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 Abstract 

Two simple spectrophotometric methods are proposed for the 

spectral resolving of propofol and benzyl alcohol in their synthetic 

mixture. 1st derivative spectrophotometry (Method I) is used for the 

determination of propofol at 324.1 nm with no significant 

interaction from benzyl alcohol, while spectral subtraction followed 

by 1st derivative spectrophotometry (Method II) is used for the 

determination of benzyl alcohol at 308.15 nm, successfully 

eliminating the interference from propofol. Both methods were with 

acceptable linearity (20-80 μg/mL and 3-12 μg/mL for propofol in 

Method I and benzyl alcohol in Method II, respectively). The 

standard deviations were 0.00069 and 0.00293 for method I and II, 

respectively and the correlation coefficient (r) is equal to 0.9999 for 

both methods, indicating excellent linearity. The reported methods 

show promise for future application on their coformulated dosage 

forms, enabling successful determination of both compounds of 

interest, which can be useful for routine quality control of 

monitoring maximum concentration of benzyl alcohol used as a 

preservative. 
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1. Introduction 

Propofol, known chemically as 2,6-

Diisopropylphenol (fig. 1), is an intravenous 

sedative hypnotic agent chemically unrelated to 

other intravenous hypnotic compounds and is 

characterized by having a rapid onset of action due 

to its high lipophilicity, enabling it to rapidly cross  

 
the blood brain barrier (McKeage and Perry, 2003, 

Bryson et al., 1995). It is used in the sedation of 

mechanically ventilated adults in the intensive care 

unit (McKeage and Perry, 2003). Various methods 

have been devised for its determination in different 

matrics such as HPLC (Ayad et al., 2018, Bajpai et 

al., 2004, Cussonneau et al., 2007, Emara et al.,  
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1999, Favetta et al., 2000, King et al., 2006, Knibbe 

et al., 1998, Teshima et al., 2001, Vree et al., 1999, 

Zhang et al., 1998), UV spectrophotometry (M. et 

al., 2019), Colorimetry (Gad-Kariem and 

Abounassif, 2000), Capillary electrophoresis (Hui et 

al., 2009), fluorescence optical fiber detection 

(FOFD) technology coupled to an on-line 

molecularly imprinted polymer solid phase 

extraction (MIP-SPE) (Li et al., 2012) and 

sequential injection techniques (Li and Li, 2016, 

Šrámková et al., 2014). 

Benzyl alcohol (fig. 1) is an aromatic alcohol that 

has multiple uses such as local preservative and 

antibacterial (Gershanik et al., 1982, Nair, 2001). 

Different methods have been reported for its 

analysis, including gas chromatography (Dasgupta 

and Humphrey, 1998, Pérez-Lamela et al., 1993), 

UV spectrophotometry (Ghasemi et al., 2005a, 

Ghasemi et al., 2005b), HPLC (Menon and Norris, 

1981, Pérez-Lozano et al., 2005, udina et al., 2005) 

and Fourier transform infrared (FTIR) spectroscopy 

(Tarhan et al., 2022). 

Benzyl alcohol can be used as an antibacterial agent 

in various pharmaceutical formulations intended for 

intravenous administration at concentrations 

ranging between 0.9% and 2% (Johnson et al., 

2017) with the European union restricting its 

concentration to 1% (Nair, 2001). Several reports 

document some toxic effects for benzyl alcohol 

(Evens, 1975, Hetherington and Dooley, 2000, 

Lopez-Herce et al., 1995, Chang et al., 2008), thus 

indicating the need for devising a simple 

inexpensive method for monitoring of benzyl 

alcohol reaction to comply with the ratios mandated 

by the different authoritative administrations. This 

paper reports two simple UV spectrophotometric 

methods for the simultaneous detection of both 

propofol and benzyl alcohol in their synthetic 

mixture.      

 

 

Fig 1. Structures of the studied compounds 

 

 

2. Experimental 

2.1. Apparatus 

 Jenway® 6850 Double-Beam 

Spectrophotometer with Variable 

Bandwidth, using 1.0 cm quartz cells. 

Scans were determined in the range of 190-

500 nm at 0.2 nm intervals. Prism 5.51 PC 

software was used for spectrum and data 

collection. Shimadzu UVprobe 2.42 

version was used for derivative spectrum 

measurement and mathematical 

manipulation.  

 Ultrasonic bath, model SS 101 H 230, USA 

for sonication. 

2.2. Standards 

 Propofol with a purity of 99.90% as stated 

by the manufacturers, were kindly 

provided by National Organization for drug 

control and research (NODCAR), Cairo, 

Egypt.  

