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ABSTRACT 

In this paper we extend the use of the quality criterion t’ to optimize separations in 

capillary electrophoresis (CE). The theoretical parameter t’ takes into account not only 

the relative separation between a given pair of compounds but also their separation from 

the neutral species migrating with the electroosmotic flow (EOF). Furthermore, it can 

be composed for complex mixtures as a global multicriterium optimization function T’, 

for a rapid, simple and reliable selection of optimized separation conditions by 

mathematical maximization. Here, we demonstrate the applicability of T’ using as a 

variable the electrophoretic mobility (me) for the optimization of pH in the separation of 

a mixture of amyloid beta (Aβ) peptide fragments. In addition, it is shown the versatility 

of T’ using other variables related to me, which do not require experimental 

measurements. This is the case with ionizable compounds as the Aβ peptide fragments, 

whose charge-to-mass ratios can be calculated if accurate pKa values are available in the 

literature. The excellent performance of T’ for Aβ peptide fragments is further validated 

optimizing the pH for the separation of mixtures of harmala alkaloids (HAlks) and 

quinolone antibiotics.  
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1. Introduction 

The optimization of experimental conditions in CE is critical for the development of 

rapid, efficient, sensitive and high-resolution separations [1–3]. When dealing with 

complex mixtures, separation between the different compounds is one of the most 

critical aspects to optimize [2,3]. Separation optimization requires a number of 

exploratory experiments [3], which can be minimized if the parameter or criterion used 

to qualify the separations can be accurately predicted. In contrast to liquid 

chromatography (LC) [4,5], resolution (Rs) is a difficult parameter to predict in CE, 

because many phenomena affect peak widths and shapes [1,2,6]. Therefore, quality 

criteria based on migration velocities or electrophoretic mobilities (me), which solely 

consider ratios or differences on the separation between pairs of compounds, have been 

traditionally preferred [2,7–10]. Nowadays, selectivity between a pair of compounds 

(αij) in CE is widely accepted to be defined as the ratio of their me (Equation 1).  

𝛼ij =
me,i

me,j
  (me,i˃me,j)   (1) 

However, a parameter based on the difference between me of the analytes being 

considered (dij, Equation 2) is more robust, because it overcomes the issue of 

mathematical optimization by maximization when me,j in the denominator approaches to 

zero (i.e. i,j approaches to infinite, see Equation 1) [2]. 

𝑑i,j=me,i −me,j=Δmi,j (me,i˃me,j)  (2) 

However, dij still presents certain drawbacks related to changes in migration order and 

the separation from the neutral compounds migrating with the EOF. 

 

In a previous work, we proposed t’
i,j as an improved elementary criterion to qualify and 

optimize separations in CE [11]: 

𝑡i,j
′ = [m𝑒,𝑖me,j(me,i −me,j)]

2
    (3) 
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The parameter t’
i,j takes into account the separation between both compounds (di,j). In 

addition, the multiplication of me qualifies the separation of each of them from the EOF, 

and squaring the expression results always in positive values, solving the inconvenient 

related to changes on migration order or direction (i.e. net charge changes). t’
i,j is 

continuous in its domain and mathematical optimization by maximization does not 

require to impose arbitrary restrictions. The definition of t’
i,j can be extended for 

complex mixtures of n-compounds to compose a global multicriterium optimization 

function (MCOF) called T’: 

T'= [(∏ m𝑒,𝑖
𝑛
𝑖 ) (∏ Δm𝑒(i,j)

n,(𝑛−1)
(i,j)(j<i) )]

2

   (4) 

So far, the success in the use of t’
i,j and T’ has been demonstrated for the separation 

optimization of complex mixtures of harmala alkaloids (HAlks, i.e. harmine, harmaline, 

harmol, harmalol, harmane and norharmane) as a function of pH of the BGE [11] and of 

racemic mixtures of chiral pharmaceutical drugs (i.e. oxprenolol, pindolol, propranolol 

and homatropine methylbromide) as a function of the chiral ligand or selector 

concentration ([L], i.e. L=2-hydroxypropyl-β-cyclodextrin) in the BGE [12]. In both 

cases, it has been demonstrated that prediction of mobilities considering their behavior 

as a function of the optimization variables can be a very useful tool to reduce the 

number of experiments required for the optimization. However, establishing accurate 

quantitative relationships between the me of ionizable compounds as the HAlks and pH 

or between the apparent mobility (mapp) of chiral compounds and pL (-log[L], where [L] 

is the ligand concentration), still require a number of experimental measurements 

