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Abstract 
 
Hairspray is one of the top most selling products among cosmetics. As it is a hair product, it 

has a great importance from forensic point of view because hair evidence is one of the most 

common types of evidence encountered in criminal investigations and cosmetics (including 

hairspray) are used widely today. The analysis of hair with respect to its identity, source of 

origin and presence of any adhering material (like hair color, dyes, hair sprays or serums etc.) 

is very significant in different types of Forensic cases. 

 In the present study, an attempt has been made to study the hair spray samples (marketed) 

commonly used for the separation of components  using thin layer chromatography and high 

performance thin layer chromatography based on their polarity. Eight hairspray brands were 

analyzed with thirty different solvent systems through TLC and by one of the best solvent 

system (from TLC results), through HPTLC. It is interesting to note that same solvent 

[Carbon tetrachloride: Cyclohexane (90: 10)], is found to be the most suitable for the 

separation of components of hairsprays using both the techniques. The results are clear and 

well separated and can be used in Forensic investigation using these techniques in order to 

save time and chemicals.   

Keywords: Hairsprays, HPTLC, TLC, Forensic 

1. Introduction 

Chromatography is the technique for the separation of the components based on the polarity 

using two phase, i.e. Mobile phase (Solvent) and Stationary Phase (Silica Gel G). This 

technique was first reported by Russian Botanist Tswett. In 1903, he succeeded in separating 

leaf pigments using a solid polar stationary phase. Thin layer Chromatography and High 

performance thin layer chromatography are a form of planar chromatography. Thin layer 

chromatography is widely used in the forensic science laboraborties for the analysis of 

drugs
[1-4]

, Cosmetics
[5-6]

, inks
[7-10]

, etc. Over the period of time thin layer chromatography has 

been replaced by more sensitive, accurate, fast technique i.e High performance thin layer 

chromatography.  It is also a planar chromatography and more refined form of thin layer 

chromatography (TLC), it has a wide range of applications in pharmaceutical
 [11-15]

, Botany
 

[16-18]
, Forensic

 [1-4, 7-10]
, Chemistry

 [19-21]
 etc. With the advancement in the field of technology, 
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HPTLC is hypernated with other instrumental technique to know the exact structure of the 

compound. In the present study an attempt has been made to separate the components of 

different components to narrow down the search for the suspect and use the result as 

corroborative evidence.   

Hair sprays are widely used cosmetic product in today’s times. It is also known as Hair 

Lacquer. It contains various natural and synthetic resins in both aqueous or alcoholic 

solutions and a propellant. Apart from these it also contains perfumes and small amount of 

lanolin.
 [22]

 This composition is filled into a pressure resistant container with a spray nozzle. 

The spray is dispensed from a pump or aerosol spray nozzle. For propellant driven spray 

applications, pressurized propellant mix is added. In case of pump sprays, often creating less 

fine aerosols, propellants are excluded. 
[23]

 Spraying deposits a stiff layer of the polymers on 

the hair after the solvent evaporates. The key property that makes polymers useful as 

hairspray is the holding agents and it’s their ability to form films upon drying. Once hair 

spray is applied to the hair, the liquid drops run down the hair shaft until they reach the 

intersection of two hair fibers. When the drops dry at this fiber intersection, they create an 

invisible film that bonds hairs together.
 [24]

 

Hair sprays were developed around the time of an aerosol can in the 1940s. The first hair 

spray used was shellac, a resinous material derived from insects to hold hair in place. It also 

produced a water-insoluble film that was difficult to wash out of the hair. Synthetic polymers 

into hair styling helped overcome this problem. The first to package it was Chase products 

(an aerosol manufacturer) in 1948. Historic beauty titan Helene Curtis coined the name 

“Hairspray” in 1950, with the release of her wildly successful product “Spray Net”. By 1964, 

hairspray was the most successful beauty product in the country, outselling even lipstick. 

