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Substitution of acetonitrile (ACN) as organic modifier in mobile phases for liquid chromatography by
mixtures of propylene carbonate (PC) and ethanol (EtOH) may be considered a greener approach for
pharmaceutical applications. Such a replacement is achievable without any major compromise in terms
of elution order, chromatographic retention, efficiency and peak symmetry. This has been equally demon-
strated for reverse phase (RP), ion pair formation (IP) and hydrophilic interaction liquid chromatography
(HILIC) separation modes. The impact on the sensitivity induced by the replacement between these
organic solvents is discussed for UV-vis and mass spectrometric detection. A comparison between Van
Deemter plots obtained under elution conditions based on ACN and PC/EtOH is presented. The alternative
elution modes were also compared in terms of thermodynamic parameters, such as standard enthalpy
(AHO%)and entropic contributions to the partition between the mobile and the stationary phases, for some
model compounds. Van't Hoff plots demonstrated that differences between the thermodynamic param-
eters are minor when shifting from ACN/water to PC/EtOH/water elution on an octadecyl chemically
modified silicagel stationary phase. As long as large volume injection (LVI) of diluents non-miscible with
the mobile phase is a recently developed topic having a high potential of greening the sample preparation
procedures through elimination of the solvent evaporation stage, this feature was also assessed in the

case of ACN replacement by PC/EtOH.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

The green analytical chemistry concept was introduced in the
late nineties [1]. It refers to reduction or elimination of hazardous
chemicals from the analytical processes, equally obtaining high
throughput and saving energy, without any compromise of the
method’s performance criteria [2]. Because of its widespread appli-
cation in chemical analysis and use of high amounts of hazardous
organic solvents, liquid chromatography (LC) is a technique with
increased impact risks on environment and human health [3].
Important efforts have been paid to quantify the greenness of a
wide range of organic solvents [4,5]. Most LC solvents are volatile
organic compounds (VOCs) that can easily disperse in the environ-
ment, many of them exhibiting both acute and chronic toxicity.
Environmental, health and safety concerns (EHS) as well as the
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life cycle assessment (LCA) is the main criteria used for evaluat-
ing the greenness degree of an organic solvent. EHS properties of
a solvent may include its ozone depletion potential, biodegrad-
ability, toxicity and flammability [6]. Two main directions are
currently explored for transforming chromatography in a green
approach [7]: (a) reduction of solvent consumption through reduc-
ing columns internal diameters (from analytical to narrow or even
micro bore ranges) and particle sizes (from 5 to 3 or even sub-
2 wm)[8,9]; (b) replacement of acetonitrile and/or methanol in
the mobile phases by less harmful and environmental friendly
alternatives such as water [10], ethanol or iso-propanol [11], and
carbon dioxide (either in sub-critical or supercritical states)[12,13].
Propylene carbonate (R,S-4-methyl-1,3-dioxolan-2-one) is a car-
bonate ester derived from propylene glycol, synthesized by means
of more or less green processes [14-17], often used as a polar apro-
tic solvent in analytical chemistry and organic synthesis [18-20].
It is commercially available as HPLC grade solvent with reason-
able prices only as a racemic mixture. The uses of propylene
carbonate (PC) and methanol (MeOH) for replacement of acetoni-
trile (ACN) in reversed phase liquid chromatography (RPLC) was
recently reported [21-24]. However, the referenced works mainly
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chromatographic separation, and if possible, its addition should be
avoided.

4. Conclusions

Acetonitrile, as organic modifier of mobile phases, may be suc-
cessfully replaced by propylene carbonate alone or premixed with
ethanol. Reverse phase, ion pair and HILIC separation mechanisms
may be applied by shifting from acetonitrile to propylene car-
bonate/ethanol mixtures. Conversion from optimized conditions
under acetonitrile elution to propylene carbonate/ethanol elution
is simple and direct. The two elution alternatives also behave sim-
ilarly when considering the tolerability against inorganic buffers.
Due to a reduced mass transfer of analytes in propylene carbonate
based mobile phases, optimal flow rates (necessary for reach-
ing maximum of efficiency) are lower compared to acetonitrile
based mobile phases. Thermodynamic parameters describing par-
tition of analytes between mobile and stationary phases are similar
when shifting from acetonitrile to propylene carbonate/ethanol.
The possibility of making large volume injection of samples made
in diluents non-miscible with the mobile phase may be equally
considered for acetonitrile and propylene carbonate, without sig-
nificant differences. Replacement of acetonitrile by propylene
carbonate/ethanol mixtures in liquid chromatography is afford-
able and should be considered as a step toward greening analytical
chemistry, with some compromise in terms of performance criteria.
The compromise refers mostly to eluent’s miscibility, to the pres-
sure drop and to the increased duration of the separation to obtain
maximum of efficiency.

Acknowledgements

Authors acknowledge the financial support given by the Roma-
nian project PNII_LID_PCE_2011_.3_0152/C. no. 310/2011.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.jpba.2012.11.045.

References

[1] J. Namiesnik, Green analytical chemistry-some remarks, J. Sep. Sci. 24 (2001)
151-153.

[2] L.H. Keith, L.U. Gron, ].L. Young, Green analytical methodologies, Chem. Rev.
107 (2010) 2695-2708.

[3] M. de la Guardia, Green analytical chemistry, TrAC. Trends Anal. Chem. 29
(2010) 577.

[4] C.Capello, U. Fischer, K. Hungerbuhler, What is a green solvent? A comprehen-
sive framework for the environmental assessment of solvents, Green Chem. 9
(2007) 927-934.

[5] J.H. Clark, SJ. Tavener, Alternative solvents: shades of green, Org. Process Res.
Dev. 11 (2007) 149-155.