[11,12]. In this paper, it is presented as an alternative that other variables related to 

mobilities can be used to compose t’
i,j and T’ without the need of experimental 

measurements. This is the case of variables based on charge-to-mass ratios when 

dealing with complex mixtures of ionizable compounds. In this context, several 
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semiempirical relationships relating the me of ionizable compounds to their structure 

(charge (q), relative molecular mass (Mr) or, for peptides, number of amino acid 

residues) have been proposed [13–18], as well as modifications based on those models 

[14,19]. In previous works, we demonstrated that the classical semiempirical models 

give excellent correlations for several peptide hormones [17], neuropeptides [18], 

amyloid beta (Aβ) peptide fragments [10], apothioneins [20], peptides and 

glycopeptides from tryptic digests of glycoproteins  [21] and quinolones [22] when 

good pKa values are available in the literature for charge calculations. For instance, the 

migration behavior of Aβ peptide fragments was accurately modelled using the classical 

polymer model (me vs. q/Mr
1/2) [10]. This is considered herein to demonstrate that 

q/Mr
1/2 values of Aβ peptide fragments as a function of pH can be directly used to 

compose T’ as an alternative to me for a straightforward and experimental-free 

separation optimization. The excellent performance of T’ using charge-to-mass ratios 

for Aβ peptide fragments is also proved for mixtures of other ionizable compounds, 

namely HAlks and quinolone antibiotics. 

 

2. Materials and methods 

2.1. Chemicals and reagents 

All the chemicals used in the preparation of BGEs and solutions were of analytical 

reagent grade or better. Acetone, ammonium hydroxide (25%), boric acid, 

diethylmalonic acid, hydrochloric acid (25%), methanol, phosphoric acid (85%), 

sodium acetate, potassium hydroxide, sodium hydrogen phosphate, sodium formate and 

sodium hydroxide were supplied by Merck (Darmstadt, Germany). 

Tris(hydroxymethyl)aminomethane (Tris) was purchased from J.T. Baker (Deventer, 

Netherlands). Water with conductivity lower than 0.05 S cm−1 was obtained using a 
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Milli-Q water purification system (Millipore, Molsheim, France). The Aβ peptide 

fragments 1-15, 10-20, 20-29, 25-35 and 33-42 were provided by Bachem (Bubendorf, 

Switzerland). Their sequences, ionizable groups, Mr and pKa values are shown in Table 

1. 

 

2.2. Electrolyte solutions and samples solutions 

The BGEs for the determination of me covered the pH range within 2–12. They were 

prepared at the following concentrations (pH was adjusted with 1.0 M HCl or 1.0 M 

NaOH and ionic strength (I) was calculated to be around 25 mM): 50 mM H3PO4 (pH 

2.0), 30 mM H3PO4 (pH 2.5 and 3.0), 25 mM sodium formate (pH 3.5 and 4.0), 25 mM 

sodium acetate (pH 4.5 and 5.0), 20 mM diethylmalonic acid (pH 5.5, 6.0 and 6.5), 25 

mM Tris (pH 7.0, 7.5, 8.0, 8.5 and 9.0), 30 mM H3BO3 (pH 9.5, 10.0 and 10.5), and 5 

mM Na2HPO4 (pH 11.0, 11.5 and 12.0). BGEs were passed through a 0.22 μm nylon 

filter (Panreac Applichem, Barcelona, Spain). 

 

Individual stock solutions (1000 mg·L-1) of Aβ 1-15, 10-20, 20-29, 25-35 were prepared 

in water. Aβ 33-42 was prepared in 5 % (v/v) DMSO because it was poorly soluble in 

water. The working solutions (200 mg·L-1) contained 3% (v/v) acetone or 5 % (v/v) 

DMSO (Aβ 33-42) as electroosmotic flow (EOF) marker. The mixture of five peptides 

(200 mg·L-1) was prepared with 5 % (v/v) DMSO. All the stock solutions were divided 

into several aliquots and individually stored at -20 ºC. Each aliquot was thawed only 

once, preserved in the refrigerator between injections and immediately discarded after 

the analyses. 

