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SUMMARY 

The $-hydroxybenzoic acid and its methyl, ethyl, propyl, butyl and benzyl 
esters are separated on thin layers of silanized silica gel using borate buffer (pH II) 

as mobile phase, adding a given volume of organic solvent as required. The separation 
of the various compounds is complete and an accurate quantitative determination 
of the #-hydroxybenzoic acid and its esters is possible using a simple technique of 
elution and spectrophotometric determination. 

INTRODUCTION 

The increasing use of fi-hydroxybenzoic acid esters as food and drug preserv- 
atives has led to the development of many analytical techniques for identifying 
and assaying these compounds. In recent years, thin-layer chromatography (TLC) 
in particular has often been used with good result+-20. 

In this report we shall briefly describe a reversed-phase TLC method based 
on the use of silanized silica gel as stationary phase. Coupled with a simple elution 
and spectrophotometric determination technique, it has proved highly effective in 
separating and determining fi-hydroxybenzoic acid and its principal esters. 

EXPERIMENTAL 

Preparation of the cltromatogra~hic j5dates 
About 30 g of HI&, (Merck) silanized silica gel were suspended in 60 ml of 

a (2 : I) water-methanol mixture by shaking vigorously for a few minutes in order 
to obtain a homogeneous suspension. The latter was then distributed on the plates 
using a Desaga spreader so as to obtain a uniform layer of 0.25 mm thickness. The 
plates were dried in air for about 3 h and stored over silica gel in a desiccator. They 
should not be used for at least 24 11 after preparation. 

Pre$aYatio9z of the chromatogra$&y solutiorts 
Methanol solutions of pure commercial products (Merck, BDH, Carlo Erba) 
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were used as reference solutions for P-hyclroxybenzoic acid and its esters. The 
methods described in a previous report 21 were used to extract the preservatives from 
pharmaceutical specialities and to prepare the sample solutions. 

A$@icatio~z of the sol&ions to the $lates 
To identify the substances, the sample and reference solutions were applied 

as spots in parallel on the same plate using a micropipette and taking care to pipette 
no more than 5 ,ul each time, and to deposit from 2 to IO ,ug of each preservative on 
the plate. For the quantitative determination, the solutions to be analyzed were 
applied in bands on 5 x 20 cm plates, pipetting from 0.025 to 0.1 ml of solution so 
that from 20 to zoo pug of each substance are applied to each plate. The solutions were 
applied z cm from the starting edge leaving a margin ofaapprox. 0.5 cm on both sides 
of the plate. 

Chromatographic development was carried out using borate buffer, pli II 

(502 ml of 0.2 M II,BO, solution diluted to IOOO ml with 0.2 M NaOII solution) as 
mobile phase, adding a given volume of organic solvent as required. The following 
buffer-solvent combinations have proved most suitable for separation of the various 
preservatives : buffer-methyl alcohol (go : IO), buffer-ethylcellosolve (90 : IO), 
buffer-ethyl acetate (saturated solution at 25”), buffer-ethyl ether (saturated solution 
at IS'), buffer-tetrahydrofuran (95 : 5), buffer-dioxane (90 : IO). 

The plates are developed in glass chromatography chambers lined with filter 
paper. Before putting the plates in them, the chrornatographic chambers were 
saturated with the solvent vapours for about I 11. The plates are allowed to develop 
until the solvent front has risen about 14 cm from the point where the substance 
was deposited (90 to 120 min). When double development is desired, the plate is 
dried at room temperature for about I h and then returned to the chromatographic 
chamber. Chromatographic development is performed at about 25” except when the 
mixture contains ethyl ether in which case the temperature of the chromatographic 
chamber should be 15”. 

Detection of the comfiowds 
After the plates have been developed they are dried at room temperature. 

The spots or bands of the various compounds were visualized under a 25o-n-rp UV 
light source. 

Qaiantitativc aqaalysis 

After detection, the band of each substance is isolated by cutting away the 
sides of the layer of adsorbent with a spatula, and then performing the quantitative 
determination by removing the silica gel and extracting it with methyl alcohol. 
A silica gel collection method using a vacuum described by several authors22-2G has 
proved useful for this purpose. We have adopted the simple device shown in Fig. I 

which permits the easy collection of the silica gel and quick elution of the substances 
under vacuum. The device consists basically of a small glass funnel inserted, with a 
special plastic (polyvinylchloride) fitting, into a Pyrex glass volumetric flask (Fig, IA). 
Near the lower end of the funnel stem is a perforated sintered glass filter plate with 
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Fig. I. (1:2 scale). A = system for clution of substances; I3 ==: system for suction of silica gel. 
a = Pyrex glass funnel with perforated sintercd glass filter plate, b = rubber stopper, c = poly- 
vinylchloride fitting with side inlet for vacuum, d = volumetric flask, e = glass tube with tygon 
ring. 

