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ABSTRACT 

Using seven t y p i c a l  drugs, the  i n t r a -  and inter- laboratory 
reproducib i l i ty  of t h e  measured HPLC r e t e n t i o n  ind ices ,  r e l a t i v e  
re ten t ion  times, and adjusted r e l a t i v e  r e t e n t i o n  t i m e s  using the  same 
mobile phase and var ious reversed-phase C-18 columns were determined. 
Within a given laboratory,  the  respec t ive  r e l a t i v e  standard devia t ions  
were * 0.99%,  f 1.78%, and f 2.63%. Between l a b o r a t o r i e s ,  t h e  respec t ive  
r e l a t i v e  standard deviat ions were found t o  be f 12.6%, f 30.2%, and 
f 34.8%. These r e s u l t s  indicated t h a t  the  HF'LC re ten t ion  index s c a l e  
may be more useful  i n  comparing data  between labora tor ies .  

INTRODUCTION 

One of the  major problems i n  the  u t i l i z a t i o n  of high-performance 

l i q u i d  chromatographic da ta  i s  t h e  comparison of re ten t ion  time data  

from d i f f e r e n t  l i t e r a t u r e  repor t s .  It i s  not  unknown t o  observe a 

f i v e  t o  ten  fo ld  v a r i a t i o n  i n  t h e  capacity f a c t o r  reported f o r  t h e  

same compound even when the  same mobile phase and column type were 

used. Recently a HPLC re ten t ion  index s c a l e  very s i m i l a r  t o  the 
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830 BAKER ET AL. 

Kovat's re ten t ion  index s c a l e  f o r  gas chromatography w a s  introduced 

f o r  use with oc tadecyls i ly l  and o ther  reversed-phase HPLC columns 

(1). The HPLC re ten t ion  index sca le  is  based on t h e  comparison of 

the  re ten t ion  time of t h e  t e s t  compound and a series of 2-keto alkane 

standards. By d e f i n i t i o n ,  acetone is given a value of 300 and 2- 

butanone, 400; e t c .  A given column-mobile phase combination i s  

ca l ibra ted  by chromatographing the  2-keto alkane s tandards (C -C ) 

and cor re la t ing  t h e  logarithm of t h e  observed capaci ty  f a c t o r s  i n  

a l inear  manner with the defined re ten t ion  indices .  

s tud ies ,  i t  was found t h a t  t h e  re ten t ion  index of a given compound 

remained near ly  the  same even though i t s  re ten t ion  t i m e  may vary 

severa l  orders  of magnitude because of changes i n  t h e  composition 

of the mobile phase (1). 

3 23 

I n  previous 

An addi t iona l  advantage of  t h e  HPLC r e t e n t i o n  index s c a l e  is  

t h a t  t h e  index of a given t e s t  compound (I ) can be estimated i n  

advance from a knowledge of t h e  s t r u c t u r a l  p roper t ies  of  t h e  compound 

( 2 , 3 ) .  The re ten t ion  index of the  t e s t  compound (I ) can be calculated 

using t h e  equation shown below where Il 

l i p o p h i l i c i t y  parameter f o r  the  t e s t  compound and Iref, is  t h e  experi- 

mentally observed re ten t ion  index of a re ference  compound. The 

estimated and experimentally observed r e t e n t i o n  indices  have been 

shown t o  be very good agreement f o r  a n t h i r a n i l i c  ac ids  (2) ,  propranolol 

der iva t ives  (2) , barb i tura tes  (2) , narcot ics  ( 3 ) ,  s t e r i o d s  ( 4 ) ,  

urushiols ( 5 ) ,  and glucuronide metabol i tes  (6 ) .  

X 

X 

is  t h e  calculated Hansch X 

'x + ' ref. I =  
X 

Though i t  has been demonstrated t h a t  t h e  reproducib i l i ty  of t h e  

re ten t ion  index values  wi th in  a given laboratory i s  very good and 

t h e  index of new compounds can be estimated e a s i l y ,  i t  i s  not  known 
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REPRODUCIBILITY OF HPLC RETENTION INDICES 831 

i f  t h e  values  can be reproduced between labora tor ies .  The major 

ob jec t ive  of present  study w a s  t o  determine t h e  degree of reproducib i l i ty  

of t h e  re ten t ion  index values between d i f f e r e n t  labora tor ies  using 

seven test compounds t h a t  were representa t ive  a c i d i c ,  bas ic ,  n e u t r a l ,  

high p o l a r i t y ,  and low p o l a r i t y  types of compounds. 