However the late '60s into the '70s saw a drastic decline in hairspray sales. This was a result 

of a few factors like the popularity of "flower child" hair-styles in that era and it was 

discovered that aerosol cans contained Chlorofluoro Carbons (CFCs), which were harmful to 

the environment—particularly the ozone layer, as well as the women using the products. 

Before the 1970s, hair spray contained the propellant "vinyl chloride." This is a known 

carcinogen linked to cancer of the liver.  
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Eventually, new rules and regulations came forward for the improvement of these products, 

and CFCs were removed from aerosol cans completely and vinyl chloride was also replaced 

by other propellants. 

But by the 80s, Hairspray’s popularity came back. Today hairsprays are formulated as 

flexible, medium, and maximum hold, as there is much more of a liking towards natural hair 

styles.
 [25] 

The present work has been done with the aim to analyze the hairsprays present in the area or 

victim that can help in association of the victim or assailant in crime investigation. This is a 

preliminary study and not much is reported, particularly with reference to India. It is expected 

that it will provide significant information that will be useful in forensic investigations.  

2. Materials and Methods 

2.1)  Collection of samples: Eight (commonly used) hair sprays samples of 

different brands were collected from different beauty parlors and salons of 

Punjab. 

2.2) Chemicals and Solvents: The entire reagents were of Laboratory grade 

purchased from Merck, Mumbai. Silica Gel G was purchased from Merck, 

Mumbai for Thin layer chromatography. Aluminium per coated TLC plates with 

silica Gel 60 F254 (MERCK KGaA) of size 20×20 cm were used for HPTLC. 

2.3) Analytical Configuration: HPTLC CAMAG
®

 analytical station. It includes- 

(1) Applicator Linomat 5, (2) Wincat software, (3) TLC scanner 3. 

 

3. Results and Discussion 

In the present study, an attempt has been made to find a better solvent system for the 

separation of hairspray components. A total of thirty solvent systems were used to find out 

that with which solvent system separation is more suitable. The solvent systems used are 

given in Table 1. Out of these thirty solvent systems attempted eight solvents were selected as 
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it gave maximum separation of the components of hairspray and the visualization  done with 

the help of iodine fuming in case of thin layer chromatography and under UV (long and 

short) which in case of high performance thin layer chromatography. These selected eight 

best solvent systems are given in Table-2. 

Out of the eight selected suitable solvent systems, Solvent system [Carbon tetrachloride: 

Cyclohexane (90: 10)] is chosen for further HPTLC analysis of the hair sprays to separate the 

components as it gave better separation result. Using Solvent system [carbon tetrachloride: 

Cyclohexane (90: 10)], Berina gave 3 spots at hRf (16,47,54), Keabeen gave 3 spots at hRf 

(12,17,26), Nova gave 2 spots at hRf (12,27), Nova Gold 4 spots at hRf (9,14,57,98) and 

Swift gave 4 spots at hRf (30,42,48,57) while Ck, Gatsby and Sora Amore gave no results.  

Same Eight samples were subjected to High Performance Thin layer chromatography. Two 

solvent systems were selected based on the results of Thin layer chromatography i.e. Solvent 

system [Chloroform: Ethanol (90: 10) and Carbon tetrachloride: Cyclohexane (90: 10)]. 

HPTLC results obtained and visualized under UV light at 254 nm. Out of these two solvents 

system selected, solvent system Chloroform: Ethanol (90: 10) gave better results, separating 

two components of three samples out of six samples and one component of remaining five 

samples. Whereas, solvent system Chloroform: Ethanol (90: 10) gave no result. 

