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HPLC Teaching Assistant: A New 

Tool for Learning and Teaching 

Liquid Chromatography, Part II

Part II of this series describes additional features of the HPLC 

Teaching Assistant software, including the capability to simulate 

the impact of the mobile-phase temperature on high performance 

liquid chromatography (HPLC) separations, understand the 

chromatographic behavior of a mixture of diverse compounds in 

both isocratic and gradient elution modes, show the influence of 

instrumentation (injected volume and tubing geometry) on the 

kinetic performance and sensitivity in HPLC, and demonstrate 

the impact of analyte molecular weight on thermodynamic 

(retention and selectivity) and kinetic (efficiency) performance.

I
n part I of this series (1), some 

of the capabilities offered by the 

high performance liquid chroma-

tography (HPLC) spreadsheet were 

described, such as the opportunity to 

t�  illustrate the concept of chromato-

graphic resolution, including the 

impact of retention, selectivity  

and efficiency; 

t�  understand the plate height (van 

Deemter) equation and kinetic per-

formance in HPLC; 

t�  recognize the importance of ana-

lyte lipophilicity (log P) on reten-

tion and selectivity in reversed-

phase liquid chromatography (LC) 

mode; and 

t�  handle reversed-phase LC retention, 

taking into account the acid–base 

properties (pKa) of compounds and 

the mobile-phase pH.

Some additional features of this 

software are described here, includ-

ing the capability to simulate the 

impact of the mobile-phase tempera-

ture on HPLC separations, under-

stand the chromatographic behavior 

of a mixture of diverse compounds 

in both isocratic and gradient elu-

tion modes, show the inf luence of 

instrumentation (injected volume and 

tubing geometry) on the kinetic per-

formance and sensitivity in HPLC, 

and demonstrate the impact of ana-

lyte molecular weight on thermody-

namic (retention and selectivity) and  

kinetic (efficiency) performance.

Understanding the Impact of 

Mobile-Phase Temperature in 

Reversed-Phase LC 

Theoretical Background

The mobi le -pha se temperatu re 

impacts both the kinetic (shape of 

the van Deemter curve, optimal lin-

ear velocity, and column pressure 

drop) and the thermodynamic perfor-

mance (modification of the retention  

and selectivity).

In terms of kinetic performance, 

the optimal linear velocity (uopt) of 

the van Deemter curve is given by the 

following equation:

=

V
opt 

× D
m

u
opt d

p
 

[1]

The diffusion coefficient, Dm, of sol-

ute A in solvent B can be expressed 

using the Wilke-Chang equation:
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=

(Φ
B
M

B
)1/2T

D
m

7.4 ×10−8

η
B
V

A
0.6

 [2]

where MB is the molecular weight of 

solvent B, T is the absolute tempera-

ture (K), ηB is the viscosity of solvent 

B (cP) at T, VA is the molar volume of 

solute A at its normal boiling tempera-

ture, and ΦB is the association factor 

(the association parameter was intro-

duced in the above equation to define 

the effective molecular weight of the 

solvent with respect to the diffusion 

process [2]) of solvent B (dimension-

less). Wilke and Chang recommended 

a value of Φ at 2.6, 1.9, and 1.37 (3) 

when the solvent was water, methanol, 

and acetonitrile, respectively. The 

organic solvent selected for the calcu-

lation was acetonitrile. The mobile-

phase viscosity was determined from 

reference 4 and depends on the nature 

of the organic solvent and the mobile-

phase composition and temperature.

The column pressure drop was cal-

culated using Darcy’s law (see equa-

tion 9, in part I [1]). It depends on the 

mobile-phase viscosity and therefore 

also varies with temperature.

Log k increases linearly as a func-

tion of 1/T (K), according to the van’t 

Hoff equation:

= −

ΔS∘

log k
R

ΔH∘

RT
 [3]

However, the slopes of the van’t Hoff 

curves vary depending on the com-

pound. On average, the retention fac-

tor is divided by a factor of 2 every 

30  °C to 40  °C, depending on the 

compound (this is an empirical value, 

observed in reference 4). Three com-

pounds were arbitrarily selected. For 

the first compound (log P of 2.0), the 

k value was divided by a factor of 2 

every 40 °C, for the second com-

pound (log P of 2.5), k was divided by 

a factor of 2 every 30 °C, and for the 

third compound (log P of 2.8), k was 

divided by a factor of 2 every 38 °C.