EXPERIMENTAL 

Mater ia ls  

The 2-keto alkane r e t e n t i o n  index s tandards (C3 t o  C23) w e r e  

obtained from Analabs (North Haven, Conn.) and t h e  var ious drugs 

were obtained from the  U.S.P. Reference s tandards (Rockville, Mary.) 

o r  d i r e c t l y  from the  drug manufactor. A t  a c e n t r a l  laboratory,  1 . 0  

mg/ml s tock so lu t ions  of each of the  drugs i n  methanol were prepared 

and d i s t r i b u t e d  t o  each of t h e  p a r t i c i p a t i n g  labora tor ies .  The columns, 

mobile phase, and o ther  mater ia l s  were supplied by each of labora tor ies .  

Chromatographic System 

The mobile phase was prepared using 6.6 g K2HP04, 8.4 g KH PO 

1.6 L CH30H and 2.4 L H20 and a flow r a t e  of 2 .0  ml/min. was u t i l i z e d .  

The C-18 reversed-phase columns u t i l i z e d  were supplied by each of 

the  labora tor ies  and each column had been i n  use  a t  l e a s t  two weeks 

before  i t  was used f o r  the  present  study. 

2 4’ 

The columns shown below 

were used f o r  each laboratory.  

Lab A: 
Lab B: 
Lab C: 
Lab D :  
Lab E: P a r t i s i l  PXS 10125 ODs-2, Whatman Inc. 
Lab F: Micropak MCH-10, Varian Ins  truments 

1-1 Bondapak C18, Waters Associates, Inc. 
Bondapak C18, Waters Associates ,  Inc. 

LI Bondapak CI8, Waters Associates, Inc. 
LI Bondapak c18, Waters Associates ,  Inc. 
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832 BAKER ET AL. 

Retention Index Measurement 

The re ten t ion  t i m e s  of the  2-keto alkane s tandards and t h e  test 

compounds ( t  ) were i n i t i a l l y  measured separa te ly  and a separa te  5 0 ~ 1  
X 

i n j e c t i o n  of methanol w a s  used t o  obtain an i n i t i a l  es t imate  of t h e  

void volume. Methanol exhibi ted a s i g n i f i c a n t  r e t e n t i o n  wi th  these  

columns when pure water was used as the  mobile phase, but  methanol 

gave an accurate  es t imate  of t h e  void volume under t h e  condi t ions 

used i n  the  study ( 7 ) .  

The re ten t ion  index of t h e  t e s t  compound (I ) was then determined 
X 

by chromatographying a mixture of t h e  test compound, a 2-keto alkane 

e lu t ing  j u s t  before  the  t e s t  compound (carbon no. = N ) ,  and a 2-keto 

alkane standard e lu t ing  a f t e r  the  t e s t  compound (carbon no. = N+1) 

which allowed the  ca lcu la t ion  of t h e  corresponding capaci ty  f a c t o r  

(ki) and re ten t ion  index a s  shown below. 

ty-to 
t 0  

k i  = 

Adjusted Relat ive Retention Time Measurements 

The C 2-keto alkane standard w a s  se lec ted  a s  a s i n g l e  re ference  6 

standard because i t s  r e t e n t i o n  time was the  nearest  the  average of 

the  re ten t ion  t i m e  of the var ious test drugs. The r e l a t i v e  r e t e n t i o n  

time of the t e s t  drug ( tR)  and the  adjusted r e l a t i v e  re ten t ion  t i m e  

of t h e  t e s t  drug ( t i )  were calculated from the  r e t e n t i o n  t i m e  of the  

test compound ( t  ) and the  r e t e n t i o n  t i m e  of the  C6 standard ( tC6)  
X 

using the equations shown below. 

t -to ti = x 
tC6-to 
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REPRODUCIBILITY OF HPLC RETENTION INDICES 833 

TABLE 1 

Variat ion of the Capacity Factor for  t h e  C 6  2-Keto Alkane Standard 

Laboratory 

A 

B 

C 

D 

E 

F 

k’ 

3.4 

2.6 

4.0 

6.0 

14.3 

5 .3  

- 

RESULTS AND DISCUSSION 

When t h e  d a t a  was col lected from t h e  var ious labora tor ies ,  i t  

was found t h a t  there  was an extremely wide v a r i a t i o n  i n  t h e  r e t e n t i o n  

times t h a t  were observed f o r  t h e  drugs and the  2-keto alkane standards. 

For example, t h e  r e t e n t i o n  t i m e  of androsterone was found t o  vary 

from 34 t o  258 minutes (a 758% var ia t ion)  between labora tor ies .  The 

re ten t ion  of t h e  2-keto alkane s tandards (Tab. 1) were a l s o  found 

t o  vary considerably between labora tor ies .  

