
The conditioned TLC plates allowed more control over the pH across the TLC plate than 
could be obtained by the mobile phase buffer alone.  A decrease in spot size increases 
the separation quality of the conditioned plates compared to the non-conditioned 
plates.  There is also an increase of separation quality when using acidic-conditioned 
plates with this mixture of dyes. This ability to influence the TLC plate pH may be an 
added benefit to SCE for other separations. 

The pressurized separations were able to achieve the highest optimal separation 
with good symmetry in the least amount of time. The ability to achieve a higher 
separation quality in less space may be result of a combination of constant mobile 
phase flow and a uniform electric field. While the current 3-min separation quality is 
low, an increase in electric field and a decrease in radial spreading  may assist in 
achieving greater quality separation.
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Thin layer chromatography (TLC) and electrophoresis, with their long histories of 
simple and effective characterization of chemical mixtures, have motivated an 
effort to combine the techniques. Simultaneous chromatography and 
electrophoresis (SCE) utilizes an electric filed orthogonal to capillary action to 
achieve a single-step two-dimensional separation. In this work we investigate plate 
conditioning and introduce pressurized simultaneous chromatography and 
electrophoresis (pSCE). These improvements have reduced separation times and 
concurrently increased separation quality as described by Nearest Neighbor 
Distances (NND) analysis.
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Figure 4. pSCE separations. Methanol/glycine (2:1) mobile phase 
buffered to pH 2.3. Analysis times decreased to (a) 3.3 and (b) 9.0 
min. A mirror image can be used to compare a known standard 
against an unknown (not performed, samples are equivalent). 

Reagents and Materials
• TLC plates: PE SIL G plates, 250 μm
• Mobile Phase: propanol and aqueous glycine

Dyes
• Yellow 5, red 40, red 3, blue 1, crystal violet, 

methylene blue, bromocresol green, methyl red
Apparatus
• Series 225 power supply, Bertan
• Copper (SCE) and platinum (pSCE) electrodes
• NE-4000 syringe pump
• Model C Carver Lab Press

SCE. The SCE apparatus (Figure 1) was used to test
the effects of conditioned and non-conditioned TLC
plates. Copper electrodes, capillary action and a
two-reservoir system were employed for analysis.

Conditioning. Each plate was pre-submerged in
mobile phase every minute for 30 min.

pSCE. The pSCE apparatus (Figure 2) employed
platinum electrodes and forced flow. Each pre-
conditioned plate was wetted with mobile phase
and placed into the pressurized (1000 psi)
apparatus. Mobile phase was delivered through a
1-cm slit in the center of the plate. Sample was
spotted 1-cm above and below the slit producing
mirror-image separations.

Conclusions

Figure 3. SCE separations (25 min). Methanol/glycine (2:1) mobile 
phase buffered to pH 2.3 (acidic) or 9.6 (basic). Plates were 
sprayed post separation with universal indicator resulting in the 
following: (a) acidic  non-conditioned, (b)  acidic conditioned, (c) 
basic non-conditioned (d) basic conditioned.

Table 1. A comparison of the different separation methods. 

Figure 1. SCE apparatus used to 
test conditioned and non-
conditioned TLC plates.

Figure 2. pSCE apparatus with 
acrylic plates and two reservoirs 
with platinum electrodes.  

SCE and Conditioning. Conditioned plates resulted in pH 
uniformity across the TLC plate (Figure 3). Spot size 
decreased with less horizontal spreading for the majority of 
the dyes.  

pSCE. Similar results were achieved using pSCE compared 
with those obtained from SCE (Figure 4).  Some radial 
spreading of the dyes is seen for both separations.  A 
mirror image of the separation can be seen reflected across 
the center of the plate. 

NND Analysis. Harmonic (Hs) and arithmetic (As) means, in addition to optimality 
coefficients (Os),

1 are found in Table 1. A larger harmonic mean suggests greater 
separation quality (less diffusion), while the arithmetic mean (As) measures separation 
resolution (greater separation). The optimality coefficient ( Os) compares a relationship 
between Hs , As, and separation resolution, with an ideal value of 1. 
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pSCE Symmetry. Stationary phase uniformity was enhanced by periodically rotating TLC 
plates during the conditioning process. Linearity of the solvent front was enhanced by 
priming the mobile phase port and reservoir before inserting the TLC plate. A port 1 cm in 
width is used due to a circular port causing radial spreading of the dyes (not shown). 
These efforts improved mixture symmetry across the TLC plate (Figure 4). 

Method pH Time (min) Hs As Os

pressure conditioned 2.3 3 0.49 1.58 0.20
pressure conditioned 2.3 9 1.51 1.88 0.43
conditioned 2.3 25 1.89 2.61 0.28
non-conditioned 2.3 25 1.39 3.13 0.14
conditioned 9.6 25 2.30 2.73 0.31
non-conditioned 9.6 25 1.81 2.44 0.30