In the spreadsheet entitled “tem-

perature,” the impact of the column 

dimensions (Lcol, dcol, and dp), f low 

rate (F ), percentage of organic sol-

vent, compound molecular weight 

(MW), and mobile-phase tempera-

ture on the kinetic and thermody-

namic performance can be directly 

visualized. The first graph shows the 

kinetic performance (N versus F ), the 

second one illustrates the thermo-

dynamic behavior (log k versus 1/T ) 

of three compounds, and a simu-

lated chromatogram with the three 

compounds shows the chromato-

graphic behavior when modifying the  

mobile-phase temperature.

Using the “Temperature” Spread-

sheet

Figure 1 il lustrates the impact of 

the mobile-phase temperature on 

the chromatographic separation of 

three species with different log P 

values. The retention decreases with 

increasing temperature from 30  °C 

to 150  °C because of the reduction 

of the mobile-phase polarity with 

temperature. The total analysis times 

were 33 min, 10 min, and 5.3 min at 

30  °C, 100  °C, and 150  °C, respec-

tively, and t0 remained constant. This 

result confirms that the percentage of 

organic solvent has to be decreased 

to achieve similar retention factors at 

different temperatures. For example, 

at 1% acetonitrile, the retention at 

150  °C was equivalent to the reten-

tion at 30  °C and 20% acetonitrile 

(data not shown). In addition to reten-

tion, the selectivity was also modified, 

and the elution order of the first two 

peaks was reversed at approximately 

100  °C. This result proves that tem-

perature is an effective parameter to 

tune selectivity, provided that a suf-

ficiently wide range of temperatures is 

investigated and the solute structures  

vary significantly.

The plate count and column pres-

sure drop were also calculated for the 

three conditions reported in Figure 

1. The column pressure was reduced 

from 39 to 11 bar between 30 °C and 

150 °C, and the plate count decreased 

from 14,276 to 12,817. This reduc-

tion in efficiency occurs because the 

van Deemter curve is shifted toward 

a higher linear velocity at an elevated 

temperature. Therefore, it would 

be useful to increase the f low rate 

to 5  mL/min at 150  °C to achieve 

the same plate count as observed at 

30  °C and 1  mL/min. Under these 

conditions, the analysis time would 

be reduced to only 1 min at 150  °C, 

and the pressure would remain  

acceptable (53 bar).

Understanding Isocratic Mode 

in Reversed-Phase LC

Theoretical Background

Retention in LC can be described by 

linear solvent strength (LSS) theory 

(5), which shows that the log k value 

of a given compound is inversely pro-

portional to the proportion of organic 

modifier in the mobile phase.

This linear behavior can be used to 

optimize the resolution and develop 

a reversed-phase LC method. Reten-

tion models (log k = f [%methanol]) 

can be drawn for several compounds 

contained within a mixture. Then, 

when considering a given methanol 

percentage, where the curves do not 

overlap, the corresponding selectiv-

ity is high. In this spreadsheet, the 

retention models of f ive compounds 

with log P values between 2.2 and 

2.8 and S values between 4 and 6.3 

are presented. Based on these val-
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Figure 1: Impact of mobile phase tem-
perature on the retention and selec-
tivity in reversed-phase LC. The chro-
matograms were simulated at 20% 
acetonitrile. Column dimensions: 150 
mm × 4.6 mm, 5 μm; flow rate: 1 mL/min; 
compound molecular weight: 100 g/mol.
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ues, the minimal resolution for each 

methanol percentage was plotted as 

a function of methanol percentage 

and the corresponding chromatogram 

was shown. This procedure can be 

used to optimize a reversed-phase LC 

method. Because the LSS curves are 

linear, only two experimental runs are 

required to determine the intercepts 

and slopes of the curves and optimize 

the chromatographic separation under 

isocratic conditions. This approach is 

how optimization software, such as 

Drylab (Molnar-Institute), Chroms-

word (Iris Tech), LC & GC simula-

tor (Advanced Chemistry Develop-

ment), and Osiris (Datalys), optimizes  

HPLC separations.

