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ABSTRACT  This wo k p esents an open sou ce database with suitable  etention pa amete s fo  p ediction and simulation of GC 
sepa ations and gives a sho t int oduction to th ee common  etention models. Useful compute  simulations play an impo tant  ole to 
save  esou ces and time in method development in GC. The modynamic  etention pa amete s fo  the ABC model and the K-cent ic 
model a e dete mined by isothe mal measu ements. This standa dized p ocedu e of measu ements and calculations, p esented in 
this wo k, have a useful beneft fo  all ch omatog aphe s, analytical chemists, and method develope s because it can be used in thei  
own labo ato ies to simplify the method development. The main benefts as simulations of tempe atu e-p og amed GC sepa ations 
a e demonst ated and compa ed to measu ements. The obse ved deviations of p edicted  etention times a e in most cases less than 
1%. The database includes mo e than 900 ent ies with a la ge  ange of compounds such as VOCs, PAHs, FAMEs, PCBs, o  
alle genic f ag ances ove  20 dife ent GC columns. 

1. INTRO UCTION 
Method developments in gas (liquid) ch omatog aphy can often 
 equi e a lot of time and  esou ces. Mo e efcient, less expensive, 
and  esou ce-saving pe spectives a e opened up by the use of 
app op iate compute  simulations to simplify the optimization 
p ocess and solve sepa ation p oblems. In method development, 
even simple  etention models and calculations can be ve y 
helpful, fo  example, to estimate elution o de s,  etention times, 
o   esolution. Retention models and simulations need 
substance-specifc  etention pa amete s, fo  example, fo  the 
model of Cla ke and Glew1 o  the K-cent ic model of 
Blumbe g.2−4 Because the dete mination of those substance-
specifc and stationa y-phase-specifc pa amete s is also 
elabo ate, it is const uctive to collect them in databases and 
sha e them with the scientifc community. 

The e a e othe   etention databases existing, such as the 
 etention index (RI) database fo  example of NIST5 o  the linea  
solvation ene gy  elationship (LSER) database of UFZ.6 These 
 etention data a e p ima ily suitable fo  p ediction of  etention 
phenomena and the dist ibution in the ch omatog aphic phases. 
With K-cent ic data, the cha acte istic tempe atu e may also be 

suitable fo  identifcation. Via simulation, those  etention data 
can also be used fo  p ediction of  etention indices simila  to the 
LSER app oach.7 The  etention data p esented in this wo k a e 
tempe atu e-independent and can the efo e be used fo  
p ediction of tempe atu e p og ams.8 The efo e, compa ed to 
the LSER9 app oach K-cent ic  etention data can desc ibe the 
change of  etention facto  k with the tempe atu e. 

This wo k p esents an available open sou ce  etention 
database fo  th ee common  etention models and gives a sho t 
ove view fo  the calculation of the co  esponding data. All th ee 
 etention models desc ibe the tempe atu e dependence of the 
 etention facto  with dife ent pa amete  sets and can be 
conve ted into each othe . To save the use  of the database a 
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conve sion, the data fo  each of the th ee  etention models a e 
p esented in the co  esponding pa amete  set, which is ve y 
convenient. The beneft of the data, fo  example, fo  simulation 
of GC sepa ations is demonst ated. The standa dized p ocedu e 
of the dete mination can be useful fo  eve y gas ch omatog a-
phe  o  analytical chemist to get p edictions fo  thei  own 
measu ements. 
1.1. Thermodynamic Retention Model. In gas ch oma-

tog aphy, the pa tition of a solute between the mobile phase 
(gas) and the stationa y phase (liquid) is measu ed by the 
dist ibution coefcient K, defned as the  atio of the 
concent ation of the solute in the stationa y phase and in the 
mobile phase. It can be measu ed by isothe mal measu ements 
of the  etention facto  k and the phase  atio β of the column. 

