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Both reversed-phase and ion-pair retention mechanisms of amiodarone, desethylamiodarone and two other related 

compounds were studied by liquid chromatography. The presence of two iodine atoms in the molecules of these four 

substances results in a different retention behavior in comparison with many other organic compounds without iodine 

atoms in their structure. Different mobile phase compositions were studied, and the retention dependence on temperature 

was used to estimate the main thermodynamic parameters: the enthalpy and entropy of the partition process of analytes 

between mobile and stationary phases. 

INTRODUCTION 

Amiodarone hydrochloride, [2-butyl-3-benzofuranyl-4-[2-(diethylamino)-ethoxy]-3,5-diiodophenyl 

ketone hydrochloride, belongs to a new class of antiarrhythmic drugs.1 In order to determine this drug and 

its main metabolite compound (desethylamiodarone) in biological fluids, a robust and sensitive 

chromatographic method is necessary, so that to be able to reach a quantification limit of several ppb trace 

and to assure the selectivity of the process. The literature reports several possibilities to determine 

amiodarone and desethylamiodarone in plasma samples, but they are mainly focused on sample preparation 

procedure. Most of the methods are based on a reversed-phase (RP) mechanism for the LC separation and 

determination of amiodarone and its metabolite (desethylamiodarone) in plasma samples processed by 

liquid-liquid or solid-phase extractions; octadecyl-silica columns have been widely used,2–8 but also octyl-

silica columns have been mentioned.9,10 The normal-phase retention mechanism has been also reported.11,12 

In RP-LC, the addition of an alkaline agent to the mobile phase is quite common, despite of the severe 

reduction of the stationary phase life-time. In such situations, saturation pre-column is often required in 

order to maintain as long as possible the correct chromatographic behavior of the chemically modified 

silicagel. On the other hand, an alkaline additivated mobile phase increases the chromatographic retention, 

and obviously, the content of the organic solvent in the mobile phase increases, in order to avoid a long 

duration of the chromatographic run. 

Although this drug has been extensively studied in the literature, its determination in more or less 

complex samples by means of LC techniques is however difficult, mainly when the determination at low ppb 

level concentration in biological fluids is necessary. Therefore, it is the aim of this paper to study the 

chromatographic behavior of amiodarone, desethylamiodarone and two related compounds found in a 

synthetic mixture by both LC mechanisms (reversed-phase and ion-pair) in view of being applied to the 

determination of amiodarone and desethylamiodarone in complex samples. 

–––––––––––––– 
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EXPERIMENTAL 

Instrumentation 

The HPLC experiments were performed using an Agilent liquid chromatograph consisting in a quaternary pump, solvent 

degasser, autosampler, column oven and diode-array detector (DAD). Chromatographic data were acquired by means of Chemstation 

software (Agilent Technologies). 

An Inertsil 5 ODS-2 column (Varian), 150 × 4.6 mm and 5 µm particle size, protected by a guard column (ChromGuard 

HPLC Column SS 10 × 3 mm) was used. An isocratic elution was applied with a constant flow rate of 1.0 mL/min, at 25°C 

(excepting the experiments when the dependence of retention on temperature was studied). 

Injection was done automatically, with volume of 10 µL. The chromatograms were monitored by diode-array detector (DAD) 

at 242 nm ± 2 nm, with the reference wavelength at 480 ± 10 nm. 

Materials 

Water, methanol, acetonitrile and tetrahydrofurane used in this study were HPLC grade. Sodium phosphate, phosphoric acid, 

acetic acid, sodium 1-octanesulfonate and n-butylamine were p.a. grade from Merck. 

Due to the lack of desethylamiodarone on the market, a synthesis of this metabolite from the initial compound (amiodarone) was 

applied. During the synthesis process four major compounds were obtained. Their structures are given in Fig. 1. The content of these 

species in the synthesis mixture was following: 60% desethylamiodarone, 20% phenol-derivative, 10% amiodarone, and 10% cyan-derivative. 

A solution containing amiodarone (0.5 µg/mL), desethylamiodarone (3 µg/mL), phenol-derivative (1 µg/mL) and cyan-

derivative (0.5 µg/mL) in methanol was prepared and used for the LC experiments. 
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Fig. 1 – Structures of amiodarone (I) and its main related compounds. 

