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SUMMARY 

Phenones have been employed in high-performance liquid chromatography 
(HPLC) as a series of compounds forming a rational series of internal standards. 
It is shown. that they are useful in systems as polar as methanol-water (1 :l) and in 
systems as non-polar as methylene chloride-hexane (1:9). The potential in using a 
stable series of internal standards for many HPLC systems leading to improved 
quantitative precision and accuracy is discussed_ An application to the analysis of 
carbofuran, a broad-spectrum insecticide-nematicide, is described and disc&e& 

. . - 

INTRODUCI-ION 

Leitch’ described the advantages of using internal standards for precise and 
accurate quantitative analysis using high-performance liquid chromatography 
(HPLC). One of the important advantages in using an internal standard for quanti- 
tative analysis is that this technique allows for minor variation in column conditions. 

In HPLC, unlike gas chromatography (GC), work is still most often performed under 
ambient conditions. As an example, on a hot summer day, the temperature in our 
laboratory can typically vary from 20” in the morning to 32” by midafternoon This 
has led to observed peak height variations of 56% in many to the analyses per- 
formed. Since most of our assay work is performed via peak height calibration, such 
variation in height can lead to similar variation in both precision and accuracy. It is 
well known that internal standards, if properly chosen, can help eliminate this type 
of problem. A quick survey of the HPLC literature which involves quantitative 
analysis shows that most workers are still reluctant to employ internal standards, 
relying heavily on- absolute quantitation. This is surprising since it has been showni~* 
that the utilization of internal standards can lead tc improved quantitation. Other 
references can be cited but it is not the purpose of this paper to review the usl: of 
internal standards. 

In several publications, Grusbka and Kikta 3-s have used phenoncs as probe 
molecules for. studying the dynamics of liquid systems. The solutions of phenones 
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used in ‘these studies were prepared in solvents ranging from the polar methanol to 
the non-polar n-heptane. These solutions, which were generally prepared so that the 
concentration of the phenone was 1 pg/pl, showed excellent storage stability. Working 
samples were often stored at room temperature for periods extending from six months 
to a year with excellent stability and quantitative reproduction of peak height with 
little or no sign of decomposition products evident in the test chromatograms. Con- 
sidering these observations and the fact that phenones ranging from the quite polar 
acetophenone to the much less polar myristophenone are readily available in a high 
purity state, typically %X--99%, from several manufacturers, they were chosen as an 
ideal series of compounds to be evaluated as internal standards for HPLC. This 
paper describes the range of use of phenones as internal standards in HPLC and 
shows ah application to the analysis of carbofuran (2,3-dihydro-2,2-dimethyl-7- 
benzofuranylmethylcarbamate), a widely used insecticide-nematicide. 

EXPERIMENTAL 

Chemicals and reagents 
Phenones were obtained as follows: acetophenone through hexanophenone 

(Aldrich, Milwaukee, Wise., U.S.A.); heptanophenone through nonanophenone 
(Eastman-Kodak, Rochester, N-Y., U.S.A.); decanophenone through myristophe- 
none (Pfaltz & Bauer, Stamford, Corm., U.S.A.). 

Hexane, methylene chloride and methanol for mobile phases were obtained 
from_ Burdick & Jackson (Muskegon, Mich., U.S.A.). Water for mobile phases was 
distilled and passed through a Barnstead (Boston, Mass_, U.S.A.) combination column 
for ion exchange and organic removal. 

