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a b s t r a c t 

A complete package of functions in the R-language has been written for professional separation optimiza- 

tion of complex mixtures of ionized and/or non-ionized solutes. The package includes functions for (a) 

base-line correction of experimentally recorded chromatograms, (b) modeling of chromatographic peak 

shapes and retention data, (c) prediction of the retention time of the test analytes and/or their chro- 

matograms, and (d) separation optimization under either isocratic or single and/or double gradient elu- 

tion conditions by changing the organic modifier(s) content and/or eluent pH. The optimization functions 

presented in this study offer two different modes for selection of optimal separation conditions: auto- 

matic and manual mode. In the automatic mode, the optimal separation conditions are determined by 

maximizing the resolution within separation time preset by the analyst. In the manual mode, the op- 

timal separation conditions are selected via scatter or contour plots. The foreknowledge of the precise 

dependence of resolution and separation time upon one or two retention parameters of interest, pro- 

vided by the proposed computer-assisted separation optimization method, gives chromatographers a feel 

of confidence for the selection of the optimal conditions for a desired separation. An illustrative video 

given in the Supplementary material may encourage a novice practitioner in R (software) programming 

language to follow the proposed separation optimization procedure in a real HPLC analysis. 

© 2019 Elsevier B.V. All rights reserved. 
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. Introduction 

Optimization in separation sciences is an important demand

rom analysts who look for a desired resolution in minimum time.

eversed-phase liquid chromatography (RPLC) continues to be the

ost popular chromatographic technique in analytical laboratories.

he goal of a separation optimization in RPLC is to obtain sat-

sfactory separation conditions in the shortest time with only a

ew experiments. In simple separations, like those under isocratic

onditions, the empirical optimization by trial and error may be

 solution. However, in most cases of gradient elution, the large

umber of chromatographic parameters involved in the separation

ules out the possibility of using empirical optimization and de-

and computer-based optimization procedures. 

For this reason, several software packages have been marketed

nd can assist untrained users to set up separations. The most

mportant of them are DryLab [1] , PREOPT-W [2] , OSIRIS [3] ,

ICHROM [4] , and ChromSword [5] . However, in most labora-

ories where RPLC is used daily, computer-assisted separation
∗ Corresponding author. 
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ptimization is not used to improve separations. The lack of pop-

larity of readily available multivariate optimization software may

ue to the fact that many chromatographers are uncomfortable

ith software tools, which are still rather expensive and not very

ser-friendly. 

In our recently published work [6] , a package of Excel VBA

acros was developed for modeling and optimization of a mix-

ure of analytes under multilinear single or double gradient elu-

ion conditions by changing the organic modifier(s) content and/or

luent pH. Moreover, a series of illustrative MS Excel spreadsheets

ere developed by authors to simulate the process of separation

ptimization under isocratic and simple gradient conditions de-

ended only on organic modifier content [7] . Here, we present a

ree available R package that implements a computer-assisted sep-

ration optimization of a mixture of ionized and/or non-ionized

olutes comprising a visualization of predicted chromatograms. In

act, this study is an upgraded combination of our previous work

n separation optimization in HPLC analysis implemented in R pro-

ramming language and software environment 

R is a freely available open source programming language

nd software environment, which has become extremely popu-

ar among statisticians, bioinformaticians and academics because

f its large user base and vast array of user-contributed packages

https://doi.org/10.1016/j.chroma.2019.460823
http://www.ScienceDirect.com
http://www.elsevier.com/locate/chroma
http://crossmark.crossref.org/dialog/?doi=10.1016/j.chroma.2019.460823&domain=pdf
mailto:chryzisi@chem.auth.gr
https://doi.org/10.1016/j.chroma.2019.460823
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Fig. 1. Flowchart representing the procedures implemented in the whole proposed 

R package for separation optimization. 

i  

u

3

e

p

3

 

t  

t  

w  

l  

s  

i  

m  

H

6  

t  

m  

p  

e  

p  

g  

N  

s

 

p  

o  

i  

m  

d  
designed for specific statistical problems. To date, there are some

examples of using the R programming language in HPLC analysis

[8–12] . However no R package for an automated separation op-

timization in HPLC analysis has been proposed, since most chro-

matographers may be unlikely to learn the basic functionality of R

in order to take advantage of its power as a computational, statis-

tical and graphical resource. In this study, we present a complete

package of functions in the R-language for modeling both reten-

tion data and chromatographic peak shapes, for retention predic-

tion and visualization of predicted chromatograms as well as for

determination of the optimal separation conditions. To assess the

performance of the R package, original (experimental) as well as

artificial chromatographic data obtained under different conditions

were analyzed and optimized. 