  I – 2-butyl-3-(3,5-diiodo-4.β-diethylaminoethoxybenzoyl) benzofurane; 

 II – desethylamiodarone: 2-butyl-3-(3,5-diiodo-4.β-ethylaminoethoxybenzoyl) benzofurane; 

III – cyan-derivative: 2-butyl-3-(3,5-diiodo-4.β-cyano-4β-ethylaminoethoxybenzoyl) benzofurane; 

IV – phenol-derivative: 2-butyl-3-(4-hydroxy-3,5-di-iodobenzoyl) benzofurane. 

RESULTS  AND  DISCUSSION 

The presence of two iodine atoms in the molecule of these four substances determines a different 

retention behavior in comparison with many other organic compounds having no such atoms in their 
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structure. In order to develop a method of determining amiodarone and desethylamiodarone in biological 

matrices, the presence had to be taken into consideration of the other two major derivatives in samples, 

obtained during the desethylation process. Thefore, these four compounds were studied by two mechanisms: 

A) reversed-phase mechanism, and B) ion-pair mechanism, using sodium octanesulfonate as an ion-pair 

agent, which could interact with the N-atom. The results given below refer only to the main parameters 

involved in the chromatographic processes. 

A) Reversed-phase mechanism 

Influence of the pH of the aqueous component in the mobile phase for the RP-mechanism 

In the reversed-phase mechanism the retention and peak symmetry for ionizable compounds are 

drastically influenced by the pH of the aqueous constituent of the mobile phase (Table 1). In the acidic 

interval, for instance, the symmetry of the peak corresponding to amiodarone increases as the pH-value 

decreases. Shifting to the alkaline domain, peak symmetry is improved, but also a significant increase of the 

retention can be observed. 

Table 1 

Retention data for amiodarone by the RP-mechanism depending on the pH of the aqueous component in the mobile phase 

Parameter pH = 3 pH = 4 pH = 5 pH = 11.3 

Capacity factor 4.135 7.534 7.191 3.845 

Symmetry (10% height) 1.814 2.130 2.879 1.636 

Efficiency (plates/column) 3214 3031 2660 5993 

Mobile phase composition 
25% aqueous buffer solution 

75% CH3OH 

9.8% aq. solution* 

90.2% mixture CH3CN/THF = 900:20 

* obtained from 0.3 mL solution 1N CH3COOH and 0.4 mL n-butylamine to 100 mL with HPLC grade water. 

The dependence of retention for all four compounds on the pH-value of the aqueous component is also 

related to the nature of the organic modifier, as discussed further. 

Dependence of retention on the organic modifier content in RP-LC 

According to previous data, a good chromatographic separation of amiodarone could be obtained at the 

extreme values of the pH interval usually used in LC (down to pH = 3 or higher than 9). However, such 

extreme pH-values are not favorable for the life-time of the analytical column, and therefore could not be 

taken into consideration for a final routine procedure. For studying the dependence of retention on the 

organic modifier concentration into mobile phase two pH-values of the aqueous component in the mobile 

phase were used (3 and 5). 

At pH = 3 the logarithm of the capacity factors characterizing the retention of amiodarone and 

phenol-derivative were not linearly dependent on the percentage of methanol in the mobile phase, except 

for a narrow interval around 40% CH3OH. Such behavior is not useful for validation of the method by 

robustness, because small variations of the methanol content in the mobile phase can induce significant 

variation in the chromatographic response of these analytes. These dependences are given in Fig. 2. The 

quadratic dependences of the logarithm of the capacity factor on the methanol content in the organic 

constituent of the mobile phase lead to the conclusion that the retention mechanism may be affected by 

serious changes by modifying the mobile phase composition. By modifying the pH of the aqueous 

constituent in the mobile phase to a higher value (5 instead of 3), higher changes in the previous 

functional dependencies could be observed. The use of acetonitrile as organic modifier has as result a 
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similar behavior of the analytes of interest; in this case the quadratic dependences were obtained for 

desethylamiodarone and cyano-derivative. 

-10 0 10 20 30 40 50 60 70 80

0.70

0.75

0.80

0.85

0.90

0.95

1.00

1.05

1.10

r = 0.99925

lgk' = 0.73 + 0.0015C
m
 +4.37 10

-5
C

2

m

Phenol derivative

lg
k
'

Methanol conc. (%)

0 10 20 30 40 50 60 70 80

0.1

0.2

0.3

0.4

0.5

0.6

0.7

r = 0.9987

Amiodarone

lgk' = 0.153 + 0.0095C
m
 - 3.63 10

-5
C

2

m

lg
k
'

Methanol Conc. (C
m
%)

20 25 30 35 40 45 50 55

0.1

0.2

0.3

0.4

0.5

0.6

0.7

lg
k
'

Methanol Conc. (C
m
%)

 

Fig. 2 – Dependence of ln k′ of amiodarone and phenol-derivative on the methanol concentration in the mobile phase. 