 Benzyl alcohol with a labelled purity of 

99.8% was obtained from ChemCenter. 

2.3. Solvents and materials 

 All chemicals used during the study were 

of Analytical Reagent grade and HPLC 

grade solvents were also used. 

 All organic solvents such as methanol, 

ethanol, and acetonitrile were purchased 

from Sigma-Aldrich, Germany.  

 Deionized double distilled water (Human 

Resource system, USA) 

2.4. Standard stock solutions 

Stock standard solutions of propofol, and benzyl 

alcohol (1000 μg/mL) were separately prepared in 

100 mL volumetric flasks by dissolving the pure 

material in 60 mL of methanol added stepwise, 

sonicated for 10 minutes and then completing to 

the volume with methanol. Serial dilutions with 

methanol were applied for preparation of the 

standard solutions for prepared mixtures. 
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2.5. Experimental procedure 

2.5.1. Spectral characteristics 

Working solution of propofol of concentration 20 

μg/mL and of benzyl alcohol of concentration of 3 

μg/mL were prepared by transferring appropriate 

volumes from their corresponding stock solutions to 

10mL volumetric flasks and then diluting to the 

mark with methanol. The blank used was 2 mL 

methanol in distilled water and 0.3 mL methanol in 

distilled water for propofol and benzyl alcohol 

respectively. The zero-order spectra of each 

compound were measured within the range 190–500 

nm and stored in the computer. 

2.5.2. Preparation of synthetic mixtures 

Four synthetic mixture were prepared with the 

concentration ratios of 20, 40, 60, 80 μg/mL for 

propofol and 3, 6, 9, 12 μg/mL for benzyl alcohol 

for the 1st derivative technique and the spectral 

subtraction followed by 1st derivative technique. 

2.5.3. Application of 1st derivative spectro-

photometry 

Series of concentrations of propofol (20, 40, 60, 80 

μg/mL) were prepared by transferring appropriate 

volumes from its stock solution in 10 mL 

volumetric flasks and diluting to the mark with 

methanol. Each obtained spectrum was smoothed 

(∆λ= 5 nm) and the 1st derivative spectra was 

obtained (∆λ= 5 nm, scaling factor = 100). Propofol 

was determined at wavelength 324.1 nm and the 

calibration curve was constructed by plotting the 

amplitudes at the chosen wavelength versus the 

corresponding concentration. 

2.5.4. Application of spectral subtraction 

followed by 1st derivative technique 

At first, the normalized absorptivity curve of 

propofol was calculated by dividing the zero order 

spectra of pure propofol by their corresponding 

concentrations. Four curves were used to calculate 

the average absorptivity curve of propofol. Next, 

after applying the 1st derivative technique, the 

obtained zero order spectra for propofol were 

calculated by multiplying the average absorptivity 

curve with each obtained concentration. Then, the 

zero order spectra of benzyl alcohol were obtained 

by subtracting the obtained zero order spectra for  

 
propofol from the zero order spectra of the 

corresponding synthetic mixture. The obtained 

benzyl alcohol spectra were smoothed ((∆λ= 5 nm) 

and the 1st derivative spectra was obtained (∆λ= 5 

nm, scaling factor = 100).  

The wave length 308.15 nm was chosen for 

constructing the benzyl alcohol by plotting the 

amplitudes at the said wavelength versus the 

corresponding concentrations. 1st derivative spectra 

for benzyl alcohol were used to overcome the 

problems of the resultant indefinite peaks in the 

zero order spectra. 

3. Results and discussion 

The zero-order absorption spectra of propofol and 

benzyl alcohol (fig. 2) show severe overlap, 

hampering the direct determination of both 

compounds. 

Propofol was successfully determined using 1st 

derivative technique with no interference from 

benzyl alcohol at wavelength 324.1 nm (fig. 3). 

Benzyl alcohol was successfully determined using 

the 1st derivative technique after spectral 

subtraction at 308.15 nm (fig. 4). 

3.1. Optimization of experimental parameters 

 

3.1.1. Effect of different solvents 

Different solvents were utilized such as water, 

methanol, ethanol, acetonitrile, 0.1N NaOH and 

0.1N HCl. Water, 0.1N NaOH and 0.1N HCl 

couldn’t be used since they lead to the precipitation 

of propofol since it’s very slightly soluble in water 

(Moffat et al., 2011). Methanol was found to give 

the highest absorptivity in addition to its greenness, 

so it was chosen as a solvent for this method. 

3.2. Analytical performance 

The parameters of analytical performance are 

summarized in table 1. 