Using Solvent system Carbon tetrachloride: Cyclohexane  (90: 10),  Berina gave only one 

spot with hRf at 4, CK gave two spots at 3 and 16, Gatsby gave one spot at 3, Keabeen gave 

one spot at 3, Nova gave two spots at 4 and 60, Nova gold gave two spots at 3 and 9, Sora 

amore gave two spots at 2 and 4, while Swift gave two spots at 4 and 9 (Table-3), separating 

all the samples of hairsprays depending upon their polarity.  
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Fig. 1 -TLC result of solvent system S5 

Carbon tetrachloride: Cyclohexane (90: 10) 

 

Conclusion 

Eight hairspray samples were analyzed by thirty different solvent systems through TLC and 

by one of the best solvent system (from TLC results), through HPTLC. Solvent system 

[Carbon tetrachloride: Cyclohexane (90: 10)], is found to be the most suitable for the 

separation of components of hairsprays using TLC and HPTLC. From the results of thin layer 

chromatography and High performance thin layer chromatography it is concluded that 

different components of hair sprays could be separated using these techniques. In this study it 

was found that using the same solvent system for analysis of hair sprays using these 

techniques, the result of the separation of the components varies. It is interesting to note that 

components which could be separated by thin layer chromatography were separated using 

high performance thin layer chromatography. CK, Gatsby and Sora Amore gave no results 

using TLC, while Using HPTLC analysis gave better results. In this study a preliminary 

attempt has been made to separate the different components of hairsprays as the related 

information is not available. 

4. Conflict of Interest: None 

5. Source of funding: Self 

6. Acknowledgement: We are thankful to Sophisticated Instruments Centre, Punjabi 

University, Patiala for providing infrastructure to conduct the study. 



*Corresponding Author- Prof. (Dr. Rakesh Kumar Garg) 

Department of Forensic Science, Punjabi University, Patiala-147002 

Email- rkgvpbi11@yahoo.com 

Mobile- +91-9417522223 

 

7. References 

1. Casa, E. D. and Martone, G. (1986): A quantitative densitometric determination 

of heroin and cocaine samples by high-performance thin-layer chromatography. 

Forensic Sci. Int., 32(2): 117-120. 

2. Sharma, S. P., Purkait, B. C. and Lahiri, S. C. (2005): Qualitative and 

quantitative analysis of seized street drug samples and identification of source. 

Forensic Sci. Int., 152(2-3): 235-240. 

3. Wirasuta, I. M. A. G. (2012): Chemical profiling of ecstasy recovered from 

around Jakarta by High Performance Thin Layer Chromatography (HPTLC)-

densitometry. Egypt. J. Forensic Sci., 2: 97-104. 

4. Yonamine, M. Sampaio, M. C. (2006): A high-performance thin-layer 

chromatographic technique to screen cocaine in urine samples. Legal Medicine., 

8(3):184-187. 

5. Joshi, B., Verma, K. and Singh, J. (2013): A Comparison of Red Pigments in 

Different Lipsticks Using Thin Layer Chromatography (TLC). Anal Bioanal 

Chem., 4(1):1-4. 

6. Kaur, S., Singh, J. and Garg, R. K. (2009): Examination of Lip Glosses by Thin-

Layer Chromatography. J. Forensic Ident., 59(5): 525-536. 

7. Neumann, C. and Margot, P. (2009): New perspectives in the use of ink evidence 

in forensic science: Part I.Development of a quality assurance process for 

forensic ink analysis by HPTLC. Forensic Sci. Int., 185: 29-37. 

8. Neumann, C. and Margot, P. (2009): New perspectives in the use of ink evidence 

in forensic science Part II. Development and testing of mathematical algorithms 

for the automatic comparison of ink samples analysed by HPTLC. Forensic Sci. 

Int., 185: 38-50. 

9. Neumanna, C., Ramotowski, R. and Genessay. (2011): Forensic examination of 

ink by high-performance thin layer chromatography—The United States Secret 

Service Digital Ink Library. J. Chromatogr. A., 1218: 2793-2811. 