In conclusion, the reversed-phase liquid chromatography applied to the separation of amiodarone and 

its related compounds can be applied, but with a low chance for the parameter of the method robustness 

(organic modifier content into the mobile phase) to be entirely achieved. 

Thermodynamic treatment of the retention of amiodarone and its congeners 

The distribution of an analyte between mobile and stationary phases is controlled by the standard free 

enthalpy (∆G0). The relationship between ∆G0 and the distribution coefficient of the analyte i between the 

two phases (Ki), and finally in terms of the retention data is following: 
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∆−
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The phase ratio β (mobile phase volume/stationary phase volume) does not vary with temperature, the 

only parameter that varies with this parameter being the capacity factor ik′ . By changing ∆G0 with the 

enthalpy and entropy of transfer of the solutes from the mobile phase to the stationary phase, these 

thermodynamic parameters can be calculated from retention data by evaluation of van’t Hoff plots. Thus, the 

retention factor can be expressed in terms of standard enthalpies and entropies of transfer from the mobile to 

the stationary phase according to the following relationship:13 

 
0 0

ln lnH Sk
RT R

∆ ∆′ = − + − β  (2) 

The enthalpy (∆H0) refers to the transfer of the analyte from the mobile phase to the stationary phase. 

Entropy (∆S0) represents the entropy change of the system (between the mobile and stationary phase). R is 

the gas constant (8.314 J⋅K–1⋅mole–1). A plot of lnk′ vs. 1/T (known as van’t Hoff plot) is linear, if ∆H0 and 

∆S0 are independent of temperature. The slope of the van’t Hoff plot gives the standard enthalpies of 

transfer; the standard entropies of transfer are calculated from the intercept and depend on the phase ratio. 

The plots of lnk′ vs 1/T in the temperature interval of 25–60°C for amiodarone and its related compounds 

were studied by means of the linear regression. Then ∆H0 and ∆S0 were estimated by means of the 
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regression parameters and given in Table 2. lnβ was taken as 0.405, considering that usually the porosity 

volume of a chromatographic column represents approximately 0.4 from the entire volume.14 

However, the retention dependence of amiodarone on the column temperature in RP-LC could be 

better fitted by a polynomial regression, as can be seen from Fig. 3. This dependence proves that the ratio 

between 

Table 2 

Regression parameters for the dependence of retention on temperature and the main thermodynamic parameters  

for amiodarone and its related compounds 

Analyte Regression parameters Thermodynamic parameters 

 a b r ∆H0, (kJ⋅mol–1) ∆S0, (J⋅mol–1⋅K–1) 

Amiodarone –2.318 1183.94 0.9904 –9.85 –22.64 

Desetylamiodarone –0.746 873.80 0.9991 –7.26 –9.57 

Phenol–derivative –2.068 1319.75 0.9971 –10.98 –20.56 

Cyano–derivative –1.568 1215.17 0.9989 –10.11 –16.40 

 

Fig. 3 – Polynomial fitted curve for the 

retention dependence of amiodarone on 

the column absolute temperature in  

                           RP-LC. 
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 hydrophobic interaction of the analyte with the stationary phase and electrostatic interactions in the mobile 

phase is modified with the increase of temperature. In spite of their similar structures, amiodarone and 

desethylamiodarone behaved differently. Both thermodynamic parameters differ significantly, although their 

retention mechanism might be controlled by the same magnitude of hydrophobic interactions taking place on 

the surface of the stationary phase. The lowest entropy change between the mobile and stationary phase that 

characterizes the retention of desethylamiodarone in comparison with the other related compounds shows 

that the disorder degree is less affected by this process. From this point of view amiodarone seems to lose 

the highest “amount” of disorder. However, in all four cases, the entropy change does not play a significant 

role in the partition process.15–17 

B) Ion-pair mechanism 

Influence of the aqueous constituent pH in the mobile phase 
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The pH of the aqueous constituent of the mobile phase plays a major role in the IP-mechanism.18 This 

parameter can induce major changes in the retention behavior of the analytes that interact with the proton to 

give rise to ion-pair (i.e. amiodarone and desethylamiodarone), as well as in the retention of the other two 

analytes that do not produce ion-pairs (compound IV and less the compound III). It is expected that the pH 

value of the aqueous constituent in the mobile phase may induce strong modifications of the overall aspect 

of the chromatographic data. Nevertheless, the experimental facts in this mechanism have been in contrast 

with the prediction of the theoretic knowledge of this mechanism. 