The carbon load on the  columns used by labora tor ies  A-D would 

t y p i c a l l y  be l o % ,  while  t h e  carbon load on column E would be  15% 

and column F, 12% (8). The cor re la t ion  c o e f f i c i e n t  observed f o r  

the  re la t ionship  of the C 6  capaci ty  f a c t o r  and t h e  carbon load ( r 4 . 9 3 )  

indicated t h a t  major p a r t  of t h e  v a r i a t i o n  w a s  probably due t o  v a r i a t i o n s  

i n  t h e  carbon load of t h e  columns. 

Within a given laboratory,  it was found t h a t  t h e  r e l a t i v e  re ten t ion  

time and re ten t ion  index measurements were very reproducible (Tab. 2 ) .  

The average of t h e  r e l a t i v e  standard deviat ion ( i . e .  avg. c o e f f i c i e n t  
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834 BAKER ET AL. 

TABLE 2 

Chromatographic Data Obtained by Laboratory B 

t R- 
+ 

Aspirin 0.3264 7 0.0020 
Caffeine 0.5343 7 0.0006 
Phenobarbital 0.7308 7 0.0022 
P henac e t  i n  0.9640 7 0.0028 
Methaqualone 3.099 7 0.017 
Chlordiazepoxide 5.19 - 0.17 
And ros t erone 7.90 f 0.58 

avg. s t d .  dev. ; 0.22 
avg. r e l a t i v e  s t d .  dev. - 1.78% 

t d  Retention Index 

+ 0.0705 0.0023 178.6 7 9.4 
0.3547 i 0.0015 456.7 7 1 . 2  
0.6270 k 0.0058 538.3 7 1 . 3  
0.9500 f 0.0040 593.0 7 0.7 
3.877 $ 0.042 759.7 T 0.6 
6.67 - 0.29 825.0 7 1 .4  

10.38 0.83 876.0 - 7.2 

$ 0 .31  f 3 .1  
- 2.63% 2 0.99% 

+ of variance) of the  t values f o r  the  drugs was found t o  be - 1.79% 

and the average f o r  the t; measurements w a s  found t o  be - 2.63%. 

The reproducib i l i ty  of t h e  re ten t ion  index measurements (- 0.99%) 

was found t o  be s l i g h t l y  b e t t e r ,  but the  s u p e r i o r i t y  w a s  small enough 

t o  be of l i t t l e  p r a c t i c a l  advantage. 

R + 
+ 

The reproducib i l i ty  of the  da ta  between labora tor ies  (Tab. 3) was 

found t o  be much worse. For androsterone f o r  example, t h e  overa l l  

TABLE 3 

Laboratory t o  Laboratory Reproducibi l i ty  Among All of t h e  Columns 

tE- 

Aspir in  0.224 $ 0.086 
Caffeine 0.507 7 0.073 
Phenobarbital 0.66 7 0.13 
Phenacetin 1.02 -+ 0.17 
Methaqualone 4.4 7 1.5 
Chlordiazepoxide 8 .1  - 3.7 
Andros t erone 12.3 f 5 .1  

average s t d .  dev. 1.53 
avg. r e l a t i v e  s t d .  dev. 230.2% 

t d  

0.060 $ 0.038 
0.38 7 0.13 
0.59 7 0.13 

5 .1  - 1 .5  
1.02 7 0.20 

9.5 f 3.9 
14.7 f 5 .3  

2 1.59 
f34.8% 

Retention Index 

+ 197 5 60 
471 7 45 
534 - 24 
612, $ 50 
793 - 54 
893 $ 131 
952 - 133 

5 71  
f12.6% 
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REPRODUCIBILITY OF HPLC RETENTION INDICES 835 

laboratory average of tR was found t o  be 12.3 wi th  a s tandard devia- 

t i o n  of - 5.1  (- 4 1 % ) .  Though a v a r i a t i o n  of - 41% seemed la rge ;  i t  was 

smaller  than the 758% var ia t ion  i f  the  s i m p l e  r e t e n t i o n  time measure- 

ment were used. 

measurement f o r  a l l  of the drugs was found t o  be - 30.2%. I f  these 

r e s u l t s  w e r e  then general ized,  one could only expect a 30.2% repro- 

d u c i b i l i t y  of re ten t ion  data  even where exac t ly  the  same mobile phase, 

exact ly  the  same i n t e r n a l  standard, and t h e  same column type were used. 

