 .933 1.05+ 
Sewbarbital .944 1.22 .997 1.22 1.19 1.27 
Benzccaine .929 .915 1.03 
Procaine .774 .817 .804 
Lidocaine .913 1.18 .956 1.17 .957 1.19 
Cocaine 1.64 1-80 1.76 1.84 1.54 1.61 
Tetradne 2.80 1 .71  2.93 1.67 3.06 1.98 
Theophylline .134 .131 .122 
caffeine .177 1.32 .183 1.40 .179 1.47 
Acetanimphen .199 1.12 .188 1.03 .203 1.13 
Phenylpropanolamine .493 .514 .522 
Ephedrine .561 1.14 .584 1.14 .587 1.12 
Anphetamine .774 1.38 .817 1.39 .804 1.38 
Methamphetamine .774 1.00 .817 1.00 .804 1.00 
Phentennine .774 1.00 .a17 1.00 .804 1.00 
Methylphenidate 1.07 1.38 1.14 1.39 1.10 1.37 
Antipyrene .288 .280 .260 
Mxphine .410 .419 .412 
AiTinopyrene .416 1.01 .430 1.03 .412 1.00 
codeine .561 1.35 .584 1.36 .562 1.36 
Acetyhrphine .774 1.38 .756 1.29 .758 1.35 
Heroin 1.08 1.39 1.15 1.52 1.09 1.44 
Acetylmdeine. 1.11 1.03 1.17 1.02 1.13 1.03 
Strychnine 1.29 1.16 1.32 1.13 1.33 1.18 
Thebeine 1.44 1.12 1.42 1.08 1.36 1.02 
Papaverhe 1.50 1.04 1.58 1.11 1.41 1.04 
Metbpyrilene 1.88 1.25 1.85 1.17 1.87 1.33 
Narwtine 1.89 1.00 1.98 1.07 1.95 1.04 
w d i n e  1.95 1.03 2.13 1.08 1.83 1.07+ 
cubline 2.07 1.06 2.24 1.05 1.91 1.04 
Mescaline .506 .560 .540 

E D  2.26 2.46 2.29 
rn 1.22 2.41 1.23 2.20 1.20 2.22 

2.49 1.10 2.70 1.10 2.48 1.08 Lampa 
Isc-LSD 
Tcp 1.52 1.63 1.53 
PB 1.73 1.14 1.83 1.11 1.70 1.11 
GlUtethimide 1.01 .980 1.14 
Methaqualone 1.39 1.36 1.41 
Meclcqualone 1.76 1.27 1.74 1.28 1.86 1.32 
Diazapam 2.35 2.34 2.56 
Phermietrazine .774 .817 .804 
Phendbetrazine .774 1.00 .817 1.00 .804 1.00 
Diethy lpropion .774 .a17 -804 
mA .a51 .907 .949 

2.69 1.08 2.92 1.08 2.55 1.03 
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Capacity factors k ' i  ard selectivity factors aji, for  the c o h m  
MicroboM3apak-(N and nmbile phase methanol, water, 1% acetic acid 
and .005M alkylsulfonate. 

30% &than01 30% Methanol 30% kchano1 

k ' i  a j i  k ' i  a j i  k ' i  x j i  
MSAl BSA2 wE.3 

Butabarl3ita.l 
Phenobarbital 
&mbarbital 
Pentobarbital 
secobarbital 
Benzcczine 
Pr0ca;ne 
Lidccaine 
Cocaine 
Tetracaine 
Theophylline 
Caffeine 
Acetminophen 
Phenylpropanolarnine 
Ephedrine 
Anphetamine 
Methiphetarnine 
Phentermine 
Methylphenidate 
Antipyrene 
MDfphine 
r m u o p y r e  
coaeine 
k e t y k r p h i n e  
H e m i n  
Acetylozdeine 
S t r v c h n i n e  
Thebaine 
Papaverine 
Mthpyrilene 
N a r c o t i n e  
-dine 
WJlirLe 

MeScaiine 
DMT 
I S D  
lampa 
IsCrLSD 
TCP 
FCP 
Glutethjmide 
Methaqualone 
Heclapilone 
Diazaparn  
P h m t r a z i n e  
Phendimetrazine 
Diethy lpropion 
MDA 

