
 

Supplementary materials  

Advancement in determination of phthalate metabolites by gas chromatography 
eliminating derivatization step 

 Experimental design – properties of target compounds 

Due to lack of literature data availability, physicochemical properties of monophthalates (vapor 
pressure, water solubility, octanol-water distribution coefficient) presented in Table S1 were 
obtained using the EPI™ suite software [U.S. EPA; Tienpont, 2004]. Theoretically calculated data 
regarding boiling points of MP were confirmed experimentally with reference to di-phthalates 
(DP). The obtained results are presented in the Figure S1. 

 

Figure S1. Evaluation of boiling points for studied phthalates 

 

Parent di-phthalate compounds have lower boiling points than their metabolites according to 
hydrogen bridging of the polar groups. Occurrence of free carboxylic acid group in monophthalates 
molecules is associated with their higher polar properties and solubility in water compared to their 
parent compounds. Also, as with di-phthalates, straight chain MPs show higher water solubility 
and lower octanol-water distribution coefficients than their branched-chain isomers. The solubility 
of hydrophobic compounds decreases with increasing temperatures [Tienpont, 2004; Thomsen et 
al., 1999]. As an example, water solubility for DEP varies from 1113 to 741 mg/L when the water 



temperature increases by 10 °C. In general, the Ko/w parameter (or hydrophobicity) increases 
proportionately to the molecular weight of monophthalates or the chain length. Additionally, in 
aqueous matrices, ionized monophthalates are fully solvated. The value of log Ko/w for the parent 
÷ metabolite pair is higher 1.2 and 1.6 times for DMP ÷ MMP and DnBP ÷ MnBP, respectively. 
Monophthalates selected for this study exhibit only limited volatility with vapor pressures ranged 
from 8.15∙10-7 to 2.39∙10-4 mm Hg at 25 °C. After metabolization of di-phthalates to mono-
products, their volatility decreases by one order of magnitude or even more (e.g. for DEP -> MEP 
vapor pressure changes from 2.54∙10-4 to 7.35∙10-5 mm Hg) [Tienpont, 2004].  

The selected polar monoesters contain a free acid functional group with active hydrogens, which 
have the tendency to form intermolecular hydrogen bonds. These hydrogen bonds affect the 
inherent volatility of those compounds, their tendency to interact with materials in the 
chromatographic system (e.g. GC capillary columns) which causes their irreversible or reversible 
adsorption and disturb thermal stability [Zaikin and Halket, 2003; Sobolevsky et al., 2003; Lin et 
al., 2008; Knapp, 1979]. As was mentioned, the derivatization process before GC analysis of trace 
levels of monoesters is mandatory to block their carboxylic functional group. However, for MEHP 
classical esterification methods used for fatty acids (e.g. BF3/KOH/H2SO4 and methanol) will lead 
to further hydrolysis with partial or complete formation of DMP [Tienpont, 2004]. On the other 
hand, some derivatization reagents also lead to partial hydrolysis of the di-esters and can therefore 
lead to an overestimation of the results. Most proposed derivatization protocols must be performed 
in anhydrous conditions which is associated with technical difficulties [Tienpont, 2004; Dirven et 
al., 1993; Suzuki et al., 2001]. 

 



TABLE S1. Basic physicochemical properties of studied monophthalates [U.S. EPA; Tienpont, 2004] 

Parent phthalate 

Dimethyl phthalate (DMP) Diethyl phthalate (DEP) Di-n-butyl phthalate (DnBP) 
Di-(2-ethylhexyl) phthalate 

(DEHP) 

    
Molecular weight [g mol-1]  194.2  222.4 278.4 390.6 

Hydrolytic monoester  
(primary metabolite  

of phthalate) 

Monomethyl phthalate (MMP) Monoethyl phthalate (MEP) Mono-n-butyl phthalate 
(MnBP) 

Mono-(2-ethylhexyl) phthalate 
(MEHP) 

    
Molecular formula C9H8O4    C10H10O4 C12H14O4 C16H22O4 

CAS No.  4376-18-5 2306-33-4 131-70-4 4376-20-9 
Physicochemical properties of monoester 

Molecular weight [g mol-1]  180.2  194.2 222.2 278.4 
Boiling point [°C] 316 329 353 393 
Melting point [°C] 82-84 n.a. 118 143 

Water solubility [mg L-1] at 25 °C 5958 1212 125.7 1.492 
log Ko/w 1.13 1.86 2.84 4.73 

log P 1.37 1.77-1.99 (1.66)  2.48-2.96 (2.72) 4.36-4.66 (4.66) 
Vp [mm Hg] at 25 °C 2.39∙10-4 7.35∙10-5 3.87∙10-5 8.15∙10-5 

Legend: log Ko/w - octanol-water distribution coefficient, log P - partition coefficient, Vp - vapor pressure, n.a. – not available 
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 The splitless injection process 

According to literature regarding GC theory1,2 [Grob and Barry, 2004; Biedermann, 2014; Grob Jr 
et al., 1978; Grob Jr and Grob, 1981], the splitless injection process undergoes the following steps: 

• initial GC oven temperature is set approximately 10-20 °C below the boiling point of the 
sample solvent (in this study: 50 °C as the initial oven temp. and boiling point of methanol is 65 
°C), 

• split vent line is turned off, the flow rate of carrier gas through injector is relatively slow 
and almost similar to flow rate through the chromatographic column (in this study: 2.8 mL/min 
instead of classical conditions of 1 mL/min), 

• sample (solvent with analytes) is introduced into a heated injection port as a liquid phase, 
nebulizes through rapid vaporization of solvent (which results in a local decrease of 
temperature) and monophthalates present in the aerosol phase, 

• the vaporized sample is transferred to the head of the column, where temperature is low 
enough to recondenseate the solvent wherein analytes re-dissolve in the form of a narrow band 
(in the presented experiment the sample was trapped at 50 °C). Additionally, the higher pressure 
applied in the injector compared to the column causes higher transfer rate of vaporized sample 
to the head of the column (suction effect),  

• the GC oven temperature program is set for a rapid increase (10 to 30 °C/min, in this study: 
12 °C/min) to allow proper analytes separation. 
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