[6] A. Mohammad, H. Nazrul, Green eluents in chromatography, in: A.
Sharma, Mudhoo (Eds.), Chapter 13 in Green Chemistry for Environmental

Sustainability, CRC Press Taylor and Francis Group LLC, Boca Raton, Florida,
2011, pp. 285-303.

[7] T. Settineri, Going for greener LC-MS, The Column 8 (2012) 2-6.

[8] P. Sandra, G. Vanhoenacker, F. David, K. Sandra, A. Pereira, Green chromatog-
raphy (part 1): introduction and liquid chromatography, LC GC Eur. 23 (2010)
242-259.

[9] A. Zotou, An overview of recent advances in HPLC instrumentation, Cent. Eur.
J. Chem. 10 (2012) 554-569.

[10] R.M. Smith, Superheated water chromatography-a green technology for the
future, J. Chromatogr. A 1184 (2008) 441-455.

[11] P.D. Rainville, J.L.. Simeone, S.M. McCarthy, N.W. Smith, D. Cowan,
R.S. Plumb, Investigation of microbore UPLC and non-traditional mobile
phase compositions for bioanalytical LC-MS/MS, Bioanalysis 4 (2012)
1287-1297.

[12] P. Sandra, A. Pereira, F. David, M. Dunkie, C. Brunelli, Green chromatography
(part 2): the role of GC and SFC, LC GC Eur. 23 (2010) 396-405.

[13] L.T.Taylor, Supercritical fluid chromatography for the 21st century, J. Supercrit.
Fluids 47 (2009) 566-573.

[14] H. Yasuda, L.N. He, T. Sakakura, C. Hu, Efficient synthesis of cyclic carbonate
from carbon dioxide catalyzed by polyoxometalate: the remarkable effects of
metal substitution, J. Catal. 233 (2005) 119-122.

[15] S. Huang, J. Ma, J. Li, N. Zhao, W. Wei, Y. Sun, Efficient propylene carbonate
synthesis from propylene glycol and carbon dioxide via organic bases, Catal.
Commun. 9 (2008) 276-280.

[16] Z.Du, L. Liu, H. Yuan, ]. Xiong, B. Zhou, Y. Wu, Synthesis of propylene carbonate
from alcoholysis of urea catalyzed by modified hydroxyapatites, Chin. J. Catal.
31(2010) 371-373.

[17] X.Zhou, X. Yang, T. Chen, Y. Zhang, G. Wang, Synthesis of propylene carbonate
from carbon dioxide and o-chloropropanol, Chin. J. Catal. 30 (2009) 7-8.

[18] M. Vaher, M. Koel, Specific background electrolytes for non-aqueous capillary
electrophoresis, J. Chromatogr. A 1068 (2005) 83-88.

[19] B. Schéffner, J. Holz, S.P. Verevkin, A. Borner, Rhodium-catalyzed asymmetric
hydrogenation with self-assembling catalysts in propylene carbonate, Tetra-
hedron Lett. 49 (2008) 768-771.

[20] Y. Niu, W. Zhang, H. Li, X. Chen, J. Sun, X. Zhuang, X. Jing, Carbon
dioxide/propylene oxide coupling reaction catalyzed by chromium-salen com-
plexes, Polymer 50 (2009) 441-446.

[21] N. Varsha, B. Suvarna, V. Pratibha, M. Soni, B. Ashok, Replacement of ace-
tonitrile by mixtures of propylene carbonate and methanol as organic
modifier in mobile phases for RPLC separation mechanism: application
to the assay of Alprazolam and Sertraline in combined pharmaceutical
formulations, ]. Lig. Chromatogr. Related Technol. 35 (2012) 2643-2654,
http://dx.doi.org/10.1080/10826076.2011.637273.

[22] M. Soni, V. Pratibha, N. Varsha, B. Ashok, B. Suvarna, Introduction of a novel
binary solvent system for the determination of pesticides by high-performance
liquid chromatography with ultra violet detection, Int. ]. Res. Pharm. Sci. 1
(2011) 147-157.

[23] B.Suvarna, N. Varsha, V. Pratibha, M. Soni, B. Ashok, Prospective use of propyl-
ene carbonate as a mobile phase component in RP-HPLC, Int. J. Res. Pharm. Sci.
1(2011) 15-28.

[24] V.Pratibha, N. Varsha, B. Ashok, B. Suvarna, Significance of propylene carbonate
as a mobile phase component in estimation of aspirin and its impurities using
RP-HPLC, Int. J. Res. Pharm. Sci. 1 (2011) 29-40.

[25] A. Medvedovici, Vasile David, Victor David, C. Georgita, Retention phenomena
induced by large volume injection of solvents non-miscible with the mobile
phase in reversed phase liquid chromatography, J. Lig. Chromatogr. Related
Technol. 30 (2007) 199-213.

[26] S. Udrescu, A. Medvedovici, V. David, Effect of large volume injection of
hydrophobic solvents on the retention of less hydrophobic pharmaceutical
solutes in RP-LC, J. Sep. Sci. 31 (2008) 2939-2945.

[27] S. Udrescu, L.D. Sora, F. Albu, V. David, A. Medvedovici, Large volume injec-
tion of 1-octanol as sample diluent in reversed phase liquid chromatography:
application in bioanalysis for assaying of indapamide in whole blood, J. Pharm.
Biomed. Anal. 54 (2011) 1163-1172.

[28] A. Medvedovici, S. Udrescu, F. Albu, F. Tache, V. David, Large volume injec-
tion of sample diluents non-miscible with the mobile phase as an alternative
approach in sample preparation for bioanalysis: an application for fenspiride
bioequivalence, Bioanalysis 3 (2011) 1935-1947.



	Untitled