.a59 
1.18 
1.45 
1.43 
1.82 
1.86 

1.06 
2.45 
5.36 

.a59 

.198 

.312 

.318 
! .445 

.537 

.810 

.a59 

.a59 

.480 

.407 

.407 

.636 
.a59 

1.42 

1.64 
1.68 
1.85 
2.28 
2.84 
2.77 
3.35 
2.85 
3.18 
.558 

1.50 
4.27 
4.80 
5.41 
2.25 
2.55 
2.07 
3.21 
4.45 
5.69 

.a59 

.a59 

.854 
1.06 

1.37 
1.23 

1.27 
l.Ol+ 

1.23 
2.32 
2.19 

1.58 
1.02 

1.21 
1.50 
1.06 

1.65 
1.80 

1.00 
1.56 
1.35 
1 .91  
1.02 
1.10 
1.23 
1.25 
1.02+ 
1 . 2 1  
1.18+ 
1.12 

2.69 

1.12 
1.13 

1.13 

1.39 

1.00 

.870 
1.08 
1.33 
1 .31  
1.65 
1.63 

1.03 
2.35 
4.91 

.870 

.174 
.283 
.286 
-487 
.572 
.791 
.870 
.870 

.451 

.414 
.431 
.649 
,870 

1.42 

1.54 
1.60 
1.52 
2.15 
2.65 
2.67 
3.12 
2.72 
3.04 
.565 

1.50 
3.93 
4.38 
4.90 
2.18 
2.48 
1.85 
2.80 
3.98 
4.92 

.870 

.870 

.870 
1.04 

*retention greater than two hours 
+successive capacity factors are reversed 

1.24 
1.23 

1.26 
1.01+ 

1.18 
2.28 
2.09 

1.58 
1 .01  

1.19 
1.38 
1.10 
1.00 
1.63 

1.04 
1.51 
1.34 
1.77 
1.04 
1.05+ 
1.41 
1.23 
1 .01  
1.17 
1.15' 
1.12 

.a33 
1.10 
1.36 
1.31 
1.69 
2.56 
1.10 
1.34 
2.78 
6.34 
.187 
.285 
.290 
.614 
.738 
1.01 
1.10 
1.10 
1.75 

.466 

.534 

.542 

.809 
1.10 
1.87 
1.94 
2.11 
2.58 
3.15 
2.82 
3.70 
3.08 
3.44 
.719 

2.65 1.82 
4.69 

1.11 5.15 
1.13 5.62 

2.74 
1.14 3.12 

1.86 
2.86 

1.42 3.92 
5.05 
1.10 

1.00 1.10 
1.10 
1.29 

1.32 
1.24 
1.04+ 
1.29 

1.22 
2.07 
2.28 

1.52 
1.02 

1.20 
1.37 
1.09 
1-00  
1.59 

1.01 
1.49 
1.36 
1.70 
1.04 
1.09 
1.22 
1.22 
1.12-c 
1 . 3 1  
1.20+ 
1.12 

2.53 

1.10 
1.09 

1.14 

1.37 

1.30 

1-ma - metbnesulfonate 
2 - b ~  - bumSUlfOMte 
3-haa - heptanesulfonate 
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C a p c i t y  f a c t o r s  k ' i  and selectivity f a c t o r s  a?. f o r  mbile phase 20% 
rrethaml, 79% water, 1% acetic a c i d  and 0.005M methanesulfonate a c i d  
using various columns. 

Microborulapak Microbonda* Micrckonc3aw.k 

DMT 
LSD - 
ISG-LSD 
m 
F a  
Glutethimide 
Methaqualone 
&laqualone 
Diazapam 
Pheranetrazine 
Phendirwtrazine 
MDA 
Diethylpropion 

2.77 
37.1 
40.0 
74.1 
41.5 
44.5 
29.6 * 
* 
* 
2.02 
2.47 
2.38 
5.80 

a j i  

1.51 
2.47 
1.05 
1.49 

Drug C-18 
k ' i  

P h m t n r b i t a l  7.21 
Eutabarb i ta l  10.9 
Pentobarb i ta l  26.9 
Ambarbi ta l  28.2 
Secobarbi ta l  42.0 
Benzcccine 12.7 
Procaine 2.17 
L i d a a i n e  4.10 
cocaine 17.1 
T e t r a c a k e  52.1 
Acetunimphen .829 
Theophylline 1.76 
Caffeine 3.58 
Phenylpropanolamine .840 
Ephalrine 1.23 
Amphetamine 1.87 
Methamphetamine 2.47 
Phentermine 3.26 
Wthylpheridate 9.36 
Antipp3-e 7.73 
mrphine .536 
osdeine 2.04 
Acetyhrphine 2.59 
Amimpyrene 2.94 
strychine 7.43 
Acety1aAe.h 12.3 
Heroin 13.9 
Thebaine 13 ,O 
Guini* 18.0 
Qirinine 24.6 
&thapyrilene 21.7 
NarcDtine 41.5 1.91 
Papaverine 64.0 1.54 
MeScaiine 2.47 

1.90 
4.17 
3.05 

2.12 
2.03 

Alkyl Phenyl 
k ' i  3 j i  

6.60 
7.01 1.06 
15.2 2.17 
14.8 1.03+ 
22.8 1.54 
10.1 ~~. 

