
From Eqs. A7 and A9, the overall rate expression of Eq. 6 can be ob- 
tained. 
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Abstract Aspirin and free salicylic acid were determined in combi- 
nations containing caffeine, phenacetin, salicylamide, and acetaminophen 
by liquid chromatography on poly(methy1 methacrylate) resin. Precision 
and accuracy were f0.6% for aspirin and f 2 %  for salicylic acid, the latter 
at levels corresponding to 0.02% of the aspirin content. 

Keyphrases 0 Aspirin-liquid chromatographic analysis in multi- 
component tablets 0 Salicylic acid-liquid chromatographic analysis 
in multicomponent tablets 0 Liquid chromatography-analyses, aspirin 
and salicylic acid in multicomponent tablets 0 Analgesics-aspirin and 
salicylic acid, liquid chromatographic analyses in multicomponent tab- 
lets 

Of the methods reported for the determination of aspirin 
and salicylic acid in pharmaceutical preparations, rela- 
tively few permit their simultaneous determination. Par- 
tition chromatography combined with spectrophotometric 
measurement has been used for free salicylic acid deter- 
mination in aspirin products (1-3). Direct spectropho- 

tometry (4) and fluorometric methods (5,6) also have been 
used for free salicylic acid determination. 

The simultaneous determination of aspirin and salicylic 
acid has been performed by UV spectrophotometry (7), but 
this method and methods based on IR spectrophotometry 
(8) and nonaqueous titration (9) all lack sensitivity for the 
low levels of salicylic acid present in freshly prepared as- 
pirin tablets. The simultaneous determination of aspirin 
and salicylic acid based on fluorometric or colorimetric 
quantitation has been performed on a continuous-flow 
automated analyzer (10). 

GLC separation of aspirin and salicylic acid was 
achieved on high molecular weight polyethylene glycol 
containing isophthalic acid and supported on glass mi- 
crobeads (11). Salicylic acid eluted after aspirin and 
showed considerable tailing, precluding use of the method 
for free salicylic acid in tablets. The presence of active 
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hydrogens on the carboxyl and phenolic groups requires 
derivative formation to obtain well-defined GLC peaks 
( 12-14). 

Salicylic acid and aspirin were separated by high-per- 
formance liquid chromatography on a pellicular strong 
base anion exchanger a t  a mobile phase pH of 9.2 (15,16). 
Salicylic acid was much more strongly retained than as- 
pirin, but no quantitative data were presented. The two 
compounds were separated on silica gel adsorbents with 
various mobile phases (14, 17, la), and free salicylic acid 
was determined in aspirin formulations (14). 

In the present study, the chromatographic column was 
packed with a macroporous poly(methy1 methacrylate) 
resin' (19). This inexpensive adsorbent has been found 
useful for the liquid chromatographic analysis of multi- 
component analgesic formulations (20). The goal of the 
present work was the development of a rapid simultaneous 
chromatographic assay for aspirin and its principal im- 
purity and decomposition product, salicylic acid, in mul- 
ticomponent analgesic tablets. 

EXPERIMENTAL 

Apparatus-The liquid chromatograph was assembled from com- 
mercially available components (Fig. 1). Two solvent delivery pumps, 
P12 and Pz3, were employed. Glass chromatographic columns4 were dry 
packed with <325-mesh macroporous resin. The precolumn. C1, was 5 
X 0.28 cm; the analytical column, C2, was l!i X 0.28 ctn. The photometric 
detector was either a UV absorbance detector set at  280 nm5 or a variable 
wavelength UV-visible detectofi. All fittings and polytef tubing were 
supplied by one manufacturer7. 

The precolumn was connected into the system uia a rotary injection 
valve, VlS, in such a way that, in one valve setting (shown in Fig. 1 as 
dashed lines), P1 pumped Solvent 1 through the precolumn and the an- 
alytical column. At the same time, P2 pumped Solvent 2 to waste. In this 
configuration, 20 pl of sample solution was injected onto the precolumn 
by the slider injection valve, W9. 

After aspirin and salicylic acid eluted from the precolumn, but before 
any of the other drug components eluted, V i  was switched to the position 
shown by the solid lines. With V1 in this position, Solvent 1 still flowed 
through the analytical column, while the precolumn was removed from 
series and washed with Solvent 2. Immediately after switching V1, the 
detector sensitivity was changed from 0.01 to 0.64 aufs. To minimize 
extracolumn band broadening in the polytef tubing associated with V1 
and V2, the 0.8-mm i.d. tubing supplied with the valves was replaced with 
0.3-mm i.d. tubing. 