Using the 

“Isocratic Mode” Spreadsheet

A chromatographic separation of five 

substances can be simulated for any 

mobile-phase composition. As shown 

in Figure 2, the retention decreases at 

high percentages of methanol, which 

is in line with LSS theory. In addition, 

the selectivity is also modified. Even 

though the analysis time was longer at 

35% methanol, the separation was not 

improved compared to 52% methanol. 

However, the separation obtained at 

70% methanol was the worst in terms 

of selectivity because of the too low 

retention of the five substances under 

these conditions (k < 1).

Users can also set a minimal reso-

lution value (for example, 1.5, which 

corresponds to a baseline separation 

of five compounds), and the optimal 

corresponding methanol percentage 

is calculated based on the graph rep-

resenting the minimal resolution as a 

function of methanol percentage.

Understanding Gradient  

Mode in Reversed-Phase LC

Theoretical Background

Gradient elution mode is often used in 

reversed-phase LC to elute compounds 

of diverse hydrophobicity from a chro-
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Figure 2: Impact of isocratic mobile 
phase composition on the retention and 
selectivity in reversed-phase LC mode. 
The chromatograms were simulated at 
30  °C. Column dimensions: 150 mm × 
4.6 mm, 5 μm; flow rate: 1 mL/min.
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matographic column. A chromato-

gram of five substances eluted under 

gradient conditions was simulated, 

and the following procedure was used 

to construct the chromatogram.

First, f ive substances of different 

lipophilicity (log P values ranging 

from 1.4 to 3.4) were selected. The 

S values of these f ive compounds 

were arbitrarily f ixed between 4.0  

and 6.3, respectively.

Second, based on the gradient pro-

file (% initial, % final, and gradient 

time), column dimensions (Lcol, dcol, 

and dp) and mobile-phase f low rate 

(F ) set by the user, the corresponding 

elution composition (Ce) of each com-

pound was calculated. Then, the Ce 

values were transformed into tR under 

the gradient conditions.

Third, the peak widths (W ) in gra-

dient mode were simulated using the 

following equation:

=

t
0 

× (1+ k
e 
)

W
√N

 [4]

where N is the plate count and t0 is 

the column dead time (both calcu-

lated based on the column dimensions 

and mobile-phase f low rate), ke is the 

elution retention factor, which is cal-

culated from the elution composition, 

the log kw value obtained from the 

log P value (using equation 11 from 

part I) and the S value, using the 

following equation:

= − S ×C
e

log k
e log k

w  [5]

Finally, the corresponding peak capac-

ity (npeaks) was calculated using the 

equation proposed by Neue (6):

= ×

4 b+1
n

peaks 1+ 

 √N 1
1n (

                    
bb

b+1 e S×ΔΦ

− 

1
(

(

 [6]

where b is the gradient steepness, 

which can be expressed as follows:

=
t
grad

b
t
0 
������

�

S
 [7]

where tgrad is the gradient time and ΔΦ 

is the change in solvent composition 

during the gradient, ranging from 0 

to 1.

Using the 

“Gradient Mode” Spreadsheet

This spreadsheet allows the simulation 
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Figure 3: Relationship between the gradient conditions and the retention–selectivity in reversed-phase LC mode. The chromato-
grams were simulated at 30 °C. Column dimensions: 150 mm × 4.6 mm, 5 μm; flow rate: 1 mL/min.
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of chromatograms for various column 