2. Materials and methods 

A computer-assisted separation optimization of a mixture of so-

lutes comprising a visualization of predicted chromatograms in-

volves the following steps: (1) an initial experimental study of the

chromatographic behavior of solutes obtained by the least num-

ber of chromatographic runs adequately selected, (2) fitting of the

experimental retention data of each solute to a retention model,

(3) modeling of the peak shape of analytes in the form of a pre-

ferred function, (4) comparison of the predicted (simulated) chro-

matograms plotted under selected conditions with the correspond-

ing experimental chromatograms recorded under the same con-

ditions in order to test the accuracy of the optimization process,

and (5) determination of the optimal separation conditions, i.e. the

conditions that lead to the best separation of solutes under con-

sideration. For using R programming language in the whole separa-

tion optimization procedure performed in the above stepwise fash-

ion, ten R functions were written for modeling retention data and

chromatographic peak shapes, for prediction retention and visual-

ization of predicted chromatograms as well as for determination

of the optimal separation conditions. The code of these functions

is presented in the Supplementary R_Functions.docx file, whereas a

summary of inputs and outputs of the different functions is given

in Table 1 . Moreover, the workflow of the implemented R functions

is described in the Fig. 1 . 

The use of different functions written in R requires the instal-

lation of the R programming language to the host computer that

can be downloaded from the official website http://www.r-project.

org/ . Once R has been installed, you can install additional pack-

ages/libraries as follows: Run R and the R Console should pop up.

Then click on Install package(s) from the Packages menu at the top

of the R Console . Alternatively, type in the R Console the command:

install.packages() . A list of Uniform Resource Locators (URLs) ap-

pears to choose a location, a CRAN Mirror. After choosing a CRAN

mirror, a list of available packages pops up to select the package

you want to install. You can install one package per time. Install

the packages optimx, VGAM, plot3D , and numDeriv . 

To use the R functions described in the next Section, there are

two options. 1)You may copy the code of a certain function pro-

vided in the Supplemental R_Functions.docx file, for example the

code of ifitk, or the code of all functions and paste it to the com-

mand window of R ( R Console ). Then in this window type the func-

tion you are going to use. 2) Alternatively, you may save the code

of a certain function or all functions as an .RData file. To do that,

open a new R Console window, copy the code given in the Supple-

mental R_Functions.docx file, paste it to the R Console , and save it

as for example RChromOptim.RData from File > Save Workspace. In

order to use a certain function of the RChromOptim.RData file, you

just open the RChromOptim.RData file with R and type the func-

tion as in the first option. Such an RChromOptim.RData file is given
n the Supplementary Material along with thorough instructions of

sing all the functions comprised in the R package. 

. Software description: the proposed R functions and 

xamples of their implementation in separation optimization 

rocedure 

.1. Modeling retention data 

Two R functions were written for fitting experimental reten-

ion data of solutes to a retention model; the first one, ifitk , de-

ermines retention model parameters from isocratic retention data,

hereas the second one, gfitk, from simple/single or double mono-

inear gradient data. The retention models adopted in the present

tudy are listed in Table 2 and they are the most important used

n a reversed-phase type elution mode [6] , although some of these

odels can also find application in other LC modes such as in

ILIC [ 35 , 36 ] as well as in mixed-mode columns [37] Models 1–

 describe the effect of the organic modifier volume fraction, ϕ, on

he solute retention factor, k = ( t R − t 0 ) / t 0 , model 7 the effect of

obile phase pH on the retention of ionizable compounds (mono-

rotic acid or base), models 8 and 10 the simultaneous effect of

luent pH and organic modifier content on the retention of mono-

rotic acids or bases, and model 9 the combined effect of two or-

anic modifier volume fractions, ϕ 1 and ϕ 2 on the solute retention.

ote that f stands for ϕ in all R functions written for the proposed

eparation procedure. 