gauze or fiber glass pressed onto it; the system can be connected to the vacuum 
pump by means of the side attachment on the plastic fitting. The silica gel is collected 
by inserting a small glass tube with a pointed end in the funnel using a tygon ring. 
The device is turned upside down, and the silica gel is sucked in by applying a low 
vacuum (Fig. IB). When the silica gel has been collected, a few tenths of ml of 
methyl alcohol are sucked through to wash the inlet tube (taking care that no solvent 
emerges from the bottom end of the funnel stem), and the device is quickly uprighted. 
The vacuum is broken, the inlet tube is removed, I or z ml of methyl alcohol are 
pipetted into the funnel, the vacuum is again applied, and the solvent is collected 
in the volumetric flask. Methyl alcohol is added a couple more times until elution of 
the substance to be determined is complete (generally after 4-5 ml of methyl alcohol 
have passed through the funnel, elution is complete). 

The eluent in the volumetric flask is diluted to volume with methyl alcohol 
and divided into two portions, One was acidified and the other was made alkalinb 
by adding 2% of I N HCl and I N NaOH, respectively. Light absorption is measured; 
at 297 rnp using the alkaline solution as test solution and the acidified solution as 
blank following the differential spectrophotometric method described in our previous 
reportsl, 
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LUES OBTAINED ON Hv,,,, SILANIZED SILICA GEL FOR THE VARIOUS COMPOUNDS STUDIED 

zcrtd 

-..-.---_-- ..-... --_..- . ..--.- 

I-p-hyclroxybcnzoRtc 
,p-hyclroxybcn7,o~Lte 
1-p-hyclroxyb~nzontc 
8+-hyclroxybcnxontc 
‘I-p-hyclroxybcnzoatc 
Iroxybcnzoic acid 

RI., valztesn 
-- --___~- --_- 

Mixtuve A iwixlrwc 13 Mixlure c Mixture 11 iI!lixtarue E Mixtun! F 
pri II prYI II pH II fl,N’II pi-r II #.H or 
hj/cv- b~u~feI’- brtffer lu#W h..Ter- brtlp!v- 
?Wethyl ethyl sntrtvatecl sahrvatcd tetra- ” dioxaml 
alcohol cellosolve with ethyl with ethyl Irydrofrtva?l. (90 :.lo) 
(00 :10) (00 :10) acetate at ether> at (95 :5) 

29 35” 
._...... .._..__.. .._.... - ._.. __.. ._- . . _ - _. .- 

0.04 0.08 0.03 0.02 0.03 0.08 

o.oh 0. T I 0.06 0.05 0.08 0.1.7 

0.15 0.2’2 0.14 O.[!i 0.14 0.20 

0.23 0.32 0.25 0.25 0.2.t 0.28 

0.30 0.38 0.34 0.35 0.33 0.3.5 
o.Go 0.70 0.Og 0.75 0.57 0.59 

1~ Each RF is the mean value of six separate chromnto~raphic runs. 

RESULTS AND DISCUSSION 

Table I shows the RF? values obtained on developing the chromatograms with 
the various buffer-solvent mixtures. 

Of the mobile phases studied, mistures C, D, E:, and F gave the best separation 
of the various compounds, especially of benzyl- and butyl-fi-hydroxybenzoates. 
However, mixtures C and I> are rather clifficult to use because the solvents are 
volatile and the solutions are saturated; good chromatographic development and 
reproducibility of data are closely controlled by temperature stability in the 
chromatographic chamber. Mixtures E and I; are more practical, and we normally 
use them for the analysis of preservatives in pharmaceutical preparations. 

In quantitative zone chromatography, the separation may not be good enough 

7?,.*’ VALUES CALCULATISD APTlfR SJECOND I~l%VI3LOP&lEN’I’ ON bIl”,;,, SILANI%J31.l SILICA GJ.?Ja 
-_- _.- _._.__ ________ _....._... -- . ..__.._____.__ -.- _.__ -._- __._ -..._. .._... .-... ._ . . .._._.__.._.... 

/?p’ valuel~ 
Co~,rpo~lr?ld - -_ 

iv istuvc: 1: Mixf uns .I’ 
pri 1 I hr~)-w- pli II hll,~j-l~i’-~ 

tct~al~yctvnf~rt~a~~~ diosntlr~ 
(05 :5) (00 :m) 

_ .__--- -----...-_-_- .__.. _.-- .__.... ._.._.. __ ._. _ . .._._. - --.. 