Chemicals and Reagents-Aspirin'O and salicylic acidlo were ana- 
lyzed by USP methods (1) as 100.0 and 99.6%, respectively. Other drugs 
and tablet excipients were USP or equivalent grade. Hexane and ethanol 
were anhydrous reagent grade and were distilled before use. Ether, acetic 
acid, and dioxane were reagent grade and were used as received. 

All mobile phase solvents were prepared volumetrically by transferring 
measured volumes of a given solvent into a volumetric flask and diluting 
to volume with hexane. Solvent 1 was 25% ether-10-2 M acetic acid in 
hexane. Solvent 2 was 50% ethanol in hexane. 

The preparation of <325-mesh resin was described previously (20). 
The acid washing step in this procedure is necessary to reduce aspirin 
and salicylic acid tailing. 

Tablets, Blank, and Synthetic Mixture-Tablets were purchased 
a t  a local pharmacy. The average tablet weight was determined (21), for 
each product and the tablets were ground to a fine powder. Sample so- 
lutions were prepared by weighing a quirntity of powdered tablets 

' Amberlite XAD-7, Rohm & Haas Co.. Philadelphia, Pa. 
Model CMP-ZVK, Laboratory Data Control, Riviera Beach, Fla. 
Syringe ump, Perkin-Elmer Corp.. Norwalk, Conn. 
Type M i ,  Laboratory Data Control, Riviera Beach, Fla. * Model 230, Spectra Physics, Senta Clara, Calif. 
Model 770, Schoeffel Instrument Corp., Westwood, N.J. 
Laboratory Data Control, Riviera Beach, Fla. 
Model R6031 SVP, Laboratory Data Control, Riviera Beach, Fla. 
Model CSV, Laboratory Data Control. Riviera Beach, Fla. 

lo Baker Chemical Co., Phillipsburg, N.J. 

P1,SOLVENT 1 Y 
f i - b  WASTE TO 

1 
TO DETECTOR 

Figure 1-Diagram of the liquid chromatograph 

equivalent to 250 mg of aspirin into 25-1111 volumetric flasks, shaking with 
10.0 ml of dioxane, and diluting to volume with hexane. Undissolved 
solids were filtered out by drawing the solution into the sampling valve 
through a small plug of cotton placed ir? the inlet tubing. 

T o  demonstrate the lack of chromatographic interference by common 
tablet excipients and likely active ingredients, a blank mixture was pre- 
pared containing corn starch, talc, lactose, stearic acid, caffeine, phen- 
acetin, salicylamide, and acetaminophen. A blank solution was prepared 
by shaking this mixture with dioxane and diluting with hexane as for 
tablet samples. Quantitative recovery of aspirin and salicylic acid was 
demonstrated by chromatographing a dioxane-hexane solution of a 
synthetic mixture containing known amounts of aspirin and salicylic acid 
along with salicylamide, phenacetin, caffeine, and acetaminophen. 

Tablets and the synthetic mixture were analyzed for aspirin and sali- 
cylic acid by comparison of peak heights to calibration curves. Calibration 
curves were obtained by injecting mixtures of the two compounds con- 
taining 8&11 mg of aspirin/ml and 0.002-0.0065 mg of salicylic acid/ml 
dissolved in 40% dioxane-hexane. A 20-pl sampling valve was used for 
all injections. The peak height due to salicylic acid already present in the 
aspirin was measured by injecting a standard solution of aspirin, and this 
value was subtracted from that of the standard mixtures to obtain the 
peak height due to added salicylic acid. 

RESULTS AND DISCUSSION 

Chromatographic Behavior-Although the detailed mechanism of 
adsorption of sample molecules on this polyacrylate resin has not yet been 
elucidated, it is useful to view the resin as a relatively nonpolar adsorbent. 
Sample molecules interact with the resin uia dispersion forces, dipole 
forces, and hydrogen bonding. Mobile phase solvent molecules also in- 
teract with the resin and compete with sample molecules for adsorption 
sites on the resin surface. 

