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Monsieur Jourdain: Par ma fois, il y a plus de quarante ans que je dis de la 
prose, sans que j'en susse rien; et je suis le plus obligé du monde de m'avoir 
appris cela!

Everyone needs analytical chemistry (especially separation 
techniques), everyone makes analytical chemistry! What 
analytical chemists are still doing? Are they still useful?





Multidimensionality

Ortogonality 
(Comprehensivity)

Diferentiate distribution
(SFC, CEC, CCC, MECK)

Electromigration
(CZE, ITP, IEF)

Field fractionation
(FFF, CPC)

Sample Preparation

"Classic" Methods

Soxhlet, K&D, LLE,
ASE

Specific methods

GC

HS, P&T, 
SPME, SBSE

Automation
"On-line" 
coupling

LC

SPME, SLE, MSPD,
SPMD, SBSE, SLME, 

MMLLE,
In-tube SPME, SPDE, 

PSME, HFLPME, 
DLLME, TFC, SFE

Structural identification/confirmation

(DAD, FTIRD, AED-MIP, MSnD, ICP-MS, 
IMMS, NMR)

Universal detection

(ELSD, CAD)

Chemometric interpretation of 
data
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 Helium saver 
 Back-flushing 
system 

 EPC 
(constant flow; 
constant pressure; 
pulsed pressure) 

 TD 
 PTV 

 Immobilized stationary phases; 
 Bonded stationary phases; 
 Stationary phases for HT-GC. 

 HT-GC
 GC x GC
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 H
T-

LC
; 

 S
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l –
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C
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Stationary Phases; 
Morphology: 
 packings < 2 m; 
 monolithics; 
 hybride; 
 superficially porous; 
 restricted acces. 

S. Ph.; Surface chemistry: 
 polymeric (polar / non-polar); 
 end-capping; 
 zwiterionic; 
 mixed; 
 polar embeded; 
 molecularly imprinted. 
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Atmospheric pressure ion sources: 
 
 ESI;   CIS;  APCI;  APPI;  SSI; 
 LSI.

Mass analyzers 
 ES/MS;  ToF;  Q; 
 IT;  OIT;, LIT;  ICR. 

Multiple stage MS 
 Q/Q;  Q/ToF; 
 ToF/ToF;  OIT/ICR; 
 Q/LIT;  (IT)n. 

Functioning modes / 
data interpretation: 
 Full Scan;  SIM;  MID;  EIC; 
 Precursor Ion Scan; 
 Product Ion Scan; 
 Neutral Scan Loss; 
 SRM;  MRM. 

GC 

LC 
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Not listed as VOC
Readily biodegradable
Not flammable
Available as highly purified solvent

Tache F, Udrescu S, Albu F, Micǎle F, Medvedovici A. Greening pharmaceutical applications of liquid 
chromatography through using propylene carbonate-ethanol mixtures instead of acetonitrile as organic modifier 
in the mobile phases. J Pharm Biomed Anal. 2013;75:230-8.

Only mixtures PC/EtOH are fully miscible with water



Chromatographic column: 
Zorbax SB-C18, 5 cm L x 
4.6 mm i.d. x 1.8 m d.p.
Column temperature: 70 oC

Solvent A: Organic modifier 
(ACN or PC/EtOH 7/3)

Solvent B: aqueous Sodium 
heptane sulphonate 15 mM 
and 0.1% H3PO4

Elution: Isocratic; Solvent A / 
Solvent B = 25 / 75 (v/v)

Flow rate: 2 mL/min; 

Detection: UV, 273 nm
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Solv. A = PC / EtOH = 7 / 3 (v/v)

Solv. A = ACN
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ACN / H2O / aq. 100 mM CH3COONH4 pH 5.8 = 95 / 5 / 5 (v/v/v) 

PC / EtOH / aq. 100 mM CH3COONH4 pH 5.8 = 89 / 4.1 / 6.9 (v/v/v) 

Chromatographic Column: 

Luna 3u HILIC, 

150 mm L x 2 mm i.d. x 3 m d.p. 

Column temperature: 25 oC 

Elution: Isocratic 

Flow rate = 0.15 mL/min

N      = 7516 

Sym. = 0.75 
N      = 5481 

Sym. = 0.55 

N      = 4960 

Sym. = 0.57 

N      = 2452 

Sym. = 0.56 N      = 2621 

Sym. = 0.45 

N      = 3131 

Sym. = 0.43 
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Micǎle F., Albu F., Iorgulescu E.E., Medvedovici A., Tache F. Ethyl lactate as a greener alternative in RPLC: a 
realistic appraisal. J Chromatogr. Sci. submitted.