The adjustable parameters of the selected retention model, de-

ending on the parameter(s) that affect the elution procedure, i.e.

rganic modifier content(s) and/or eluent pH, are easily estimated

n isocratic elution mode via the ifitk function. However, the deter-

ination of the retention parameters using gradient data is more

emanding since it needs the solution of the fundamental gradient

http://www.r-project.org/
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Table 1 

Inputs and outputs of different R functions written for the proposed separation optimization procedure. 

Function 

name 

What it does Input Output 

ifitk Fitting isocratic retention data A .txt file containing isocratic 

retention data 

Tables with a) retention model 

parameters, b) their standard 

deviations, c) their p-values, and d) 

the standard error of estimate as well 

as the sum of squared residuals. A 

table of the retention parameters may 

be saved as a .txt file. 

gfitk Fitting gradient retention data A . txt file containing simple or double 

monolinear gradient retention data 

The same with the above output 

fitshape Peak shape modeling A . txt file with solutes retention data 

obtained under at least 2 or 3 similar 

isocratic or gradient conditions as 

well as . txt files with the 

chromatograms data recorded under 

the same conditions 

A table of the estimated peak height 

and peak width parameters of tested 

solutes is saved as a . txt file. 

ipred Prediction/visualization of isocratic 

elution 

A table of the retention model 

parameters comes from the output of 

the ifitk function including or not the 

output of the fitshape function in a 

. txt file. Optionally, a . txt file with the 

experimental chromatogram data 

recorded under conditions that are 

going to be predicted 

The predicted values of solute 

retention times, the minimum R s (or 

the minimum dt ), a plot of the 

predicted chromatogram (or a plot of 

the predicted pseudo-chromatogram) 

with or without the corresponding 

experimental chromatogram. A table 

of the predicted chromatogram data 

may be saved as a . txt file 

gpred Prediction/visualization of 

single/double monolinear gradient 

elution 

The same with the above input except 

that the table of the retention model 

parameters comes from the output of 

the gfitk function 

The same with the above output plus 

the gradient profile of the gradient 

run. 

mgpred Prediction/visualization of single 

bilinear gradient elution 

The same with the above input The same with the above output 

iopt Optimization/visualization of isocratic 

elution 

A table of the retention model 

parameters comes from the output of 

the ifitk function including or not the 

output of the fitshape function in a 

. txt file. 

Scatter plots of R s (or dt) and t R, max vs . 

ϕ (or pH) as well as contour plots of 

Rs (or dt) and t R max vs . ϕ and pH (or 

ϕ1 and ϕ2 ) depending on the 

retention model. A table with the data 

of these plots along with the optimal 

isocratic conditions and optimal 

solute retention times. The table of 

plots data may be saved as . txt files. A 

plot of the optimum predicted 

chromatogram (or 

pseydo-chromatogram). 

gopt Optimization/visualization of 

single/double monolinear gradient 

elution 

The same with the above input except 

that the table of the retention model 

parameters comes from the output of 

the gfitk function 

Scatter plots of R s (or dt) and t R, max x 

vs . t G, ϕ (or t G,pH ) as well as contour 

plots of R s (or dt) and t R, max vs . t G, , 

and t G, pH (or t G, ϕ1 and t G, ϕ2 ) depending 

on the retention model. A table with 

the data of these plots along with the 

optimal gradient conditions and 

optimal solute retention times. The 

table of plots data may be saved as 

. txt files. A plot of the optimum 

predicted gradient profile along with 

the optimal chromatogram (or 

pseydo-chromatogram). 

mgopt Optimization/visualization of single 

bilinear gradient elution 

The same with the above input The optimal gradient conditions, the 

optimal solute retention times and a 

plot of the optimun predicted 

gradient profile along with the 

optimal chromatogram (or 

pseydo-chromatogram). 