A third type of interaction is that between sample molecules and sol- 
vent molecules. In contrast to the situation that prevails when using polar 
adsorbents such as silica gel, it is not possible to neglect the influence of 
this third type of interaction on the chromatographic retention of a 
sample molecule. No eluotropic series exists for the nonpolar resin. In 
fact, it has been shown that for several analgesics the retention volume 
varies inversely with the solubility of the drug in the mobile phase solvent 
(20). 

Plots of the net retention volumes for five analgesics and salicylic acid 
versus the percent ether in an ether-hexane mobile phase already were 
presented (20). Previous publications (20,22) showed how this type of 
plot may be used to select column length and mohile phase composition 
to achieve the desired retention and resolution of sample components. 
Application of this approach to the present problem suggests that base- 
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Table I-Net Retention Volumes on a 20 X 0.28-cm Column of 
MacroDorous Resin I 

Net Retention Volume in 
25% Ether-10-2 M Acetic 

Comoound 25% Ethera Acid 

Salicylic acid 
Aspirin 
Phenacetin 
Salicvlamide 

2.0 
7.8 

41 
44 

1.84 
6.05 

34.2 
39.4 

Caffiine 100 47.0 
Acetaminophen > 150 > 150 

Values calculated from data in Ref. 20. 

line resolution between salicylic acid and the unretained solvent peak 
and between aspirin and salicylic acid can be achieved on a 20 X 0.28-cm 
column using 25% ether in hexane as the mobile phase. Predicted re- 
tention volumes are given in Table I. Theoretical plate heights calculated 
on the basis of the six compounds, studied at linear velocities of 0.25 
cmhec, were between 0.1 and 0.17 cm; the void volume for a 20-cm column 
was 1.7 ml. 

With an ether-hexane mobile phase, salicylic acid was the first com- 
pound of the six to elute, which is desirable for chromatographic trace 
analysis (23). 

T o  minimize tailing of aspirin and salicylic acid peaks, lo-* M acetic 
acid was added to the 25% ether mobile phase. The presence of acetic acid 
had the side effect of reducing the net retention volumes of the six com- 
pounds compared to their net retention volumes in 25% ether (Table I). 
The greatest effect of added acetic acid was on the retention volume of 
the basic compound caffeine. Retention volumes of salicylic acid and 
aspirin were affected slightly, and the difference in retention volumes 
between aspirin and phenacetin, salicylamide, caffeine, and acetamino- 
phen remained very large (Table I). 

Because of the large retention volumes of the other drugs, i t  would be 
necessary to wait an inordinately long time between sample injections 
to elute strongly retained components. On the other hand, if these 
strongly retained components were not allowed to elute between sample 
injections, they would produce severely drifting baselines as they eluted 
during later sample chromatograms. One solution to this problem would 
be a change to a strong eluent such as 50% ethanol in hexane after the 
elution of aspirin (20). However, the analysis time then would be pro- 
longed both by the time required to elute the strongly retained compo- 
nents with the stronger solvent and by the time required to reequilibrate 
the resin with 25% ether-10M2 M acetic acid before making the next in- 
jection. 

An alternative approach, adopted in this study, is to employ a short 
column of resin located in series before the analytical column (Fig. 1). 
With this configuration, the sample solution is injected into the chro- 
matograph with Solvent 1 as the mobile phase. Valve V1 is switched after 
aspirin has eluted from the precolumn but before any of the other four 
drugs has eluted from the precolumn. After V1 is switched to the position 
shown with solid lines in Fig. 1, the salicylic acid and aspirin continue to 
chromatograph down the analytical column with Solvent 1 mobile phase; 
the strong eluent Solvent 2 passes through the precolumn, washing off 
the more strongly retained components. After aspirin has eluted through 
the detector, V1 is put back to its original setting, and a 5-min equili- 
bration period is allowed before the next injection. The total time between 
injections is about 15 min. 

If the sample contains salicylamide or phenacetin, a small fraction of 
it may elute from the precolumn along with aspirin and salicylic acid, 
depending upon precisely when valve V1 is switched. This occurrence 
presents no problem, however, since these compounds are well resolved 
from aspirin on the 15-cm column with Solvent 1, and they are eluted 
completely by the “slug” of ethanol-rich solvent that  passes through it 
when the precolumn is switched back into series. 

