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Exchange of comments on “Temporal shifting:
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Soon after our paper [1] was published, a response arrived
rom Felinger [2] who strongly suggested that one should use the
rst moment to locate the correct peak position. The argument

hen, becomes “how can one find the correct spatial first moment
rom a skewed peak on a time-based recorder chart?”

In our work, we have assumed that the sample zone is spatially
aussian and temporally carrying a tail; and we have defined a
arameter Φ (in s units) which represents the shift of an apparent
eak apex (t∗p ) from its true elution time (tp as calculated by

p = L/u, where L is the length of tubular channel and u the flow
peed):

= tp − t∗p (1)

As tp increases, the solution for Φ gradually converges to a
xed threshold. Thus, one may use the following approximation

o evaluate the scale of the shift:

≈ D

u2 (2)

Thus, the temporal peak apex should be at

∗
p ≈ L

u
− Φ (3)

Apart from this, other parameters can also be obtained. For
xample, one may calculate the time for the mean peak area
denoted as t∗a ) and the temporal first moment (denoted as t∗r ).
or the former, we let

A

c(t) dt|t=t∗a = t

2
(4)
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here At is the peak area measured on the t axis (in conc-s units).
he solution for t∗a can be approximated as

∗
a = L

u
+ Φ (5)

For the latter, we use the following equation:

∗
r = 1

At

∫
tc(t) dt (6)

nd the solution is

∗
r = L

u
+ 2Φ (7)

Thus, t∗p and t∗a lie aside the spatial first moment tp with an
lmost equal distance (Φ); whereas t∗r is located at an even later
ime at tp + 2Φ. These solutions have been verified numerically
nd demonstrated in Fig. 1(A–C).

Neither t∗p , t∗a nor t∗r represents the correct elution time (or
he spatial first moment), but we can use either one to construct
temporal peak after finding an empirical Φ and compensating

or the corresponding position shifts in a Gaussian equation.
hus, all three equations shown below can be used to restore an
xperimental peak.

(t) = At√
4πΦt

e−(t−t∗p−Φ)2/(4Φt) (8)

(t) = At√
4πΦt

e−(t−t∗a +Φ)2/(4Φt) (9)

(t) = At√
4πΦt

e−(t−t∗r +2Φ)2/(4Φt) (10)
There is no doubt that the first one (i.e. Eq. (8)) is always the
asiest and most accurate (free from baseline noise) to serve this
urpose. Examples have been given in another published paper
3].
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Fig. 1. (A) A skewed temporal curve is plotted from the data of Ref. [1] Fig. 3 in
which the channel length is L = 40 cm, the temporal peak area At = 1 conc-s, the
flow speed u = 1 cm s−1, the expansion coefficient μt = 2 s1/2 and the dispersion
coefficient D = 2 cm2 s−1. The true retention time is tp = L/u = 40 s, the apparent
peak apex is found at t∗p = 38.05 s, the peak area mean is at t∗a = 42.00 s, whereas
the first moment is at t∗r = 44.00 s. The shifts from tp to either t∗p or t∗a are almost

identical in scale but opposite in signs and can be approximated by Φ = D/u2,
t
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he shift for t∗r is 2Φ. (B) The position of the peak area mean (t∗a ) is obtained by
aking the cross point for the half integrated peak area. (C) Integrated calculation
hows that the first moment t∗r is 44.00 s.

Felinger calculated the data provided from Fig. 3 of Ref.
1], but he used an erroneous diffusivity of D = 4 cm2 s−1, thus
iving an elution time of 48 s as opposed to 40 s calculated from
he spatial distribution. In that example, the temporal expansion
oefficient was designated as μt = 2 s1/2., which is equivalent to
diffusivity of D = 2 cm2 s−1 (i.e. D = 0.5μ2

t u
2). The results
f our calculation (also see Fig. 1) show that the temporal peak
pex is at t∗p ≈ 38 s, a shift of ≈−2 s from tp; the temporal peak
rea mean is at t∗r = 42 s, a shift of +2 s from tp. The temporal
rst moment is at t∗r = 44 s, a shift of +4 s from tp. There is no
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onceptual conflict between Felinger and us that “the temporal
rst moment gives a larger elution time than the spatial moment,”
r that “one should never use the location of the apex but the
rst moment.”

Felinger introduced an alternative equation (Eq. (5) of Ref
2]) to describe the concentration profile based on temporal terms
e.g. using σt instead of σL):

(z, t) = A√
4Dπt3

e−(z−ut)2/4Dt (11)

He claimed that the spatial first moment of this equation
s L/u, and that the temporal first moment is the same. And,
herefore, the shift does not exist. However, we think it does.

The first portion of Eq. (11) is supposed to be the peak height
t z = ut. But, one should be aware that the physical dimension of
4Dπt3 is “cm-s.” If A represents the peak area measured along

he t axis (i.e. At in conc-s units), then, the physical dimension
or the peak height would be “conc-cm−1, which is unrealistic.

In our derivation, the peak height at (z = L, t = tp) should be

= c(L, tp) = AL√
4Dπtp

(12)

Since At = AL/u and u = L/tp, it can be expressed as

= c(L, tp) = At√
4Dπt3

pL−2
(13)

Therefore, the correct expression for Eq. (11) should be

(z, t) = At√
4Dπt3z−2

e−(z−ut)2/4Dt (14)

This equation is exactly the same as

(z, t) = AL√
4Dπt

e−(z−ut)2/4Dt (15)

Therefore, the spatial first moments for both Eqs. (14) and
15) are tp = L/u, and the temporal first moments are all equal at
∗
r = L/u + 2Φ. The shift has not “disappeared.”

Felinger also argued that the reasoning attributed to the tem-
oral peak skewness is well understood and characterized. In
act, most users, except for those competent chromatographers,
o normally regard the temporal peak apex as the true elution
ime. And, it is very difficult to explain to them and persuade
hem that these two times are different. Felinger’s comments and
his reply can help readers further clarify the temporal shifting
roblem.
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