+ + + 

The average r e l a t i v e  standard devia t ion  of t h e  tR 

+ 

The reproducib i l i ty  of the  r e t e n t i o n  index measurements between 

labora tor ies  (Tab. 3) was found t o  be considerably b e t t e r .  The average 

of the  r e l a t i v e  standard devia t ion  f o r  a l l  of t h e  drugs was found 

t o  be - 12.6%. The bes t  laboratory t o  laboratory reproducib i l i ty  

of t h e  re ten t ion  index measurement was observed f o r  phenobarbi ta l  

(- 4.5%) and t h e  worst reproducib i l i ty  was observed f o r  a s p i r i n  

(- 30%). The la rge  e r r o r  f o r  a s p i r i n  w a s  pr imari ly  the  r e s u l t  of 

i t  f a l l i n g  outs ide  of t h e  re ten t ion  index s c a l e  (300-2,300) which 

necessi ta ted an ex t rapola t ion  using the  C3 and C4 2-keto alkane 

standards. 

+ 

+ 
+ 

The primary reason t h a t  the  re ten t ion  index s c a l e  gave b e t t e r  repro- 

d u c i b i l i t y  than t h e  simple r e l a t i v e  re ten t ion  t i m e  s c a l e  w a s  most l i k e l y  

the  r e s u l t  of an "automatic" compensation t h a t  occurs when t h e  r e t e n t i o n  

index s c a l e  is  ca l ibra ted  f o r  a s p e c i f i c  chromatographic system. The 

p l o t  of k '  vs r e t e n t i o n  index produced a l i n e a r  c a l i b r a t i o n  curve which 

has a very high s lope  when a low percent of methanol is  used i n  t h e  mobile 

phase and a very low slope when a high percent of methanol i s  used i n  t h e  

mobile phase (1). Because of the  change i n  t h e  s lope of the  curve, 

the re ten t ion  t i m e  of the  C3,  C 

t o  a s i n g l e  standard (e.g. C ) w i l l  always decrease when there  i s  

or  C5 2-keto alkane s tandards r e l a t i v e  4 

6 
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836 BAKER ET AL. 

an  inc rease  i n  t h e  methanol content  of t h e  mobile phase.  Because 

of t h e  same mechanism, t h e  r e t e n t i o n  t i m e  of any given tes t  compound 

r e l a t i v e  t o  t h e  s i n g l e  C6 s tandard w i l l  almost always show a dec rease  

a s  t h e  methanol content  is  inc reased .  S ince  t h e  s lope  of t h e  k' v s  

r e t e n t i o n  index curve changes nea r ly  t o  t h e  same e x t e n t ,  t h e  r e t e n t i o n  

index of t h e  t es t  compound w i l l  be  nea r ly  independent of t h e  mobile 

phase composition (1). 

When t h e  l abora to ry  t o  l abora to ry  comparison was l imi t ed  t o  

these  l a b o r a t o r i e s  using only one type of column ( i e  p-Bondapak C- 

l a ) ,  t h e  r e p r o d u c i b i l i t y  of t h e  r e t e n t i o n  index measurements w e r e  

found considerably b e t t e r  (Tab. 4 ) .  Within t h i s  group, t h e  average 

r e l a t i v e  s tandard d e v i a t i o n  was found t o  be - 3.6% f o r  t h e  seven drugs.  

Within t h i s  group t h e  measurements using t h e  r e l a t i v e  r e t e n t i o n  t i m e  

s c a l e  o r  ad jus t ed  r e l a t i v e  r e t e n t i o n  time s c a l e  were a l s o  found t o  

have l o w e r  s tandard d e v i a t i o n s  (- 8.8% and - 12.9%), bu t  they were 

no t  a s  good a s  t h e  r e t e n t i o n  index measurement. 

+ 

+ + 

As ind ica t ed  p rev ious ly ,  t h e  capac i ty  f a c t o r s  f o r  t h e  C6  s t anda rd  

(Tab. 1) served a s  a measure of t h e  carbon load of t h e  columns. I n  gene ra l ,  

TABLE 4 

Laboratory t o  Laboratory Reproduc ib i l i t y  Using Only v-Bondapak C-18 Columns 

t p  ti Retent ion Index 

Asp i r in  0.276 $ 0.033 0.077 5 0.035 231 2 37 

Phenobarbi ta l  0.740 0.050 0.670 0.064 548 1 3  
Caffeine 0.471 - 0.053 0.303 - 0.047 443 f 10 