=K k (1) 

The dist ibution coefcient K depends on the tempe atu e T 
and the Gibbs f ee ene gy ΔG of the evapo ation of the solute 
f om the stationa y phase.10 

= i
k
jjj y

{
zzzK

G
RT

exp
(2) 

with R being the mola  gas constant. The Gibbs f ee ene gy ΔG 
can be exp essed by enthalpy ΔH and ent opy Δ  changes of the 
solute f om the stationa y into the mobile phase as 

=G H T S (3) 

and the efo e 

= i
k
jjj y

{
zzzk

H
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S
R

1
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(4) 

Both ΔH and Δ  depend on the tempe atu e T itself. To 
compensate fo  this tempe atu e dependency, a thi d pa amete 
ΔCp (change of the isoba ic mola  heat capacity) can be 
int oduced and the enthalpy ΔH ef and ent opy Δ  ef at a 
 efe ence tempe atu e T ef a e used. Equations 2 and 3 lead to 
the classic van’t Hof model and fu the  to 
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which can be conve ted in a 3-pa amete  model of Cla ke and 
Glew1,4 fo  cu ve ftting 

= + +
i
k
jjjjj

y
{
zzzzzK A

B
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C
T
T

ln ln
1 (6) 

It was shown11 that using a 3-pa amete  model  esults in a 
bette  ft of k ove  a wide  tempe atu e  ange than using a 2-
pa amete  model with constant ΔH and Δ . 

The pa amete s A, B, and C can be conve ted to enthalpy 
ΔH ef and ent opy Δ  ef fo  a chosen  efe ence tempe atu e T ef 
and the change of the isoba ic mola  heat capacity ΔCp. 

=H R CT B( )ref ref (7) 
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=C RCp (9) 

It seems  easonable to set up a model that no malizes its 
 efe ence va iables to a ce tain tempe atu e. In adso ption 

phenomena, especially in ch omatog aphy, the dist ibution of an 
analyte depends to a la ge extent on the tempe atu e conditions 
but not on the same tempe atu e fo  each analyte. Choosing one 
 efe ence tempe atu e T ef fo  all analytes leads to physically 
meaningless conditions fo  substances with ext eme  etention, 
such as highly volatile compounds o  low volatile substances like 
t iglyce ides. Fo  ch omatog aphy, it is mo e app op iate to 
no malize the model to the same dist ibution of the analyte ove  
the stationa y phase, exp essed by the dist ibution coefcient K. 4 

A fully equivalent model to desc ibe the dist ibution of a 
solute between stationa y and mobile phases in a 3-pa amete  
model is the dist ibution-cent ic 3-pa amete  model of 
Blumbe g,4 the sho t K-cent ic model. In this model, the 
 etention facto  k of a solute in a GC system is defned by th ee 
pa amete s: 

• Tcha  cha acte istic tempe atu e 

• θcha  cha acte istic the mal constant 

• ΔCp change of the isoba ic mola  heat capacity (eq 7) 

and the equation 
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These pa amete s, especially Tcha  and θcha , have a di ect 
ch omatog aphic meaningful inte p etation. The cha acte istic 
tempe atu e Tcha  is the tempe atu e, whe e ln k 0 and k 1.4 

At this tempe atu e, the amount of the solute is evenly 
dist ibuted between stationa y and mobile phases. The 
cha acte istic the mal constant is the inve se declining slope of 
the function ln k(T) at T Tcha . The efo e, an inc ease of the 
tempe atu e a ound Tcha  by θcha   educes k by a facto  of e ≈ 
2.72. The inte p etation of ΔCp is not st aightfo wa d, but it 
gene ally defnes the deviation of k f om a 2-pa amete  model fo  
tempe atu e signifcantly lowe /highe  than Tcha . 

The pa amete s Tcha , θcha , and ΔCp a e specifc fo  the phase 
 atio β0 used to dete mine these pa amete s. Using a column 
with the same stationa y phase but dife ent phase  atio β1 
 equi es a co  ection facto  fo  the  etention facto  calculated 
f om eq 10. 