ifitopt Automatical (in one step) 

optimization/visualization of isocratic 

elution 

A . txt file with solutes retention data 

obtained under isocratic conditions as 

well as . txt files with the 

chromatograms data recorded under 

the same conditions 

A table of the estimated retention and 

peak shapes parameters of solutes 

along with optimal values of ϕ, R s and 

solute retention times. The table of 

solutes parameters is saved as a . txt 

file. A plot of R s and t R, max vs. ϕ. A 

table with data of the above plot may 

be saved as . txt file. A plot of the 

optimal predicted chromatogram. 

Key: .txt file is a tab-delimited. txt file; chromatogram(s) data are time-dependent detector response data; R s is the resolution of the least resolved 

pair of adjacent solutes; dt is the difference of retention times of the least resolved pair of adjacent solutes; pseydo-chromatogram is a chromatogram 

with vertical lines instead of peaks at solute retention times; t R, max is the retention time of the last eluted solute, t G, ϕ , t G, pH , t G, ϕ1 and t G, ϕ2 is the 

gradient duration of the linear variation of ϕ , pH, ϕ 1 and ϕ 2 , respectively. 
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Table 2 

Retention models adopted in R functions used for separation optimization procedure under either isocratic or single 

and/or double gradient elution conditions. 

No Retention model Used in elution mode Refs. 

1 lnk = c 0 − c 1 ϕ Isocratic dependent on ϕ, monolinear 

and bilinear ϕ-gradient 

[13–16] 

2 lnk = c 0 − c 1 lnϕ [ 15 , 17 , 18 ] 

3 lnk = c 0 + c 1 ϕ + c 2 ϕ 2 [ 14 , 19–21 ] 

4 lnk = c 0 − c 1 ln ( 1 + c 2 ϕ ) [ 19 , 22 ] 

5 lnk = c 0 − 2 ln ( 1 + c 1 ϕ ) − c 2 ϕ 
1+ c 1 ϕ [23] 

6 lnk = c 0 − c 2 ϕ 
1+ c 1 ϕ [ 13 , 19 , 24 ] 

7 k = 

k 0 + k 1 10 pH−pK 

1+ 10 pH−pK isocratic dependent on pH, 

monolinear and bilinear pH-gradient 

[25–28] 

8 k = 

k 0 ( 1+ r 10 pH−pK ) 

1+ 10 pH−pK where k 0 = c 0 − c 1 ϕ isocratic dependent on both ϕ and pH 

as well as monolinear ϕ-gradient in 

different eluent pH 

[29] 

9 lnk = c 0 + c 1 ϕ 1 + c 2 ϕ 2 + c 3 ϕ 2 1 + c 4 ϕ 2 2 + 

c 5 ϕ 1 ϕ 2 

isocratic dependent on both ϕ1 and 

ϕ2 as well as double mono-linear ϕ1 , 

ϕ2 -gradient 

[ 30 , 31 ] 

10 k = 

k 0 + k 1 10 pH−pK 

1+ 10 pH−pK where k 0 = c 0 − c 1 ϕ

and k 1 = c 3 − c 4 ϕ

isocratic dependent on both ϕ and pH 

as well as double monolinear ϕ, pH 

-gradient 

[32–34] 

Key: c 0 , c 1 , c 2 , c 3 , c 4 , c 5 , pK, r are adjustable parameters; r = k 0 / k 1 , where k 0 and k 1 are the retention factors of the 

neutral and fully ionized species for monoprotic acids and vice versa for monoprotic bases. 
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elution equation 

 R ∫ 
0 

dt 

t 0 k 
= 1 (1)

where t R is the solute elution time and t 0 is the column dead

time. In the gfitk function, by default, an analytical solution is ap-

plied for the solution of Eq. (1) when the models 1 to 5 or 8 of

Table 2 are used for fitting gradient data, while the approximate

approach proposed by Nikitas-Pappa [6] is applied when the rest

retention models in Table 2 are used. Fig. 2 depicts an example

of adjustable parameter assayed using the gfitk function for fitting

artificial ϕ gradient data given in the g-ret.fit spreadsheet of the

Data.xlsx file in the Supplementary Material. Thorough instructions

of using all the functions comprised in the R package are also given

in the Supplementary Material. 