dimensions, mobile-phase f low rates, 

and gradient conditions. Figure 3 

shows four simulated chromatograms, 

for which the column dimensions and 

mobile-phase f low rates were f ixed 

and only the gradient conditions were 

modified (initial and f inal composi-

tions, as well as gradient time). The 

first chromatogram shown in Figure 

3a was obtained with a gradient from 

5% to 40% methanol in 20 min and 

allows baseline separation of the five 

substances with a peak capacity of 63 

and minimum resolution (R s,min) of 

3.3. For the second chromatogram, 

the initial methanol percentage was 

modified from 5% to 30%. As shown 

in Figure 3b, the separation was faster, 

which is logical because the initial 

composition of the mobile phase had 

more eluent, and the selectivity was 

also modified, which is in agreement 

with theory because the initial metha-

nol percentage and gradient slope 

are the two most important param-

eters for tuning the selectivity under 

gradient conditions. In Figure 3b, 

the peak capacity was 63 and R s,min 

decreased to 1.3. Between Figures 

3a and 3c, only the f inal methanol 

percentage was modif ied from 40% 

to 80%. Under these conditions, all 

the peaks were eluted in approxi-

mately 10 min, showing that there is 

no need to greatly increase the final 

methanol percentage. Indeed, the 

investigated molecules were not suf-

ficiently lipophilic to require such an 

elevated methanol proportion. Finally, 

between Figures 3a and 3d, only the 

gradient time was modified, from 20 

to 60 min. The increase of the gra-

dient time improves the peak capac-

ity (equal to 91) and Rs,min (equal to 

4.6). However, it could be beneficial 

to reduce the final methanol percent-

age in Figure 3d because all the peaks 

were eluted in only 22 min.

In this example, only the gradient 

prof ile was modif ied, but the user 

can also easily visualize the impact of 

the column dimensions and mobile-

phase f low rate on the chromatogram 

obtained under gradient conditions. 

For example, for a constant gradient 

time, a higher mobile-phase f low rate 

often improves the resolution and peak 

capacity while simultaneously reduc-

ing the elution time. This improve-

ment occurs because the column 

dead time is lower at elevated mobile-

phase f low rates; therefore, the ke val-

ues are enhanced, leading to better  

overall performance (7).

Understanding the Impact 

of the Injected Volume in 

Reversed-Phase LC

Theoretical Background

The injected volume in reversed-phase 

LC has two effects on the separation, 

which are simulated under isocratic 

conditions in the spreadsheet entitled 

“injected volume.” First, a higher sensi-

tivity (Cmax) is expected when increas-

ing the injected volume (Vinj) based 

on equation (8):

∝

L × d 2
c 
×(1+k)

C
max

√N × V
inj

 [8]

However, it is not possible to inject 

a volume as large as is possible in 

reversed-phase LC, so a compromise 
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has to be found. Peaks become much 

broader and the plate count is reduced 

at high Vinj values for the following 

reason: In HPLC, the observed peak 

variance (σ²tot) is the sum of the 

chromatographic column dispersion 

(σ²col), the dispersion related to the 

injection system (σ²inj) and the disper-

sion related to the rest of the equip-

ment (tubing and detector, σ²ext). It 

can be expressed as follows:

=σ
2

tot
σ

2
col 

+ σ
2
inj 

+ σ
2
ext

 [9]

For the sake of simplicity, σ²ext 

was neglected.

Dispersion linked to the chromato-

graphic column itself (σ²col) can be 

obtained by the following equation, 

when a very small volume of sample 

is injected:

= =σ
2

col

V
R

V
0  

��(1 + k) 

√N √N
 [10]

where σ²col is the column variance 

(in units of μL²), N is the number of 

plates, and VR is the retention volume, 

which is a function of the column 

dead volume V0 and retention factor k.

The dispersion related to the injec-

tion (σ²inj) can be expressed as shown 

in equation 11 (9):

� �σ
2
inj

K
inj

V 2
inj

12
 [11]

where K inj is a constant (generally 

between 1 and 3) that depends on the 

injection mode. In our case, this value 

was set to 2.

The observed plate number (Nobs) 

could then be estimated by the  

equation below:

� �N
obs

N
col

1

1 + 

σ
2

inj

σ
2
col 

+ σ
2

inj

 
[12]

where  N c o l  i s  t he  t heore t i -

c a l  number of  plate s  of  the  

chromatographic support.

The impact of Vinj on chromato-

graphic performance (sensitivity and 

plate count) was assessed. Users can 

set the column dimensions (Lcol, dcol, 

and dp), mobile-phase f low rate, log 

P values of three model compounds, 

percentage of methanol in the mobile 

phase, injected volume, and com-

pound concentration. Then, a chro-

matogram is simulated under the con-

ditions set by the user, and a graph 

representing the column volume ver-

sus the injected volume is shown. All 

the chromatographic calculations and 

simulations were made for a sample 

diluted in a mixture of solvent strictly 

equivalent to the mobile phase itself.