2.65 
2.73 1.03 
14.7 5.39 
32.5 2.22 
.863 
2.02 2.34 
4.34 2.03 
.743 

1.46 1.10 1.48 
1.53 1.50 1.36 
1.32 2.02 1.36 
1.32 
2.92 

3.81 
1.27 
1.14 
2.53 
1.66 
1.13+ 
1.07+ 
1.38 
1.37 
1.13+ 

2.46 1.22 
8.95 3.64 
6.52 

2.79 3.29 
.a49 

3.58 1.28 
2.38 1.50+ 
12.2 5.13 
16.4 1.34 
16.7 1.02 
17.2 1.03 
30.9 1.80 
29.9 1.03' 
17.6 1.70' 
52.7 2.99 
65.6 1.24 
1.17 

1.12 2.67 
37.2 

1.08 42.6 
1.85 58.0 

31.1 
1.07 38.8 

24.2 * 
* 
* 
1.92 

1.22 2.26 
2.30 
3.68 

CN 
k ' i  

1.61 
1.20 
2.04 
2.11 
2.66 
2.56 
1.09 
1.29 
3.43 
8.17 
-395 
.256 
.386 
.471 
.587 
.860 
.980 
.980 

1.82 
. .726 
.464 
.778 

.469 
1.14 

2.40 
2.40 
2.31 
3.45 
3.20 
3.64 
3.57 
5.17 
5.03 
-681 

a j i  

1.34' 
1.70 
1.03 
1.26 

1.18 
2.67 
2.38 

1.54+ 
1.51 

1.25 
1.46 
1.14 
1.00 
1.86 

1.68 
1.46 
2.43+ 
5.12 
1.0@ 
1.04+ 
1.49 
1.08+ 
1;14 
1.02+ 
1.45 
1.03+ 

1.51 1.85 2.72 

1.15 8.01 1.13 
7.10 

1.36 9.33 1.13 
3.27 

1.25 3.81 1.16 
3.15 
5.51 

9.56 
* 8.50 1.54 

.980 
1.18 .980 1.00 

1.18 
1.04 
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REVERSE PHASE ION-PAIR CHROMATOGRAPHY OF DRUGS. I1 

BUTABARBITAL 

PENTOBARBITAL 

SECOBARBITAL 

36 7 

PHENOBARBITAL 

'ZH5 '6'5 oLl 
0 

AMOBARBITAL 

Figure 1 - Structures of barbiturates .  
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368 LURIE AND DEMCHUK 

avg 
a 

3.0 

2.0 

I 

1 .o 

Column: Alkyl Phenyl CzN 

Mobile Phase: Methanol, H20, HAc, .005M N k y l  Sulfonate, pH = 3.5 

- 
40 30 20 40 30 20 

B METHANOL 

111 
40 30 20 

L 

Figure 2 - Plot of average s e l e c t i v i t y  factors of barbiturates versus 
percent methanol for the Microbondapak C-18, Microbondapak A l k y l  
Phenyl and Microbondapak CN columns. 
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REVERSE PHASE ION-PAIR CHROMATOGRAPHY OF DRUGS. I1 369 

The decrease i n  s e l e c t i v i t y  on t h e  cyanide column versus t h e  alkyl- 

phenyl column could be  explained by t h e  small p i  bonding charac te r  

of t h e  isopropyl cyano column. 

As w a s  shown earlier, based on t h e  Horvath et. a1.(4) model f o r  

reverse  phase dhromatography, f o r  a given mobile phase s e l e c t i v i t y  

increases  with t h e  contact area between non-polar subs t i t uen t s  on 

t h e  so lu t e  and t h e  hydrocarbon ligands on s t a t iona ry  phase (3). 