 

2.3. Instrumental parameters 
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All CE-UV experiments were performed in an Agilent HP 3DCE system (Agilent 

Technologies, Waldbronn, Germany). Separations were performed at 25 °C in a 57 cm 

total length (LT) × 75 µm internal diameter (i.d.) × 365 µm outer diameter (o.d.) bare 

fused silica capillary (Polymicro Technologies, Phoenix, AZ, USA). All capillary rinses 

were performed at high pressure (930 mbar). New capillaries were flushed with 1 M 

NaOH (15 min), water (15 min) and BGE (30 min). The system was finally equilibrated 

by applying 25 kV of separation voltage for 20 min (normal polarity, cathode in the 

outlet). Samples were hydrodynamically injected at 50 mbar for 3 s. Between runs, 

capillaries were conditioned by rinsing with 1 M NaOH (1 min), water (1 min) and 

BGE (1 min). Between workdays or after a change of BGE, the capillary was 

conditioned by rising with 1 M NaOH (5 min), water (5 min) and BGE (10 min). The 

system was finally equilibrated by applying 25 kV of separation voltage for 20 min (the 

Ohm’s law was fulfilled under all the working conditions). The UV window was placed 

at 48.5 cm from the inlet of the capillary (LD, effective capillary length) and detection 

was made at 200 nm (Aβ peptide fragments), 254 nm (HAlks) and 260 nm (quinolone 

antibiotics). Capillaries were stored overnight filled with water. pH measurements were 

made with a Crison 2002 potentiometer and a Crison electrode 52-03 (Crison 

Instruments, Barcelona, Spain).  

 

2.4. Determination of electrophoretic mobility and pKa values 

The me of the Aβ peptide fragments was measured by CE-UV as the difference between 

the apparent mobility of each peptide, mapp, and the mobility of the neutral marker, 

mEOF:  

 𝑚𝑒 = 𝑚𝑎𝑝𝑝 −𝑚𝐸𝑂𝐹 =
𝐿𝑇𝐿𝐷

𝑉
(

1

𝑡𝑎𝑝𝑝
−

1

𝑡𝐸𝑂𝐹
) (5) 
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Where LT is the capillary length, LD is the distance from the injection point to the 

detector and tapp and tEOF are the migration time of the peptide and the neutral marker, 

respectively. Individual solutions of each peptide were injected at each pH and me was 

obtained as the average of five replicates. BGEs indicated in Section 2.2 were run in 

sequence from low to high pH. In a previous study [10], accurate pKa values of the 

studied Aβ peptide fragments were determined from these me–pH measurements, taking 

into account the number and type of ionizable groups in each case to establish 

appropriate equations relating me and pH of the BGE [10]. The CE-UV pKa values of 

the studied Aβ peptide fragments are shown in Table 1.  

 

2.5. Classical semiempirical models and calculation of t’
i,j and T’  

Details about the assumptions made to deduce the equations of the different classical 

semiempirical models that describe electrophoretic migration of peptides, and other 

ionizable compounds, can be found elsewhere [13,14]. The general form of the equation 

relating me, Mr and q is as follows: 

 me = 𝐵
q

M𝑟
𝛼 (6) 

where B is a constant and the parameter α takes different values depending on the 

semiempirical model (α=1/2, 1/3 and 2/3 for the classical polymer model, the Stoke’s 

law and the Offord’s surface law, respectively). In a previous study [10], it was shown 

that migration behavior of Aβ peptide fragments in CE can be modelled using the 

classical polymer model (me vs. q/Mr
1/2). In order to obtain the q/Mr

1/2 values for the 

studied peptides, Mr was calculated from the amino acid sequences (Table 1) [23] and q 

was calculated at each separation pH using the pKa values (Table 1) and Sillero and 

Ribeiro expression [24], which is based on the Henderson–Hasselbalch equation: 
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𝑞 = ∑
𝑃𝑛

1+10𝑝𝐻−𝑝𝐾𝑎(𝑃𝑛)
− ∑

𝑁𝑗

1+10
𝑝𝐾𝑎(𝑁𝑗)−𝑝𝐻

𝑗𝑛   (7) 

Where Pn and Nn are the number of equivalent cationic (i.e. P1 = terminal NH2, P2 = His 

(H), P3 = Lys (K) and P4 = Arg (R)) and anionic (i.e. N1 = terminal COOH, N2 = Asp 