Using the 

“Injected Volume” Spreadsheet

In reversed-phase LC, the injected 

volume should be between 0.5% and 

5% of the column volume to achieve 

a good compromise between sensi-

tivity and peak broadening. Figure 

4 shows the effect of the injected 

volume on the chromatographic per-

formance for three compounds with 

k values between 2 and 8. In Figure 

4a, a chromatogram was simulated 

for an injected volume of 20 μL on 

a 150 mm × 4.6  mm, 5-μm column 

(Vinj equal to 1.1% of Vcol). Under 

these conditions, the peaks were 

narrow (average eff iciency of 11,700 

plates), but the sensitivity was also 

poor, particularly for the last eluted 

peak, because of the dilution effect 

in the mobile phase. Therefore, the 

injected volume was increased 20-fold 

in Figure 4b (400 μL), and better 
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Figure 4: Impact of the injected volume on the sensitivity and kinetic performance in reversed-phase LC conditions. The chro-
matograms were simulated at 30  °C. Mobile phase: 30 methanol; flow rate: 1 mL/min; injected concentration (Cinj): 20 mg/L; 
compound log P values: 1.6, 2.0, and 2.3.
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sensitivity was achieved. However, 

the peaks were also much broader in 

this chromatogram (N = 2500 plates, 

compared to a theoretical N value of 

11,700), and strong differences were 

observed between the f irst eluted 

peak (N = 1050 plates) and the last 

one (N = 5300 plates), according to 

equations 10 and 12. Under these new 

conditions, Vinj is equal to 23% of 

Vcol, which is too high. In Figures 4c 

and 4d, a column of reduced volume 

was selected (50 × 2.1  mm, 5  μm). 

A volume of 20  μL was injected in 

Figure 4c (Vinj equal to 16% of Vcol), 

which is relatively high. The eff i-

ciency was poor (1200–2500 plates), 

but the sensitivity was relatively good. 

When decreasing Vinj to only 1 μL 

(Vinj equal to 0.8% of Vcol), no loss 

in plate count was observed for the 

column (approximately 3000 plates), 

but the sensitivity was too low for the 

last eluted peaks.

These examples illustrate the impact 

of the injected volume on the chro-

matographic performance and the 

compromise that needs to be made to 

achieve sufficient sensitivity and rea-

sonable band broadening.

Understanding the Impact 

of the Tubing Geometry in 

Reversed-Phase LC

Theoretical background

In HPLC, the volume between the 

injector and detector contributes 

to band broadening. Therefore, the 

tubing between the injector and the 

column inlet, as well as the tub-

ing between the column outlet and 

the detector, should be optimized in 

terms of dimensions to limit peak 

broadening and efficiency loss under  

isocratic conditions.

Similar to what was previously 

described for the injected volume, 

the dispersion related to the tubing 

(σ²tube) can be expressed as a func-

tion of the tubing radius, rtube, and its 

length, ltube (9): 

=

7.6 ��D
m

σ
2
tube

r 4
tube 
��l 

tube 
��F

 [13]

Here, the dispersion related to the 

injection and detector was neglected 

for simplicity.

T he tubing volu me a f f e c t s 

the plate count according to the  

following relationship:

� �N
obs

N
col

1

1 + 

σ
2

tube

σ
2
col 

+ σ
2

tube

 [14]

The pressure generated by the tubing 

itself is also modif ied by changing 

the tubing diameter (dtube) or length 

(Ltube), according to the Hagen-Poi-

seuille equation:

ΔP =128
π × d 4

tube 

η × L
tube 

× F
 [15]

The impact of the tubing geometry 

(dtube and Ltube) on chromatographic 

performance (generated pressure and 

chromatographic dispersion) was 

assessed. Users can set the column 

dimensions (Lcol, dcol, and dp), mobile-

phase f low rate, log P values of the 

three model compounds, the metha-

nol percentage in the mobile phase, 

and the tubing geometry (Ltube and 

dtube). Users have a choice of four con-

ventional tubing diameters that are 

widely used in HPLC, namely 65, 127, 

250, and 500  μm. A chromatogram 

is simulated under the selected con-

ditions, and a graph representing the 

column volume versus tubing volume 

0

100

200

300

400

500

600

0.0 0.1 0.1 0.2 0.2 0.3 0.3 0.4

A
b

so
rb

a
n

ce
 (

m
A

U
)

Time (min)

0

50

100

150

200

250

0.0 0.1 0.1 0.2 0.2 0.3 0.3 0.4

A
b

so
rb

a
n

ce
 (

m
A

U
)

Time (min)