3.2.1. Linearity and range 

 The linearity of propofol was found to be 20-80 

μg/ml (fig. 5) while the linearity of benzyl alcohol 

was found to be 3-12 μg/ml (fig. 6). The calibration 

data are summarized in table 2. 
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Fig 2. Zero order spectra of propofol (20 μg/mL) (A) and benzyl alcohol (3 μg/mL) (B) in methanol 

 

 

 

Fig 3. First derivative spectra of propofol (20, 40, 60, 80 μg/mL) indicating zero crossing with benzyl 

alcohol (3 μg/mL) at 324.1 nm (A). 

 

                          

 

Fig 4. Benzyl alcohol first derivative at 308.15 nm (A) after spectral subtraction. 
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Table 1: Performance parameters of the analytical methods. 

Parameters 

Propofol Benzyl alcohol 

1st derivative 

technique 

1st derivative technique after 

spectral subtraction 

Linearity (μg/ml) 20-80 3-12 

LOD (μg/ml) 1.169 0.274 

LOQ (μg/ml) 3.542 0.831 

Correlation coefficient (r) -0.9999 -0.9999 

Slope -0.1074 -0.2893 

Intercept -0.1755 0.1820 

Sy/x (standard deviation of residuals) 0.0311 0.0196 

Sa (standard deviation of the intercept of the regression 

line) 

0.038 0.0241 

Sb (standard deviation of the slope of the regression line) 0.00069 0.00293 

% Error 0.198 0.36 

% RSD 0.395 0.719 

Mean Found (%) ± SD 99.95 ± 0.395 99.95 ± 0.719 

 

 
Fig. 5. Calibration curve of propofol. 

 

 
 

Fig. 6. Calibration curve of benzyl alcohol. 
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Table 2: Calibration data of propofol and benzyl alcohol 

Propofol Benzyl alcohol 

Conc (μg/ml) Response % Recovery  Conc (μg/ml) Response % Recovery  

20 -2.318 99.77 3 -0.686 100 

40 -4.46 99.74 6 -1.542 99.23 

60 -6.6195 100.54 9 -2.444 100.92 

80 -8.7675 99.74 12 -3.278 99.65 

 

3.2.2. Limit of detection (LOD) and Limit of 

quantification (LOQ) 

The limit of detection (LOD) was found to be 1.169 

and 0.274 μg/mL while the limit of quantification 

(LOQ) was found to be 3.542 and 0.831 μg/mL for 

propofol and benzyl alcohol, respectively. 

3.2.3. Selectivity 

Propofol was successfully determined using the 1st 

derivative technique at 324.1 nm with no significant 

interference from benzyl alcohol. Furthermore, 

Interference from propofol was successfully 

eliminated using spectral subtraction followed by 1st 

derivative technique and benzyl alcohol was 

appropriately determined at 308.15 nm, illustrating 

the selectivity of both techniques for the compounds 

of interest. 

4. Conclusion 

Two simple spectrophotometric techniques were 

proposed for the resolving of propofol/benzyl 

alcohol mixture. Propofol was successfully 

determined using 1st derivative technique at 324.1 

nm, while benzyl alcohol was determined using 

spectral subtraction followed by 1st derivative 

techniques. The proposed methods showed 

acceptable linearity and selectivity and shows 

promise to resolve the mixture of interest in 

commercial products. 

Conflict of interest: none declared by the 

authors. 

5. References 

AYAD, M. M., BELAL, F., HOSNEY, M. M., 

ELMANSI, H. & ELSAYED, N. 2018. 

Simultaneous HPLC Determination of 

Cisatracurium and Propofol in Human Plasma via  

 

 
Fluorometric Detection. Journal of 

Chromatographic Science, 56, 524-530. 

 

BAJPAI, L., VARSHNEY, M., SEUBERT, C. N. 

& DENNIS, D. M. 2004. A new method for the 

quantitation of propofol in human plasma: efficient 

solid-phase extraction and liquid 

chromatography/APCI-triple quadrupole mass 

spectrometry detection. Journal of 

Chromatography B, 810, 291-296. 

 

BRYSON, H. M., FULTON, B. R. & FAULDS, D. 

1995. Propofol . An Update of its Use in 

Anaesthesia and Conscious Sedation. Drugs, 50, 

513-559. 

 

CHANG, Y.-S., WU, C.-L., TSENG, S.-H., KUO, 

P.-Y. & TSENG, S.-Y. 2008. In vitro benzyl 

alcohol cytotoxicity: Implications for intravitreal 

use of triamcinolone acetonide. Experimental Eye 

Research, 86, 942-950. 