(D), N3 = Glu (E) and N4 = Tyr (Y))  groups found in the considered peptides, while 

pKa (Pn) and pKa (Nn) are the pKa values of these groups. The accuracy of the q  

calculated for the Aβ peptide fragments relies on the accuracy of the considered pKa 

values. All the pKa values required for calculations are gathered in Table 1. Values 

reported in the CE-UV column were determined previously by our group [10], while in 

the column beside are indicated the values reported by  Rickard et al [25]. From these 

latter values, only the data associated to the guanidine group in the R residue was used 

(pKa=12.5), because this pKa value could not be obtained by CE-UV. Once q/Mr
1/2 were 

calculated for all the peptides at the different pH values, t’
i,j or T’ were calculated from 

equations 3 and 4, respectively, to predict the optimized conditions for the separation. 

 

3. Results and discussion 

 

The me values of the studied Aβ peptide fragments as a function of pH of the BGE were 

measured in a previous study to model their migration behavior and determine their pKa 

values by CE-UV (Table 1) [10]. The predicted me values were used now to calculate T’ 

and select the optimum pH value for the separation of the five peptides (Figure 1-A). As 

can be observed, the best separations were supposed to be obtained in the pH range 

10.5-12.0 where T’(me) values were higher (the absolute maximum was at pH 11.5). 

Furthermore, when the plot was carefully inspected zooming into shorter pH ranges, a 

relative maximum at pH 3.0 was also found (Figure 1-B, see the zoomed area as an 
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inset). For the rest of pH values the separations were poorer because of either the slight 

differences between the me of the peptides or their co-migration with the EOF. Figures 

2-A and -B show the experimental electropherograms of the mixture at pH 10.5 and 3.0, 

respectively. In the basic pH range (Figure 2-A), a pH value of 10.5 was selected to 

preserve the fused silica capillary, which is known to be less stable at extremely basic 

pH values [26]. At this pH value, the mixture of the five Aβ fragments was separated in 

less than 5 minutes, and only one of the peptides slightly comigrated with the EOF. At 

pH 3.0 (Figure 2-B), separation between the different peptides was in some cases worse 

than at pH 10.5, but none of them partially comigrated with the EOF, which was 

detected at around 40 min. This suggested an acceptable performance of the proposed 

acidic conditions in terms of resolution, and the convenience of considering as potential 

pH value to obtain optimized separations, both the absolute and the relative maxima 

from the T’(me) vs pH plot. In this particular case, the total analysis time at pH 3.0 was 

higher than at pH 10.5 due to the reduced EOF, requiring almost 15 minutes to separate 

the mixture of five Aβ fragments. In any case, in peptide analysis by CE with fused 

silica capillaries very often acidic BGEs are preferred to minimize peptide adsorption in 

the inner capillary walls [27,28]. Furthermore, the higher availability of acidic volatile 

BGEs to obtain the best sensitivity in capillary electrophoresis-mass spectrometry (CE-

MS) in positive electrospray ionization mode (ESI+) is another important factor [27–

29].  

 

It is widely known that the me of ionizable compounds can be modelled as a function of 

pH using appropriate equations that consider the type (i.e. acid or basic) and number of 

ionizable groups [10,11,16–19]. Although the number of experimental me-pH data pairs 

required for an accurate prediction of migration is small for monoprotic species (i.e. 
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three data pairs), it dramatically increases with the number of ionizable groups. This 

fact was previously demonstrated for Aβ peptide fragments, apothioneins and peptides 

and glycopeptides from tryptic digests of glycoproteins [10,20,21]. As can be observed 

from the many pKa values in Table 1, Aβ peptide fragments (1-15), (10-20) and (20-29) 

are a clear example of how complex the experimental modelling of polyprotic 

compounds me as a function of pH can be.  