10. Tappolet, J. A. (1983): The high-performance thin layer chromatography 

(HPTLC). Its application to the examination of writing inks. Forensic Sci. Int., 

22(2-3): 99-109. 

http://www.sciencedirect.com/science/article/pii/S0379073804005912
http://www.sciencedirect.com/science/article/pii/S0379073804005912
http://www.sciencedirect.com/science/article/pii/S1344622305001616
http://www.sciencedirect.com/science/article/pii/S1344622305001616


*Corresponding Author- Prof. (Dr. Rakesh Kumar Garg) 

Department of Forensic Science, Punjabi University, Patiala-147002 

Email- rkgvpbi11@yahoo.com 

Mobile- +91-9417522223 

 

11. Acharya, N. S., Archarya, S. R., Shah, M. B. and Santani, D. D. (2012): 

Development of Pharmacognostical Parameters and Estimation of β-sitosterol 

using HPTLC in Roots of Gmelina arborea Roxb. Phcog J., 4(30): 1-9. 

12. Bouligand, J., Storme, T., Laville, I., Mercier, L., Oberlin, O., Vassal, G., 

Bourget, P. and Paci, A. (2005): Quality control and stability study using 

HPTLC: applications to cyclophosphamide in various pharmaceutical products. 

J. Pharm. Biomed. Anal., 38: 180-185. 

13. Deattu, N., Suseela, L. and Narayanan, N. (2013): Chromatographic analysis of 

polyherbal extract and formulation by HPTLC and GC-MS methods. J. Pharm. 

Res., 6: 6-10. 

14. Paci, A., Mercier, P. and Bourget, P. (2003): Identification and quantitation of 

antineoplastic compounds in chemotherapeutic infusion bags by use of HPTLC: 

application to the vinca-alkaloids. J. Pharm. Biomed. Anal., 30: 1603-1610. 

15. Wong, W. H., Naumovski, V. R., Li, K. M., Li, G. Q. and Chan, K. (2014): 

Differentiating Puerariae Lobatae Radix and Puerariae Thomsonii Radix using 

HPTLC coupled with multivariate classification analyses. J. Pharm. Biomed. 

Anal., 95: 11-19. 

16. Hariprasad, P. and Ramakrishnan, N. (2012): Chromatographic finger print 

analysis of Rumex vesicarius L. by HPTLC technique. Asian Pac J Trop 

Biomed., S57-S63. 

17. Alphonso, P. and Saraf, A. (2012): Chemical profile studies on the secondary 

metabolites of medicinally important plant Zanthoxylum rhetsa (Roxb.) DC 

using HPTLC. Asian Pac J Trop Biomed., S1293-S1298. 

18. Yamunadevi, M., Wesely, E. G. Johonson, M. (2011): Phytochemical studies on 

the terpenoids of medicinally important plant Aerva lanata L. using HPTLC. 

Asian Pac J Trop Biomed., S220-S225. 

19. Koussi, W. M. E., Atiaa, N. N., Mahmouda, A. M., Shabouri, S. R. E. (2014): 

HPTLC method for direct determination of gemifloxacin mesylate in human 

plasma.J. Chromatogr. B., 967: 98-101. 



*Corresponding Author- Prof. (Dr. Rakesh Kumar Garg) 

Department of Forensic Science, Punjabi University, Patiala-147002 

Email- rkgvpbi11@yahoo.com 

Mobile- +91-9417522223 

 

20. Lebot, T. K. T., Do, T. X. T. and Legendre, L. (2014): Detection of flavokavins 

(A, B, C) in cultivars of kava (Piper methysticum) using high performance thin 

layer chromatography (HPTLC). Food Chem., 151: 554-560. 

21. Salmon, C. N.A., Shaw, Y. A. B., Hibbert, S., Green, C., Smith, A. M. and 

Williams, L. A. D. (2012):  Characterisation of cultivars of Jamaican ginger 

(Zingiber officinale Roscoe) by HPTLC and HPLC. Food Chem., 131: 1517-

1522. 

22. Bergmann, M., Flance,  I. J.  and Blumenthal, H. T. (1958): Thesaurosis 

Following Inhalation of Hair Spray — A Clinical and Experimental Study. The 

new England journal of medicine, 258(10): 471-476. 