3.2. Peak shape modeling 

For modeling a symmetric Gaussian peak of a single analyte or

a group of analytes that appear in a chromatogram obtained under

either isocratic or gradient conditions the R function fitshape may

be used. Assuming that the peak height, h , as well as the peak

width parameter s (related with the peak width at base, w with

w = 4 s/ 
√ 

2 ) for each analyte recorded in different chromatograms

depend primarily on the retention time, t R , we can write a typical

chromatographic Gaussian peak as [7,38] 

y = h ( t R ) exp 

(
−(t − t R ) 

2 

s ( t R ) 
2 

)
(2)

where y is the detector response at time t . 

In fact, the fitshape function determines the dependence of each

peak height and width upon its retention time via the following

equations: 

h ( t G ) = h 0 + h 1 t R + h 2 t 
2 
R (3)

and s ( t G ) = s 0 + s 1 t R (4)

assuming a quadratic dependence of peak height on t R but a linear

dependence for peak width. However, the user of the R package

has the choice to select a linear dependence of solute peak height

upon t R instead of the quadratic one, so that only the parame-

ters h 0 and h 1 are calculated and consequently fewer chromato-

graphic runs are demanded for peak shape modeling. Fig. 3 shows
 screenshot of the fitshape function concerning the estimation of

eak shape parameters of a group of three solutes eluted under

xperimental isocratic conditions given in the shape-fit spreadsheet

f the Data.xlsx file in the Supplementary Material. The final out-

ut of the fitshape function, which is a table of the estimated peak

hape parameters of tested analytes, is depicted in Fig. 4 . 

.3. Retention prediction and visualization of predicted 

hromatograms 

After the estimation of the retention and peak shape pa-

ameters of all tested solutes, the values of these parameters

re saved as a tab delimited . txt file and transferred into the

 functions written for retention prediction and visualization

f predicted chromatograms (see Table 1 ). The comparison of

 real/experimental chromatogram with the predicted one pre-

ented in the R Graphics Device shows the degree of accuracy of

he optimization process. In other words, a perfect similarity be-

ween a simulated chromatogram and the original/experimental

ne, recorded under the same conditions, shows the quality of

odeling of both retention and peak shape data. 

Three R functions were written for prediction retention data

nd visualization of predicted chromatograms obtained under con-

itions that are different than those used in the fitting procedure.

he first function, ipred, predicts isocratic retention data and plots

he corresponding simulated chromatograms obtained under iso-

ratic conditions, the second one, gpred, predicts gradient retention

ata and plots the corresponding simulated chromatograms gener-

ted under simple or double monolinear gradient conditions, and

he third function, mgpred, predicts gradient retention data and

lots the corresponding simulated chromatograms created for sim-

le bilinear gradient conditions. A comparison between the exper-

mental/original and the calculated/predicted chromatogram can

lso be performed. An example of the mgpred function used to

redict a chromatogram obtained under ϕ-bilinear gradient condi-

ions, given in the mg-prediction s spreadsheet of the Data.xlsx file

n the Supplementary Material, is depicted in Fig. 5 . This figure

hows a perfect similarity between the simulated chromatogram

reated for the separation conditions tested and the original one,

hich shows the accuracy of the retention and peak shape ad-

ustable parameters used in this procedure (see the mg-prediction s

preadsheet of the Data.xlsx file in the Supplementary Material).

ote that, in case no peak shape parameters are available, i.e. in
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Fig. 2. Example output of the gfitk function for fitting ϕ gradient data (see the text for details) to model 1of Table 2: Solute adjustable parameters, their standard deviations, 

their p -values, the Standard Error of the Estimate (SSE) and the sum of squared residuals (ssr). 

c  

s  
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E  
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t
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s

3

 

e  

fi  

T  
ase only solute retention parameters of the mg-prediction s spread-

heet of the Data.xlsx file in the Supplementary Material are used,

 pseudo-chromatogram will be presented in the R Graphics Device .