=k k1
0

1
0

(11) 

The  etention facto  k can be dete mined using the  etention 
time f om the ch omatog am at the known void time tM of the 
GC column, which is the time the ca  ie  gas o  a substance with 
no  etention  equi es to pass the column. 

=
i
k
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zzzzzk
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The void time tM can be measu ed by detection of a non-
inte acting gas, fo  example, methane o  ai . Fo  wall-coated 
cylind ical GC columns with length L, inte nal diamete  d, and 
tempe atu e T, tM can also be dete mined with 
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whe e pi is the p essu e at the inlet of the column, po at the 
column outlet, and η is the viscosity of the ca  ie  gas.10 
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2. MATERIALS AN  METHO S 

2.1. Chemicals. To c eate the database, 260 substances we e 
measu ed, such as homologous alkanes, alcohols, ketones, 
phenones, BTEXs, halogen-phenols, and othe s. Relevant 
substances fo  the analytic in food and cosmetics we e also 
measu ed, fo  example, 37 FAMEs, 58 alle genic f ag ances, 16 
EPA-PAHs, 6 PCBs, 6 t iglyce ides, and othe  volatile 
compounds. All used standa d substances we e pu chased by 
Sigma-Ald ich with a pu ity of highe  than 99.9%. The efo e, 
dilutions of the compounds we e used to dete mine  etention 
pa amete s of these substances and to measu e ch omatog ams 
with dife ent tempe atu e p og ams.
2.2. Columns. Measu ements fo  dete mination of the 

 etention pa amete s we e pe fo med on dife ent GC 
sepa ation columns: 30 m   0.25 mm   0.25 μm Rxi17SilMS 
(75% phenyl−25% methylpolysiloxane, Restek. USA), 30 m   
0.25 mm   0.25 μm Rxi5SilMS (75% phenyl−25% methyl-
polysiloxane, Restek. USA), 30 m   0.25 mm   0.5 μm 
Rxi5SilMS, and 10 m   0.1 mm   0.1 μm ZB-PAH-CT 
(p op ieta y stationa y phase, Phenomenex, USA). Void times 
we e measu ed with injections of ai  and detection of the oxygen 
signal in the TOF-MS. The L/d  atios of the columns we e 
dete mined f om void time measu ements by using eq 13 and 
a e shown in Table 1. 

2.3. Instrumentals. A HP 6890 se ies GC system f om 
Hewlett Packa d/Agilent with split/splitless injecto  (300 °C, 
1:100 split  atio) coupled with a BenchTOF-dx time-of-fight 
mass spect omete  f om Ma kes, UK, was used. The alle gen 
f ag ances on the Rxi17SilMS we e measu ed using an inte nal 
fame ionization detecto  of the GC (HP), with void time 
measu ements using methane. Ca  ie  gas was helium with 
pu ity of 99.9%. A PAL RSI Ch onect Robotic autosample  
(CTC Analytics AG, Switze land) was used fo  injection of 1 μL 
of each sample. Isothe mal measu ements we e made in the 
 ange f om 60 to 300 °C with 10 °C inc ements and a constant 
fow of 1 mL/min of the ca  ie  gas. 

To validate the pa amete s, tempe atu e-p og amed measu e-
ments we e pe fo med on the HP 6890 GC and a fow feld 
g adient GC (FF-TG-GC)12 (Hype Ch om SA, Luxembou g). 
The measu ed ch omatog ams we e compa ed to simulated 
data. 
2.4. Literature  ata. 13 data sets with  etention pa amete s 

we e found in the lite atu e. Table 2 gives an ove view about the 
size of the data sets, the numbe  of compounds and columns that 
a e included, and the  efe ence of the lite atu e. 
2.5. Software. Fo  calculation of void times and ln k values, 