Phenacetin 0,938 0.032 0.927 7 0.035 590.3 -+ 4.8 
Methaqualone 3.44 7 0.26 4.15 7 0.21 756.6 i 4.7 
Chlordiazepoxide 5.68 - 0.39 7.04 0.26 828.7 i 7.9 
Androsterone 7.00 2 1.07 11.29 - 0.75 891 - 22 

average s t d .  dev. f 0.27 2 0.20 k 12 .9  
avg. r e l a t i v e  s t d .  dev. 8.8% +12.9% 3.6% 
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REPRODUCIBILITY OF HPLC RETENTION INDICES a37 

TABLE 5 

Correlat ion of the  Observed Retention Index wi th  the Capacity Factora (Carbon 
Load) of the  Colmn 

compound 

a s p i r i n  
caf fe ine  
phenobarbit a 1  
phenacet i n  
methaqualone 
chordiazepoxide 
androeterone 

cor re la t ion  c o e f f i c i e n t  

- 0.42b 
+ 0.65 
- 0.65 
- 0.001 
+ 0.17 
+ 0.10 
+ 0.06 

- a :  
b: cor re la t ion  between re ten t ion  index and k' 

capaci ty  f a c t o r  of t h e  C6 2-keto alkane standard 

C6 - 

a s  t h e  carbon load of the  columns increased,  t h e  r e t e n t i o n  of both the  

drugs and t h e  re ten t ion  index standards increased markedly. I f  t h e  increase  

were exact ly  the same, the  re ten t ion  index of t h e  drugs would be independent 

of the  carbon load. In  a attempt t o  determine i f  t h e  s m a l l  v a r i a t i o n s  i n  

t h e  re ten t ion  index of t h e  drugs (- 12.6%, Tab. 3) was re la ted  t o  the column 

carbon load, the  cor re la t ion  c o e f f i c i e n t s  of the  r e t e n t i o n  index and k' 

each drug-column p a i r  was determined. The r e s u l t  of t h e  s ta t is t ical  ana lys i s  

(Tab. 5) indicated t h a t  i n  general ,  there  w a s  no c o r r e l a t i o n  between the  change 

i n  t h e  re ten t ion  index and t h e  carbon load. Thus i t  appeared t h a t  carbon 

load was not a major f a c t o r  i n  determining t h e  s e l e c t i v i t y  of the column. 

However, i t  was noted t h a t  t h e  re ten t ion  index of t h e  two a c i d i c  drugs 

a s p i r i n  ( r =  -0.42) and phenobarbital ( r =  -0.65) did show a s l i g h t  tendency 

t o  decrease with an increase i n  carbon load. The index f o r  caf fe ine  (r = 

+0.65) showed a s l i g h t  tendency t o  increase with an increase  i n  carbon load. 

I t  appeared t h a t  the  major f a c t o r  r e l a t i n g  t o  t h e  small changes i n  

+ 

C6 Of 

s e l e c t i v i t y  of t h e  columns was the amount of end-capping used i n  pre- 

para t ion  of t h e  column. Columns A-D were extensively end-capped with 

approximately 95% coverage (8). Column E had approximately 75% sur face  
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coverage wh i l e  no end-capping w a s  used f o r  column F. 

(Fig. 1) t h a t  as t h e  number of f r e e  s i l a n o l  sites inc reased  most of 

t h e  drugs showed a n  i n c r e a s e  i n  t h e  observed r e t e n t i o n  index.  The 

two a c i d i c  d rugs ,  phenobarb i t a l  and a s p i r i n ,  w e r e  found t o  have lower 

r e t e n t i o n  i n d i c e s  as t h e  number of f r e e  s i l a n o l  s i tes inc reased .  

It w a s  noted 
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CONCLUSIONS 

It was found t h a t  the  laboratory t o  laboratory reproducib i l i ty  

of t h e  re ten t ion  index measurement was b e t t e r  than the  r e l a t i v e  r e t e n t i o n  

time or  adjusted r e l a t i v e  re ten t ion  time measurements. I f  t h e  columns 

of only one manufactor were used, one could a n t i c i p a t e  a r e l a t i v e  

standard deviat ion of approximately - 3.6% f o r  the  r e t e n t i o n  index 

measurement. I f  reversed-phase columns from d i f f e r e n t  manufactors 

w e r e  used, one could a n t i c i p a t e  a - 12.6% var ia t ion .  Though the  

r e t e n t i o n  index measurements were remarkably constant ,  the  small v a r i a t i o n s  

t h a t  were noted arose from var ia t ions  i n  the s e l e c t i v i t y  of t h e  columns. 

The major f a c t o r  r e l a t i n g  t o  t h e  change i n  s e l e c t i v i t y  appeared t o  

be t h e  ex ten t  of sur face  coverage of each column. 

+ 

+ 
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