Not listed as VOC
Readily biodegradable
Not flammable
Fully miscible with water

Not commercially available as LC grade solvent!
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NN +

N N+

N N+
NN +

AH+

AH+

Electrostatic repulsion

Electrostatic repulsion

Eliminating residual silanol's activity



Target compounds (threshold limit ~ 5 ppm)
CH3

NH2

OH

                Norephedrine
[(1R,2S)-2-amino-1-phenylpropane-1-ol]
                    (NORE)

NH2

CH3

OH

    Cathine (Norpseudoephedrine)
[(1S,2S)-2-amino-1-phenylpropane-1-ol]
                       (CAT)

NH
CH3

CH3

OH

                        Ephedrine
[(1R,2S)-2-methylamino-1-phenylpropane-1-ol]
                            (EFE)

NH
CH3

CH3

OH

                 Pseudoephedrine
[(1S,2S)-2-methylamino-1-phenylpropane-1-ol]
                          (PEFE)

N
CH3

CH3

CH3

OH

                      N-methylephedrine
[(1R,2S)-2-dimethylamino-1-phenylpropane-1-ol]
                                (NEFE)

N
N

NH2 CH3

CH3
O

                     IS - 4-aminoantipyrine
4-amino-2,3-dimethyl-1-phenyl-3-pirazoline-5-onea
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CATNORE EFE PEFE

NEFE

CAT
NORE

EFE PEFE
NEFE

A

B

Separation on C18 stationary phase (strong end capping) with 90% aqueous (15 mM 
BMIm – N(Tf)2 at pH 3) and 10% MeOH  mobile phase

Separation on C18 stationary phase (strong end capping) with 100% aqueous mobile 
phase (0.1% H3PO4) 



I.S.

CAT

PEFE

EFE NEFE

NORE

Need for additional interactions (i.e. - ion pairing)
Separation on Phenyl stationary phase with 72% aqueous (15 mM 

HFBA) and 28% MeOH mobile phase; MS/MS detection.



CAT

NORE

EFE

PEFE

NEFE

RP on C18 with strongly alkaline mobile phase
(pH = 10.5)



OASIS

OASIS

PUROSPHER

PUROSPHER

Urine
vol = 1000 µL

Vortex
t = 5 min.

speed = 2000 rpm

Centrifuge
Temp.= 25°C
Time = 5 min.

speed = 12000 rpm

I.S. stock solution
4-aminoantipyrin

conc.I.S. = 100 µg/mL
vol = 50 µL

solvent = methanol

Transfer supernatant to vial
Inject 100 L

10% TEA
vol = 50 µL

solvent = methanol

OASIS - vinyl pyrrolidone / divinyl benzene copolymer



For achieving LVI in LC, 
the sample diluent should 
be entirely miscible to and 

weaker than the mobile 
phase composition at the 

beginning of the 
separation process.
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100 L injection in Heptane – UV (270 nm)

Chromatographic Column: Zorbax SB-C18 column
(50 mm L x 4.6 mm i.d. x 1.8 µm d.p.)

Column temperature: 25 °C
Mobile phase: ACN / H2O 40 / 60 (v/v)
Flow rate: 1.5 mL/min
Elution: isocratic
Detection: UV 270 nm
Injection volumes: 100 L

Analytes: Methyl, Ethyl, Propyl, Butyl, Pentyl, 
Hexyl, Octyl Parabens
Diluents: Hexane, Heptane, iso-Octane, 
Decane,   Dodecane
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y = -411.11x + 140.45
R2 = 0.9994

y = -93.271x + 35.956
R2 = 0.9992

y = -44.822x + 18.093
R2 = 0.9991

y = -21.925x + 9.0938
R2 = 0.9993

y = -10.715x + 4.5966
R2 = 0.9988

y = -5.045x + 2.3482
R2 = 0.9969

y = -2.2946x + 1.2665
R2 = 0.9928
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A(D)  A(M.Ph.)      [1] 
 

A(M.Ph.) + L(S.Ph.)  A*L(S.Ph.)   [2]  
     

if assuming [D] >> [A] and log PD > log PA 
 

i D(M.Ph.) + L(S.Ph.)  Di*L(S.Ph.)  [3] 
 
 

[1]    ;  [2]    ;  [3]    ; 
 