Thus, the retention of amiodarone is described by a sigmoidal equation, while desethylamiodarone 

keeps a constant behavior by modifying the pH value of the aqueous component. Such different behavior 

can not be explained by the simple absence of an ethyl group in the desethylamiodarone structure: its less 

steric hindrance to the N-atom favors the possibility of bounding a proton to the amino group without 

difficulty. 

The elution dependence for the phenol-derivative is obvious, and similar to the reversed-phase 

mechanism. At lower pH values, the phenol-derivative exists as an undissociated form, and consequently the 

polarity of its molecule is low, resulting in a higher retention. Increasing the pH, the equilibrium between 

phenol and phenolate is shifted toward the ionic phenolate form, increase of polarity and thus the decrease 

of retention. The apparent pKa of the phenol-derivative seems to be placed in the interval 3–4. For pH < 3, 

the phenol-derivative mainly exists as an undissociated form, while for pH > 4, the dissociated phenolate 

form begins to be predominant. For cyan-derivative, the elution behavior is also normal, having a low 

basicity due to the cyan functional group bound to the N-atom. However, once the equilibrium is shifted 

towards the formation of the ion pair aggregates, the retention is increased; the pH interval ranging from 2 to 

6 seems to have no effect on its ion pair formation. Consequently, retention is not affected in this pH range. 

A global representation of the dependence of the retention time values on the pH-values of the aqueous 

component in the mobile phase determined for amiodarone and its related compounds is given in Fig. 4. 

In all cases the length of the chain of the ion-pair agent does not influence the retention significantly. 

C5 to C8 alkylsulfonates at different concentrations (5–20 mM) were studied as ion-pair agents, yielding 

similar results and producing acceptable pressure in the system. From this point of view, these parameters 

are not critical for the robustness of method. 
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Fig. 4 – Retention dependence in IP-LC on 

the pH of the aqueous component from the 

                        mobile phase. 

Dependence of retention on the organic modifier content in IP-LC 
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In accordance with the theoretical treatment of the ion-pair mechanism, the organic modifier plays also 

a major role in this mechanism. Methanol was used as an organic modifier due to the fact that it influences 

the retention of all four analytes. Unlike the RP-LC mechanism acetonitrile produced quadratic dependences 

of lnk′ for amiodarone and phenol-derivative in dependence on its concentration in the mobile phase. 

Nevertheless, a linear dependence of lnk′ for all four analytes and methanol concentration in the mobile 

phase was observed only in the range 75–85%. The parameters of the corresponding linear regressions are 

given in Table 3, where however very good correlation coefficients could be observed. This time the 

symmetries of all peaks were better than those obtained in the reversed-phase mechanism. 

Table 3 

Regression parameters of the retention study of amiodarone and its related compounds in ion-pair mechanism,  

using methanol as organic modifier 

Analyte Regression curves Correlation coefficient (r) 

Amiodarone ln k′ = 13.678 – 0.144Cm 0.9998 

Desethylamiodarone ln k′ = 13.264 – 0.140Cm 0.9998 

Phenol-derivative ln k′ = 12.580 – 0.132Cm 0.9992 

Cyan-derivative ln k′ = 12.365 – 0.138Cm 0.9995 

CONCLUSIONS 

Amiodarone and the other related compounds could be separated by both retention mechanisms in LC: 

reverse-phase and ion-pair. Both of them have advantages and disadvantages. The reversed-phase mechanism 

is somewhat simpler for applications to the biological samples, but the robustness and detection limits are 

influenced by its main parameters. The ion-pair mechanism is more robust and its main parameters, pH of 

the aqueous component and the organic modifier concentration, can be controlled in order to maintain the 

chromatographic separation within acceptable limits. Therefore, its application to complex biological samples 

can be recommended after a proper sample preparation procedure involving a liquid-liquid extraction, which 

was mentioned in Introduction section. 
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