MS Ofce P ofessional Plus 2019 Excel was used. All othe  
calculations we e pe fo med in a Pluto notebook23 using the 
p og amming language Julia.24 The notebook is available in the 
p oject “RetentionData” via GitHub.25 Fo   obust ftting and 
outlie  detection, the package RAFF.jl was used.26 Fo  linea  and 
multiva iate fts, the package LsqFit.jl was used.27,28 Simulation 

of GC sepa ations and ch omatog ams we e pe fo med with the 
open sou ce softwa e GasCh omatog aphySimulato .jl.29 De-
tailed info mation to the simulation can be found elsewhe e.2 

3. CREATION OF THE  ATABASE 
3.1. Calculations and Processing Steps. A schematic 

ove view of the calculation and p ocessing steps is given in 
Figu e 1. 
K-cent ic pa amete s of each compound we e dete mined by 

ftting the ln k values, calculated by eq 12, against the 
tempe atu e of the investigated tempe atu e  ange by using 
the K-cent ic model by Blumbe g (eq 10) (see Figu e 1 no. 1). 
K-cent ic pa amete s we e conve ted into the ABC 

pa amete s using eq 14 (see Figu e 1 no. 3) with knowledge 
of nominal β. 4 

= +
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Enthalpy ΔH ef and ent opy Δ  ef we e dete mined f om the 
ABC pa amete s by using eq 7 and 8,  espectively, with a 
 efe ence tempe atu e of 90 °C (Figu e 1 no. 5). 90 °C fo  T ef 
was chosen because othe  the lite atu e data a e dete mined at 
these  efe ence tempe atu es. With T ef Tcha , the K-cent ic 
equivalents ΔHcha  and Δ cha , enthalpy, and ent opy at the 
solute specifc cha acte istic tempe atu e we e dete mined, 
which a e mo e meaningful fo  ch omatog aphy.4 

Data f om the lite atu e we e conve ted into K-cent ic 
pa amete s by using the following steps (Figu e 1 no. 2). 

ABC pa amete s can be conve ted to K-cent ic data by using 
eqs 15 and 164 (Figu e 1 no. 4).4 

= =
+

T
B

CW x
B

C W x W x

C

( )
,

(1 ( )) ( )
,

0

char char 2

(15) 

with 

=x B
CT

eA C

C

/

1
1/ (16) 

Table 1. Determined L/d Ratios for the Investigated 
Separation Columns 

stationa y
phase 

d 
[mm] 

df 
[μm] L/d L [m] 

Rxi17SilMS 0.25 0.25 120,889.6 ± 170.4 30.222 ± 0.043 
Rxi5SilMS 0.25 0.25 121,606.8 ± 1475.7 30.40 ± 0.37 
Rxi5SilMS 0.25 0.5 119,084.0 ± 1276.0 29.77 ± 0.32 
ZB-PAH-CT 0.1 0.1 102,300.0 ± 4700.0 10.23 ± 0.47 

Table 2. Data sets with Retention Data Found in the 
Literature That are Included in the Database 

data 
set 

size of data 
set 

numbe  of 
compounds 

numbe  of 
columns  efe ences 

1 88 88 1 13 
2 47 45 1 14 
3 5 5 1 3 
4 7 7 1 15 
5 51 17 3 11 
6 22 22 1 2 
7 76 12 3 16 
8 6 6 1 17 
9 25 11 3 18 
10 11 11 1 19 
11 25 19 1 20 
12 34 16 2 21 
13 135 19 8 22 
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whe e T1 1 K and W(x) is the Lambe t W function (also 
known as p oduct log function). Pe  defnition, the a gument x 
has to be la ge  than −1/e. The Lambe t W function has two 
b anches W0 and W−1, as shown in Suppo ting Info mation, 
Figu e S1. All data so fa , show that only the b anch W−1 is used; 
the efo e, the value of x, eq 16, has to be between −1/e and 0. 

With knowledge of the  efe ence tempe atu e T ef, the mody-
namic data as Δ  ef and ΔH ef can be conve ted into ABC 
pa amete s4 (Figu e 1 no. 6). As shown above, they can be 
conve ted into K-cent ic data (Figu e 1 no. 4). 
3.2. Validation and Quality Control. The calculated 

values have to be validated (Figu e 1 no. 7). Fo  acceptance of 
the compound data the following c ite ia a e defned: 

(a) The data set includes th ee data points as minimum fo  
non-linea  multiva iate ft, ideally fou  data points o  
mo e. As a  ecommendation, the data should contain 
points a ound ln k 0 to achieve accu ate ftting  esults. 