ven though, the comparison with the experimental chromatogram

emains very informative for the accuracy of separation optimiza-

ion procedure. 
ig. 3. A screenshot of the procedure of peak shape modeling by the fitshape func- 

ion. A comparison of an experimental chromatogram used in this procedure with 

he calculated one is given in order to be checked the quality of the peak model- 

ng. See the text and R _ Fuctions in Supplementary Material for details. Original-BLC 

eans baseline corrected experimental chromatogram. The symbol “f” stands in- 

tead of ϕ in all R package for organic modifier content. 

t  

t  

c  

s  

s  

g  

d  

F

m

t

f

.4. Separation optimization 

Having checked the accuracy of the estimated solute param-

ters, these parameters are transferred via a tab delimited . txt

le into the R functions written for separation optimization (see

able 1 ). Three functions were written for the determination of op-

imal chromatographic conditions, i.e. the conditions that lead to

he best separation of a test mixture within a desirable value of

hromatographic time, t max . The first one, iopt, optimizes isocratic

eparation conditions and simulates isocratic chromatograms. The

econd one, gopt, optimizes simple/single or double monolinear

radient conditions and simulates chromatograms generated un-

er similar gradient profiles, whereas the third R-function, mgopt ,
ig. 4. The final output of the fitshape function in the procedure of peak shape 

odeling depicted in Fig. 2 . A table of peak shape parameters of three solutes es- 

imated by this R function using experimental isocratic retention data (see the text 

or details). 
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Fig 5. Example output (in the R Graphics Device ) of the mgped function for predic- 

tion and visualization of ϕ-bilinear gradient elution using retention model parame- 

ters including (upper plot) or not peak shape parameters (lower plot), see the text 

for details. 
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optimizes simple bilinear gradient conditions and simulates chro-

matograms created for similar optimal gradient profiles. 

Suppose, for example, that we run the gopt function using the

solutes parameters for model 1 given in the g-mg-optim spread-

sheet of the Data.xlsx file in the Supplementary Material. Then,

the gopt function determines automatically the optimal ϕ-gradient

conditions according to the default values of the arguments, i.e.

this function, based on model 1, determines the optimal duration

of monolinear variation of organic modifier content, t G, ϕ , between

ϕ min = 0 and ϕ max = 0.6, for the best separation in the preset sepa-

ration time, t max = 30 min. The estimated optimal ϕ-gradient con-

ditions, i.e. t G, ϕ = 10 min, along with the corresponding gradient

elution times of solutes, t R , as well as the resolution of the least

resolved pair of adjacent solutes, R s , are presented in the R Con-

sole . Moreover, a table of t G, ϕ , R s and t R, max values is included in

the R Console , whereas the corresponding overlaid plots of R s vs. t G 
and t R, max vs. t G is presented in the R Graphics Device . Figs. 6 and 7

show these outputs of the gopt function in the R Console and in the

R Graphics Device, respectively. The appreciation of scatter plots of

R s and t R, max vs . t G, ϕ depicted in Fig. 7 enables a manual selection

of optimal ϕ-gradient conditions. 

Note that, in case two separation parameters are going to be

optimized in an optimization procedure, a manual selection of op-

timal separation conditions is also possible but via contour plots.
n example of the application of the gopt function in an optimiza-

ion procedure of double ϕ and pH - monolinear gradients condi-

ions using the solutes parameters for model 10 given in the g-mg-

ptim spreadsheet of the Data.xlsx file in the Supplementary Ma-

erial is depicted in Fig. 8 . In this case the parameters that should

e optimized are the ϕ-gradient duration, t G, ϕ as well as the pH-

radient duration t G, pH . According to the default arguments (see

upplemental R_Instructions ), the gopt function automatically de-

ermines that the optimum duration of linear ϕ-variation between

min = 0.2 and ϕmax = 0.7 is t G, ϕ = = 2 min, whereas the optimum

uration of linear pH-variation between pH min = 2 and pH max =
 is t G, pH = 9 min, which yields the best resolution, R s = 1.739,

ithin a desirable value of chromatographic time, t max = 15 min.