 

CUSSONNEAU, X., DE SMET, E., 

LANTSOGHT, K., SALVI, J.-P., BOLON-

LARGER, M. & BOULIEU, R. 2007. A rapid and 

simple HPLC method for the analysis of propofol 

in biological fluids. Journal of Pharmaceutical and 

Biomedical Analysis, 44, 680-682. 

 

DASGUPTA, A. & HUMPHREY, P. E. 1998. Gas 

chromatographic–mass spectrometric identification 

and quantitation of benzyl alcohol in serum after 

derivatization with perfluorooctanoyl chloride: a 

new derivative. Journal of Chromatography B: 

Biomedical Sciences and Applications, 708, 299-

303. 

 

EMARA, S., SALEH, G., FATHY, M. & BAKR, 

M. A. 1999. Chromatographic assay and 

pharmacokinetic studies of propofol in human 

serum. Biomedical Chromatography, 13, 299-303. 

EVENS, R. P. 1975. Toxicity of Intravenous  

 



                                                                                        Rec. Pharm. Biomed. Sci.  7 (1), 181—188, 2023 

Benzyl Alcohol. Drug Intelligence & Clinical 

Pharmacy, 9, 154-155. 

FAVETTA, P., GUITTON, J., DEGOUTE, C. S., 

VAN DAELE, L. & BOULIEU, R. 2000. High-

performance liquid chromatographic assay to detect 

hydroxylate and conjugate metabolites of propofol 

in human urine. Journal of Chromatography B: 

Biomedical Sciences and Applications, 742, 25-35. 

GAD-KARIEM, E. A. & ABOUNASSIF, M. A. 

2000. Colorimetric Determination of Propofol in 

Bulk form, Dosage Form and Biological Fluids. 

Analytical Letters, 33, 2515-2531. 

GERSHANIK, J., BOECLER, B., ENSLEY, H., 

MCCLOSKEY, S. & GEORGE, W. 1982. The 

Gasping Syndrome and Benzyl Alcohol Poisoning. 

New England Journal of Medicine, 307, 1384-1388. 

GHASEMI, J., NIAZI, A. & GHOBADI, S. 2005a. 

Simultaneous Spectrophotometric Determination of 

Benzyl Alcohol and Diclofenac in Pharmaceutical 

Formulations by Chemometrics Method. Journal of 

the Chinese Chemical Society, 52, 1049-1054. 

GHASEMI, J., NIAZI, A. & GHOBADI, S. 2005b. 

Simultaneous spectrophotometric determination of 

benzyl alcohol and diclofenac in pharmaceuticals 

using methods based on the first derivative of the 

optical density ratio. Pharmaceutical Chemistry 

Journal, 39, 671-675. 

HETHERINGTON, N. J. & DOOLEY, M. J. 2000. 

Potential for patient harm from intrathecal 

administration of preserved solutions. Medical 

Journal of Australia, 173, 141-143. 

HUI, Y., RAEDSCHELDERS, K., ZHANG, H., 

ANSLEY, D. M. & CHEN, D. D. Y. 2009. 

Quantitative analysis of propofol in whole blood 

using capillary electrophoresis. Journal of 

Chromatography B, 877, 703-709. 

JOHNSON, W., BERGFELD, W. F., BELSITO, D. 

V., HILL, R. A., KLAASSEN, C. D., LIEBLER, D. 

C., MARKS, J. G., SHANK, R. C., SLAGA, T. J., 

SNYDER, P. W. & ANDERSEN, F. A. 2017. 

Safety Assessment of Benzyl Alcohol, Benzoic 

Acid and its Salts, and Benzyl Benzoate. 

International Journal of Toxicology, 36, 5S-30S. 

KING, D. T., STEWART, J. T. & 

VENKATESHWARAN, T. G. 2006. HPLC  

 
Determination of Propofol-Thiopental Sodium and 

Propofol-Ondansetron Mixtures. Journal of Liquid 

Chromatography & Related Technologies, 19, 

2285-2294. 

KNIBBE, C. A. J., KOSTER, V. S., DENEER, V. 

H. M., STUURMAN, R. M., KUKS, P. F. M. & 

LANGE, R. 1998. Determination of propofol in 

low-volume samples by high-performance liquid 

chromatography with fluorescence detection. 

Journal of Chromatography B: Biomedical 

Sciences and Applications, 706, 305-310. 

LI, L., DING, H., DI, B., LI, W. & CHEN, J. 2012. 

Rapid detection of propofol in whole blood using 

an automated on-line molecularly imprinted 

pretreatment coupled with optical fibre detection. 

The Analyst, 137, 5632. 