Analysis of Tablets-Linear calibration curves of peak height at 280 
nm versus milligrams of compound per milliliter of solution were obtained 
for both aspirin and salicylic acid. Slopes of the calibration curves were 
0.037 and 0.22 absorbance unit/mg/ml for aspirin and salicylic acid, re- 
spectively, with relative average deviations for replicate injections of 0.6 
and 2%, respectively. In the absence of aspirin, salicylic acid had a slightly 
longer retention time and a peak height about 14% smaller than when 
aspirin was present. However, as long as some aspirin was present, the 
salicylic acid peak was insensitive even to large variations in the amount 
of aspirin. For this reason, the standards used to construct the calibration 
curve were mixtures of the two compounds. The presence of other drugs 
had no effect on the shapes of either the aspirin or salicylic acid peak. 

,II 

Figure  2-Typical chro- 
matogram for  a n  aspirin ( I )  
tablet containing 0.028% free 
salicylic acid (11). The condi- 
tions were: pressure, 420 psig; 
flow rate, 1.35 mllmin; linear 
velocity, 0.26 cmlsec; detector 
wavelength, 280 nm; and de- 
tector sensitivity, 0.01 aufs for 
I1 and 0.64 aufs for I .  
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Table 11-Assay Results for Tablets and  Synthetic Mixture  

As irin, As irin, Salicylic Acid, Salicylic 
m h a b l e t  m Dab le t  Acid, 

Product G%el Claim bound bound % Other Drugs Present 
f i ab le t  

A0 325 331 0.115 0.035 - 
Bb 325 320 0.090 0.028 - 
C‘ 324 323 0.074 0.023 - 
Dd 455 454 0.153 0.034 - 
E C  455 449 0.082 0.018 Caffeine 
Ff 455 447 0.190 0.043 Caffeine 
CU 325 310 0.178 0.057 Salicylamide 
Synthetich - 219 0.126 0.059 Caffeine, phenacetin, 

(0.128) acetaminophen, salicylamide mixture (218) 
Bayer Aspirin (lot 116NO), Bayer Co., Divinion of Sterling 9 Ltd., Aurora, Ontario, Canada. * Safewa A.S.A. (lot C62A BB), Wea-Pak Prod,ucta Ltd., North Vancouver, 

British Columbia. Canada. C Lifeprin (lot B48A BA). Stanley rug Producta L a . ,  North Vancouver, Jritish Columbia, Canada. d Instantme (lot 0920K), Bayer Co., 
Division of Sterling Drug Ltd., Aurora, O n t a r i c s  Canada. Anacin (lot 916 VC), Whitehall Laboratoriea Ltd.. Toronto, Ontario, Canada. 1 C 2 Tablets (lot 154071), Wampole 
Ltd., Perth. Ontario, Canada. a Excedrin (lot 047), Bristol-Meyera Canada Ltd., Toronto, Ontario, Canada. Amount in parenthems ia amount added. 

The proposed chromatqraphic method for salicylic acid is significantly 
more precise and sensitive than the current USP method. This advantage 
can be further increased by using a detector wavelength nearer the UV 
absorption maximum of salicylic acid (:Fig. 3). At 312 nm, the salicylic 
acid peak height was over twice its value a t  280 nm. The aspirin peak was 
very small a t  this wavelength, but this problem can be overcome readily 
by using a detector sensitivity greater than 1.00 aufs. 

Although wavelengths higher than 280 nm appear to be preferable for 

II 

Figure 3-Chromatonram fo ‘ i  
! I  

I I 

6 10 
MINUTES 

a standard solution co&n;ng 
0.013 mg o/salicylic acid ( I N  
ml and 9.9 mg of aspirin ( I ) /  
ml. Detector wavelengths were 
254 (--), 280 (---), and 312 
(--) nm. Detector sensitivity 
was 0.01 aufs for I I  and 1.00 for 
I .  Other conditions were as in 
Fig. 2. 

the analysis of salicylic acid and aspirin, they are not available on most 
commercial UV absorbance detectors; for this reason, the commonly 
available wavelength of 280 nm was employed. For comparison, a chro- 
matogram recorded a t  254 nm is also included in Fig. 3. This detector 
wavelength is the most commonly available, but it is considerably less 
sensitive than 280 nm for detecting salicylic acid. 

This method is significantly faster than the USP XIX method for free 
salicylic acid, and its speed can be increased further by packing the resin 
in steel columns and using higher pressures to achieve higher mobile 
phase flow rates. The precolumn is not n y  when analyzing products 
containing aspirin as the only active ingredient. 
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