(b) ln k values  ange between −2.0 and 3.5, too high ln k 
values a e associated with too b oad peaks, inc eased 
signal-to-noise, and inaccu ate  etention times. Since low 
ln k values often  esult in analyte peaks me ging into the 
solvent peak,  etention does not only depend on the 
stationa y phase. 

(c) 0 < θcha  < 100, a negative θcha  cannot be accepted because 
it would mean that a tempe atu e inc ease leads to highe  
 etention times than to lowe . Based on available data, the 
pa amete  θcha  tends to be lowe  than 100 °C, in most 
cases a ound 30 °C.10 

(d) Tcha  > −273.15 °C, a value of Tcha  below the absolute 
ze o is not possible. 

(e) C > 0, negative C shows a lowe  bending of the ft cu ve, 
the cu ve becomes mo e linea  and causes also to the 
w ong b anch of the Lambe t W function (W0). 

(f) A < 0, based on available data the pa amete  A tends to be 
negative. 

(g) W(x) < −1 and −1/e < x < 0, data a e inacceptable if the 
value of the a gument x of the Lambe t W function gets 
lowe  than −1/e o  W(x) > −1. Available data shows a 

value of W(x) lowe  than −1 and is on the W−1 b anch, 
the efo e −1/e < x < 0. 

Data that failed one of the c ite ia will be fagged in the 
database. The  eason of the failu e will be documented. 

To c eate the fnal database afte  validation as shown in Figu e 
1 no. 8, the pa amete s of each compound  elated to the 
stationa y phase a e collected in a table. Fo  many substances, a 
substance catego y is added, fo  example n-alkanes” fo  
homologous se ies of alkanes, “FAMEs” fo  fatty acid methyl 
este s (FAMEs), o  “G ob”, if the substance is pa t of the G ob 
mix fo  evaluation of GC columns. The st uctu e of the fnal 
table is shown in Table 3. 

4. RESULTS AN   ISCUSSION 
4.1.  etermined Parameters. The dete mined  etention 

facto s f om isothe mal measu ements a e plotted against the 
isothe mal tempe atu e. The detailed ln k values fo  each 
compound can be found in the GitHub p oject.25 The inte net 
link to the data is available in the Suppo ting Info mation. The 
plots and fts as ln k ove  T fo  alle genic compounds, 16 EPA-
PAH, FAMEs, and t iglyce ides on the Rxi17SilMS a e shown in 
Figu e 2. The dete mined  etention pa amete s fo  the 
the modynamic model, the ABC model and the K-cent ic 
model a e shown in the Suppo ting Info mation. A selection is 
shown in Table 3. The value of N gives the numbe  of 
measu ements fo  the ft of each compound. 

Figu e 3 shows the  elationship between the cha acte istic 
tempe atu e Tcha  and the cha acte istic the mal constant θcha  
and to ΔCp. The gene al  elationship is consistent with 
obse vations of Blumbe g.10 A st ong infuence of dife ent 
phase  atios on the co  elation of θcha  on Tcha , as desc ibed in  ef 
8 could not be obse ved in this data. Inte active 3D fgu es of the 
K-cent ic and the ABC pa amete s can be found in Suppo ting 
Info mation, Figu es S3 and S4. The ABC data show a nea ly 
st aight line in the pa amete  space. In the pa amete  space of all 
th ee K-cent ic pa amete s, a gene al t end can be estimated, 
whe eas some compounds f om compa able substance classes 
show cha acte istic  egions in the space, Figu e 3. Aliphatic 

Figure 1. Schematic ove view of the main tasks fo  calculation and conve ting of the  etention pa amete s and c eation of the database. 
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Figure 2. Dete mined ln k values ove  T with fts of the K-cent ic model fo  each substance fo  a selection of alle gen f ag ances (A), EPA-PAHs (B), 
FAMEs (C), and t iglyce ides (D) on Rxi17SilMS (β 250) as the stationa y phase. 