 

This drawback predicting mobilities can be solved calculating T’ from other variables 

related to mobility, which do not require experimental measurements. This is the case 

with ionizable compounds of the charge-to-mass ratios, which can be calculated if 

accurate pKa values or good pKa estimations are available in the literature [10,17,18,20–

22]. We have recently shown that me of the studied Aβ peptide fragments can be 

modelled in the pH range 2-12 with the classical polymer model (me α q/Mr
1/2, R20.98) 

[10]. Figure 1-B shows variation of T’ as a function of pH if q/Mr
1/2 values of the 

studied peptides are used in the calculations instead of me (CE-UV pKa values of Table 

1 were used for charge calculations). As can be observed, again the best separations 

were expected to be obtained in the pH range 10.5-12.0, but T’(q/Mr
1/2) maximum was 

now slightly shifted to pH 11.0. Furthermore, the relative maximum was also observed 

at pH 3.0. The concordance between plots of T’(me) and T’(q/Mr
1/2) vs pH was very 

good, and similar conclusions could be drawn. Therefore, if accurate pKa values are 

available to predict q/Mr
1/2, this novel approach results more practical than experimental 

approaches and streamlines the process of separation optimization.  

 

In order to further validate the performance of the T’ parameters, it was investigated the 

optimization of pH for the separation of mixtures of HAlks and quinolone antibiotics. 
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Figures 3-A (i) and (ii) show the plots of T’(me) and T’(q/Mr
1/2) vs pH for the mixture of 

HAlks, as well as the good performance of the polymer’s law in the studied pH range 

(R20.99) (see the inset in Figure 3-A-ii). As can be observed in Figure 3-A T’ 

parameters were in all cases maxima at around pH 7.5. For this compound mixture no 

relative maxima were observed in the studied pH range and Figure 3-B shows the 

electropherogram under the optimized pH conditions [11].  Figures 4-A (i) and (ii) show 

the plots of T’(me) and T’(q/Mr
1/2) vs pH for the mixture of quinolones. In this case, an 

absolute maximum at pH 6.0 and a relative maximum at pH 8.0 were observed in the 

plot of T’(me) vs pH (Figure 4-A-i). Both relative and absolute maxima were exchanged 

at the same values in the plot of T’(q/Mr
1/2) vs pH (Figure 4-A-ii). This was probably 

due to very small differences between the me or q/Mr
1/2 values considered at these pH 

values, as well as because of the accuracy of polymer’s law for me prediction (R20.99 

[22]). These results reinforce the idea of considering absolute and relative maxima of T’ 

vs pH plots as candidates for selection of an optimized pH value for the separation. 

Figure 4-B shows the electropherograms for the mixture of quinolones at pH 6.0 and 8.2 

conditions, and separations were globally quite similar in both cases [22]. From the 

results obtained for these three different families of ionizable compounds, the novel 

approach for optimization of the separation pH based on calculation of T’ using charge-

to-mass ratios would be perfectly valid for all kind of ionizable compounds.  

 

4. Conclusions 

In this study we have demonstrated that the multicriterium optimization function T’, 

which is derived from the elementary criterion t’, can be used for a rapid, simple and 

reliable selection of optimized pH conditions for the separation of complex mixtures of 

ionizable compounds, such as Aβ peptide fragments, HAlks and quinolone antibiotics. 
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T’ shows clear advantages for an accurate optimization, because it includes the 

separation between compounds, the separation from the EOF and changes in the 

migration orders. It has been shown that in addition to the me, the charge-to-mass ratios 

of the polyprotic compounds, which can be obtained if accurate pKa values are 

available, can be used to calculate T’ as a function of pH for a straightforward and 

experimental-free separation optimization. The optimized pH values for the separation 

are easily selected from inspection of the plot of T’ vs pH, which must be screened to 

find absolute and relative maxima. The proposed approach has a great usability and an 

enormous potential to streamline the optimization of separation pH in CE analysis of 

polyprotic compounds. Once selected the pH, peak widths and shapes and total analysis 

time, which affect separation resolution, can be finely tuned experimentally by 

investigating the BGE composition (nature and concentration of the ionizable 

components, ionic strength, presence of organic solvents or other additives, etc), the 

EOF magnitude or direction in bare or coated fused silica capillaries, the capillary 

diameter, the sample injection mode and volume or the separation voltage and 

temperature.   
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Figure 1. Plot of T’ vs. pH of the BGE for the separation of a mixture of five Aβ 

peptide fragments (Aβ (1-15), (10-20), (20-29), (25-35) and (33-42)). A) T’(me) and B) 

T’(q/Mr
1/2). 
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Figure 2. Experimental electropherograms of a mixture of the five Aβ peptide 

fragments (Aβ (1-15) (1), Aβ (10-20) (2), Aβ (20-29) (3), Aβ (25-35) (4) and Aβ (33-

42) (5)) at pH A) 10.5 and B) 3.0 (30 mM H3BO3 or H3PO4 adjusted with NaOH in both 

cases). Instrument: Agilent HP 3DCE. Bare fused silica capillary (57 cm (LT) × 48.5 cm 

(LD) x 75 µm (i.d.)), hydrodynamic injection: 3 s, 50 mbar, 25 °C, 25 kV and 195 nm. 