rom the contour plots of Fig. 8 , we observe that this optimal pair

 t G, ϕ , t G, pH ) automatically assayed by the gopt function corresponds

o a yellow spot at the left bottom of the R s contour plot, which

eans that the selection of these optimal values for t G, ϕ and t G, pH 

s not secure. However, in case we select t G, pH ~20 min, then, irre-

pective of the t G, ϕ value (in the range between 25 and 35 min),

e will obtain optimal resolution within a chromatographic time,

 max ~ 19 min. Consequently, the foreknowledge of the precise de-

endence of resolution and separation time upon one or two re-

ention parameters of interest, provided by the proposed R pack-

ge for separation optimization, gives chromatographers a feel of

onfidence for the selection of the optimal conditions for a desired

eparation. 

.4. Automatical (in one step) optimization and visualization of 

socratic elution 

An automatic function is also developed, the ifitopt function,

hich is partly a combination of ifitk, fitshape and iopt functions.

his function optimizes the isocratic separation condition of a so-

utes mixture when the retention is described by one of the mod-

ls 1 to 3 of Table 2 , while the function has first determined the

olutes retention and peak shape parameters, which are necessary

or the optimization procedure. 

. Conclusions 

Overall, the developed R software is designed as easy-handled

nd user-friendly tool for simulating and optimizing liquid chro-

atographic separations. In fact, this software is an upgraded ver-

ion of our work on the issue of computer-aided separation op-

imization, which is implemented in R programming language.

he proposed software offers two different modes for selection of

he optimal separation conditions (automatic and manual mode),

hich gives chromatographers a feel of confidence for the selection

f the optimal separation conditions. Moreover, as the peak shape

odeling is also performed by this package, it provides to the

nalyst-user the opportunity to generate simulated chromatograms

nder selected chromatographic conditions. We demonstrate in

his study several examples where the R package provides op-

imal isocratic, monolinear and/or bilinear separations condition

overned by variations of ϕ and/or pH. On the other hand, this

tudy may encourage the users to extend the capabilities of the

roposed R software through adding new functionalities to this

oftware such as for example the modeling of non-ideal Gausian

eak shapes (tailors peaks) or the introduction of new retention

odels and/or gradient conditions. Finally, an illustrative video

iven in the Supplementary material may encourage a novice prac-

itioner in R (software) programming language to follow the pro-

osed separation optimization procedure in a real HPLC analysis of

xperimental data given in the video spreadsheet of the Data.xlsx .

 flowchart representing a sum-up of the above separation opti-

ization process is depicted in Fig. 9 . 
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Fig. 6. Example output of the gopt function in the R C onsole (see the text for details). 

Fig. 7. Example output of the gopt function in the R Graphics Device (see the text 

for details). Scatter plots of R s and t R max vs. t G, ϕ assayed by the gopt function in 

an optimization procedure of ϕ-monolinear gradients conditions (see the text for 

details). 
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Fig. 8. Example output of the gopt function in the R Graphics Device (see the text 

for details). Contour plots of R s and t R, max vs. t G, ϕ and t G, pH assayed by the gopt 

function in an optimization procedure of double ϕ and pH-monolinear gradients 

conditions (see the text for details). 
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Supplementary material 
• Thorough Instructions for using the R package for separation

ptimization in the R_Instructions.pdf file . 
• The code of R functions is presented in the R_Functions.docx

le. 
• The code of R functions is saved in RChromOptim.RData file for

 comfortable use of the optimization software (ZIP). 
• Original or artificial chromatographic data as well as solute

arameters for implementation of the optimization software are

iven in the Data.xlsx file. 
• The tab-delimited .txt files used as input in different

xamples of implementation of R functions described in the

_Instructions.pdf file as well as in the video are given in the folder

Text files” (ZIP) 
• An Illustrative video supporting the user in following the pro-

osed separation optimization procedure (.mp4) 
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Fig. 9. Representative scheme of the operation procedure of the whole R package for separation optimization of experimental gradient data taken from Ref. [39] . 
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