0

2

4

6

8

10

12

0.0 5.0 10.0 15.0 20.0 25.0

A
b

so
rb

a
n

ce
 (

m
A

U
)

Time (min)

t
0

t
0

t
0

t
0

0

5

10

15

20

25

30

0.0 5.0 10.0 15.0 20.0 25.0

A
b

so
rb

a
n

ce
 (

m
A

U
)

Time (min)

150 mm X 4.6 mm, 5 μm, 1 m, 127 μm 150 mm X 4.6 mm, 5 μm, 2 m, 500 μm

50 mm X 1 mm, 5 μm, 1 m, 127 μm 50 mm X 1 mm, 5 μm, 0.5 m, 65 μm

(a)

(c) (d)

(b)

Figure 5: Impact of the injected volume on the sensitivity and kinetic performance in reversed-phase LC conditions. The chro-
matograms were simulated at 30  °C. Mobile phase: 30 methanol; flow rate: 1 mL/min; injected concentration (Cinj): 20 mg/L; 
compound log P values: 1.6, 2.0, and 2.3.
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is shown. The pressure generated by 

the tubing is also provided to deter-

mine the best compromise between 

pressure and band broadening.

Using the 

“Tubing Geometry” spreadsheet

Figure 5 shows the impact of the 

tubing geometry on chromatograms 

simulated under various analytical 

conditions. In Figure 5a, the column 

dimensions were standard (150 mm × 

4.6  mm, 5  μm) and the tubing had a 

relatively low volume corresponding to 

only 1% of the column volume. Under 

these conditions, the impact of tubing 

on the efficiency was negligible (theo-

retical efficiency of 11,700 plates and 

observed eff iciency for compounds 

with k values between 2 and 8, equal 

to 11,500–11,600 plates), and the 

pressure generated by the tubing itself 

was reasonable (37 bar). After chang-

ing the tubing geometry to a length 

of 2 m and a diameter of 500 μm, the 

impact on the kinetic performance 

was drastic. In Figure 5b, the peaks 

were much broader and the efficiency 

was in the range of 1500–6600 plates. 

The efficiency was strongly decreased 

because of the modification of the tub-

ing geometry, in agreement with equa-

tions 13 and 14. In Figures 5c and 5d, 

the column dimensions were modified 

and the volume was strongly decreased 

(50 mm × 1 mm, 5 μm). The impact 

of the tubing volume was obviously 

more critical, and the peaks were par-

ticularly broad when using this col-

umn on a system with approximately 

1 m of tubing with a 127-μm diameter. 

The tubing volume represented 46% 

of the column volume, and efficiency 

was in the range of 190–930, and the 

column should produce 1870 plates at 

this f low rate. Based on this observa-

tion, the tubing diameter was reduced 

to 65  μm and the length was reduced 

to 50 cm. Under these conditions, the 

efficiency was much better because the 

tubing represented only 6% of the col-

umn volume, but the tubing pressure 

was too large (270 bar), in agreement 

with equation 15.

In conclusion, a compromise has 

to be made between plate count and 

pressure when selecting the opti-

mal tubing geometry for plumbing 

a HPLC system. A chromatographic 

system cannot be easily used with 

a wide range of column internal 

diameters. Currently, even the best 

HPLC and ultrahigh-pressure liquid 

chromatography (UHPLC) systems 

on the market are not adapted to 

1  mm i.d. columns, and the perfor-

mance reported in Figure 5d cannot 

be achieved. Therefore, it would be 

relevant to develop a technical solu-

tion to limit the use of tubing in  

isocratic mode.

Understanding the Impact of 

Compound Molecular Weight 

in Reversed-Phase LC

Theoretical Background

As shown in equation 2, the diffusion 

coefficient (Dm) of an analyzed com-

pound is directly proportional to the 

analyte molecular weight (MW). In 

addition, there is a direct relationship 

between the optimal linear velocity 

(uopt) and Dm, according to equation 

1. Therefore, the kinetic performance, 

and particularly the van Deemter 

curve shapes, is modified when ana-

lyzing compounds of different molec-
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Figure 6: Impact of the compound molecular weight in reversed-phase LC mode. The chromatograms were simulated at 30 °C. 
Column dimensions: 150 mm × 4.6 mm, 5 μm; mobile phase: 20% acetonitrile; flow rate: 1 mL/min.
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ular weights. The achieved plate count 

at a given f low rate might change 

depending on the compound molecu-

lar weight. In most cases, a decrease 

in performance (broader peaks) is 

observed in reversed-phase LC when 

increasing the molecular weight of the 

analyzed substances because experi-

ments are often conducted at f low 

rates higher than the van Deemter 

optimum.