Figure 3. Relationships between K-cent ic pa amete s and infuence of substance catego y. 2D p ojection f om the 3D pa amete  space fo  Tcha  against 
θcha  (A) and ΔCp against Tcha  (B). 

ACS Omega http://pubs.acs.org/journal/acsodf Article 

https://doi.org/10.1021/acsomega.3c01348 
ACS Ome a 2023, 8, 1 708−1 718 

19714 

= 

https://pubs.acs.org/doi/10.1021/acsomega.3c01348?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c01348?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c01348?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c01348?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c01348?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c01348?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c01348?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c01348?fig=fig3&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c01348?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


compounds such as n-alkanes, n-alcohols, o  FAMEs lie in othe  
 egions than a omatic compounds such as PAHs, PCBs, o  
dioxins but even high volatiles like BETXs. The  egion of the 
t iglyce ides is close to FAMEs. Glyce yl t imy istin and glyce yl 
t ipalmitin did not pass the validation because thei  a guments x 
of the Lambe t W function a e x < −1/e. A p oblem du ing the 
dete mination a e data measu ed at high tempe atu e fa  away 
f om ln k 0, if the pa amete s, especially Tcha , a e dete mined 
as ext apolation with high standa d e  o s. This can be obse ved 
fo  t iglyce ides but fo  some PAHs as well. 

A p incipal compound analysis (PCA) p ovides a model that 
can desc ibe the  elationships between the K-cent ic pa amete s, 
Figu e 4. PCA of the ABC pa amete s  educes the data to one 
p incipal compound (va iance explained 99.9985%), which is 
close to the app oximately linea  t end that could be obse ved. 
These PCA models can also be used fo  fu the  validation of new 
data and exclusion of data f om the database. 

4.2. Results of the Validation Process. Table 4 shows the 
fnal data sets afte  the validation p ocess. The total size of the 
database was  educed f om 1031 to 967 listings. It is notable, 
that all of the compounds found by Stevenson et al., did not pass 
the validation.20 This data, obtained by tempe atu e-p og amed 
 athe  than isothe mal measu ements, show nea ly linea  ln k 
ove  T cu ves, so that the Lambe t W c ite ia could not be 
accepted. A simila  t end is obse ved fo  some of the PAHs 
measu ed on the ZB-PAH-Column, which also show ve y linea  
cu ves in the investigated conditions. Figu e 5 shows the p ima y 
substance catego ies and the numbe  of compounds in the fnal 
database. To  eview the quality of the dete mined data, in the 
next step  andomized GC measu ements we e pe fo med and 
compa ed to simulated ch omatog ams.
4.3. Beneft of the  ata. The data can be used fo  

p ediction and simulation of GC sepa ations. The dete mined 
cha acte istic tempe atu es of the substances can be di ectly 

Figure 4. PCA fo  all th ee K-cent ic pa amete s of dife ent compound catego ies. PC1 explains 82.7% of the data and va iance explained 99.6562. 

Table 4. Data sets After the Validation Process Including the 
Literature Data and Own Determined Data 

data 
set 

size of data set 
befo e 

validation 

size of data 
afte  

validation 
numbe  of 
compounds 

numbe  
of 

columns  efe ences 

1 88 88 88 1 13 
2 47 47 45 1 14 
3 5 5 5 1 3 
4 7 7 7 1 15 
5 51 51 17 3 11 
6 22 22 22 1 2 
7 76 76 12 3 16 
8 6 6 6 1 17 
9 25 25 11 3 18 
10 11 11 11 1 19 
11 25 0 0 0 20 
12 34 29 15 2 21 
13 135 117 19 8 22 
14 32 22 16 2 this wo k 
15 85 85 70 1 this wo k 
16 355 351 128 3 this wo k 
Total 1031 967 289 20 