LI, L. & LI, Y. 2016. Study of azo-coupling 

derivatization by sequential injection coupled with 

spectrophotometric optical fibre detection for 

propofol analysis. Analytical Methods, 8, 6176-

6184. 

LOPEZ-HERCE, J., BONET, C., MEANA, A. & 

ALBAJARA, L. 1995. Benzyl alcohol poisoning 

following diazepam intravenous infusion. SAGE 

Publications Inc. 

M., A. K. S., SHETTY, A. S. K. & 

SATYANARAYAN, N. D. 2019. Development 

and Validation of UV Spectrophotometric Methods 

for the Estimation of Propofol in Bulk and 

Pharmaceutical Formulations. International 

Journal of Pharmacy and Biological Sciences, 9, 

405-410. 

MCKEAGE, K. & PERRY, C. M. 2003. Propofol. 

A Review of its Use in Intensive Care Sedation of 

Adults. CNS Drugs, 17, 235-272. 

MENON, G. N. & NORRIS, B. J. 1981. 

Simultaneous Determination of Hydroxyzine 

Hydrochloride and Benzyl Alcohol in Injection 

Solutions by High-Performance Liquid 

Chromatography. Journal of Pharmaceutical 

Sciences, 70, 697-698. 

MOFFAT, A. C., OSSELTON, M. D., WIDDOP, 

B. & WATTS, J. 2011. Clarke's analysis of drugs 

and poisons, Pharmaceutical press London. 

NAIR, B. 2001. Final report on the safety  



188 
 

assessment of Benzyl Alcohol, Benzoic Acid, and 

Sodium Benzoate. International journal of 

toxicology, 20 Suppl 3, 23-50. 

PÉREZ-LAMELA, C., SIMAL-LOZANO, J., 

LOZADA, P., ABUÍN, S. & SIMAL-GANDARA, 

J. 1993. Simultaneous Determination Of Phenol, 

Formaldehyde And Benzyl Alcohol In Mannich 

Products Used As Curing Agents For Epoxy Resins 

By Direct Gas Chromatographic-FID Analysis. 

Analusis. 

PÉREZ-LOZANO, P., GARCÍA-MONTOYA, E., 

ORRIOLS, A., MIÑARRO, M., TICÓ, J. R. & 

SUÑÉ-NEGRE, J. M. 2005. A new validated 

method for the simultaneous determination of 

benzocaine, propylparaben and benzyl alcohol in a 

bioadhesive gel by HPLC. Journal of 

Pharmaceutical and Biomedical Analysis, 39, 920-

927. 

ŠRÁMKOVÁ, I., AMORIM, C. G., 

SKLENÁŘOVÁ, H., MONTENEGRO, M. C. B. 

M., HORSTKOTTE, B., ARAÚJO, A. N. & 

SOLICH, P. 2014. Fully automated analytical 

procedure for propofol determination by sequential 

injection technique with spectrophotometric and 

fluorimetric detections. Talanta, 118, 104-110. 

TARHAN, İ., BAKıR, M. R., KALKAN, O., 

YÖNTEM, M. & KARA, H. 2022. Rapid 

determination of adulteration of clove essential oil 

with benzyl alcohol and ethyl acetate: Towards 

quality control analysis by FTIR with 

chemometrics. Vibrational Spectroscopy, 118, 

103339. 

TESHIMA, D., NAGAHAMA, H., MAKINO, K., 

KATAOKA, Y. & OISHI, R. 2001. Microanalysis 

of propofol in human serum by semi-microcolumn 

high-performance liquid chromatography with UV 

detection and solid-phase extraction. Journal of 

Clinical Pharmacy and Therapeutics, 26, 381-385. 

UDINA, O. A., OMOR, M. I. & JANKOVI, I. A. 

2005. Simultaneous Determination of Bifonazole 

and Benzyl Alcohol in Pharmaceutical 

Formulations by Reverse-Phase HPLC. 

Chromatographia, 61, 415-418. 

VREE, T. B., LAGERWERF, A. J., BLEEKER, C. 

P. & DE GROOD, P. M. R. M. 1999. Direct high-

performance liquid chromatography determination  

 
of propofol and its metabolite quinol with their 

glucuronide conjugates and preliminary 

pharmacokinetics in plasma and urine of man. 

Journal of Chromatography B: Biomedical 

Sciences and Applications, 721, 217-228. 

ZHANG, H., WANG, P., BARTLETT, M. G. & 

STEWART, J. T. 1998. HPLC determination of 

cisatracurium besylate and propofol mixtures with 

LC-MS identification of degradation products. 

Journal of Pharmaceutical and Biomedical 

Analysis, 16, 1241-1249. 

 

 