The liquid .chromatograph employed consisted of equipment obtained from 
Waters Assoc. (Milford, Mass., U.S.A.). Two 6000 A pumps were controlled by a 
Model 660 solvent programmer. Injections were performed via a Model U6K injec- 
tion valve. The detector was a Model 440 equipped for simultaneous detection at 254 
and 280 mu. Data were collected on an Omniscrihe@ dual-pen chart recorder. Two 
columns (Watefs Assoc.) were employed in this study: for normal phase work, a 
30 cm x 3.9 mm I.D. ~Porasil column was used while for reversed-phase systems, 
a 30 cm x 3.9 mm I.D. PBondapak Cl8 column was employed_ 

RESULTi AND DISCUSSION 

Phinones typically show a broad absorbance with il m3I M 240 nm with log 
E > 4 making them detectable down to at least nanogram quantities with the common 
UV detector employed in HPLC. The general structural formula for a phenone is: 

As mentioned before, phenones ranging from n = 2 (acetophenone) to n = 14 
(myristophenone) are readily available. The variation in solubility -properties within 
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Fig. 1. Internal standard capacity ratio k’ calibration for reversed-phase systems. n = Carbon side- 
chain length for various phenoncs. Column, Waters Assoc. PBondapk CLS; temperature. ambient 
((= 270). 

this family of compounds is quite interesting and applicable to‘ HPLC analysis. 
Acetophenone is quite soluble in methanol while myristophenone shows enhanced 
solubility in non-polar solvents such as hexane or heptane. Fig. 1 shows an internal 
standard calibration chart for reversed-phase systems. It should be noted that for 
a wide variation in the water-methanol ratio, excehent adjustment of the capacity 
ratio, k’, is obtained. Fig. 2 illustrates a similar normal phase calibration using higher 
phenones. The data presented in Figs. 1 and 2 bracket the polarity ranges used in 
more than 95 oA of ali HPLC systems. Thus, phenones form a widely applicable series 
of compounds suitable for use as internal standards. The phenones probably should 
not be used with compounds containing primary amine residues since the possibiiity 
of reaction does exist, especially if a temperature-controlled system is empIoyed 
above 50”. Yet even with this Iimitation, we suggest that phenones will be useful 
internal standards for at least 90% of all HPLC systems employed today. Data pre- 
cision in our laboratory, which was estimated to be poor (& 6 yO), has improved using 
the internal standard technique to a maximum veriation of & 1% with 40.5 % being 
more typical. 

We have applied this internal standard system to the analysis of carbofuran. 
Carbofurau has been widely analyzed by GC 6s7_ A reported LC method does not 
show wide applicability to real samples*. Many metabolic and decomposition prod- 
ucts of carboftrran have been identified6*‘s9. Fig. 3 shows an analytical separation 
of some of these compounds employiug the internal standard of choice, pI-butyro- 
phenone. Samples are prepared so that each injection contains 0.64 pg of carbofuian 
and 2-3 pg of; internal standard. Over this range, a calibration curve is set up so that 
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Fig. 2. Internal standard capacity ratio calibration for normal phase systems. n = carbon side-chain 
iength for various phenoncs. Column, Waters Assoc. [‘Porasit, temperature, ambient (= 27”). 
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MINUTES 
Fig. 3. Analytical separation of carbofuran and some common impurities. Column, pEondapak CSB, 
30ct’n X 3.9 mm I.D.; temperature, 31.5”; solvent system methanol-water (1:l); flow-rate. 1 ml/ 
mm. -Detection at 280 nm, O-02 a+f_s_ Peaks: 1 = 2,3-Dihydro-3-hy~~-~~~~yl-7-ben 
furanyl methykarbamate; 2 = 2,3-dihy~~~imethyi-3-oxo-7-benzoy~ methjka&zmate; 
3 = carhofutan; -4 = 2,Mihrdro_2,2_dr~f~oli 5 = n-butyrophentine. Pressme. 
700 psi. 
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‘the amOUnt of sam&@a is piotted verw.s relatfve height. mere is no point to 
shofing -a straight_ line ~p1ot.j We have observed no devzations Eom I&a&y in 

- prepting such a-caIlbratlon cutie ~wlthln the prev;ousIy dek3iTed Em53 0E expfk- 
mental error. The iesu1t.s obtained Via the LC method are tiund to be ofequa1 quaI@ 

to tho& obtained in our laboratory vsing GC methods6c. 
The use of phenones as a rational series of internal standard compounds 

&lows great promise. We are currently exploring their utilization in other analytical 

systems. 
I 
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