  



21 

 

 

 

Figure 3. A) Plot of T’ vs. pH of the BGE for the separation of a mixture of six harmala 

alkaloids (HAlks) (i.e  harmine (1), harmaline (2), harmane (3), norharmane (4), 

harmalol (5), harmol (6)). i) T’(me) and ii) T’(q/Mr
1/2) (plot of me vs q/M1/2 is shown as 

inset) (Charge-to-mass ratios were calculated using the CE-UV pKa values given in 

reference [11]). B) Experimental electropherogram of the mixture at pH 7.6 (25 mM 

(NH4)2HPO4/NH4H2PO4 with 20% v/v of methanol). Instrument: Lumex Capel 105M 

CE. Bare fused silica capillary (60 cm (LT) × 51 cm (LD) x 75 µm (i.d.)), hydrodynamic 

injection: 3 s, 30 mbar, 25 °C, 20 kV and 254 nm. Organic solvent was added to further 

improve peak shape and increase separation efficiency [11]. 
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Figure 4. A) Plot of T’ vs. pH of the BGE for the separation of a mixture of seven 

quinolone antibiotics (i.e ciprofloxacin (1), enrofloxacin (2), norfloxacin (3), 

danofloxacin (4), sarafloxacin (5), difloxacin (6) and flumequine (7)). i) T’(me) and ii) 

T’(q/Mr
1/2) (me vs q/M1/2 and CE-UV pKa values are reported in reference [22]). B) 

Experimental electropherogram of the mixture at pH i) 6.0 and ii) pH 8.2 (50 or 25 mM 

H3PO4 adjusted with NaOH in both cases). Instrument: Beckman Coulter P/ACE 5500. 

Bare fused silica capillary (47 cm (LT) × 40 cm (LD) x 75 µm (i.d.)), hydrodynamic 

injection: 3 s, 33.5 mbar, 25 °C, 20 kV and 260 nm [22]. 
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Table 1. Amino acid sequence, relative molecular mass (Mr), ionizable groups and pKa values for the studied Aβ peptide 

fragments.  

Aβ peptide 

sequence 

Mr 

(average) 
Ionizable amino acidsa 

pKa 

CE-UVb Rickard et al.c 

1-15 

DAEFRHDSGYEVHHQ 
1826.9 

tC-Q 
D 

D 

E 

E 

H 

H 

H 
tN-D 

Y 

R 

2.9 

3.0 

3.1 

4.5 

4.6 

6.0 

6.2 

6.3 

8.6 

11.1 

- 

3.2 

3.5 

3.5 

4.5 

4.5 

6.2 

6.2 

6.2 

8.6 

10.3 

12.5 

10-20 
YEVHHQKLVFF 

1446.7 

tC-F 

E 

H 

H 
tN-Y 

Y 

K 

3.3 

4.5 

5.7 

5.9 

8.0 

10.4 

10.6 

3.2 

4.5 

6.2 

6.2 

7.7 

10.3 

10.3 

20-29 
FAEDVGSNKG 

1023.1 

tC-G 

D 

E 
tN-F 

K 

2.9 

3.1 

4.7 

8.1 

10.8 

3.2 

3.5 

4.5 

7.7 

10.3 

25-35 
GSNKGAIIGLM 

1060.3 

tC-M 
tN-G 

K 

3.1 

8.2 

10.5 

3.2 

8.2 

10.3 

33-42 

GLMVGGVVIA 
915.2 

tC-A 
tN-G 

3.1 

8.3 

3.2 

8.2 

a) In this column tC-: terminal COOH and tN-: terminal NH2. 

b) pKa of R could not be determined by CE-UV [10]. 

c) These average pKa values for amino acids in polypeptides were determined using a large set of short fragments from 

biosynthetic human insulin (BHI) and human growth hormone (hGH) with a few ionizable groups [23]. 

 

 