Horvath's theory f o r  r e t en t ion  i n  reverse  phase ion  p a i r  chromatog- 

raphy via an ion  pa i r  i n  mobile phase mechanism is a l s o  based on 

t h i s  model. Thus f o r  so lu t e s  having d i f f e r e n t  a l i p h a t i c  charac te r  

i n  a given mobile phase, s e l e c t i v i t y  would be expected t o  decrease 

i n  the  order of C-18 < alkylphenyl < isopropyl cyano. 

s tud ied  t h e  above r e l a t ionsh ip  was not observed. No explanation could 

b e  of fe red  f o r  t h e  above e f f e c t  a t  t h i s  t i m e .  

For most bases 

Effec t  of Water-Methanol Ratio on S e l e c t i v i t y  

It can b e  deduced from the  Horvath et .  a l .  (4) theory of reten- 

t i o n  i n  reverse  phase chromatography t h a t  t h e  s e l e c t i v i t y  of two 

so lu t e s  d i f f e r i n g  i n  a l i p h a t i c  charac te r  on a given s t a t iona ry  phase 

w i l l  increase  primarily wi th  t h e  su r face  tension of t h e  e luent (3) .  

Therefore, increas ing  t h e  r a t i o  of water t o  methanol i n  t h e  mobile 

phase should e f f e c t  an increase  i n  s e l e c t i v i t y  between two s o l u t e s  

d i f f e r i n g  i n  non-polar character.  A similar e f f e c t  is predicted 

based on t h e  Karger et. a d 5 )  hydrophobic theory. 

pentobarbital  which d i f f e r  i n  a l i p h a t i c  charac te r  show an increase  i n  

s e l e c t i v i t y  with increased water i n  t h e  mobile phase f o r  a l l  t h r e e  

Butabarb i ta l  and 
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370 LURIE AND DEMCHUK 

columns (Figure 2 ) .  The s e l e c t i v i t y  f a c t o r  f o r  amobarbital and 

pentobarb i ta l  which have i d e n t i c a l  a l i p h a t i c  charac te r  i s  inva r i an t  

t o  t h e  water-methanol r a t i o  (Figure 2) . The phenobarbital  :butabar- 

b i ta1 :secobarb i ta l  p a i r s  have s e l e c t i v i t i e s  t h a t  are a l s o  independent 

of t h e  water-methanol r a t i o .  

2.  

demonstrated t h a t  when using a water-methanol system on a s i l a n i z e d  

s i l ica  column, s e l e c t i v i t y  inc reases  wi th  t h e  water-methanol r a t i o  

f o r  ba rb i tu ra t e s .  The s t r u c t u r e s  of t hese  compounds d i f f e red  onay 

by non-polar subs t i t uen t s .  

The above e f f e c t s  are shown i n  Figure 

No explanation is  ava i l ab le  f o r  t hese  e f f e c t s .  Tjaden e t .  al.(6) 

Horvath e t .  a l . ' s ( 5 )  theory f o r  reverse  phase ion  p a i r  chroma- 

tography would predic t  t h a t  t h e  s e l e c t i v i t y  of two c lose ly  r e l a t e d  

so lu t e s  d i f f e r i n g  i n  a l i p h a t i c  charac te r  would inc rease  with t h e  

su r face  tens ion  of t h e  e luent .  E a r l i e r  it w a s  shown t h a t  t h e  equi- 

l ib r ium constant f o r  t h e  binding of t h e  neu t r a l  i on  p a i r  i s  propor- 

t i o n a l  t o  t h e  contact a rea  between t h e  ion  p a i r  and t h e  s t a t iona ry  

phase. This equilibrium constant would be propor t iona l  t o  t h e  

capacity fac tor .  

theory of r e t en t ion  f o r  reversed phase chromatography t h e  following 

r e l a t ionsh ip :  

tens ion  and A A is t h e  contact a rea  of s o l u t e  with t h e  s t a t i o n a r y  

phase. A s imi l a r  r e l a t ionsh ip  could be  derived from t h e  equi l ibr ium 

constant f o r  t h e  adsorption of t h e  ion  p a i r  on t o  t h e  s t a t i o n a r y  

phase: 

depends primarily on t h e  sur face  tens ion  of t h e  mobile phase and t h e  

cnntact area. 