 

kA = KA x V’S.Ph./VM.Ph. 
the V’S.Ph. available for A is a fraction of VS.Ph., 

more precisely (VS.Ph. - V), where V =  x Vinj
D,  where  is a constant 

 
kA = KA x VS.Ph./VM.Ph. – (KA x /VM.Ph.) x Vinj

D 

A. Medvedovici, Victor David, Vasile David, C. Georgita, Retention phenomena induced by LVI of solvents 
non-miscible with the mobile phase in RPLC, J. Liq. Chromatogr. Relat. Technol., 30, 199-213 (2007). 
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K = LLE distribution constant of A between M.Ph. and D;
 = reduced injection volume;
 = inflation factor;
S0 = M.Ph. cross section;
S2 = D cross section after M.Ph. penetration through the plug;

K < 2 x S/S0 x K0
S = S.Ph. cross section;
K0 = chromatographic

equilibrium constant



  
1. The on-line RP-SLE model fits better to experimental observations compared to the 

competitive adsorption model. 
 
2. The non-miscibility of the diluent with the mobile phase seems to play the most important role 

compared to the relationship between the hydrophobic characteristics of the diluent and 
analytes. 

 
3. The kinetic of the LLE process is less important for analytes having an increased hydrophobic 

character, as long as the “free” stationary phase will refocus them. 
 
4. For analytes having hydrophilic character, band compression is achieved during running 

M.Ph. channel formation through the diluent plug. 
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Metamizole sodium
          (MTZ)
  log Dow (pH=3)
          -2.24
     500 mg/mL
  500 X dilution

  Metamizole Imp. C
            (MTC)
  Log Dow (pH=3)
             0.76
(max. 3.5% from MTZ)
       (17.5 mg/mL)
        25 X dilution

Fenpiverine Bromide
           (FPB)
   Log Dow (pH=3)
            -0.56
         20 ug/mL
   IP-LLE+RP-SLE

Pitofenone Hydrochloride
              (PTF)
     Log Dow (pH=3)
              0.66
          2 mg/mL
      25 X dilution

Polar Compounds! 
 

Opposite ion pairing characteristics! 
 

Tailing favored by increased interaction to residual silanols! 
 

Quantitatively uncompensated mixture: 
(MTZ/FPB = 1/25,000; PTF/FPB = 1/100; MTZ/PTF = 1/250)

T. Galaon, M. Radulescu, V. David, A. Medvedovici, use of an immiscible diluent in ionic-liquid / ion-
pair LC for the assay of an injectable analgesic, Cent.Eur. J. Chem., 10(4), 1360-1368 (2012). 
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Column: Luna C8(2): 150 mm x 4.6 mm x 5 m; 

T oC = 25 oC; 

Organic modifier: MeOH; 

Aqueous component: 

aq. 10 mM SHS + 10 mM BMP-TFB at pH=3 with 

H3PO4 ; 

Elution mode: Isocratic, Org./Aq. 48/52 (v/v) 

Detection: 
UV 290 nm (MTZ, MTC, PTF); UV 220 nm (FPB) 

Vinj = 20 L (for FPB); 

Diluent : 1-Octanol 

SHS = sodium hexane sulfonate 

BMP-TFB = 1-butyl 1-methyl pyrrolidinium 

tetrafluoroborate  
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1-Octanol 
Vol = 1000 µL 

Centrifuge 
Temp.= 25°C 
Time = 5 min. 

Speed = 14000 rpm 

 
Injectable Solution 

Vol = 500 µL 

Transfer organic layer to vial 
Vol = 500 µL 

Vortex
t = 10 sec. 

Speed = 2000 rpm 

Inject
Vinj = 20 µL 

 

Britton Robinson 
Buffer pH=10.4 

Vol = 250 µL 

 

30 mM aq. Picric 
Acid Solution 
Vol = 250 µL 

Vortex 
t = 10 min. 