13cJl~~1-~-1lyd~Osy~~J~~C~~l~C 0,CX-i 0. I7 
J3utyl-P-~iydroxybcnzontc 0.14 0.25 

I”rol’yl-~~-hyclroxybcrlxoRtc CD,24 O.jH 

I~thyl-l-)-hyclt’oxyl~cn~~~~t~ O-36 O.‘~Cj 

~~ctliyl-~-hyclrosybctlxontc oa47 0.5s 

~-I.Iy~lroxybcnizoic acid O.GS 0.75 

1’ lkch R& is the fnc’m value of six scpratc cliromnto~r;~iiis. 
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for elution and quantitative determination of the components of the mixture when 
the amounts of some of the compounds to be separated are much larger than others. 
In this case, the mobility of the substances and the chromatographic separation can 
be greatly enhanced by performing a second development with the same solvent 
mixture, especially when low XP paraseptics are involved. 

Table II shows the Rp’ values obtained with mixtures E and I? after a second 
development. In this case the RF’ values represent the proportion between the distance-? 
of the spots of substance from the point of application after the second development 
and the distance of the solvent front from the point of application (the solvent run’” 
was the same in the first and second development). 

The quantitative analysis of the eluents by differential spectrophotometry 
eliminates background absorption due to the extraction of the silicagel with methanol. 
The amount of the test compounds may be calculated from the spectrophotometric 
results using a calibration straight line plotted from results of chromatographic 
analyses performed on solutions containing known amounts of preservatives. 

Greater precision in quantitative analyses may be obtained by using the 
internal standard method. In this case a known amount of a compound with a 
different RF from those of the test compounds is added to the test solution before 
chromatography (since the six preservatives discussed here are not generally used 
together in the same pharmaceutical speciality, one which is known to be abserrt in 
the test sample may be used as an internal standard). After chromatographic 
development and spectrophotometric determination of all the compounds, it is 

TABLE IIL 

,$UANTITAT~VE cHROMAToORAPwc ANALYSIS OF METHANOL SOLUTIONS CONTA~ING DImwRIENT 

CONCENTRATIONS OF METHYL AND PROPYL-+HYDROSYI3ENZOATE 

Chromatography was pcrformccl on 5 x 20 cm H,,.1 silanizccl silica gel plates using a pH I I 
buffer-clioxnnc mixture (go: IO) ;1s mobile phase; 0.05 ml of sample solution was pipcttccl as a 
band on the plates. hlethocl A = clctcrminntions performed using the calibration straig’ht lint. 
Method I3 = cletcrminations performed by adding butyl-#-hyclroxybcnzoate as internal stimdard. 

Solution Theoretical FOlC?l& 

No. (ntgjnrl) -_- 
:VIethod .4 Method B 

V&Vd o/0 dijfevencc Vf2g/VVtZ ojo dif~l?reVzce 

(a) Metl~yl-~-llydroxybenooate 
I 0.424 0.426 -to.5 0.424 
2 0.824 0.807 -2.1 0.83G +(I:; 
3 1.227 1.1gG -2.5 1.200 +2.7 
4 I ,595 1,552 -2.7 I-585 -0.G 
5 2.006 I.992 -0.7 2.046 -I- 2.0 

(b) Profiyl-fi-Irydroxybenzoatc 
I 2.008 2.045 + I.8 a-053 4-2.2 

2 1.G2r I.580 -2.5 1.613 --0-S 
3 1.206 1.164 -3.5 1.211 -I- 0.4 

.+h, 

4 0.804 0.781 -2.9 0.807 -to.4 
5 0.419 0.420 +0.2 0.4 16 -0.7 

1’ Mean of three chromnto~raphic clctcrminations pcrformccl unclcr the same conclitio~~s. 
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easy to calculate the amount of each single compound in the test solution using the 
formula : 

P.EI2.F 

Est - = 
n-g of compound contained in the sample solution 

where P is the amount of internal standard added, expressed in mg; EC and Est are 
the differential absorption of the eluents of the test compound and of the compound 
used as internal standard respectively; I; is a correction factor calculated from the 
ratio between the differential absorptions of equal amounts of the internal standard 
and test compounds (experimentally ; the I; factor is determined by repeated 
quantitative chromatographic analyses of mixtures containing known amounts of 
the two compounds). 

Tables III ( a and (b) show the results of a quantitative chromatographic ) 
determination performed on solutions with different concentrations of methyl-+ 
hydroxybenzoate and propyl-fi-hydroxybenzoate using the calibration straight line 
method and the internal standard method. 

The data given in Table III show that the quantitative analysis, especially 
using the internal standard method, is quite accurate; the internal standard method 
is also more precise than the calibration straight line method because the quantitative 
determination is not affected by pipetting errors which may occur when the solutions 
are applied to the chromatographic plates. A repeatibility test consisting of zg 
chromatographic determinations on a methyl- and propyl-fi-hydroxybenzoate 
mixture showed that the coefficient of variation for both paraseptics is about 3% for 
the calibrated straight line method and about 1.5% for the internal standard method. 
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