In addition to the kinetic perfor-

mance, the size of the analyzed com-

pound also impacts the slope of the 

LSS curve (log k versus % organic 

solvent), which corresponds to the S 

parameter in equation 12 of part I (1). 

It has been empirically demonstrated 

that the relationship between S and 

MW can be expressed by the follow-

ing empirical equation (5): 

S=0.5 × MW ½ [16]

Therefore, for a high S value (large 

molecules), the retention factor may 

vary strongly with the mobile-phase 

composition (methanol percentage). 

In some cases (for example, with large 

peptides and proteins), it is impossible 

to find isocratic conditions to analyze 

several large molecules, and gradient 

elution is mandatory.

In the spreadsheet, the user can set 

the column dimensions (Lcol, dcol, and 

dp), mobile-phase f low rate, acetoni-

trile percentage in the mobile phase 

and the molecular weight of the three 

model compounds. Using these values, 

kinetic curves for the three different 

model compounds are drawn, show-

ing the efficiency versus mobile-phase 

f low rate. In addition, the LSS curves 

(log k versus %acetonitrile) are pro-

vided to illustrate the slopes of the 

curves and how the retention factors 

varies with %acetonitrile. Finally, a 

chromatogram is also simulated for 

the three model compounds. Here, 

a color code (blue, purple, or green) 

was used to distinguish between the 

three analytes. In this spreadsheet, the 

three selected compounds have log P 

values of 2.2, 2.3, and 3.5, respec-

tively, and the S values were estimated 

using equation 16 based on the com-

pound molecular weights. Equation 

12 of part I (1) was used to calculate 

the log k of each substance and their 

corresponding retention times.

Using the 

“Molecular Weight” Spreadsheet

Figure 6 shows the impact of the com-

pound molecular weight on the chro-

matographic performance, consider-

ing three compounds with constant 

log P values of 2.2 (blue trace), 2.3 

(purple trace), and 3.5 (green trace). 

Between Figures 6a and 6b, only the 

molecular weights were changed, lead-

ing to modification of the S values.

In Figure 6a, the molecular weights 

were comparable (between 100 and 

300  g/mol); therefore, the three com-

pounds can be eluted under isocratic 

conditions with suff icient retention 

(k values between 5 and 24). This 

behavior is in line with the three 

LSS curves (log k versus acetonitrile 

percentage) because the slopes were 

comparable. From a kinetic point of 

view, the observed plate count var-

ies from 14,700 (MW of 100  g/mol) 

to 11,300 (MW of 300  g/mol) when 

using a 150 mm × 4.6 mm, 5-μm col-

umn at a constant f low rate of 1 mL/

min. Therefore, the f low rate should 

be decreased to 0.45 mL/min to attain 

a plate count of approximately 15,000 

plates for a 300 g/mol molecule.

In Figure 6b, the three model com-

pounds have molecular weights rang-

ing from 500 to 10,000 g/mol with the 

same log P values as in Figure 6a. This 

example il lustrates that molecules 

with very different molecular weights 

cannot be easily eluted under isocratic 

conditions at 20% acetonitrile with a 

reasonable retention. In this example, 

the retention factors were between 0 

and 0.6. This chromatographic behav-

ior can be explained by the LSS curves 

on the right side of Figure 6b. The 

curves have relatively different (but 

also very steep) slopes, which makes 

the separation incompatible with iso-

cratic conditions. In addition to the 

retention behavior, the plate count 

was quite low for these larger mol-

ecules (2200–9500 plates) because 

the f low rate was much higher than 

the optimal f low rate. For the largest 

molecule of 10,000  g/mol, the f low 

rate should be 60  μL/min to achieve 

a plate count of approximately 15,000 

plates. However, these conditions are 

impractical because the column dead 

time would be 29 min.

Conclusion

This spreadsheet provides an under-

standing of the basic principles of 

liquid chromatography using virtual 

(simulated) chromatograms obtained 

under various analytical conditions.
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