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Abstract: By not explicitly specifying the type of solvent strength model, the features of ladder-

like gradient elution were studied based on the general retention time formula that was derived in
our previous work. For the case where the solute is eluted at the slope of the ladder-like gradient.
we derived the expression that connects the mobile phase composition (¢gr), at which the solute is
eluted from the column, with the gradient slope (B). It was shown that gr will increase with the
increase of B in this case. For the case where the solute is eluted at the last isocratic segment of
the ladder-like gradient, it was proven that the retention time (¢;) will correlate linearly with the
reciprocal of the gradient slope (1/B) when the initial and final mobile phase compositions are set
to be constant. In experiments, by taking biphenyl as the sample, the values of retention time in
isocratic and gradient elution were measured on a C18 column by using a mixture of methanol and
water as the mobile phase. The experimental values were found to be well consistent with the the-
oretical values that were calculated from the expressions. These expressions will be helpful to un-
derstand the features of the ladder-like gradient in practice.
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Table 1 Gradient conditions and experimental data for biphenyl eluted at the slope of the ladder-like gradient
No. Gradient profile® B {r/min or" Agr/AB ¢ dgr/dB Y RE/%c°
1 0 min, 0.60; 5 min, 0.60; 20 min, 0.90; 25 min, 0. 90 0.020 18. 477 0.777 4. 066 3.938 3.25
0 min, 0.60; 5 min, 0.60; 17 min, 0.90; 25 min, 0. 90 0.025 17.519 0.797
2 0 min, 0.50; 10 min, 0.50; 30 min, 0. 90; 40 min, 0. 90 0.020 28.636 0. 780 5.225 5.083 2.79
0 min, 0.50; 10 min, 0.50; 32 min, 0. 90; 40 min, 0. 90 0.018 29.515 0.771

a. see Fig. 1. b. calculated by Eq. (6). c. calculated from experimental data. d. calculated by Eq. (8a) where % (gr) is calculated from

the In k-¢ plot at the average of the ¢r values. e. relative error between Agr/AB and dgr/dB.
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Table 2 Gradient conditions and experimental data for biphenyl eluted at the last isocratic
segment of the ladder-like gradient

No. Gradient profile 1/B {r/min Regression e,q,uation
. X N tR— 00338/ B—1+—15
1 0 min, 0.60; 1 min, 0.70; 25 min, 0. 70 10 15. 584 235
bR
0 min, 0.60; 2 min, 0.70; 25 min, 0. 70 20 15.927 r=0.999
0 min, 0.60; 3 min, 0.70; 25 min, 0. 70 30 16. 220
0 min, 0.60; 5 min, 0.70; 25 min, 0. 70 50 16.910
0 min, 0.60; 7 min, 0.70; 25 min, 0. 70 70 17.618
. . . - tg = 0. 0349/B + 15.
2 0 min, 0.60; 1 min, 0.60; 2 min, 0.70; 25 min, 0. 70 10 16. 086 726
0 min, 0.60; 1 min, 0.50; 3 min, 0.70; 25 min, 0. 70 20 16. 424 r:b. 999
0 min, 0.60; 1 min, 0.50; 4 min, 0.70; 25 min, 0. 70 30 16. 759
0 min, 0.60; 1 min, 0.50; 6 min, 0.70; 25 min, 0. 70 50 17.462
0 min, 0.60; 1 min, 0.50; 8 min, 0.70; 25 min, 0. 70 70 18.176
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