Speed = 2000 rpm 



 

MTZ residual extraction in 1-Octanol 

Blank 
Matrix 

Sample
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PTF

Picric acid 
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# Analyte/s Matrix Non-miscible 

diluent/extractant 
Purpose 

1 Fenspiride Human 
Plasma 1-octanol bioequivalence 

2 Enalapril & 
Enalaprilat 

Human 
Plasma 1-octanol bioequivalence, 

greening approach (PC)

3 Simvastatin & 
simvastatic acid 

Human 
Plasma limonene bioequivalence 

4 Indapamide Whole 
blood 1-octanol bioequivalence 

 

 C h e re g i M ,  A lb u  F ,  U d re s c u  Ş ,  R ? d u c a n u  N ,  M e d v e d o v ic i A .  G re e n e r  b io a n a ly t ic a l a p p ro a c h  fo r  L C / M S -M S  a ss a y  o f  
e n a la p r i l  a n d  e n a la p r i la t  in  h u m a n  p la s m a  w ith  to ta l r e p la c e m e n t  o f  a c e to n it r i le  th ro u g h o u t  a l l  a n a ly t ic a l  s ta g e s .  
J o u rn a l o f  C h ro m a to g r a p h y  B :  A n a ly t ic a l T e c h n o l o g ie s  in  t h e  B io m e d ic a l a n d  L ife  S c ie n c e s .  2 0 1 3 ;9 2 7 : 1 2 4 -3 2 .  
 
M e d v e d o v ic i A ,  U d re s c u  S ,  D a v id  V .  U s e  o f  a  g re e n  (b io )  s o lv e n t  -  l im o n e n e  -  a s  e x t r a c ta n t  a n d  im m is c ib le  d i lu e n t  fo r  
la rg e  v o lu m e  in je c t io n  in  th e  R P L C -ta n d e m  M S  a s s a y  o f  s ta t in s  a n d  re la te d  m e ta b o li te s  in  h u m a n  p la s m a .  
B io m e d ic a l C h ro m a to g ra p h y .  2 0 1 3 ;2 7 (1 ) :4 8 -5 7 .  
 
M e d v e d o v ic i A ,  U d re s c u  S ,  A lb u  F ,  T a c h e  F ,  D a v id  V .  L a rg e -v o lu m e  in je c tio n  o f  s a m p le  d i lu e n ts  n o t  m is c ib le  w ith  th e  
m o b ile  p h a s e  a s  a n  a l te rn a t iv e  a p p ro a c h  in  s a m p le  p re p a ra t io n  fo r  b i o a n a ly s is : A n  a p p lic a t io n  fo r fe n s p ir id e  
b io e q u iv a le n c e .  B io a n a ly s is .  2 0 1 1 ;3 (1 7 ) : 1 9 3 5 -4 7 .  
 
U d re s cu  S ,  S o ra  ID ,  A lb u  F ,  D a v id  V ,  M e d v e d o v ic i A .  L a rg e  v o lu m e  in je c t io n  o f  1 -o c ta n o l a s  s a m p le  d i lu e n t  in  
r e v e rs e d  p h a se  l iq u id  c h ro m a to g ra p h y :  A p p lic a t io n  in  b io a n a lys is  fo r a s s a y in g  o f  in d a p a m id e  in  w h o le  b lo o d .  J  
P h a rm  B io m e d  A n a l.  2 0 1 1 ;5 4 (5 ) :1 1 6 3 -7 2 .  



 

JOJOBA Seeds (Simmondsia Chinesis), orig. Sonora Desert – U.S.

H2C

HC

H2C

O

O

O

C

CO

C

Ri

Rj

Rk

O

O

Ri C

O

O Rj

Ci:n-COO-Cj:m 

 Jojoba Oil / Hydrolysis 

Fatty Acids Fatty Alcohols 
Methylation 

GC Analysis 

OV-1; Carbowax; CN  
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Column Spherisorb BDS 25 cm x 2.0 mm x 5 m
M. Phase MeOH / Acetone / Hexane : 2 / 1 / 1 
Elution Isocratic
Flow 0.2 mL/min
AgNO3 flow 10 L/min (post column)
Vol. Inj. 10 L
MS (+) mode
Gas Temp. 200 °C
Gas Flow 12 L/min
Nebulizing P. 45 psi
Cap. Voltage 5 kV
Mass Scan 100-800 m/e
CID Voltage 290 V

RETENTION RULE
Acc. to ECN (Equivalent Chain Number)

ECN = CN – 2 NDB
Ex.
CxH2x  CN = x; NDB = 1; ECN = x-1
C(i+2):2 elutes before Ci:1





Analysis of jojoba oil by LC-coordination ion spray-MS (LC-CIS-MS) Medvedovici A, Lazou K, 
d'Oosterlinck A, Zhao Y, Sandra P, J. Sep. Sci., 25 (2002) 173-178.
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 Sandra P, Medvedovici A, Kot A, David F, in Packed Column Supercritical Fluid 
Chromatography, (C. Berger; K. Anton Eds.) Marcel Dekker Publishing Inc., pg. 369 – 401 
(1997). 
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