23. Rothe, H., Fautz, R., Gerber, E., Neumann, L., Rettinger, K., Schuh, W. and 

Gronewold. (2011): Special aspects of cosmetic spray safety evaluations: 

Principles on inhalation risk assessment. Toxicol let., 205(2): 97-104. 

24. http://www.madehow.com/Volume-7/Hairsproy.html 

25. http://www.stylelist.com/view/the-story-behind-hairspray/ 

 

 

http://www.madehow.com/Volume-7/Hairsproy.html
http://www.stylelist.com/view/the-story-behind-hairspray/


*Corresponding Author- Prof. (Dr. Rakesh Kumar Garg) 

Department of Forensic Science, Punjabi University, Patiala-147002 

Email- rkgvpbi11@yahoo.com 

Mobile- +91-9417522223 

 

Tables 

Table-1 Showing Solvent systems used in the present study 

Solvent 

System 

Codes 

Solvent System Ratio 

S1 Chloroform : Methanol 90 : 10 

S2 Cyclohexane ; Chloroform 80 : 20 

S3 Chloroform : Ethanol 90 : 10 

S4 Chloroform : n-Hexane 75 : 25 

S5 Carbon tetrachloride : Cyclohexane 90 : 10 

S6 Carbon tetrachloride : n-Hexane 75 : 25 

S7 Acetonitrile : Water 80 : 20 

S8 Hexane : Toluene : Acetic acid 50 : 50 : 2 

S9 Carbon tetrachloride : Ethanol 90 : 10 

S10 Carbon tetrachloride : Methanol 90 : 10 

S11 n-Hexane : Toluene : Chloroform 20 : 20 : 60 

S12 Acetonitrile : Methanol 80 : 20 

S13 Chloroform : Acetone 70 : 30 

S14 Chloroform : Benzene : Diethyl ether 80 : 10 : 10 

S15 Chloroform : Toluene : Acetonitrile 80 : 15 : 5 

S16 Dichloromethane : Cyclohexane : Ethanol 65 : 25 : 10 

S17 Dichloromethane : Toluene : Methanol 60 : 20 : 20 

S18 Dichloromethane : Cyclohexane 80 : 20 

S19 Dichloromethane : Toluene 80 : 20 

S20 Chloroform : Toluene 70 : 30 

S21 Dichloromethane : n-Hexane 70 : 30 

S22 Chloroform : Diethylamine 90 : 10 

S23 Chloroform : Methanol : Water 100 : 30 : 2 

S24 Chloroform : Methanol : Water : Acetic acid 50 : 3 : 30 : 8 

S25 Dichloroethane : Chloroform 60 : 40 

S26 Dichloroethane : Carbon tetrachloride 60 : 40 

S27 Dichloroethane : Ethanol 70 : 30 

S28 Dichloroethane : Methanol 70 : 30 

S29 Cyclohexane : Ethyl acetate 70 : 30 

S30 Chloroform : Ethyl acetate 80 : 20 
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Table-2 Showing Best solvent systems 

Solvent 

System 

Codes 

Solvent Systems Ratio 

S2 Cyclohexane ; Chloroform 80 : 20 

S3 Chloroform : Ethanol 90 : 10 

S5 Carbon tetrachloride: Cyclohexane 90: 10 

S7 Acetonitrile : Water 80 : 20 

S8 Hexane : Toluene : Acetic acid 50 : 50 : 2 

S9 Carbon tetrachloride : Ethanol 90 : 10 

S10 Carbon tetrachloride : Methanol 90 : 10 

S28 Dichloroethane : Methanol 70 : 30 
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Table-3 Showing Results of HPTLC of hairspray samples 

 

S. No Sample Peaks Rf 

1 Berina 1 4 

2 CK 1 3 

2 16 

3 Gatsby 1 3 

4 Keabeen 1 3 

5 Nova 1 4 

2 60 

6 Nova Gold 1 3 

2 9 

7 Sora amore 1 2 

2 4 

8 Swift 1 4 

2 9 