Figure 5. Dist ibution of dife ent substance catego ies included in the 
database (absolute values, substances). 
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used to estimate the gene al elution o de  of a composition. 
Most compounds elute in o de  of thei  cha acte istic 
tempe atu es. Fo  close Tcha  values, the values of θcha  and 
heating  ates also have infuence on the elution o de .4 

Simulated ch omatog ams of PAHs and FAMEs compa ed to 
measu ements on the same GC system a e shown in Figu es 6 
and 7. As demonst ated the simulations well acco ds to 
measu ements. The ave age deviation fo  each compound is 
less than 1%. The  mse ( oot-mean-squa e e  o ) is 0.1425 min 
fo  the PAHs and 0.03532 min fo  the FAMEs. Figu e 8 shows a 
simulation computed by ABC  etention pa amete  f om the 
lite atu e14 on a Rxi5 compa ed to measu ements on ou  own 
GC system on a Rxi5SilMS. These two stationa y phases a e 
simila  but do not have exactly same composition; howeve , the 
deviations between the  etention times fo  n-alkanes a e almost 

less than 2%, which a e almost equivalent to a shift by one to 
th ee peak widths. In this case, the data a e t ansfe able to 
dife ent GC systems. To check the t ansfe ability of the data 
f om one GC system to anothe , the autho s a e highly 
inte ested in data f om the community to compa e  etention 
data fo  simila  compounds and phases. As anothe  example fo  a 
t ansfe ability, the simulation is also suitable fo  p ediction of 
fast GC measu ements such as FF-TG-GC.2 Measu ements with 
PAHs30 on a FF-TG-GC system show a good match of elution 
o de  but a systematic shift in  etention times, which  esult by a 
lack of knowledge of the exact g adient p ofle and the dife ent 
used GC system. A simulation of FF-TG-GC measu ements of 
PAHs compa ed to measu ements is shown in Suppo ting 
Info mation, Figu e S5. 

Figure 6. Measu ed and simulated ch omatog am of a tempe atu e-p og amed GC sepa ation of 16 polycyclic a omatic hyd oca bons (EPA-PAH) on 
a Rxi17SilMs. GC conditions: Tinit 70 C; f st  amp: 20 C/min, T1 150 C, hold time 5 min; second  amp: 12 C/min, T2 250 C, hold time 
2 min; thi d  amp: 15 C/min, Tend 360 C, hold time 5 min,  mse 0.1425 min. 

Figure 7. Measu ed and simulated ch omatog am of a tempe atu e-p og amed GC sepa ation of FAMEs on a Rxi5SilMs. GC conditions: Tinit 60 C, 
f st  amp: 20 C/min, Tend 300 C,  mse 0.03532 min. 
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5. CONCLUSIONS 
The  etention pa amete  fo  a huge numbe  of compounds, fo  
example, alle genic f ag ances, PAHs, FAMEs, and othe  volatile 
substances we e dete mined and collected in a database. The 
p esented calculation p ocedu e is even suitable fo  method 
develope s on thei  own GC systems to gene ate own databases 
fo  simple p edictions. The p esented database now includes 
data fo  mo e than 280 substances on up to 20 dife ent 
stationa y phases. The full database is available at GitHub 
https://github.com/JanLeppe t/RetentionData. 25 The data a e 
suitable fo  p ediction, simulation, and optimization of GC 
sepa ations. 

To  educe the elabo ate isothe mal measu ements, fu the  
investigations will focus on development of easie  estimation 
methods fo  the  etention pa amete s than via isothe mal 
measu ements. The most impo tant K-cent ic pa amete  Tcha  
can be well-estimated f om the elution tempe atu e. Simila  to 
the estimations of RI o  boiling points f om LSER data7 f om the 
lite atu e, the othe  K-cent ic pa amete s can also be estimated. 
Fi st  esults a e p omising. With suitable optimization 
algo ithms, efcient estimates by simulation will be possible 
f om tempe atu e-p og amed measu ements . 
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