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Saw tooth gradients require a significant number of entries in a gradient table. This
application note describes how saw tooth gradients can be programmed in PSS WinGPC
UniChrom.
Introduction
Recently saw tooth gradients were introduced to polymer separations.1 In saw tooth
gradients the sample is initially adsorbed or precipitated onto the stationary phase.
Afterwards, the sample components are released based on differences in adsorption
strength or solubility.
For this purpose a series of isocratic steps of increasing eluent or solvent strength,
separated by additional steps of much lower eluent/solvent strength (compare Figure 1), is
applied.

5
duration of
upper plateau

% of strong solvent

4
effective
step height
effective step length

3

2

1
duration of
lower plateau

0
0

2

4

6

8

10

12

14

16

18

20

Time/min
Figure 1: Steps to be programmed in saw tooth gradients
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The introduction of steps of reduced eluent/solvent strength allow separation of the released
fractions into several peaks, much better resolved than in a conventional linear or step
gradient.
The implementation of saw tooth gradients having a large number of steps, requires a
significant number of entries in a gradient table. This often exceeds the number of entries
foreseen in the gradient tables of software and pump suppliers.
Making use of PSS WinGPC ChromPilot Sequence Manager capabilities allows to perform
saw tooth gradients with PSS (Bio)SECcurity(2) systems.
The present application note addresses the separation of a set of PSS polystyrene
standards using a saw tooth gradient.

Experimental
GPC/SEC was performed using a PSS SECcurity System with PSS ELS1400 evaporative light
scattering detector.

System Requirements
Conditions
Pump

PSS SECcurity² GPC1260 quaternary pump

Sample

PSS polystyrene standards having molar masses of 1.21x106, 1.3x105, 1.76x104, 1306
g/mol
Concentration: 3.5 g/L

Injection volume: 100:L

Columns

Macherey & Nagel Nucleosil bare silica column, 5:m, 100Å, (4.6×250 mm)

Eluent

Saw tooth gradient starting at hexane and stepwise increasing the amount of toluene,
separated by steps of hexane

Detector

PSS ELS 1400 Evaporative Light Scattering detector

Software

PSS WinGPC UniChrom 8.3 SR2

Procedure, Results & Discussion
To test the implementation of saw tooth gradients using PSS WinGPC, a set of PSS
polystyrene standards was injected. The applied gradient was run from 100% hexane to
100% toluene using an effective step height of 1%, resulting in total of 100 steps. The
duration of the lower and upper plateau were 1 min and 2 min, respectively, while the times
required to increase and decrease the eluent compositions were selected as 0.1 min.,
resulting in an effective step length of 3.2 min. Thus, programming 100 steps would require
400 lines in the gradient table, which exceeds the allowed 184 entries of the PSS WinGPC
ChromPilot Instrument Manager.
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To overcome the limitation, the complete
gradient was split into 3 gradients:
• The 1st gradient contained the steps
from 0 to 30% toluene.
• The 2nd and 3rd gradient contained the
steps from 31 to 60% and 61-100%
toluene, respectively.
• At the end of each gradient the next
gradient was automatically loaded and
immediately started by PSS WinGPC.

Figure 2: Saw tooth gradient from 0 to 100% toluene having an
effective step height of 1% and an effective step length of 3.2 min.
The blue triangles mark the times, when the different gradient
parts were triggered by PSS WinGPC.

By this procedure the gradient shown in Figure 2 was obtained.
The chromatogram obtained using the applied saw tooth gradient shows a large number of
sharp, well resolved peaks (Figure 3). The peaks in the range V=25-125 mL correspond to
the lowest molar mass standard, which was split into different fractions, while the peaks at
200-275 mL result from the separation of the highest molar mass standards. The overlay of
the saw tooth gradient profile with the detector signal reveals that each peak corresponds to
a specific toluene content in the eluent (Figure 4).
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Figure 3: Chromatogram of a set of PSS polystyrene standards having molar masses of MP= of 1306,
1.76x104, 1.3x105, 1.21x106 g/mol in saw tooth gradient shown in Figure 2

PSS Polymer Standards
Service GmbH
In der Dalheimer Wiese 5
55120 Mainz  | Germany

Phone
Fax
E-Mail
Web

+49 6131 96239-0
+49 6131 96239-11
info@pss-polymer.com
www.pss-polymer.com

Polymer Standards
Service-USA, Inc.
160 Old Farm Rd, Suite A
Amherst | MA 01002 | USA

Phone
Fax
E-Mail
Web

+1 413 835-0265
+1 413 835-0354
pssusa@pss-polymer.com
www.pss-polymer.com

Figure 4: Overlay of sample chromatogram with saw tooth gradient profile

Conclusions
Using the above approach allows overcoming the 184 entry limitation of PSS WinGPC
ChromPilot Instrument Manager and to program up to approx. 40.000 gradient steps. These
40.000 lines can be split among various samples allowing for unattended runs of saw tooth
gradients, if required. An example of a saw tooth gradient having an effective step height of
0.2% is shown in Figure 4, which was realized by suitable combination of 14 separately
initiated gradients.
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