Wikby et. a d 3 )  showed t h a t  based on Horvath's 

dlogk'/d A A = al940.7 where gama i s  t h e  su r face  

I n  K = a - b + c A A ,  where t h e  magnitude of t h i s  term 

For a given counter ion ,  an inc rease  i n  s e l e c t i v i t y  
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with increased water concentration was observed on a l l  t h ree  columns 

f o r  phenylpropanolamine and ephedrine, amphetamine and methamphetamine, 

(Figure 3) morphine and codeine, morphine and acetylmorphine, and 

codeine and acetylcodeine. The small increase  i n  s e l e c t i v i t y  with the  

water-methanol r a t i o  f o r  hero in  and acetylcodeine only occured on t h e  

C-18 column (Figure 3). 

charac te r  i n  hero in  which has one mre carbon atom than  acetylcodeine 

is o f f s e t  by t h e  a f f i n i t y  of t h e  po la r  carbonyl function i n  hero in  

f o r  t h e  polar mobile phase, s e e  Figure 4 .  Pos i t iona l  isomers, metham- 

phetamine and phentermine, LSD and LAMPA, and t h e  steraisomers quinine 

and quinidine,  having i d e n t i c a l  a l i p h a t i c  charac te r  exh ib i t  no changes 

i n  s e l e c t i v i t y  with water-methanol r a t i o  (Figure 3). LSD and Iso-LSD, 

diastermisouers with i d e n t i c a l  a l i p h a t i c  charac te r  , have s e l e c t i v i t y  

values which increase  with g rea t e r  water-methanol r a t i o s  (Figure 3) .  

The s t ruc tu res  of these  compounds a r e  given i n  Figure 4 .  

I n  t h i s  i n s t ance  t h e  increased hydrocarbon 

Effect of Counter Ion S ize  on S e l e c t i v i t y  

The re t en t ion  of strong bas i c  drugs on t h e  C-18 and alkylphenyl 

column s ign i f i can t ly  increases  with t h e  s i z e  of t h e  a lkylsu l fona te  

counter ion.  The counter i on  s i z e  has l i t t l e  e f f e c t  on t h e  k '  values 

of weakly bas i c  and ac id i c  drugs. Therefore, f o r  drug combinations 

cons is t ing  of s t rong  and weak bases and ac ids ,  l a rge  changes i n  

s e l e c t i v i t y  could r e s u l t  by changing t h e  s i z e  of t h e  counter ion.  

For c e r t a i n  base  pa i r s  on C-18 and alkylphenyl columns a t  a constant 

water-methanol r a t i o ,  t h e  s e l e c t i v i t y  increases  with decreasing s i z e  

of t h e  counter ion.  Examples are codeine and acetylcodeine,  phenyl- 
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372 LURIE AND DEMCHUK 

Column C18 Alkyl Phenyl C-N 
Mobile Phase: Methanol, H20, HAC, .005M Methane Sulfonic Acid. pH = 3.5 

40 30 70 40 30 20 
Y. METHANOL 

HEDRINE 

r , METH 

PHENT 

Figure 3 - Plot of se l ec t iv i ty  factors with methanesulfonate counter 
ion versus percent methanol for the Microbondapak C-18, Microbondapak 
Alkyl Phenyl and Microbondapak CN columns. 
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PHENYLPROPANOLAMINE EPHEDRINE 
OH NH2 OH CH, 

C,H,*CH*CH*CH, C,H,*CH*CH*NH*CH, 

AMPHETAMINE METHAMPHETAMINE 

NH2 CH3 

C,H6*CH2*CH*CH3 C,H,.CH2*CH*NH*CH3 

MORPHINE PHENTERMINE 

CODEINE ACETYLCODEINE 

O.CH, @-+ o*cn, 

on o-co.cnl 

MONOACETYL MORPHINE HEROIN pou @+ o*co*cn, 

0-c a+, O*CO*Ckl 

QUININE, QUlNlDlNE 
nu 

LSD, ISO-LSD 

CL, 

LAM PA 

Cil, 

Figure 4 - Structures of basic drugs. 
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LURIE AND DEMCHUK 374  

propanolamine and ephedrine,  and l i d o c a i n e  and cocaine.  A t  t h e  

present  time t h i s  e f f e c t  can n o t  b e  expla ined .  

E f f e c t  of Counter Ion Concentrat ion on S e l e c t i v i t y  

For t h e  t e n  b a s i c  s o l u t e s  s tud iedc2)  only t h e  s e l e c t i v i t y  of 

qu in id ine  wi th  o t h e r  bases  v a r i e d  w i t h  counter  i o n  c o n c e n t r a t i o n  on 

both t h e  C-18 and Alkyl Phenyl columns. 

could b e  explained,  as s t a t e d  e a r l i e r c 2 )  , based on the two i o n i z a b l e  

sites t h i s  compound has  t o  i n t e r a c t  wi th  counter  i o n .  

The behavior  of q u i n i d i n e  
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